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Abstract
Background. Venous thromboembolism (VTE) occurs in up to 30% of patients with high-grade glioma (HGG). 
Concern for increased risk of intracranial hemorrhage (ICH) with therapeutic anticoagulation (AC) complicates VTE 
treatment. Some retrospective studies have reported an increased risk of ICH associated with therapeutic AC; how-
ever, effective alternatives to AC are lacking. The aim of our study is to assess the risk of ICH in HGG patients with 
VTE on low molecular weight heparin (LMWH).
Methods. We performed a retrospective matched cohort study of HGG patients from January 2005 to August 2016. 
Blinded review of neuroimaging for ICH was performed. For analysis of the primary endpoint, estimates of cumu-
lative incidence (CI) of ICH were calculated using competing risk analysis with death as competing risk; significance 
testing was performed using the Gray’s test. Median survival was estimated using the Kaplan-Meier method.
Results. Two hundred twenty patients were included, 88 (40%) with VTE treated with LMWH, 22 (10%) with VTE, 
not on AC, and 110 (50%) without VTE. A total of 43 measurable ICH was recorded: 19 (26%) in LMWH, 3 (14%) in 
VTE not on AC, and 21 (19%) in non-VTE cohort. No significant difference was observed in the 1-year CI of ICH in 
the LMWH cohort and non-AC with VTE group (17% vs 9%; Gray’s test, P = .36). Among patients without VTE, the 
1-year CI of ICH was 13%. Median survival was similar among all 3 cohorts.
Conclusions.  Our data suggest that therapeutic LMWH is not associated with substantially increased risk of ICH in 
HGG patients.

© The Author(s) 2021. Published by Oxford University Press on behalf of the Society for Neuro-Oncology. All rights reserved. 
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Key Points

•	 The risk of intracranial hemorrhage in patients with primary brain tumor 
influences venous thromboembolism treatment.

•	 In this matched cohort study, low molecular weight heparin did not 
significantly increase the risk of intracranial hemorrhage in high-grade 
glioma patients.

Venous thromboembolism (VTE), which includes deep ve-
nous thrombosis (DVT) and pulmonary embolism (PE), oc-
curs in up to 20%-30% of patients with high-grade glioma 
(HCG).1–4 It often occurs within 6 months after first surgery; 

however, the risk continues throughout the course of the 
disease.2,3 HGGs are highly vascular tumors that occasion-
ally hemorrhage spontaneously, and concerns for increased 
risk of intracranial hemorrhage (ICH) with therapeutic 
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anticoagulation (AC) complicate VTE treatment. While 
inferior vena cava filters are sometimes employed, data 
suggest these have a much higher failure and complica-
tion rates in neuro-oncology patients.5,6 The risk of ICH 
further complicates the treatment of VTE in patients with 
recurrent glioblastoma (GBM) receiving bevacizumab. 
Current evidence demonstrates an increased risk of ICH 
with AC during bevacizumab treatment in HGG patients, 
although most of these events are asymptomatic, and 
uncontrolled case series suggest the risk-to-benefit ratio 
favors AC treatment.7–10

There are currently no established guidelines on 
the treatment of VTE in HGG patients. Direct oral anti-
coagulants (DOACs) such as dabigatran, an activated 
factor II inhibitor, and rivaroxaban, apixaban, and 
edoxaban, which are activated factor X inhibitors, are 
potentially a more convenient option than subcuta-
neous low molecular weight heparin (LMWH) given 
the possible lifetime administration of AC treatment in 
HGG patients. While data on safety and effectiveness 
of DOACs in cancer-associated VTE have been recently 
established, their role in glioma-associated VTE re-
mains to be determined.11–14 Recent treatment guide-
lines for cancer-associated VTE recommended LMWH 
for initial treatment; for patients who do not have 
high risk of gastrointestinal or genitourinary bleeding, 
DOAC can also be used.15,16 For primary brain tumor 
patients, AC should also be offered, although no 
strong recommendations were made regarding the 
choice of agent.15,16 Thus, LMWH is generally the re-
commended first-line VTE therapy in HGG.

ICH is historically reported to occur in 2% of patients with 
HGG on AC, comparable to the incidence of symptomatic 
ICH in those who are not on AC therapy.17 In the CLOT trial, 
LMWH was shown to be more effective than warfarin in re-
ducing the risk of recurrent thromboembolism in patients 
with cancer and acute VTE without increasing the risk of 
major or any bleeding. ICH was reported in 1 of the 14 pa-
tients with primary brain tumor who received dalteparin. 
However, this study was not designed to assess the risk 
of ICH.18 Recently, retrospective studies reported up to a 
7-fold increased risk of ICH in association with administra-
tion of therapeutic AC in patients with HGG.19–22 Moreover, 

HGG patients who received enoxaparin were more than 
3 times more likely to develop major ICH than those who 
were not treated with AC.19 These findings raise further 
concern in initiation of the necessary VTE treatment in 
HGG patients. Consequently, we performed a retrospec-
tive matched cohort study to assess the risk of ICH in HGG 
patients on therapeutic LMWH for VTE treatment at the 
University of Virginia.

Materials and Methods

Study Design

This study was approved by the University of Virginia 
Institutional Review Board. Eligible patients were screened 
from the University of Virginia Neuro-Oncology data-
base from January 1, 2005 to August 1, 2016, and data 
were collected from electronic health records. Included 
patients satisfied all the following criteria: age ≥18 years 
old; histologic diagnosis of 2016 WHO grade III anaplastic 
astrocytoma, oligodendroglioma, oligoastrocytoma or 
WHO grade IV GBM following biopsy or resection; VTE di-
agnosis; and patients with available radiologic study re-
ports and images. Patients with brain tumors other than 
HGG, on other anticoagulants aside from LMWH, and 
those with no follow-up radiologic studies after initiation 
of LMWH were excluded from the study. A 1:1 retrospec-
tive match cohort study was performed. Cases or “LMWH” 
cohort were identified on the basis of HGG diagnosis, VTE, 
and prescription for enoxaparin or dalteparin. Patients who 
developed VTE but were not treated with AC were grouped 
under “non-AC with VTE.” The control “non-VTE” group are 
patients not diagnosed with VTE and not on therapeutic 
AC. The matched controls were based upon age (±5 years), 
HGG diagnosis (GBM or anaplastic glioma), extent of re-
section, and sex chosen at random from 688 controls con-
ditional satisfying the matching criteria for each case with 
VTE. All radiology reports were reviewed for documenta-
tion of ICH. A blinded board-certified neuroradiologist re-
viewed the images to confirm the presence and calculate 
the volume of ICH.

Importance of the Study
Due to the paucity of evidence in the treatment of ve-
nous thromboembolism (VTE) in high-grade glioma 
(HGG) patients, there remains uncertainty in the treat-
ment approach, especially in balancing the risks and 
benefits of administering therapeutic anticoagulation 
(AC) in this patient population. Some recent retrospec-
tive studies have reported a higher risk of intracranial 
hemorrhage (ICH) in patients who received AC com-
pared to patients who did not. Our study addressed 
this important concern of increased risk of ICH in HGG 
patients receiving therapeutic low molecular weight 

heparin (LMWH), and our data demonstrated no signif-
icant difference in the risk of ICH among patients with 
VTE who received and did not receive therapeutic AC. 
Similarly, AC did not increase the risk of symptomatic 
ICH compared to that in HGG patients without VTE not 
receiving AC. Our findings provide some reassurance 
in the safety in initiating the necessary VTE treatment 
in HGG patients. However, due to the conflicting re-
sults from recent studies, our study also underscores 
the desirability of a prospective study to determine the 
association of ICH and LMWH therapy.

Assessment of Intracranial Hemorrhage

Segmentation of ICH was performed by a single board-cer-
tified neuroradiologist utilizing the lesion segmenta-
tion tools available with Carestream Vue PACS Client 
(Carestream Health, Inc., Version 12.1.5.0440, Rochester, 
NY, USA). Manual segmentation correction was performed 
on a per slice basis in cases of automated segmentation 
error. Intracranial hemorrhage was evaluated on either 
axial non-contrast CT head (section thickness, 2.5  mm) 
or multisequence MRI brain examinations, as available. 
Intracranial hemorrhage volume and location (ie, paren-
chymal, subarachnoid, subdural) were specified. Modified 
Fisher Scale was recorded when acute subarachnoid hem-
orrhage was present. Surgical cavities and cysts were not 
included in the lesion measurements. In cases of multiple 
foci of hemorrhage, individual lesion volumes were meas-
ured and summed. ICH was categorized into 3 groups with 
volumes 0-29 cm3, 30-60 cm3, and >61 cm3, based on evi-
dence of a more favorable 30-day mortality rate in patients 
with less than 30  cm3 and higher Glasgow Coma Scale 
(GCS) compared to patients with ICH volume of greater 
than 30 cm3 and low GCS.23

Statistical Analysis

The primary objective of the study was to determine the 
risk of ICH in patients with HGG on LMWH for treatment 
of VTE. Demographic results were summarized using fre-
quency counts for categorical variables presented as per-
centages; and mean for continuous variables. For the 
purpose of comparing the risk of ICH, patients with VTE 
on LMWH were compared to those with VTE who were not 
treated with AC. This was performed to maintain a homog-
enous comparison of patient population in terms of VTE di-
agnosis as well as having similar time points of event (ie, 
from the time of VTE diagnosis to event) in computing for 
cumulative risk for developing ICH. In comparison, the cu-
mulative incidence (CI) of ICH for patients without VTE co-
hort was measured from the time of HGG diagnosis until 
death or last known follow-up. For analysis of the primary 
end point, estimates of CI of ICH were calculated using 
competing risk analysis with death as competing risk; 
significance testing was performed using the Gray’s test. 
Median survival was estimated using the Kaplan-Meier 
method.

Results

A total of 220 patients (120 men, 100 women) were in-
cluded in the study, 88 (40%) in the LMWH group, 22 
(10%) in non-AC with VTE group, and 110 (50%) in non-
VTE group (Table 1). Of the 22 patients in the non-AC with 
VTE group, 15 patients were treated with IVC filter due to 
contraindication for AC such as bleeding and thrombo-
cytopenia, 3 patients were enrolled to hospice, 1 patient 
was treated with aspirin, 1 did not receive DVT treat-
ment due to rectal bleeding, 1 elected not to receive AC, 
and 1 was diagnosed prior to HGG diagnosis and had 
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HGG patients who received enoxaparin were more than 
3 times more likely to develop major ICH than those who 
were not treated with AC.19 These findings raise further 
concern in initiation of the necessary VTE treatment in 
HGG patients. Consequently, we performed a retrospec-
tive matched cohort study to assess the risk of ICH in HGG 
patients on therapeutic LMWH for VTE treatment at the 
University of Virginia.

Materials and Methods

Study Design

This study was approved by the University of Virginia 
Institutional Review Board. Eligible patients were screened 
from the University of Virginia Neuro-Oncology data-
base from January 1, 2005 to August 1, 2016, and data 
were collected from electronic health records. Included 
patients satisfied all the following criteria: age ≥18 years 
old; histologic diagnosis of 2016 WHO grade III anaplastic 
astrocytoma, oligodendroglioma, oligoastrocytoma or 
WHO grade IV GBM following biopsy or resection; VTE di-
agnosis; and patients with available radiologic study re-
ports and images. Patients with brain tumors other than 
HGG, on other anticoagulants aside from LMWH, and 
those with no follow-up radiologic studies after initiation 
of LMWH were excluded from the study. A 1:1 retrospec-
tive match cohort study was performed. Cases or “LMWH” 
cohort were identified on the basis of HGG diagnosis, VTE, 
and prescription for enoxaparin or dalteparin. Patients who 
developed VTE but were not treated with AC were grouped 
under “non-AC with VTE.” The control “non-VTE” group are 
patients not diagnosed with VTE and not on therapeutic 
AC. The matched controls were based upon age (±5 years), 
HGG diagnosis (GBM or anaplastic glioma), extent of re-
section, and sex chosen at random from 688 controls con-
ditional satisfying the matching criteria for each case with 
VTE. All radiology reports were reviewed for documenta-
tion of ICH. A blinded board-certified neuroradiologist re-
viewed the images to confirm the presence and calculate 
the volume of ICH.

Assessment of Intracranial Hemorrhage

Segmentation of ICH was performed by a single board-cer-
tified neuroradiologist utilizing the lesion segmenta-
tion tools available with Carestream Vue PACS Client 
(Carestream Health, Inc., Version 12.1.5.0440, Rochester, 
NY, USA). Manual segmentation correction was performed 
on a per slice basis in cases of automated segmentation 
error. Intracranial hemorrhage was evaluated on either 
axial non-contrast CT head (section thickness, 2.5  mm) 
or multisequence MRI brain examinations, as available. 
Intracranial hemorrhage volume and location (ie, paren-
chymal, subarachnoid, subdural) were specified. Modified 
Fisher Scale was recorded when acute subarachnoid hem-
orrhage was present. Surgical cavities and cysts were not 
included in the lesion measurements. In cases of multiple 
foci of hemorrhage, individual lesion volumes were meas-
ured and summed. ICH was categorized into 3 groups with 
volumes 0-29 cm3, 30-60 cm3, and >61 cm3, based on evi-
dence of a more favorable 30-day mortality rate in patients 
with less than 30  cm3 and higher Glasgow Coma Scale 
(GCS) compared to patients with ICH volume of greater 
than 30 cm3 and low GCS.23

Statistical Analysis

The primary objective of the study was to determine the 
risk of ICH in patients with HGG on LMWH for treatment 
of VTE. Demographic results were summarized using fre-
quency counts for categorical variables presented as per-
centages; and mean for continuous variables. For the 
purpose of comparing the risk of ICH, patients with VTE 
on LMWH were compared to those with VTE who were not 
treated with AC. This was performed to maintain a homog-
enous comparison of patient population in terms of VTE di-
agnosis as well as having similar time points of event (ie, 
from the time of VTE diagnosis to event) in computing for 
cumulative risk for developing ICH. In comparison, the cu-
mulative incidence (CI) of ICH for patients without VTE co-
hort was measured from the time of HGG diagnosis until 
death or last known follow-up. For analysis of the primary 
end point, estimates of CI of ICH were calculated using 
competing risk analysis with death as competing risk; 
significance testing was performed using the Gray’s test. 
Median survival was estimated using the Kaplan-Meier 
method.

Results

A total of 220 patients (120 men, 100 women) were in-
cluded in the study, 88 (40%) in the LMWH group, 22 
(10%) in non-AC with VTE group, and 110 (50%) in non-
VTE group (Table 1). Of the 22 patients in the non-AC with 
VTE group, 15 patients were treated with IVC filter due to 
contraindication for AC such as bleeding and thrombo-
cytopenia, 3 patients were enrolled to hospice, 1 patient 
was treated with aspirin, 1 did not receive DVT treat-
ment due to rectal bleeding, 1 elected not to receive AC, 
and 1 was diagnosed prior to HGG diagnosis and had 

completed AC treatment. Two hundred four (93%) patients 
were diagnosed with GBM and 16 (7%) with anaplastic 
glioma. A  total of 103 (47%) of the total population had 
IDH testing, of whom only 9 (9%) patients harbored IDH 
mutations. All 3 groups were similar in distribution in 
terms of mean age at presentation, gender, fraction of 
patients who underwent subtotal and gross total resec-
tion, and treatment with radiation therapy (RT) plus con-
comitant and adjuvant temozolomide. The percentages 
of patients who underwent biopsy and patients who re-
ceived bevacizumab were higher in the LMWH group. No 
patients in the non-AC with VTE cohort harbored IDH mu-
tation. The median time from initial HGG diagnosis to de-
velopment of VTE was 3.3 months and 5.1 months in the 
LMWH group and non-AC with VTE group, respectively. 
There was no significant difference in the median survival 
between the 3 cohorts, ranging 1.3-1.5 years from the time 
of diagnosis or first surgery. Likewise, there was no sig-
nificant survival difference among patients with VTE on 
LWMH (0.8 years, 95% CI: 0.5-1.0 years) and those not on 
AC (0.7 years, 95% CI: 0.2-1.2 years) after VTE diagnosis 
(Figure 2a and b).

Intracranial Hemorrhage Frequency and 
Characteristics

A total of 43 ICH was recorded: 19 (26%) in LMWH group, 
3 (14%) in non-AC with VTE group, and 21 (19%) in pa-
tients without VTE (Table 2). Patients who had intratumoral 
or intracavitary petechial hemorrhage evident only on 
susceptibility-weighted imaging (SWI) MR sequences 
were not considered to have ICH. Intratumoral hemor-
rhage was the most common location of ICH seen among 
all 3 cohorts; subdural and subarachnoid hemorrhage were 
reported only in patients who received LMWH, while 2 
patients who did not develop VTE had ICH in multiple lo-
cations. The majority of ICHs in both LWMH and non-VTE 
groups were <30  cm3 (79% and 81%, respectively); both 
LMWH and non-VTE groups also had comparable inci-
dence of ICH bleed between 30 and 60 cm3 volume (16% 
and 14%, respectively). One patient each in the LMWH and 
non-VTE group developed ICH volume of >60 cm3, while 
none was reported in the “non-AC with VTE” cohort. Twelve 
(63%) in LMWH group, 1 (33%) in non-AC with VTE group, 
and 13 (62%) in non-VTE group developed symptoms from 
ICH. The median time for VTE diagnosis to development of 
ICH was 8.8 weeks in LMWH and 3.7 weeks in non-AC with 
VTE group.

Three (16%) patients on LMWH required surgical interven-
tion: 1 patient presented with herniation syndrome due to 
ICH with volume of >60 cm3, the second patient experienced 
worsening neurological deficit from ICH into recurrent tumor 
with volume of <30  cm3, and the third patient developed 
worsening hemiplegia from a subdural hemorrhage. One pa-
tient in the “non-VTE” group underwent surgery for evacu-
ation of bleed in the recurrent tumor with a blood volume of 
23.7 cm3; while 4 patients in this cohort developed intratumoral 
hemorrhage at initial presentation and underwent nonurgent 
surgery primarily for resection of the tumor. One patient re-
ceiving LMWH developed encephalopathy and died due to ICH 
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with bleed volume of 36 cm3. There were 2 ICH-related deaths in 
the “non-VTE” group due to intratumoral ICH: 1 patient who be-
came comatose (volume 57.6 cm3) and another who developed 
seizures and encephalopathy (volume 48 cm3). All 3 patients did 
not undergo any aggressive management and were enrolled 
into hospice. Statistical comparison to determine a significant 
difference in the incidence of major ICH (volume >30 cm3 and/
or surgical intervention) was not performed due to the small 
number of events.

Cumulative Incidence of Intracranial Hemorrhage

There was no significant difference in the risk of ICH in pa-
tients with VTE receiving LMWH compared to patients with 
VTE without therapeutic AC (Figure 1a). The CI of ICH at 1 year 
was 17% (95% CI, 0.10-0.26) in LMWH group vs 9% (95% CI, 
0.01-0.26) in non-AC with VTE patients (Gray’s test, P = .36). As 
shown in Figure 1a, the risk of ICH remained parallel between 
the 2 groups on longer observation with 5-year CI of 22% 
(95% CI, 0.14-0.31) for LMWH group and 14% (95% CI, 0.03-
0.32) for non-AC with VTE group. Among patients without 
VTE, the CI of ICH at 1 year was 13% (95% CI, 0.07-0.20) and 
19% (95% CI, 0.12-0.28) at 5 years (Figure 1b). Statistical com-
parison of CI of ICH between patients with VTE with and 
without LWMH vs patients without VTE was not performed 
due to different time points of events (time of VTE and LMWH 
initiation vs time of HGG diagnosis). There were a similar per-
centage of death and loss to follow-up in all 3 groups. Please 
refer to Table 3 for summary of CI.

Discussion

Recurrent VTE occurs in almost a third of patients with 
GBM who have had a prior VTE event, particularly in pa-
tients who are not on long-term therapeutic AC and those 
with second primary malignancies prior to diagnosis of 
GBM.24 The administration of lifelong therapeutic AC has 
been associated with a reduced risk of recurrent VTE.3,24 
Thus, it is imperative to understand the risks and bene-
fits of treating VTE with anticoagulants in HGG patients.

Contrary to recent studies, our results do not suggest a 
substantially higher risk of ICH in HGG patients receiving 

therapeutic LMWH.19,20,22 We found no statistically signifi-
cant difference in the 1-year and 5-year CI of ICH between 
LMWH group and non-AC with VTE cohort (1-year CI: 17% 
vs 9%; 5-year CI: 22% vs 14%, respectively). The risk of ICH 
in patients who received LMWH begins to rise, albeit not 
significantly, within the first year of VTE diagnosis and in-
itiation of AC (Figure 1a). After this time period, the risk of 
ICH in both groups plateaued throughout the course of 
HGG disease. Similarly, Mantia et al19 did not find a sig-
nificant difference in the 1-year CI of any and measurable 
ICH in HGG patients who received LMWH for VTE in com-
parison to patients who did not develop VTE. GBM patients 
with atrial fibrillation (AF) who received therapeutic AC 
to prevent stroke likewise did not significantly develop a 
higher ICH rate compared to the matched GBM patients 
without AF and to patients without GBM but on AC for AF 
(10.2% vs 12.2% vs 8%, respectively; P = .076).25 In contrast 
to our findings, Khoury et al20 and Al Megren et al22 (Table 
4) reported significantly higher incidence of ICH among 
patients with VTE who received therapeutic AC (16%) com-
pared to those who were not on AC (<3%). Both studies 
utilized incidence rate to estimate the risk of ICH. However, 
neither of these studies accounted for death as competing 
risk with the ICH as an endpoint in this study population, 
for which a competing risk analysis rather than incidence 
rate is the recommended statistical approach to estimate 
the primary endpoint and avoid overestimation of ICH risk, 
as did Mantia et al19,26 and our studies. However, in contrast 
to the patient population included in the study by Mantia 
et al19 where both arms differed in the baseline risk factor 
of having VTE (VTE on AC group vs non-VTE group), our 
study compared the cumulative risk of ICH among patients 
who developed VTE and received therapeutic LMWH to pa-
tients who developed VTE but were not anticoagulated.

We reported a total of 43 (20%) ICH and 1-year CI of 17%, 
considerably lower than the 61 (46%) total number of ICH 
and 1-year CI of 28.1% reported by Mantia et al19 and 1-year 
CI of 36.8% reported by Carney et al27 (Table 4). This may 
result from our exclusion of SWI-only trace or petechial 
hemorrhage, as compared to both Mantia et al and Carney 
et al where patients with trace (too small to be measured or 
less than 1 mL volume) were included in the ICH incidence. 
Major ICH was reported in 8 out of 47 patients treated with 
LMWH in the study by Carney et al.27 Mantia et al reported 

  
Table 2  Patients With Intracranial Hemorrhage

LMWH Group, n = 19 Non-AC With VTE Group, n = 3 Non-VTE Group, n = 21

Intracranial hemorrhage location  
  Intratumoral  
  Extratumoral  
  SDH or SAH  
  Intratumoral/SDH/SAH

  
16 (84%)  
1 (5%)  
2 (11%)
0

  
3 (100%)  
0  
0
0

  
17 (81%)  
2 (10%)  
0  
2 (10%)

Bleed volume  
  0-29 cm3  
  30-60 cm3  
  >60 cm3

  
15 (79%)  
3 (16%)  
1 (5%)

  
1 (33%)  
2 (67%)  
0

  
17 (81%)  
3 (14%)  
1 (5%)

Surgical intervention 3 (16%) 0 5 (24%)

Abbreviations: AC, anticoagulation; LMWH, low molecular weight heparin; SAH, subarachnoid hemorrhage; SDH, subdural hemorrhage; VTE, 
venous thromboembolism.
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a 3-fold increased risk of major ICH at 1 year.19 However, 
the number of patients with major ICH out of the 61 total 
ICH recorded was not reported. In both aforementioned 
studies, major ICH was defined as any hemorrhage ≥10 mL, 
requiring surgical intervention, or associated with clinical 
symptoms. In our study, computation of statistical signif-
icance and postulating a valid conclusion on the associa-
tion of LMWH with major ICH was not performed due to 
the small number of patients who developed more than 
30 cm3 ICH and those requiring surgical intervention.

Similar to findings in other recent retrospective studies,19,22 
the overall survival from the time of diagnosis was not sig-
nificantly different among patients who received AC, those 
who developed VTE but did not receive therapeutic AC, and 

patients who did not develop VTE (Figure 2a and b). VTE 
has historically been reported to be associated with a 30% 
increased risk of death within 2  years.1,2 However, a large 
prospective multicenter study reported the absence of any 
VTE-related mortality in 107 HGG patients.3 This could be due 
to the heightened suspicion for VTE and timely treatment 
among experienced neuro-oncologists in the institutions in-
cluded in the cited study. In contrast, Khoury et al reported a 
longer post-VTE diagnosis survival and overall survival in pa-
tients who received therapeutic AC for VTE than in those who 
did not receive AC.20 However, as the authors noted, several 
clinical factors may have played a role in the decision not to 
administer AC and could have had an indirect effect on pa-
tient survival.
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heparin; VTE, venous thromboembolism.
  



461Jo et al. LMWH safety for high-grade glioma venous thromboembolism
N

eu
ro-

O
n

colog
y

  
Survival from diagnosisA

B

P
ro

ba
bi

lit
y

P
ro

ba
bi

lit
y

Years from diagnosis

Group VTE No VTE

VTE
No VTE

1.0

0.8

0.6

0.4

0.2

0.0

0

110
110

7
4

3
1

1
0

0

5 10 15 20

+ Censored
Logrank p = 0.4039

Survival from VTE

Years from VTE

Treatment group LMWH No AC

LMWH
No AC

1.0

0.8

0.6

0.4

0.2

0.0

88
22

15
4

2
2

1
1

3
3

1
0

0

0 42 6 8 10 12

+ Censored
Logrank p = 0.9811

Fig. 2  (a) Median survival of all patients from the time of first HGG surgery. (b) Median survival of patients with VTE from the time of VTE 
diagnosis. Abbreviations: HGG, high-grade glioma; VTE, venous thromboembolism.

  
Table 3  Summary of Cumulative Incidence of Intracranial Hemorrhage

Patient Cohorts 0.5-yr Cumulative Incidence 1-yr Cumulative Incidence 5-yr Cumulative Incidence

LMWH 14% (95% CI, 0.07-0.22) 17% (95% CI, 0.10-0.26) 22% (95% CI, 0.14-0.31)

Non-AC with VTE group 9% (95% CI, 0.01-0.26) 9% (95% CI, 0.01-0.26) 14% (95% CI, 0.03-0.32)

Non-VTE group 12% (95% CI, 0.07-0.19) 13% (95% CI, 0.07-0.20) 19% (95% CI, 0.12-0.28)

Abbreviations: AC, anticoagulation; CI, confidence interval; LMWH, low molecular weight heparin; VTE, venous thromboembolism.
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Despite its retrospective nature, our study has several 
strengths. In an effort to minimize selection bias in a retro-
spective cohort study, we compared all patients with VTE 
who were exposed and unexposed to LWMH and assessed 
the outcome, which differs from the statistical approaches 
performed in the other recent retrospective studies, as dis-
cussed above.19,20,22 We also only included patients with 
measurable, clinically relevant ICH in the computation of 
the CI of ICH, which prevents the overestimation of ICH risk 
associated with LMWH treatment.

Our study has several limitations. Although our study had 
a larger patient population than the recent studies, the small 
number of ICH events precluded further subgroup analysis to 
determine a significant difference among patients who received 
LMWH vs patients who were not treated with AC. We also did 
not assess the role of other independent risk factors such as hy-
pertension, thrombocytopenia, concurrent use of antiplatelet 
medications, and treatment with bevacizumab, which could 
potentially influence the decision to anticoagulate as well as 
increase the risk of ICH. The PANWARDS (platelet, albumin, no 
congestive heart failure, warfarin, age, race, diastolic blood pres-
sure, stroke) risk score predicted major ICH in a retrospective 
cohort study of glioma but was not associated with ICH risk in 
patients with brain metastases.19,28

Prospective study of the risk of AC in HGG patients is 
extremely challenging. The PRODIGE trial, a randomized 
controlled study of dalteparin thromboprophylaxis, re-
vealed no significant reduction in VTE and a trend toward 
more ICH complications.29 Unfortunately, recruitment 
was lower than anticipated and the study was closed as a 
result of expiration of the study drug. The failure to detect 
a statistical significance may have been due to reduced 
statistical power from low accrual. This study under-
scores the challenges in performing a phase III random-
ized prospective study in this patient population. Short 
of performing a randomized study, a larger prospective 
observational study is fundamental to determine the effi-
cacy and safety of therapeutic AC in HGG patients. There 
is evidence correlating IDH mutational status and the risk 
of VTE in glioma patients, with a 3-fold higher VTE risk in 
those who lack IDH mutation.4 Future studies assessing 
primary thromboprophylaxis in IDH-wildtype glioma-
only patients may provide more understanding on the 
role and safety of AC in glioma patients. Another impor-
tant question in the treatment of VTE in primary brain tu-
mors is the safety and efficacy of DOAC. The SELECT-D 
trial, which randomly assigned 406 patients with sys-
temic cancer to receive either dalteparin or rivaroxaban, 
provides evidence that rivaroxaban is an effective alter-
native for LMWH in the treatment of VTE with relatively 
low risk of major bleeding.11 There was no ICH reported 
on all patients, although this trial only included 3 pa-
tients with brain tumors. The ADAM-VTE trial found that 
apixaban, compared to dalteparin, for VTE treatment in 
patients with systemic cancer, was associated with a low 
bleeding risk, similar to those without cancer, and lower 
recurrence rates. In this study, only 8 patients with pri-
mary brain tumor out of 300 patients were included.12 
Edoxaban was compared to dalteparin in 1050 patients 
with active cancer, of which only 74 patients had primary 
or brain metastases.14 While VTE recurrence was lower in 
the edoxaban group, the rate of major bleeding, mostly 
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gastrointestinal bleeding predominantly occurring in pa-
tients with primary gastrointestinal tumors, was higher in 
the edoxaban group. Due to the limited efficacy and safety 
data, prospective studies using DOACs in VTE treatment 
focused on glioma patients are also needed.

Conclusion

VTE is a common complication among patients with HGG and 
appropriate treatment is essential. Unfortunately, there are cur-
rently no prospective studies investigating the safety and effi-
cacy of therapeutic LMWH in HGG patients. Contrary to some 
recent retrospective studies, our results demonstrated a slight, 
but not significant increased risk of ICH in HGG patients who 
received LMWH for VTE treatment compared to those who 
were not treated with AC. Our results offer reassurance that 
therapeutic LMWH can be utilized for VTE treatment in this pop-
ulation with acceptable safety. However, we recommend cau-
tion when initiating therapeutic AC in HGG patients such as a 
screening non-contrast head CT due to the potential serious 
ICH complication.30 A prospective observational study with a 
larger number of patients is imperative to determine the role 
and safety of therapeutic AC, including the novel oral anti-
coagulants in the treatment of VTE in HGG patients.
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