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Abstract To evaluate different risk factors associated with
development of venous thromboembolism (VTE) in patients
with Glioblastoma (GBM). A retrospective chart review was
performed to include patients diagnosed with GBM from
2001 to 2011. Cases (n = 162) were defined as patients with
GBM who developed VTE after diagnosis of GBM. Controls
(n = 840) were defined as patients with GBM with no history
of VTE. Data was collected for multiple variables including
age, gender, race, length of hospital stay after brain biopsy,
total number of hospital admissions unrelated to VTE,
Karnofsky Performance Status (KPS), use of Bevacizumab
and any bleeding episodes. Patients with GBM who had
VTE had poorer KPS scores, with the majority (57 %) being
in between 40 and 70, as compared to the controls where
majority (82 %) had better performance (KPS 80-100). For
every one year increase in age, the odds of developing VTE
increased by 3 % (OR 1.03, 95%CI 1.02-1.04, p < 0.001) with
the mean age being 61.8 ± 11.4 years. GBM patients who
developed a VTE were found to have greater number of

hospital admissions (OR 1.43, 95%CI 1.33-1.53, p < 0.001)
and longer stays in hospital after GBM biopsy (OR
1.14, 95%CI 1.09-1.18, p < 0.001). Patients receiving
Bevacizumab were more likely to develop VTE (OR 1.79,
95%CI 1.21-2.64, p < 0.001) and were more likely to have a
bleed (OR 3.78, 95 % CI 2.70-5.30, p < 0.001). Patients with
GBM are at a higher risk of developing VTE. The risk is higher
in older patients who require multiple hospital admissions, lon-
ger duration of hospital stays related to GBM biopsy, and in
patients with lower KPS scores. Bevacizumab use is related to a
higher incidence of VTE as well as bleeds. This study suggests
that a more aggressive strategy for VTE prophylaxis should be
considered in GBM patients with risk factors for VTE.
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Introduction

Ever since the first descriptions of an association of malignan-
cy and thrombosis by Bouillaud and Trousseau in the nine-
teenth century, multiple studies have been conducted to deter-
mine the incidence, strength of association, pathogenesis, risk
factors and therapeutic modalities of this association [1]. Brain
tumors, especially Glioblastoma (GBM), have classically
been linked to the development of deep vein thrombosis
(DVT) and subsequent pulmonary embolism (PE), which
adds greatly to the morbidity and mortality associated with
this catastrophic malignancy [2]. Multiple mechanisms have
been proposed to explain this association. These include
chronic activation of the coagulation system by local and cir-
culating procoagulants, such as tissue factor and tissue factor
containing microparticles (released into circulation by the tu-
mor) respectively [3]. Additionally, immobility related to
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GBM further adds to the inherent capacity of these tumors to
increase the risk of VTE.

Review of literature shows limited data on predictors of
venous thromboembolism (VTE) in patients with GBM.
There is limited data regarding predictive model for VTE de-
velopment in other types of cancers [4, 5]. The purpose of this
study was to determine possible risk factors that could lead to
the development of VTE in this patient population. The risk
factors analyzed in this study included age, sex, race, age at
diagnosis of GBM and VTE, Karnofsky Performance Status
(KPS) scores, number of hospital admissions and duration of
hospital stay related to GBM biopsy.

Materials and Methods

The study was approved by the institutional review board
(IRB# 9082). A retrospective chart review was performed to
include patients diagnosed with GBM from years 2001 to
2011. The total patient population was 1002. Cases (n = 162)
were defined as patients with GBM who developed symptom-
atic VTE (DVT, PE or both) after diagnosis of GBM. Controls
(n = 840) were defined as patients with GBM with no history
of VTE. The method of diagnosis was venous duplex for DVT
and CT angiogram or V/Q scan for pulmonary embolism.

Data was collected for multiple variables including age at
time of diagnosis of GBM and VTE, gender, race, length of
hospital stay after brain biopsy, total number of hospital ad-
missions, KPS, use of bevacizumab and any bleeding epi-
sodes. Length of hospital stay after brain biopsy was defined
as the total number of days from admission date until the
discharge date. The total number of hospital admissions in-
cluded all admissions after the diagnosis of GBM, other than
the admissions related to development of VTE.

The KPS score was analyzed immediately after GBM bi-
opsy, but before VTE development. In most cases, it was
based on the documentation of the oncologist or neurosur-
geon. If the KPS score of a patient was not documented in
the visits, it was calculated based on other types of documen-
tation recorded by different physicians such as physical exam-
ination, the level of physical activity of the patient, their ability
to carry out household chores, whether or not the patient re-
quired physical rehabilitation, etc.

Statistical Analysis

Univariate comparisons between cases and controls were per-
formed using a two-group independent t-test for age and using
chi-square tests for the categorical variables. In order to

Table 1 Characteristics of patients along with univariate and multivariate analysis

Factors All (N = 1002) Cases
(N = 162)

Controls
(N = 840)

Univariate Analysis Multivariate Analysis

OR (95 % CI) P Value OR (95 % CI) P Value

Age Mean ± SD 57.2 ± 14.1 61.8 ± 11.4 56.3 ± 14.5 1.03 (1.02, 1.04) <0.001

Gender Male 590 (59 %) 92 (57 %) 498 (59 %) 0.90 (0.64, 1.27) 0.555

Female 412 (41 %) 70 (43 %) 342 (41 %)

Race Caucasian 631 (63 %) 121 (75 %) 510 (61 %) 1.38 (0.78, 2.43) 0.002

AA1 262 (26 %) 25 (15 %) 237 (28 %) 0.61 (0.31, 1.20)

Other 109 (11 %) 16 (10 %) 93 (11 %)

Length of stay (in days) Mean ± SD 4.2 ± 4.0 6.3 ± 5.7 3.8 ± 3.4 1.14 (1.09, 1.18) <0.001

KPS 80–100 724 (72 %) 35 (22 %) 689 (82 %) 0.04 (0.02,0.07) <0.001 0.04 (0.02, 0.08) <0.001
40–70 217 (22 %) 93 (57 %) 124 (15 %) 0.60 (0.34, 1.06) 0.62 (0.34, 1.10)

0–30 61 (6 %) 34 (21 %) 27 (3 %)

Number of Admissions Mean ± SD 2.9 ± 2.7 5.3 ± 4.1 2.4 ± 2.1 1.4 (1.33, 1.53) <0.001

Biopsy to VTE (days) Mean ± SD N/A 78.3 ± 84.9 N/A

Anticoagulation to
Bleed (days)

Mean ± SD N/A 111.8 ± 136.3 N/A

Bleed None 769 (77 %) 97 (60 %) 672 (80 %) <0.001 1.96 (1.27, 3.02) 0.002
GI2 51 (5 %) 20 (12 %) 31 (4 %) 4.47 (2.45,8.15)

GU3 6 (1 %) 2 (1 %) 4 (<1 %) 3.46 (0.63, 19.17)

Intracranial 170 (17 %) 40 (25 %) 130 (15 %) 2.13 (1.41, 3.22)

OMF4 6 (1 %) 3 (2 %) 3 (<1 %) 6.93 (1.38, 34.82)

Bevacizumab Use No 813 (81 %) 118 (73 %) 695 (83 %) 1.79 (1.21, 2.64) 0.004 1.75 (1.07, 2.85) 0.025
Yes 189 (19 %) 44 (27) 145 (17 %)

1African Americans, 2 Gastrointestinal, 3 Genitourinary, 4 Oro-maxillo-facial
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identify possible independent predictors of VTE, a multiple
logistic regression model was constructed using GBM status
as the dependent variable and initially all variables with a
univariate p-value of <0.2 as independent variables.
Variables were reduced in a manual stepwise manner to arrive
at a final model. Statistical significance was set at
p < 0.05. All analyses were done using SAS 9.4 (SAS
Institute Inc., Cary, NC).

Results

A total of 1002 patients were analyzed in this study. Of these,
590(59%) were males and 412(41%) were females. The most
common race was Caucasian, comprising 631 (63%) patients,
followed by African American with 262 (26 %) patients. The
remaining 109 (11 %) patients comprised all other races. The

mean age was 61.8 ± 11.4 years in cases and 56.3 ± 14.5 years
in the controls (odds ratio [OR] 1.03, 95 % CI 1.02-1.04,
p < 0.001) (Table 1). For every one year increase in age,
the odds of developing VTE increased by 3 % (OR
1.03, 95%CI 1.02-1.04, p < 0.001) with the mean age being
61.8 ± 11.4 years.

The mean duration of VTE development from time of brain
biopsy was 78.3 ± 84.9 days. In patients who developed VTE
(n = 162), 73 (45 %) received an inferior vena cava filter. The
main reasons for IVC filter placement were either a major
contraindication of anticoagulation or an episode of a major
bleed. Of the remaining 89 patients, 60 (37 %) received no
anticoagulation (either due to patients’ refusal or due to an
episode of major bleed), 48 (30 %) received anticoagulation
for less than 6 months, 17 (10 %) received anticoagulation for
6 to 12 months and 37 (23 %) received anticoagulation for
more than 12 months (Table 2).

Patients with GBM who had VTE had poorer KPS scores.
The majority (57 %) were between 40 and 70, as compared to
the controls where the majority (82 %) had a better perfor-
mance status (KPS 80-100). This difference was found to be
statistically significant (p < 0.001) (Fig. 1 and Table 2).

GBM patients who developed a VTE were found to have
more admissions when compared to the controls. The average
number of admissions for cases was 5.3 ± 4.1 and for controls
it was 2.4 ± 2.1. This difference was found to be statistically
significant (OR 1.43, 95%CI 1.33-1.53, p < 0.001). In

Table 2 Descriptive statistics of patients with venous thromboembolism
(VTE)

Factor N (%)

Venous Thromboembolism (VTE)

Deep Vein Thrombosis (DVT) 61 (38)

Pulmonary Embolism (PE) 91 (56)

Both DVT and PE 10 (6)

Duration of Anticoagulation

None1 60 (37)

0–6 months 47 (29)

6–12 months 17 (10)

> 12 months 37 (23)

Inferior vena cava filter placed

No 89 (55)

Yes 73 (45)

1 Anticoagulation refused by the patient or stopped after a major bleeding
episode or due to a contraindication
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Fig. 1 Distribution of cases and
controls based on KPS scores

Table 3 Bevacizumab use and its associationwith different types of bleeds

Type of bleed Bevacizumab
used (N = 189)

Bevacizumab not
used (N = 813)

P-value

Gastrointestinal 26 (14 %) 25 (3 %) <0.001
Genitourinary 2 (1 %) 4 (0.5 %)

Intracranial 45 (30 %) 114 (14 %)

Oro-maxillo-facial 2 (1 %) 4 (0.5 %)
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addition, development of VTE was also related to longer hos-
pital stays after biopsy related to GBM (OR 1.14, 95%CI
1.09-1.18, p < 0.001) and more deaths (OR 4.53, 95%CI
3.01-6.80, p < 0.001).

Patients receiving bevacizumab were more likely to devel-
op VTE (OR 1.79, 95%CI 1.21-2.64, p > 0.001) and were
more likely to have a bleed (OR 3.78, 95 % CI 2.70-5.30,
p < 0.001) when compared to patients not receiving
bevacizumab (Tables 3 and 4). The common sites of bleeding
were gastrointestinal, genitourinary, intracranial and
oro-maxillo-facial. The most common site of bleeding in both
cases and controls were intracranial (25 % of the cases vs.
15 % of the controls) (Table 1 and Fig. 2).

Discussion

Semrad et al. concluded in their large retrospective study in-
volving 9489 patients that VTE in malignant glioma is asso-
ciated with increased mortality within 2 years (hazard ratio
1.3, CI 1.2-1.4) [6]. Chaichana et al. reported that 3 % of the
patients who undergo craniotomy for tumor surgery develop
VTE, with increased rates in older patients and those with
hypertension, motor deficits and poor preoperative clinical
conditions [7].The grade of the tumor is also directly propor-
tional to the risk of VTE [8].

The incidence of VTE in high-grade glioma is astonishing-
ly high, ranging between 20 %-30 %. These patients are at

high risk of developing this complication throughout the
course of the malignancy, with the peak number of cases re-
ported in the immediate postoperative period (hazard ratio for
developing VTE is 1.7 [95%CI 1.3–2.3] within 61 days after
neurosurgery) [6, 9]. Risk factors include hypertension, old
age, motor deficits and a poor preoperative clinical condition.
Neurosurgery itself is not the primary culprit of increased
VTE risk in such patients. Patients with cancer undergoing
neurosurgery are 3 times more prone to have a fatal pulmo-
nary embolism than patients without cancer undergoing sim-
ilar surgeries [10, 11]. This raises curiosity over the unique
biological characteristics of this tumor that makes the patient
thrombogenic [9, 12].

The main aim of our study was to identify an association
between different variables and the development of VTE in
patients with GBM. We found that patients with GBM who
developed a VTE were more likely to be older (mean age
61.8 ± 11.4 years); for every 1 year increase in age, the odds
of developing VTE increased by 3 % (OR 1.03, 95%CI
1.02-1.04, p < 0.001). The frequency of hospital admissions
as well as the duration of the hospital stay was significantly
higher in the cases of VTE as compared to the controls. More
deaths (OR 4.53, 95%CI 3.01-6.80, p < 0.001) were noted in
the cases, which signifies the additive detrimental effects of
VTE on the already unfavorable prognosis of GBM.

First line treatment for primary GBM is maximal surgical
resection and chemoradiotherapy with temozolomide, follow-
ed by maintenance with temozolomide (with or without radio-
therapy) [13, 14]. Despite this, the median survival for these
patients is approximately 15 months, making it one of the
most lethal malignancies [15]. In 2009, the U.S. Food and
Drug Administration approved bevacizumab for GBM as a
single agent for patients with progressive disease following
prior therapy [16] based on the results of two phase II trials
[17, 18]. Regarding its use in the first line treatment of GBM,
2 phase III randomized-controlled clinical trials failed to show
any survival benefit, but both demonstrated 3–4 months

Table 4 Bevacizumab and its association with bleeding after bleeding
is used as a binary variable

Bleed Bevacizumab
used (N = 189)

Bevacizumab not
used (N = 813)

OR (95 % CI) P-value

Yes 86 (46 %) 147 (18 %) 3.78 (2.70, 5.30) <0.001

No 103 (55 %) 666 (82 %)
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Fig. 2 Comparison of types of
bleeding episodes between cases
and control
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improvement in progression-free survival [19, 20]. The risk of
VTE is higher with bevacizumab, especially if bevacizumab is
used along with chemoradiotherapy (7.46 %) rather than as a
single agent (4.27 %) [21].

In our study, 27 % (n = 44) of the cases were also treated
with bevacizumab as compared to only 17 % (n = 145) in the
controls. Our study concluded that patients receiving
bevacizumab were more likely to have a bleed as compared
to patients not receiving bevacizumab, with the majority of the
episodes being intracranial (30 %). In a meta-analysis of 20
randomized controlled trials, bevacizumab was associated
with a high incidence of all-grade hemorrhage [30.4 %
(95 % CI 21.5-40.9), with 3.5 % (95 % CI 2.2-5.7 %) being
high grade (grade 3–5)] [22].

Bevacizumab has been classically linked to the develop-
ment of arterial and venous thromboembolism (Relative risk
of 1.3) [23]. Our study showed a higher incidence of VTE
development with use of bevacizumab (OR 1.79, 95%CI
1.21-2.64, p > 0.001). Using a drug which is thrombogenic
in a patient already at an increased risk of VTE has been
confusing for the physicians. This necessitates the use of an-
ticoagulants in these patients if they do develop VTE. But as
gliomas are inherently prone to bleeding, clinicians have been
reluctant to use anticoagulants in such patients. Traditionally,
they have been more inclined towards inferior vena cava fil-
ters rather than opting for anticoagulation, which is another
area of debate. In fact, administering anticoagulants to such
patients puts them at a 2% higher risk of developing a tumoral
bleed [24]. In our patient population, 45 % (n = 73) of the
cases underwent inferior vena cava filter placement for the
prevention of pulmonary embolisms, while 55 % (n = 89)
were put on anticoagulation, the duration of which varied
from 3 months to more than 12 months. Ideally, most patients
diagnosed with GBM should receive bevacizumab for
better outcomes, however, in case of an episode of
VTE or a major bleed, options include dose reduction or
stopping bevacizumab completely, depending upon the sever-
ity of the bleed or size of VTE. Bevacizumab use should be
under strict monitoring parameters. As this drug increases risk
of VTE (as well as bleeding), clinicians should keep a close
eye on early signs and symptoms of VTE in patients using
bevacizumab. Additionally, patients taking this medication
should be advised to maintain adequate mobility to reduce
their risk of VTE.

The main limitation of this study is that it is a single center,
retrospective study and the results might not be applicable to
the general population. Another weakness of this study is the
determination of KPS scores. For patients with no documen-
tation of KPS score, they were calculated based on factors
such as physical examination, the level of physical activity
of the patient, their ability to carry out household chores,
whether or not the patient required physical rehabilitation
etc. Such a determination can result in researcher bias.

However, majority of the patients had KPS scores document-
ed in their charts (as it is commonly used among neurosur-
geons and oncologists to assess and follow patient’s clinical
status). For patients without documentation of KPS scores, all
efforts were made to determine the KPS scores based on de-
tailed chart analysis in a clear manner.

Our study found significant associations between different
variables and the development of VTE in patients with GBM,
but a causal relationship cannot be ascertained. We suggest
that a well-designed prospective study be conducted that
might address this issue to better understand the risk factors
involved in its pathogenesis. Efforts should be made to ‘pre-
dict’ the risk of VTE in glioma patients to avoid complica-
tions. Benefits of bevacizumab use should be assessed and
weighed against the devastating vascular complications it in-
curs. Taking into account the results of this study, prospective
studies should evaluate the possibility of prophylactic
anticoagulation in high risk patients with GBM. Such studies
can help guide the clinicians in managing this patient popula-
tion with a more robust approach.
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