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Abstract

Venous thromboembolism (VTE) is a common complication in patients with high-grade gliomas. 

The purpose of this prospective multicenter study was to determine the hazard rate of first 

symptomatic VTE in newly-diagnosed glioma patients and identify clinical and laboratory risk 

factors. On enrollment, demographic and clinical information were recorded and a comprehensive 

coagulation evaluation was performed. Patients were followed until death. The study end point 

was objectively-documented symptomatic VTE. One hundred seven patients were enrolled with a 

median age of 57 years (range 29–85) between June 2005 and April 2008. Ninety-one (85 %) had 

glioblastoma multiforme (GBM). During an average survival of 17.7 months, 26 patients (24 %) 

(95 % CI 17–34 %) developed VTE (hazard rate 0.15 per person-year) and 94 patients (88 %) 

died. Median time to VTE was 14.2 weeks post-operation (range 3–126).

Patients with an initial tumor biopsy were 3.0 fold more likely to suffer VTE (p = 0.02). Patients 

with an elevated factor VIII activity (>147 %) were 2.1-fold more likely to develop VTE. ABO 

blood group, D dimer and thrombin generation were not associated with VTE. No fatal VTE 

occurred. VTE is a common complication in patients with newly-diagnosed high grade gliomas, 

particularly in the first six months after diagnosis. Patients with an initial tumor biopsy and 
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elevated factor VIII levels are at increased risk. However, VTE was not judged to be pri-marily 

responsible for any patient deaths. Therefore, out-patient primary VTE prophylaxis remains 

investigational until more effective primary prophylaxis strategies and therapies for glioma are 

identified.
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Introduction

Venous thromboembolism (VTE) is a common complication of cancer and its treatment. 

Cancer patients have a 4–20 fold increased risk of VTE that is further accentuated by 

chemotherapy [1, 2]. Patients with high grade gliomas have been noted to be at particularly 

high risk for VTE [3]. The cumulative incidence of symptomatic VTE among glioma 

patients has been estimated to be as high as 36 % during their course of therapy [4–8]. A 

recent population-based observational study estimated the incidence of VTE among glioma 

patients to be 16.1 events per 100 patient years during the first six months after diagnosis 

[9].

Prevention is important as thrombosis and its treatment are associated with significant 

morbidity, mortality and reduced quality of life [10]. VTE has been identified as the second 

leading cause of death among ambulatory cancer patients receiving chemotherapy [11]. 

Furthermore, cancer patients with VTE have a twofold higher risk of death than patients 

without VTE [12]. Consequently, VTE prevention has received increasing attention in 

cancer patients. Despite the high incidence of VTE in glioma patients, concerns about 

bleeding complications have limited the use of primary anticoagulant prophylaxis [13]. The 

PRODIGE study, a randomized controlled trial of dalteparin thromboprophylaxis in glioma 

patients, found a non-significant reduction in VTE but a trend toward more hemorrhagic 

complications [14]. A phase 1 study of tinzaparin reported similar results [15], while Robins 

et al. did not note any VTE or bleeding events among 42 patients receiving dalteparin [16].

Identification of VTE risk factors in glioma patients would facilitate targeting prophylaxis to 

the patients at greatest risk. Previous retrospective studies have identified patient age [8, 9, 

17], tumor size [18], tumor grade [4, 9, 19], long operative times (more than 4 h) [20], 

chemotherapy [6], and the presence of leg paresis [6–8] as clinical risk factors for VTE. 

Laboratory VTE risk factors include an increased prothrombin time, reduced plas-minogen 

activator activity, ABO blood type, low platelet counts (<25th percentile), elevated WBC 

counts, P-selectin, D dimer and tissue factor-bearing microparticles (TFMP) [21–26]. Only 

age, tumor grade and leg paresis have been noted in more than one study.

In a retrospective cohort study, we demonstrated that ABO blood group was a previously 

unrecognized risk factor for symptomatic VTE in glioma patients. Blood group AB was 

associated with a hazard ratio (HR) of 9.4 (95 % confidence interval [CI] 2.7–32) compared 

to those with blood group O (p <0.0001). Blood group A was also associated with greater 

risk (HR = 2.7, 95 % CI 1.0–7.0, p = 0.045) [23]. ABO blood group has a significant 
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influence on factor VIII levels with blood group AB being associated with the highest levels 

[27]. Since elevated levels of factor VIII are associated with a 4–6 fold increased risk of 

VTE [28, 29], our finding that ABO group was associated with an increased risk of VTE in 

glioma patients was biologically plausible.

The purpose of the current study was three-fold: (1) to prospectively determine the hazard 

rate of VTE in a population of patients with newly-diagnosed grade 3 or 4 glioma (2) to 

confirm the association of ABO blood type on the hazard rate of VTE and (3) to identify 

novel clinical and laboratory risk factors for VTE.

Materials and methods

This prospective multicenter study of patients with newly-diagnosed, pathologically-

confirmed, grade III and IV glioma was conducted in member institutions of the National 

Cancer Institute-funded “New Approaches to Brain Tumor Therapy” (NABTT) and the 

Adult Brain Tumor Consortium. (Grant 2UM1 CA137443) The study protocol was reviewed 

and approved by the National Cancer Institute’s Cancer Therapy Evaluation Program 

(CTEP) and the Institutional Review Board of each participating institution. The study was 

initiated in October 2004.

The study eligibility criteria were that patients had to be adults (age 18 years or older) with 

histologically-confirmed, newly-diagnosed, supratentorial grade III or IV astrocytoma. 

Potential subjects were approached for study participation once their diagnosis of grade III 

or IV glioma was pathologically confirmed. All patients underwent complete tumor 

resections unless they had serious underlying medical issues precluding surgery, extensive 

or bilateral disease or disease in eloquent areas where surgery would have resulted in a high 

likelihood of severe postoperative disabilities. Patients could not have received prior 

radiation therapy, chemotherapy, immunotherapy or therapy with biologic agents or 

hormonal therapy. Glucocorticoid therapy was allowed. Patients had to have a Karnofsky 

performance status (KPS) of at least 60 %. Patients had to identify a caregiver to provide 

information if the patient became unable to remember or communicate during their course of 

therapy. Patients also had to be able to provide written informed consent.

Patients were ineligible if they had a history of prior cranial irradiation, previous 

thromboembolism or an indication for chronic anticoagulation. Patients were allowed to use 

chronic anti-platelet therapies including aspirin, clopidogrel or non-steroidal anti-

inflammatory drugs. VTE prophylaxis was permitted during hospitalizations in accordance 

with routine clinical practice but outpatient prophylaxis was not permitted.

At study enrollment, demographic and clinical information were recorded including age, 

gender, ethnicity, tumor histology, size and location, treatments, KPS, and any limb paresis. 

Blood was drawn for ABO blood type, fibrinogen, factor VIII activity, D dimer, and 

endogenous thrombin potential. Patients were followed at monthly intervals in clinic or by 

telephone. Symptomatic VTE had to be objectively confirmed with standard radiological 

diagnostic methods (duplex ultrasound, computer tomography angiography, etc). Routine 

radiographic VTE surveillance was not permitted. VTE treatment was left to the discretion 
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of the treating physician. Patients with VTE were followed every 2 months until death or 

withdrawal of consent.

Blood samples were collected at the time of study enrollment into blue-top vacutainer tubes 

containing 3.2 % sodium citrate. After collection, samples were centrifuged twice at 15,000 

rpm for 3 min. Plasma was separated into 1 milliliter aliquots for storage in Nalgene sample 

vials at −80 °C for later analysis. All laboratory samples were shipped to the Johns Hopkins 

Special Coagulation laboratory for testing. Factor VIII activity was determined with a 

single-stage factor VIII activity assay using the Siemens Factor VIII assay on the BCS® 

coagulation analyzer. (Normal range, 50–150 %) (Siemens AG, Marburg Germany) 

Fibrinogen levels were determined using the Clauss technique.(Normal range, 150–400 

mg/dL) Quantitative D dimer levels were determined using the quantitative Advanced D 

dimer assay. (Normal range, 0.17–0.88 mg/L Fibrinogen Equivalent Units) (Siemens AG, 

Marburg, Germany) Endogenous thrombin potential (ETP) was measured using Innovin® 

and a synthetic chromogenic thrombin substrate. (Siemens AG, Marburg Germany)

Statistical analysis

The purpose of the study was to prospectively determine the hazard rate of first symptomatic 

VTE in a population of patients with newly-diagnosed grade 3 or 4 glioma, assess the 

association of ABO blood type with VTE and to identify novel VTE risk factors. The trial 

design was based upon the results of Brandes et al. and Dhami et al., which estimated the 

hazard rate of venous thromboembolism to be 0.18 and 0.3 per person-year follow-up, 

respectively [4, 6]. Using these data, we estimated that we would need at least 107 

participants to obtain 32 events assuming a 30 % cumulative incidence of VTE. The overall 

incidence rate was calculated as the total number of events divided by the total number of 

study participants.

The overall hazard rate was expressed as the hazard of symptomatic VTE per person-year of 

follow-up. Differences in baseline patient and disease characteristics were compared using 

the Student t test and Chi square test for continuous data and categorical data, respectively. 

In comparisons, the levels of each laboratory variable were considered elevated if they were 

above the median value of the entire patient population. The probability of a first episode of 

symptomatic VTE and overall survival were calculated using the non-parametric method of 

Kaplan–Meier. Subgroup comparisons were performed using the Log-rank test. The Logistic 

regression model was used for the univariate and multivariate analyses to estimate the risk 

ratio of symptomatic VTE associated with the clinical and laboratory measurements. All P 

values are reported as 2-sided and all analyses were conducted using SAS software (version 

9.2, SAS Institute).

Results

A total of 107 patients (55 women, 52 men) were enrolled in the study a median of 23 days 

(range, 0–81 days) after pathologic diagnosis of a grade III or IV glioma. The median age 

was 57 years (range, 28–85 years). The histologic diagnosis was glioblastoma multiforme in 

91 patients (85 %), anaplastic astrocytoma in 12 (11 %), anaplastic oligodendroglioma and 
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unclassified malignant glioma in 2 patients each (2 %). The demographic and clinical 

characteristics are shown in Table 1.

During an average survival of 17.7 months, 26 patients (24 %; 95 % CI 17–34 %) developed 

symptomatic VTE. In patients with glioblastoma multiforme (GBM), the incidence was 26 

% (95 % CI 18–37 %). GBM patients constituted 92 % of all patients with symptomatic 

VTE. The median time from initial surgery to VTE diagnosis was 14.2 weeks (range, 3–126 

weeks). The hazard rate of first symptomatic VTE was 0.15 (95 % CI 0.1–0.22) per-person 

year of follow-up among all patients and 0.2 (95 % CI 0.13–0.3) for patients with newly-

diagnosed GBM. Among patients with symptomatic VTE, 25 had a lower extremity deep 

venous thrombosis (DVT) and one had a pulmonary embolism (PE). No fatal VTE occurred. 

All patients were treated with anticoagulation.

Baseline clinical and laboratory characteristics were similar between patients who did and 

did not develop symptomatic VTE during their clinical course (Table 2). Notably, there was 

no difference in the frequency of symptomatic VTE by ABO blood type (Table 2). Patients 

who subsequently developed symptomatic VTE were more likely to have had an initial 

tumor biopsy only rather than a complete resection (p = 0.02) (Table 2). However, there was 

no difference in KPS between patients who underwent tumor biopsy only or complete 

resection. Among the 23 patients who underwent biopsy only, 15 (65 %) had a KPS of 90–

100 and 8 (35 %) had a KPS of 60–80. In comparison, among the 84 patients who 

underwent resection, 68 (81 %) had a KPS of 90–100 and 16 (19 %) had a KPS at 60–80. (p 

= 0.1). Male gender was associated with a greater risk of symptomatic VTE but only among 

GBM patients. (p = 0.02) A total of 39 (37 %) patients had a second surgery. There was no 

difference in the rate of symptomatic VTE between patients who had a second surgery 

compared to those who did not (7/39, 17.9 % vs. 19/67, 28.4 % respectively, p = 0.2). In 

fact, among patients who had a second surgery and a symptomatic VTE, all VTE occurred 

prior to the second surgery except for one patient whose initial surgery was a tumor biopsy.

The median factor VIII activity in the study population was 147 %. The mean baseline 

factor VIII activity was significantly higher among patients who subsequently developed 

symptomatic VTE compared with those who did not among the entire study population 

(factor VIII activity, 175 ± 60 vs. 147 ± 51, p = 0.02). This difference was also noted in the 

subpopulation of patients with GBM (180 ± 60 vs. 146 ± 52, p = 0.01). Thirty-two percent 

of patients (95 % CI 20–47 %) with elevated factor VIII at baseline developed VTE within 

24 months compared to 18 % (95 % CI 9–31 %) among those without elevated factor VIII 

activity (Fig. 1). A similar trend was observed among GBM patients [36 % (95 % CI 22–51 

%) vs. 17 % (95 % CI 7–32 %)]. The estimated risk ratio (RR) of developing VTE was 2.1 

(95 % CI 0.8–5.5; p = 0.11) among the entire population with elevated factor VIII and 2.7 

(95 % CI 0.97–7.41; p = 0.05) among GBM patients. The risk ratio was 2.5 (95 % CI 0.9–

7.1; p = 0.09) among GBM patients after adjusting for baseline surgical procedure and 

gender. Patients who had a biopsy as an initial surgical procedure were 3.0 fold more likely 

(95 % CI 1.2–8.8; p = 0.02) to develop symptomatic VTE than patients who underwent 

resection. Interestingly, D dimer and thrombin generation were similar in patients who did 

and did not have symptomatic VTE (Table 2).
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At the time of data analyses, 94 (88 %) patients had died. The average overall survival (OS) 

was 17.7 months (95 % CI 15.4–20.5 months). Average OS was 15.7 months (95 % CI 

14.1–18.7) for patients with VTE and 18.3 months (95 % CI 16.1–23.5) for those without 

VTE (p = 0.09 Log-rank test).

Discussion

Venous thromboembolism is a common complication in patients with malignant glioma. 

However, previous studies of primary thromboprophylaxis in unselected glioma patients 

have not been associated with improved outcomes. Targeting high risk patients could 

improve the risk:benefit balance of prophylaxis. In this large prospective multi-center study 

of newly-diagnosed patients with high-grade glioma, we noted symptomatic VTE was 

common in the first six months after tissue diagnosis. Patients with an initial tumor biopsy, 

elevated factor VIII activity and men with GBM were at high risk for VTE. However, 

progressive cancer not VTE was responsible for all the patient deaths during follow up.

Brandes and colleagues noted 26 % of their 77 glioma patients developed VTE, an incidence 

of 0.15 VTE per patient month [4]. In a retrospective analysis of the California discharge 

database, Semrad et al. noted an incidence of 16.1 VTE per 100 patient years during the first 

six months after diagnosis of a malignant glioma [9]. Sub-total resection has been associated 

with an increased risk of VTE in two previous studies [14, 19]. In contrast, elevated factor 

VIII activity has not been previously identified as a risk factor for VTE in glioma patients, 

although factor VIII activity has been associated with VTE in other patient populations [28, 

30]. Likewise, male gender, a VTE risk factor in GBM patients in our study, is a novel 

finding in glioma patients but has been identified as VTE risk factor in the general 

population [31, 32].

In contrast to our earlier study, we did not identify ABO blood type as a risk factor for VTE 

which underscores the importance of validating risk factors in prospective studies. 

Nevertheless, it is worthwhile noting that only seven patients had AB blood group. 

Therefore it is possible that a larger study might be necessary to confirm the influence of 

ABO blood group on VTE risk in glioma patients. We were also surprised that D dimer and 

thrombin generation were not associated with VTE. Prell et al. and Thaler and colleagues 

have identified D dimer as a risk factor for VTE [25, 24]. We suspect that differences in 

study populations and the timing of study procedures are responsible for these conflicting 

results.

The most surprising result of our study was the absence of any VTE-related mortality among 

our study population. All but one of the thrombotic events during our study was a DVT and 

no patient deaths were attributable to VTE. In the PRODIGE study, 74 % of thrombotic 

events were DVT alone and no fatal PE was identified [14]. In contrast, Thaler et al. noted 

11 PE (46 % of all VTE) including two fatal events [24]. Although we cannot be certain as 

to the exact reason for the low VTE-related mortality in our study, one possible reason may 

be that all our co-investigators are experienced neuro-oncologists who have a high index of 

suspicion for VTE and order objective testing at the first signs or symptoms of DVT. It is 
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also possible larger studies focused on high-risk patient populations may be required to 

identify survival differences associated with VTE and its prevention.

Our study has several strengths and weaknesses. Our study is the first prospective 

multicenter study of risk factors for symptomatic VTE in patients with newly-diagnosed 

stage III/IV malignant glioma. All participants were recruited after tissue diagnosis and 

before initiation of chemotherapy or radiotherapy. Therefore, there was no impact of these 

procedures on the results of laboratory testing. In addition, initial therapy consisting of 

temo-zolomide-based combination chemo-radiotherapy was uniform in all but two patients. 

All VTE were symptomatic and objectively confirmed with standardized radiologic 

procedures so the likelihood of misclassification is low. Plasma samples were collected prior 

to the initiation of therapy and were available on 93 % of participants, so we are confident 

our results are representative of the study population. All laboratory studies were performed 

using the same assay and coagulation analyzer in a single reference laboratory eliminating 

the possibility of inter-laboratory differences influencing results. Since we recruited patients 

from multiple centers, we believe our results are generalizable to the overall population of 

glioma patients treated in the United States.

Our study also has some limitations. Laboratory samples were obtained after diagnosis but 

the timing of study enrollment varied between subjects depending upon the timing of 

referral for neuro-oncology consultation. This could have influenced laboratory results. 

Furthermore, we did not prohibit or standardize the use of corticosteroids which are 

routinely prescribed in glioma patients. Corticosteroids have been shown to influence 

coagulation factor levels and thus could have influenced assay results [33]. However, we felt 

that prohibition of corticosteroids prior to blood sampling would have adversely affected 

patient care and study enrollment, so we did not exclude patients on this basis.

How can we incorporate these findings into clinical care and the research agenda for patients 

with high-risk glioma? VTE is a common complication among glioma patients, particularly 

in the first six months after diagnosis. Therefore, clinicians should maintain a high index of 

suspicion for DVT and PE when patients report symptoms (e.g., leg swelling or cramping, 

dyspnea, fatigue) that could indicate VTE. Risk factors identified by this study and others 

can help clinicians identify patients who may be at greater risk. However, our study also 

emphasizes that clinically significant morbidity and mortality posed by VTE is limited 

compared to that associated with the underlying cancer. Therefore, investigative efforts 

should continue to focus on improving therapy for glioma. Once therapeutic outcomes are 

better, we suspect the absolute clinical impact of VTE and other complications will be 

greater as will the rewards of effective prevention. To this end, Thaler et al. have recently 

proposed the first VTE risk assessment tool for glioma patients [24]. Once more effective 

therapy is available, we envision that studies of targeted thrombo-prophylaxis (perhaps 

employing new non-vitamin K antagonist oral anticoagulants) may provide an effective 

strategy to further improve the outcomes for patients with glioma.
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Fig. 1. 
Elevated factor VIII activity increases the risk of VTE in glioma patients
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Table 1

Baseline clinical and laboratory characteristics of the study population

Characteristic

No. of patients N = 107

Median age (range) 57 (28–85)

Gender

 Male 52 (49 %)

 Female 55 (51 %)

Histologic diagnosis

 Glioblastoma multiforme 91 (85 %)

 Anaplastic astrocytoma 12 (11 %)

 Anaplastic oligodendroglioma 2 (2 %)

 Malignant glioma 2 (2 %)

 Median initial KPS (range) 90 (60–100)

Surgical procedure

 Biopsy 23 (21 %)

 Resection 84 (79 %)

ABO blood type

 O 55 (52 %)

 A 31 (29 %)

 B 13 (12 %)

 AB 7 (6 %)

 Rh+ 91 (86 %)

 D dimer μg/L (mean ± Std) 2 ± 2

 Factor VIII activity (%) (mean ± Std) 154 ± 55

 Fibrinogen mg/dL (mean ± Std) 385 ± 154

 ETP % 114 ± 53

 ETP maximal amplitude (mean ± Std) 440 ± 78

 Tmax 56 ± 47

 Cmax 194 ± 168

 AUC 451 ± 89

ETP endogenous thrombin potential, Tmax time required to reach maximal thrombin concentration, Cmax maximal thrombin concentration, AUC 
area under the thrombin concentration curve
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Table 2

Comparison of baseline clinical and laboratory characteristic in patients with and without VTE

Characteristic No VTE VTE p value

No. of patients (107) N = 81 N = 26

Median age (range) 57(28–85) 57 (41–77) 0.2

Median KPS (range) 90 (70–100) 90 (60–100) 0.09

Gender 0.1

 Male 36 (44 %) 16 (62 %)

 Female 45 (56 %) 10 (38 %)

Histologic diagnosis 0.2

 Glioblastoma multiforme 67 (83 %) 24 (92 %)

 Other 14 (17 %) 2 (8 %)

Surgical procedure 0.02

 Biopsy 13 (16 %) 10 (38 %)

 Resection 68 (84 %) 16 (62 %)

ABO blood type 0.9

 O 41 (51 %) 14 (54 %)

 A 24 (30 %) 7 (27 %)

 B 9 (11 %) 4 (15 %)

 AB 6 (8 %) 1 (4 %)

 Rh+ 68 (85 %) 23 (88 %) 0.7

 Mean D dimer lg/L (± Std) 2 (±2) 2 (±1) 0.5

 Mean % factor VIII (± Std) 147 (±51) 175(±60) 0.02

 Mean fibrinogen mg/dL (± Std) 388 (±166) 379 (±116) 0.8

 Mean ETP % 110 (±43) 125 (±75) 0.4

 Mean ETP maximal amplitude (±Std) 437(±74) 450 (±90) 0.5

 Mean Tmax (±Std) 50 (±12) 73 (±94) 0.3

 Mean Cmax (±Std) 166 (±32) 284 (±330) 0.1

 Mean AUC (±Std) 440 (±64) 487 (±139) 0.1

Statistically significant values are represented in bold

ETP endogenous thrombin potential, Tmax time required to reach maximal thrombin concentration, Cmax maximal thrombin concentration, AUC 
area under the thrombin concentration curve
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