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Patients with malignancy, particularly patients with 
high-grade glioma (HGG; WHO grade III/IV), have an 
increased risk of venous thromboembolism (VTE). It 
has been suggested that VTE predicts survival in can-
cer patients. The aim of our study was to investigate the 
occurrence of symptomatic VTE and its impact on sur-
vival in patients with HGG. Consecutive patients (n 5 
63; 36 female, 27 male; median age, 58 years) who had 
neurosurgical intervention between October 2003 and 
December 2004 were followed after surgery until Octo-
ber 2005. Objectively confirmed VTE was recorded as 
an event. All patients had received thrombosis prophy-
laxis with low-molecular-weight heparin (LMWH) dur-
ing the immediate postoperative period. Subsequently, 
56 patients received radiochemotherapy, 6 radiotherapy, 
and 1 chemotherapy only. Patients were followed over a 
median time period of 348 days. Fifteen patients (24%) 
developed VTE. Pulmonary embolism was diagnosed in 
nine patients (60%) and was fatal twice. The cumula-
tive probability of VTE was 21% after three months and 
26% after 12 months. The highest frequency of VTE 
was observed in patients with biopsy and subtotal tumor 
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are at high risk to develop VTE postoperatively. Throm-
bosis was not associated with a significant reduction of 
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Patients with malignancy have an increased risk of 
venous thromboembolism (VTE)2 (Rickles and 
Edwards, 1983). The thrombosis incidence of dif-

ferent tumor types varies remarkably. An especially high 
risk of VTE has been found in patients with primary cere-
bral malignancy, in particular in those with high-grade 
glioma (HGG) (Brandes et al., 1997; Kayser-Gatchalian 
and Kayser, 1975).

Tissue factor (TF), a potent procoagulant factor, 
might play an important role in the pathophysiologi-
cal mechanism of development of VTE, because its 
synthesis is up-regulated in a variety of neoplasms (De 
Cicco, 2004). In glioma cells, the amount of TF expres-
sion correlates with the histological grade (Hamada et 
al., 1996). However, inconsistent data on the frequency 
of VTE were given, for instance, 3%–25% during the 
first six postoperative weeks and 16%–28% during the 
first year (Marras et al., 2000). Differences in patient 
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selection and in the applied regimen of treatment and 
prophylaxis might have contributed to heterogeneity 
of results. Patient selection is critical since tumor type, 
grade, and stage are associated with VTE (Sorensen et 
al., 2000). The importance of further parameters, such 
as tumor size, surgery, chemotherapy, paresis, throm-
boprophylaxis, age, and ABO blood group, is currently 
under discussion in glioma patients.

Only a limited number of studies investigated the 
importance of VTE for survival in cancer patients. 
Sorensen et al. (2000) described that cancer diagnosed 
at the same time or within one year after occurrence of 
VTE is associated with an advanced stage of cancer and 
poorer prognosis. In a case series that included patients 
with VTE, Prandoni et al. (1996) found that the pres-
ence of cancer increased the risk for death with a hazard 
ratio (HR) of 8.1 (95% confidence interval 5 3.6–18.1).

Patients with HGG have a poor prognosis, and the 
occurrence of VTE, specifically pulmonary embolism, 
might affect the survival in these patients. Preliminary 
results of controlled trials support the idea that activation 
of coagulation plays a role in the natural course of tumor 
growth (Prandoni et al., 2005). A hypercoagulable state 
indicated by an increased baseline D-dimer is associated 
with decreased survival in colorectal cancer patients, 
and it might be hypothesized that cancer patients with 
overt thrombosis have an impaired prognosis (Blackwell 
et al., 2004). Alcalay et al. (2006) reported that VTE 
was a risk factor for a reduced survival among patients 
with local or regional colorectal cancer. In a large pro-
spective glioma outcome study, risk factors for survival 
were investigated, but data on survival rates in patients 
with thrombosis were not given (Laws et al., 2003).

The primary objective of our study was to investigate 
symptomatic VTE in patients with HGG in the light of 
new therapeutic regimens. Second, we aimed to assess 
the influence of VTE on survival of glioma patients.

Materials and Methods

Design

A cohort of consecutive patients with HGG (WHO 
grade III/IV) was analyzed. All patients with newly 
diagnosed HGG that were seen at the oncology depart-
ment of the University Hospital Vienna between Octo-
ber 14, 2003, and December 12, 2004, were included. 
Patients were included in the observational study when 
they were seen first at our hospital. In patients who had 
neurosurgical intervention at another hospital and who 
were seen at our hospital shortly after surgery (n 5 16), 
the time period between this first visit at our department 
and surgery was evaluated retrospectively. Institutional 
research ethical approval was received for this study. In 
a subset of patients, a blood sample was also drawn; 
these patients signed an informed consent form. Patients 
that were only followed did not sign an informed con-
sent form. The observation period started at the time of 
surgery, when diagnosis was confirmed histologically. 
The following parameters were recorded: patient height, 

weight, and blood group; type of surgery (complete 
tumor resection, partial resection, or biopsy in case of 
inoperable tumors); intensity and duration of postop-
erative thrombosis prophylaxis; the maximum tumor 
diameter; presence or absence of paresis of the upper 
and lower extremity; and, in cases of further radio- or 
chemotherapy, the applied regimen. To define the extent 
of resection and to detect intracranial hemorrhage, CT 
was performed the day after surgery. A prophylactic 
dosage of LMWH was given during the postoperative 
hospital stay, usually during the first 10 postoperative 
days; 40 mg enoxaparin, 2500 IU dalteparin, or 5000 
IU dalteparin once daily was used. All patients received 
graduated compression stockings during the hospital 
stay. Corticosteroids and anticonvulsants were admin-
istered as medically indicated. The study was closed on 
October 1, 2005.

Follow-up

Regular visits at the outpatient department of patients 
were used for follow-up. When patients did not receive 
any further treatment or missed an appointment, we 
tried to reach them by phone or mail to get information 
about their clinical course. If they did not respond, their 
family doctors and relatives were contacted. No patient 
was lost to follow-up. At study closure, the Austrian 
Mortality Registry was searched for entries concerning 
study participants.

Thromboembolic Events

Symptomatic or fatal VTE was recorded as an event, 
regardless of the site (proximal or distal). There was no 
routine screening for VTE. When a patient developed 
symptoms of VTE, medical imaging was performed. 
Diagnosis of VTE was always confirmed by an objective 
method: duplex sonography for deep vein thrombosis 
(DVT) and CT for pulmonary embolism. Patients who 
developed VTE received long-term anticoagulation with 
therapeutic doses of LMWH. In cases where a patient 
died and an autopsy was performed, the written proto-
cols were reviewed with regard to presence of VTE.

Statistical Methods

Kaplan-Meier analysis was applied to calculate the 
cumulative probability of VTE after various time points. 
In the statistical analysis, VTE patients who were free 
of events during the observation period were censored 
at the time of study closure, October 1, 2005, or at their 
death. In the statistical analysis for survival, patients 
were censored at October 1, 2005. Cox regression anal-
ysis was used to compare the probability of thrombosis 
and survival among different groups of patients. For 
the outcome variable VTE, two univariate models were 
calculated, for the parameter type of surgery (categori-
cal variable, three levels: subtotal tumor resection, total 
tumor resection, biopsy) and for the parameter subtotal 
tumor resection including biopsy (dichotomous vari-
able: true/false), respectively. For the outcome variable 
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multiforme in 12, anaplastic astrocytoma in 2, and oli-
godendroglioma in 1.

Two patients developed VTE during postoperative 
thrombosis prophylaxis, and two after cessation of pro-
phylaxis but before consecutive treatment had started (n 
5 4). Ten events (67%) occurred during radio- or che-
motherapy; one event occurred after cessation of radio-
chemotherapy but shortly after another neurosurgical 
intervention. Events occurred after a median time period 
of 40 days (range, 4–241 days). Eighty-seven percent of 
events (13 of 15) occurred during the first three months 
of observation. In Kaplan-Meier analysis, the cumula-
tive probability of VTE was 21% after three months and 
26% after one year (Fig. 1). No major bleeding compli-
cations were reported.

Compared with patients with total tumor resection (n 
5 24), a higher probability of VTE was found in patients 
who underwent biopsy (n 5 15; univariate analysis: HR 5 
3.36, 95% CI 5 0.80–14.15, P 5 0.10; multivariate analy-
sis: HR 5 3.37, 95% CI 5 0.73–15.68, P 5 0.12) and in 
those who underwent a subtotal resection (n 5 22; univar-
iate analysis: HR 5 3.07, 95% CI 5 0.80–11.90, P 5 0.11; 
multivariate analysis: HR 5 3.73, 95% CI 5 0.92–15.24, 
P 5 0.07). Two patients in whom the extent of resection 
was not exactly defined were not included in the analysis. 
When patients who underwent subtotal resection or biopsy 
(n 5 37) were compared with those who had total resec-
tion, the HR was 3.18 (95% CI 5 0.89–11.33, P 5 0.07) 
in univariate analysis and 3.58 (95% CI 5 0.98–13.13,  
P 5 0.054) in multivariate analysis (Fig. 2).

A higher proportion of patients with paresis of the 
upper or lower extremity (n 5 11, 18%) developed VTE 
(n 5 4, 27%) compared with those without (n 5 7, 15%), 
but this difference did not reach statistical significance 
in uni- or multivariate analysis.

No significant difference in body mass index, age, 
sex, and maximal tumor size was found between patients 
who stayed free of an event and those who developed 
VTE during the follow-up (Table 1).

survival, the univariate analysis was calculated for the 
parameter VTE (time-dependent variable). In the multi-
variate Cox regression model for the outcome variable 
VTE, further parameters were included with the vari-
able subtotal tumor resection including biopsy: paresis 
of an extremity (dichotomous variable: true/false), age 
greater than 60 years (dichotomous variable: true/false), 
glioblastoma multiforme (dichotomous variable: true/
false), and male gender (true/false). In multivariate Cox 
regression model for the outcome variable survival, we 
included the same parameters and also included the 
parameter VTE (time-dependent variable). A two-sided 
P value , 0.05 indicated statistical significance. Statisti-
cal analysis was performed with the SPSS statistical soft-
ware package (version 12.0.1; SPSS Inc., Chicago, Ill.).

Results

Sixty-three patients (36 female, 27 male; median age, 58 
years; range, 20–79 years; Table 1) were followed over 
a median time period of 348 days (range, 21–717 days). 
Histological diagnosis was glioblastoma multiforme in 
51 patients, anaplastic astrocytoma in 6, oligodendrogli-
oma grade III in 3, and ependymoma grade III, anaplas-
tic glioma grade III, and anaplastic oligoastrocytoma in 
1 patient each. Fifty-six patients were treated with com-
bined radiochemotherapy, six with radiotherapy only, 
and one with chemotherapy only. Chemotherapeutic 
substances that were administered are given in Table 
2. Thirty-seven patients died within the observation 
period, eight of them within the first 100 days.

Fifteen of 63 patients (24%; 7 female, 8 male; 
median age, 63 years; range, 20–75 years) developed 
VTE. Six patients (40%) had DVT, which was located 
in the lower extremity in five patients and in the upper 
extremity in one patient. Nine patients (60%) had pul-
monary embolism, three in combination with DVT. 
Two events were fatal (13%). Patients with an event had 
the following histological tumor types: glioblastoma 

Table 1. Demographic and clinical characteristics of patients with HGG

	 All Patients	 Patients with VTE	 Patients without VTE	 P Value*

Number	 63	 15	 48	

Age, median (range), years	 57.7 (20.2–79.7)	 62.6 (20.2–74.6)	 57.6 (27.3–79.7)	 0.75

Sex (female/male), n	 36/27	 7/8	 20/28	 0.83

BMI,** median (range)	 25.3 (18.6–45.1)	 24.5 (20.2–30.7)	 25.6 (18.6–45.1)	 0.25

Tumor size,† median (range), cm	   4.0 (1.5–10.0)	   3.8 (2.6–6.0)	   4.0 (1.5–10.0)	 0.50

Paresis, n (%)	 11 (18%)	   4 (27%)	   7 (15%)	 0.19

Blood group O,‡ n (%)	 25 (40%)	   7 (47%)	 18 (38%)	 0.51

Grade

  WHO III	 12 (19%)	   3 (20%)	   9 (19%)

  WHO IV	 51 (81%)	 12 (80%)	 39 (81%)

Abbreviations: BMI, body mass index; VTE, venous thromboembolism.

*P values calculated with Cox proportional hazards model.

**BMI not available in four patients.

†Tumor size not available in 12 patients.

‡Blood group not available in seven patients.
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VTE was not significantly associated with survival 
(univariate time-dependent HR 5 1.43, 95% CI 5 0.68–
2.97, P 5 0.35; Fig. 3). Patients that received a total 
resection had a significantly better survival than did 
patients with subtotal resection and biopsy (univariate 

analysis: HR 5 0.52, 95% CI 5 0.26–1.04, P 5 0.063; 
multivariate analysis: HR 5 0.36, 95% CI 5 0.17–0.77, 
P 5 0.009; Fig. 4). Another significant risk factor for 
shorter survival was age greater than 60 years (HR 5 
2.16; 95% CI 5 1.07–4.36, P 5 0.032).

Table 2. Treatment modalities in patients with HGG

	 All Patients	 Patients with VTE	 Patients without VTE

Number	 63	 15	 48

Surgery

  Total resection	 24 (38%)	   3 (20%)	 21 (44%)

  Resection (undefined)	   2 (3%)	   0 (0%)	   2 (4%)

  Partial resection	 22 (35%)	   7 (47%)	 15 (31%)

  Biopsy	 15 (24%)	   5 (33%)	 10 (21%)

Consecutive treatment

  Radiochemotherapy	 56 (89%)	 13 (87%)	 43 (90%)

  Radiotherapy only	   6 (10%)	   2 (13%)	   4 (8%)

  Chemotherapy only	   1 (1%)	   0 (0%)	   1 (2%)

Substances*

  Temozolomide	 38 (60%)	 11 (73%)**	 27 (56%)

  Lomustine	 10 (16%)	   3 (20%)	   7 (15%)

  Fotemustine/dacarbazine	 24 (38%)	   3 (20%)	 21 (44%)

  Thalidomide	   5 (8%)	   3 (20%	   2 (4%)

  Imatinib	   7 (11%)	   1 (2%)	   6 (13%)

  Gefitinib	   1 (2%)	   0 (0%)	   1 (2%)

  Rapamycin	   1 (2%)	   1 (2%)	   0 (0%)

  Hydroxyurea	   2 (3%)	   0 (0%)	   2 (4%)

Abbreviation: VTE, venous thromboembolism.

*Percentage of substances does not add up to 100% because a number of patients received more than one substance.

**Two patients developed VTE before treatment with temozolomide.

Fig. 1. Cumulative probability of VTE. Fig. 2. Cumulative probability of VTE, according to type of surgery.
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Discussion

Despite improvements in antineoplastic treatment and 
regular postoperative thromboprophylaxis, the inci-
dence of VTE in patients with HGG is still very high, 
especially in the first three months after neurosurgical 
intervention. In our cohort, biopsy and subtotal resec-
tion increased the risk for development of VTE; however, 
most probably because of the small number of patients, 
statistical significance was not reached. We observed 
a high frequency of pulmonary embolism, and two of 
these events were fatal. The incidence of VTE was com-
parable to data published by Brandes et al. (1997), who 
observed a cumulative probability of 21% at 12 months. 
However, the rate of pulmonary embolism was lower (4 
of 20 thrombotic events) compared with our data (9 of 
15 thrombotic events). Even though our follow-up was 
complete, it is possible that there were still some unre-
ported events, most probably because not all patients 
who died underwent an autopsy.

Type of surgery seems to influence the incidence of 
thrombosis. Patients with biopsy and subtotal resection 
had the highest probability of developing VTE. Our data 
suggest that the combination of a neurosurgical inter-
vention and a remaining tumor formation increases the 
thrombogenic potential. However, the relatively small 
number of patients limits the conclusions drawn from 
this study. This is especially true for the multivariate 
analysis. The general guideline for use of multivariate 
analysis is that there should be about 10 events per vari-
able. With only 15 events, a multivariate model with five 
variables is questionable. We have performed multivari-
ate analysis to confirm that the results are not substan-
tially different from the univariate analysis. It might 

have been interesting to determine whether tumor pro-
gression was associated with an increased risk for VTE; 
however, because of the small number of patients who 
developed an event after three months postoperatively 
(n 5 2), it is difficult to give information about such a 
correlation. Streiff et al. (2004) reported on an associa-
tion between ABO blood group and the occurrence of 
VTE. Patients with blood group A or AB were reported 
to have a significantly shorter thrombosis-free survival 
than did patients with blood groups O and B. We could 
not confirm these findings; in our analysis, ABO blood 
group was not a significant risk factor.

Interestingly, only 2 out of 15 events in our patients 
occurred during thrombosis prophylaxis with LMWH 
within the first postoperative days. The risk rapidly 
increased after cessation of thrombosis prophylaxis. 
Goldhaber et al. (2002), who treated patients with 
prophylactic doses of LMWH or standard heparin in 
combination with intermittent pneumatic compression, 
observed no thromboembolic event within the first nine 
postoperative days. That might indicate that thrombo-
prophylactic regimens are sufficient, but their duration 
might have been too short. In the 2004 guidelines from 
the consensus statement of the American College of 
Chest Physicians, prolonged prophylaxis was not recom-
mended in brain tumor patients, in contrast to a sugges-
tion for patients undergoing major orthopedic surgery 
and in elderly patients undergoing gynecological surgery 
because of malignancy (Geerts et al., 2004). Obviously, 
a reduction of the risk of VTE has to be balanced against 
an increased risk of hemorrhage. A considerable number 
of studies focused on the safety of postoperative throm-
boprophylaxis in neurosurgical patients and revealed 
that LMWH administered in a usual prophylactic dos-

Fig. 3. Cumulative probability of survival, according to VTE. Fig. 4. Cumulative probability of survival according to type of  
surgery.
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age only slightly increased bleeding risks, while it effec-
tively reduced VTE (Browd et al., 2004; Danish et al., 
2004). A meta-analysis of studies in which LMWH was 
used for postoperative thrombosis prophylaxis in neuro
surgery over 7 or 10 days reported a 38% relative risk 
reduction; an overall bleeding risk ranging from 4.1% 
to 11.8% (control patients, 1.2%–7.1%) and a risk of a 
major intracranial hemorrhage between 2.2% and 2.6% 
(control patients, 0.8%–2.6%) were observed (Iorio and 
Agnelli, 2000).

Data on prolonged prophylaxis in patients with other 
malignant diseases are available. In patients undergoing 
abdominal surgery for malignancy, prolonged antico-
agulation with 5000 IU dalteparin for a total of four 
weeks reduced the risk of late-occurring VTE by 60% 
without increased bleeding complications (Rasmussen, 
2002). The ENOXACAN II study investigated patients 
with abdominal and pelvic cancer and found the same 
risk reduction in patients receiving 40 mg enoxaparin 
subcutaneously (Bergqvist et al., 2002). Another study 
reported a thrombosis risk reduction by 85% under 
treatment with low-dose warfarin and an only slightly 
increased risk of bleeding (5.3% vs. 3.1%) in patients 
with advanced breast cancer (Levine et al., 1994).

The majority of events in our patients occurred 
immediately after cessation of prophylaxis and during 
the first three months after surgery when consecutive 
treatment was given. The extent to which new chemo-
therapeutic agents contributed to the risk of thrombosis 
is not known. However, thrombocytopenia is a well-
known side effect of cytostatic drugs used in neuro- 
oncology (Stupp et al., 2005). In our study, the vast 
majority of patients received chemotherapeutic sub-
stances; thus, a comparison to patients without chemo-
therapy was not possible. Stupp et al. (2005) included 
a total of 573 patients with newly diagnosed glioblas-
toma who received radiotherapy alone or in combina-
tion with temozolomide; thromboembolic events were 
reported in 28 patients (5%): 16 in the radiotherapy 
group and 12 in the radiotherapy plus temozolomide 
group. Unfortunately, information on thromboprophy-
laxis and diagnostic procedures for thrombosis were 
not given. This relatively low prevalence of VTE might 
be explained partly by the fact that the observation of 
patients in their study started later than in our study; 
the median time interval between diagnosis and assign-
ment to the different treatment arms was five weeks in 
their study. Gerber et al. (2006) summarized the find-
ings of several studies investigating risk factors for VTE 
and the management of thrombotic events in patients 
with brain tumors. They concluded that anticoagulant 
treatment can be used safely and effectively but pointed 
out that anticoagulant treatment is most appropriate for 
postoperative and other hospitalized patients until data 
on primary prophylaxis in the long-term exist.

Treatment with thalidomide seems to increase the 
risk of VTE. In our patient cohort, three of five patients 
who received thalidomide developed VTE, two of them 

after subtotal resection and one after biopsy (Table 2). 
In a phase II trial, Fine et al. (2003) explored the clini-
cal activity of thalidomide in combination with carmus-
tine in 40 patients with recurrent HGG, including 38 
patients with glioblastoma multiforme. Thromboem-
bolic events occurred in 12 patients, including seven 
pulmonary emboli. This is in line with the data from 
our study; however, in our study the number of patients 
receiving thalidomide was too small to draw conclusions 
on the additional risk for development of VTE during 
treatment with this substance.

Few published studies have investigated the influence 
of VTE on survival in patients with cancer (Prandoni et 
al., 1996; Sorensen et al., 2000). Sorensen et al. (2000) 
found that the diagnosis of VTE in patients with vari-
ous types of cancer is associated with an advanced stage 
of the disease and a poor prognosis. In our study, we 
did not find a difference in survival when we compared 
patients who had VTE with patients who did not. How-
ever, we have to consider that patients with glioma differ 
remarkably from other cancer patients, since they are 
usually at an advanced stage of cancer and generally 
have a poor prognosis. A large number of our patients 
developed pulmonary embolism, and two of these events 
were fatal. Despite this, the occurrence of VTE was not 
predictive for a shorter survival in our patient group.

Recent studies investigated whether prolonged treat-
ment with LMWH leads to higher survival rates of can-
cer patients. Data from patients enrolled in the CLOT 
study, the FAMOUS study, and two other studies sug-
gest that the overall survival of tumor patients could 
be improved by prolonged administration of LMWH 
(Altinbas et al., 2004; Kakkar et al., 2004; Klerk et al., 
2005; Lee et al., 2005). Higher survival rates were found 
in patients with limited disease in three studies (Kak-
kar et al., 2004; Klerk et al., 2005; Lee et al., 2005). 
Altinbas et al. (2004) found a similar improvement in 
survival in patients with limited and extended disease. 
Today, no data from interventional trials investigating 
extended anticoagulation and its influence on VTE and 
survival in patients with HGG are available. A positive 
influence of LMWH on survival in our patients cannot 
be excluded, since patients who developed VTE were 
treated with LMWH long term.

We conclude from our data that thrombosis incidence 
in patients with HGG is still unacceptably high. Type of 
surgery seems to influence the risk of VTE. Survival does 
not seem to be impaired in patients who developed VTE 
during the course of disease. The strong incline of events 
after cessation of thrombosis prophylaxis indicates that 
patients might benefit from an extension of prophylaxis 
in the further postoperative weeks. Data from random-
ized clinical trials investigating incidence of VTE and 
survival in larger patient cohorts with HGG comparing 
standard treatment during the immediate postopera-
tive period with prolonged thrombosis prophylaxis are 
urgently needed.
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