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Abstract The relationship between venous thromboem-

bolism (VTE) and cancer is supported by several pathoge-

netic factors, including circulating microparticles (MP)

originating from different cells and often bearing tissue

factor. Since VTE often complicates the clinical course of

patients with glioblastoma multiforme (GBM; WHO grade

IV astrocytoma) and the role of MPs in these patients

population is still not clear, this prospective study was

conducted to evaluate the procoagulant activity of circu-

lating MP (MP activity) in GBM patients. We enrolled 61

GBM patients undergoing gross-total or subtotal surgical

resection followed by combined radio-chemotherapy; 20

healthy volunteers were tested as controls. Blood samples

for MP activity and hemostatic profiles were obtained

before and then 1 week and 1, 4, and 7 months after sur-

gery. GBM patients had significantly higher mean MP

activity levels than healthy controls before and 7 days after

surgery. During the follow-up, MP activity levels became

significantly lower 1 and 4 months after surgery (P = 0.007

and P = 0.018, respectively) than prior to surgery, but this

decrease was only seen in the subgroup achieving complete

tumor resection. MP activity levels increased in 7 (63.6%)

of 11 patients who developed VTE. The different incidence

of the increase in MP activity levels between patients with

and without VTE was statistically significant (v2 = 4.93,

P = 0.026; relative risk 1.38, 95% CI 1.03–1.86). GBM

patients may have an increase in MP-associated procoagu-

lant activity that could contribute to any prothrombotic

states and increases the likelihood of VTE complications;

this procoagulant activity drops during control of disease.
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Introduction

Venous thromboembolism (VTE) may be the presenting

symptom of occult cancers or complicate the clinical

course of overt neoplasms. VTE in cancer has a reported

prevalence ranging between 4 and 20%. It is a leading

cause of morbidity and mortality, and a well-known

prognostic factor associated with a worse survival [1, 2].

Major risk factors for VTE in cancer patients are older age,

site of cancer (e.g., gastrointestinal, brain, pancreas), a

history of VTE, major surgery, chemotherapy, metastatic

disease, and the use of red cell growth factors [1, 3].

Structural and/or functional vascular damage and chan-

ges in the hemostatic process in cancer may lead to a local

or systemic prothrombotic state, which has yet to be fully

elucidated. A systemic inflammatory state mediated by

cytokines and acute phase proteins is involved in the

increased expression of tissue factor (TF), a transmembrane

glycoprotein expressed in both tissue-specific and plasma

circulating fashions. TF has several roles on blood coagu-

lation, angiogenesis, tumor progression, and metastasis [4].

It can lead to VTE by complexing the active form of Factor
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VII (FVIIa) and thus activating the proteolytic cascade that

generates thrombin. TF has been found to induce the

expression of vascular endothelial growth factor by tumor

cells, suggesting a role for it in cancer growth and angio-

genesis [5]. TF is also associated with circulating micro-

particles (MP) deriving from leukocytes, platelets,

endothelial cells, and tumor cells such as acute promyelo-

cytic leukemia, epithelial solid tumors, glioma, and some

types of meningioma [6]. MP are membrane vesicles less

than 1 lm in diameter shed from the surface of normal and

tumor cells to the cells’ surroundings and the blood circu-

lation following their activation or apoptosis. The mem-

brane proteins of these MP reflect those of the cell from

which they originate. MP released from tumor and host cells

after stimulation with chemotherapy, radiotherapy, and

cytokines, for instance, seem to play a part in endothelial

dysfunction, angiogenesis, immune suppression, reduced

plasma levels of TF pathway inhibitor, and thrombogenicity

[7]. MP have phospholipids and proteins such as TF

exposed on their surface, thus potentially providing a sub-

strate for the activation of clotting. TF-bearing MP may be

an important link between cancer and thrombosis [8].

VTE is a major complication of glioblastoma multiforme

(GBM), a grade IV malignant glioma affecting 3 in every

100,000 people a year [9] and associated with an extremely

poor prognosis, the mean survival being 12–14 months [10]

despite aggressive treatment. A literature review by Marras

et al. [11] demonstrated that the incidence of VTE is high

throughout the course of malignant glioma, suggesting the

need of randomized controlled trial to evaluate the risk and

costs to benefit ratio of a long-term anticoagulant prophy-

laxis. A recent epidemiological study by Semrad et al. [12]

on 9,489 patients with malignant gliomas recorded a high 2-

year cumulative incidence of VTE (7.5%), with a rate of

16.1 events per 100 person-years in the first 6 months. Risk

factors for VTE included older age, a GBM histology, three

or more chronic comorbidities, and neurosurgery within

61 days, which conferred a hazard ratio for VTE of 1.7

(95% CI 1.3–2.3). The authors also demonstrated that the

onset of a VTE was associated with a 30% higher risk of

death within 2 years.

Although a systemic procoagulant state has been dem-

onstrated in patients with mainly solid neoplasms thanks to

the detection of circulating thrombin–antithrombin com-

plexes, prothrombin F1?2 fragment, increased clotting

factors and D-dimer levels [13], similar findings in brain

tumors are very scarce. Since GBM expresses the plas-

minogen activator inhibitor type 1 (PAI-1), it has been

suggested that a dysregulation of fibrinolytic activity might

contribute to the prothrombotic state associated with this

tumor [14]. Studies on GBM have demonstrated that the

loss of PTEN tumor suppressor gene and the enhanced

expression of epidermal growth factor receptor (EGFR), be

it the wild-type or the deletion-mutant form EGFRvIII,

may induce TF expression and procoagulant activity in the

tumor cells [15].

In the present prospective study, we aimed to evaluate

the procoagulant activity of circulating MP (MP activity) in

patients with GBM (WHO grade IV astrocytoma) and their

potential contribution to prothrombotic states.

Materials and methods

Patients

Patients with GBM (WHO grade IV astrocytoma) con-

secutively admitted to the Neurosurgery Department of

Padua University Hospital between September 2007 and

December 2008 were prospectively assessed. Inclusion

criteria were: age [18 years, Karnofsky performance sta-

tus C70%, and brain MR images compatible with and

histological confirmation of GBM (WHO grade IV astro-

cytoma). Exclusion criteria were: age \18 years, refusal of

informed consent, pregnancy, severe liver or renal failure,

and inoperable patients. Written informed consent in

accordance with the Helsinki Declaration was obtained

from all patients before their inclusion in the study. Twenty

healthy age- and sex-matched volunteers were tested as

controls. The study design conforms to the currently

applicable standards in the country of origin.

All patients underwent craniotomy and brain tumor

resection. Based on the MRI findings obtained within 48 h

of surgery, patients were divided into two groups by extent

of tumor resection. The first group included patients

achieving a gross-total resection, defined as no residual

enhancement; the second group consisted of those with a

subtotal resection, with residual nodular enhancement.

Within 6 weeks after surgery, all patients received frac-

tionated radiation at a dose of 60 Gy (2 Gy for cycles of

5 days/week for 6 weeks) and concomitant chemotherapy

with oral temozolomide, 75 mg/m2 body surface a day for

7 weeks, followed by adjuvant chemotherapy with tem-

ozolomide given orally at a dose of 150–200 mg/m2 body

surface a day for 5 days every 28 days for 6–12 months.

Dexamethasone for cerebral edema, antiepileptic drugs for

seizures, and anti-emetic drugs were given as necessary.

During their hospital stay, all patients received anti-

thrombotic prophylaxis with graduated elastic stockings

and low-molecular-weight heparin (sc. nadroparin 3,800 U

or enoxaparin 4,000 U or dalteparin 5,000 daily), which

was replaced with intermittent pneumatic compression

during the surgical procedure and for 48–72 h afterwards.

VTE was clinically suspected on the basis of the Wells

pretest probability score for deep vein thrombosis (DVT)

and pulmonary embolism (PE) [16, 17]. In addition, since
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all patients were at high risk of VTE but often had severe

neurological impairments, consciousness disorders, and

limb edema due to plegia probably masking the clinical

signs of VTE, as well as high D-dimer levels soon after

surgery, D-dimer levels were monitored every 48–72 h

during the first 7–14 post-operative days following an

internal protocol for this specific subpopulation. In fact, any

progressive rise in D-dimer levels respect to those observed

at first control after surgery, and not the single increased

D-dimer value itself, was usually considered an additional

laboratory indication to search for VTE in this particular

patient population. The results of clinical examinations and

any episodes of VTE were recorded at each outpatient visit

during the follow-up. DVT was confirmed by compression

ultrasound, and PE by computed tomography angiography

or perfusion lung scintigraphy.

Determination of disease status

Patient assessments included a preoperative and a monthly

postoperative examination of clinical conditions. Patients

underwent radiological investigations (MRI) at scheduled

times, i.e., pre-operatively (range 1 ± 5 days before sur-

gery), post-operatively (\48 h after surgery), 1 month after

surgery (before radio-chemotherapy began), then 3-monthly

(the first of these being after stopping radiotherapy). MRI

was performed with the 1.5-T GE scanner (Achieva; Philips,

Best, Netherlands). All MRI studies included fluid-attenu-

ated inversion recovery, and T2- and T1-weighting before

and after administering a gadolinium contrast agent (gado-

pentetate dimeglumine).

Blood samples and laboratory assays

Venous blood samples were collected from each patient

between 8.00 and 10.00 a.m. after overnight fasting and a

15-min period of supine rest.

The following tests were performed before and again

7 days after surgery: platelet count, PT, INR, aPTT,

fibrinogen, D-dimer, PAI-1 antigen (PAI-1:Ag), and t-PA

antigen (t-PA:Ag). In addition, the procoagulant activity of

annexin V positive MP (MP-activity) was tested before

surgery and then 7 days and 1, 4, and 7 months after sur-

gery. For the clotting and fibrinolytic assays, 8.1 ml of

whole blood were collected in a vacutainer containing tri-

sodium citrate (0.109 M) as an anticoagulant. After cen-

trifugation at 3,000g for 15 min, plasma aliquots were

stored at -40�C and tested within a month. To assay MP

activity, platelet-poor plasma was further centrifuged at

14,000g for 2 min and stored at –80�C.

Platelet count (n.r. 150–450 9 109/l), PT (n.r. 75–112%),

INR (n.r. 0.88–1.13), and aPTT (n.r. 23–37 s) were deter-

mined using standard procedures. Fibrinogen (n.r. 0.2–0.4 g/l)

was measured using the Clauss clotting time method with

bovine thrombin (Biopool, Umeå, Sweden). D-dimer

(n.r. \225 lg/l) was tested with an immunoturbidimetric

method (AutoDimer; Biopool). PAI-1:Ag (n.r. 4–25 ng/ml)

and t-PA:Ag (n.r. 2–12 ng/ml) were measured using ELISA

methods (ZYmutest PAI-1 Antigen; HYPHEN BioMed,

Neuville-sur-Oise, France; and TintElize t-PA Antigen; Trinity

Biotech, Jamestown, NY, USA, respectively). MP activity was

assayed with a functional chromogenic method on microEL-

ISA plates (ZYMUPHEN MP-activity; HYPHEN BioMed)

according to the manufacturer’s instructions.

Statistical analysis

The statistical analysis was performed using the PASW

Statistics 17.0.2 (SPSS) for Windows. The results were

calculated as means ± standard deviations (SD). Student’s

t test was used to compare the means. Pearson’s correlation

analysis was used to detect significant univariate associa-

tions between the parameters analyzed. Frequencies were

calculated using the v2 test or Fisher’s exact test. The rel-

ative risk (RR) was determined from contingency tables,

and the 95% confidence intervals (95% CI) were calculated.

A P value \0.05 was considered statistically significant.

Results

Sixty-one patients with GBM, WHO grade IV astrocytoma,

were included in the study (Table 1). There were 36 males

and 25 females with a mean age of 56.7 ± 14.2 years.

Forty-one (67%) patients underwent gross-total GBM

resection and 20 (33%) had a subtotal resection. The median

clinical follow-up for the gross-totally resected cases was

Table 1 Main clinical findings in the sample of patients with GBM

Characteristics

Age (years) 56.7 ± 14.2

Gender

Males, n (%) 36 (59%)

Females, n (%) 25 (41%)

Surgical resection

Gross-total, n (%) 41 (67%)

Subtotal, n (%) 20 (33%)

Venous thromboembolic complications

Total VTE, n (%) 11 (18%)

Total DVT, n (%) 10 (16.3%)

Proximal DVT, n (%) 2 (3.2%)

Distal DVT, n (%) 8 (13.1%)

PE, n (%) 1 (1.6%)

DVT Deep vein thrombosis, VTE venous thromboembolism
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445 days (range 281–650 days) and for the subtotally

resected cases it was 227 days (range 154–515 days). The

coagulation study 1, 4, and 7 months after surgery was

completed for 34, 23, and 17 patients, respectively. The

causes of dropout at follow-up were KPS worsening, death,

continuation of adjuvant therapy in other centers, and

withdrawal of consent.

Despite antithrombotic prophylaxis, 11 patients (18%)

developed venous thromboembolic complications, includ-

ing 9 of 41 patients (21.9%) with a gross-total resection and

2 of 20 (10%) with a subtotal resection (RR 1.28, 95% CI

0.90–1.81). Asymptomatic DVT of the lower limbs was

diagnosed in ten cases (eight distal and two proximal

DVT), while PE was confirmed in one. In particular, VTE

was diagnosed while in hospital in three patients 8–22 days

before surgery and in seven patients after 2–6 days from

intervention; in one patient, DVT occurred 7 months post-

operatively.

The mean platelet count, and clotting and fibrinolytic

test findings before and 7 days after surgery are summa-

rized in Table 2. Before surgery, the mean platelet count

and PT, INR, aPTT, and fibrinogen levels were within

normal range, whereas the mean D-dimer levels were

higher than normal in 23 patients (38%). Seven days after

surgery, the mean fibrinogen and D-dimer levels were

significantly higher than at the baseline (P \ 0.001 and

P = 0.006, respectively); in addition, D-dimer levels were

higher, but not significantly, in patients who developed

VTE while in hospital than in patients with no VTE

(1,131.8 ± 852.7 vs 684.7 ± 1,382.0 lg/l, P = n.s.).

In GBM patients, the mean levels of PAI-1:Ag and

t-PA:Ag were within the normal range before surgery and

they did not vary significantly 7 days after surgery. There

were also no significant differences in mean PAI-1:Ag

levels between patients with and without VTE, or between

patients achieving gross-total versus subtotal tumor resec-

tions (data not shown).

As shown in Fig. 1, the mean MP activity levels were

significantly higher in GBM patients than in healthy

controls, both before and 7 days after surgery (P \ 0.05),

whereas they dropped after 1 and 4 months, when they were

no longer significantly different from those of the healthy

controls. Another increase in MP activity levels was recor-

ded after 7 months, but the difference was not significant.

As compared to their baseline values, the drop in the

GBM patients’ mean MP activity levels 1 and 4 months

after surgery was statistically significant (P = 0.018 and

P = 0.007, respectively), whereas no significant difference

was apparent after 7 months (Fig. 1). As shown in Fig. 2,

in the subgroup of 17 patients who completed the 7-month

follow-up, 7 patients had neuroradiological demonstration

of tumor progression at 7-month control and significantly

higher MP activity levels with respect to patients without

signs of disease progression (P = 0.05). MP activity levels

were also increased as compared to baseline, although not

significantly, in patients with signs of disease progression

after 7 months.

When GBM patients were divided by extent of tumor

resection (gross-total or subtotal), the mean MP activity

levels did not differ between the two groups before or

7 days after surgery. On the other hand, these levels were

found significantly lower than at the baseline when tested 1

and 4 months after surgery, but only in patients who had

undergone gross-total resection (P = 0.001 and P = 0.043,

respectively), not in those achieving a subtotal resection

(Fig. 3).

No significant correlation was observed between MP

activity levels and coagulation or fibrinolytic parameters,

in particular D-dimer levels, either before or 7 days after

surgery (data not shown).

Among the 11 patients who developed VTE, an increase

in MP activity levels beyond the upper normal range

(10 nmol/ml) was seen in 7 cases (63.6%), i.e., 5 of 9 patients

who had a gross-total resection and both the 2 patients who

had a subtotal resection. Twenty-four of 50 GBM patients

(48%) with no thromboembolic complications had increased

MP activity levels. The different incidence of the increase in

MP activity between patients with and without VTE was

Table 2 Statistical analysis

(mean ± SD) of coagulation

and fibrinolytic tests before and

7 days after surgery in patients

with GBM

PT Prothrombin time, INR
international normalized ratio,

aPTT activated partial

thromboplastin time, PAI-1:Ag
plasminogen activator inhibitor

type 1 antigen, t-PA:Ag tissue-

type plasminogen activator

antigen

Test Before surgery

(mean ± SD)

7 days after surgery

(mean ± SD)

t P

Platelet count

(9109/l)

227.58 ± 62.48 238.58 ± 75.00 -0.873 n.s.

PT (%) 87.12 ± 14.03 85.34 ± 17.13 0.623 n.s.

INR 1.09 ± 0.09 1.09 ± 0.16 -0.437 n.s.

aPTT (s) 27.86 ± 3.81 28.40 ± 3.21 -0.848 n.s.

Fibrinogen (g/l) 2.91 ± 1.12 4.88 ± 1.91 -6.634 \0.001

D-dimer (lg/l) 276.29 ± 325.85 766.70 ± 1306.76 -2.218 0.006

PAI-1:Ag (ng/ml) 13.38 ± 7.29 11.63 ± 7.13 0.89 n.s.

t-PA:Ag (ng/ml) 8.81 ± 5.27 10.21 ± 5.72 0.88 n.s.
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statistically significant (v2 = 4.93, P = 0.026; RR 1.38,

95% CI 1.03–1.86). In addition, four out of seven patients

with VTE soon after surgery had an increase in baseline MP

activity levels; in the other four patients (three with VTE

before surgery and one after 7 months) MP activity levels

were measured at the time of VTE and were increased in

three cases.

Discussion

GBM is associated with a high risk of venous thrombo-

embolic complications due to multifactorial pathogenetic

mechanisms. Lower limb paresis or plegia, prolonged

immobility, age over 75 years, steroid use and chemo-

therapy, glioma size, intraluminal thrombosis in the tumor

specimen, and a subtotal rather than total resection are

conditions known to predispose patients to thrombosis

[11, 12, 18–20], whereas investigations on the presence of

a systemic procoagulant state are scarce. In recent years, it

has been suggested that a contribution to the prothrombotic

state in cancer patients may come from circulating MP,

which are small membrane vesicles shed from normal and

tumor cells following activation or apoptosis. In particular,

MP bearing TF (the main trigger of the clotting process)

reportedly increase in patients with cancer of the breast,

pancreas, colon, and ovary [21]. MP-associated TF activity

has been found significantly greater in patients with met-

astatic breast cancer and pancreatic cancer than in healthy

subjects [22].

In the present study, we prospectively evaluated the

procoagulant activity of circulating MP in patients with

GBM (WHO grade IV astrocytoma) before and for up to

7 months after treatment based on surgery followed by a

standard combined radio-chemotherapy protocol. We

found a higher MP activity in GBM patients than in healthy

controls before and a week after surgery, which indicates

that GBM patients may perioperatively period have a

systemic procoagulant state due partly to a high circulating

MP activity. No correlation emerged, however, between

MP activity levels and both routine coagulation parameters

(particularly PT, INR, aPTT, and D-dimer). In contrast,

Hron et al. [23] demonstrated a twofold increase in the

levels of TF-positive MP (mainly originating from plate-

lets) in patients with advanced colorectal cancer by

MP activity (nMol/ml)
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basal 7 days 1 month 4 months 7 months Controls

Fig. 1 Mean ± SD levels of procoagulant activity of circulating MP

(MP activity) in patients with GBM (gray bars) before and then

7 days and 1, 4, and 7 months after surgery, and in healthy controls

(white bars). *P \ 0.05 GBM patients versus healthy controls
•P = 0.018, ••P = 0.007 post-surgery versus basal levels in GBM

patients

0
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20

25

baseline 7 months

MP activity (nMol/ml)

*

Fig. 2 Mean ± SD levels of procoagulant activity of circulating MP

(MP activity) in GBM patients with (gray bars) and without (white
bars) neuroradiological signs of tumor progression 7 months after

surgery. *P = 0.05 GBM patients without versus with tumor

progression

0

4
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12

16

20

basal 7 days 1 month 4 months 7 months Controls

MP activity (nMol/ml)

Fig. 3 Mean ± SD levels of procoagulant activity of circulating MP

(MP activity) in patients with GBM divided by extent of tumor

resection (black bars gross-total, gray bars subtotal) before and then

7 days and 1, 4, and 7 months after surgery, and in healthy controls

(white bars). *P \ 0.05 GBM patients versus healthy controls
•P = 0.043, •••P = 0.001 post-surgery versus basal levels in GBM

patients
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comparison with healthy controls—a result that correlated

with D-dimer levels. We cannot rule out the possibility of

the antithrombotic prophylaxis with low-molecular-weight

heparin administered during the patients’ hospital stay

influencing clotting and fibrinolytic activation, and conse-

quently interfering with any correlation between MP

activity and the coagulation test results.

During the follow-up, we observed a significant drop in

MP activity levels 1 and 4 months after surgery by com-

parison with those recorded before surgery, and a sub-

sequent rise by the 7th month, but only in the patients who

had undergone gross-total resection, not in those with a

subtotal resection of their tumor. In addition, at 7-month

control, we observed a significant increase in MP activity

levels in patients with neuroradiological evidence of tumor

progression with respect to those without signs of disease

progression. Our findings suggest that the presence of the

tumor mass plays a part in the increase in procoagulant

circulating MP activity. The cellular origin of these MP

(from leukocytes, platelets, tumor, or endothelial cells)

remains to be clarified. Circulating tumor-derived MP and

exosomes (ranging from 50 to 500 nm in size) containing

EGFRvIII mRNA have recently been demonstrated in the

serum of patients with glioblastoma, and it has also been

shown that adding these MP to brain endothelial cells in

vitro induces an angiogenic phenotype [24].

Ours is the first description of a procoagulant activity of

circulating MP in patients with GBM and of a transient

reduction in their levels after radical surgery and chemo-

radiotherapy, followed by a further increase probably due

to relapsing or progressive disease. Similar findings were

reported by Zwicker et al. [21] concerning three pancreatic

cancer patients undergoing surgery with curative intent,

whose levels of MP bearing TF (TF-bearing MP) coex-

pressing the epithelial tumor antigen MUC-1, as assayed by

flow cytometry, dropped significantly after surgery.

A role for TF-bearing MP has also been suggested in the

onset of VTE complications in cancer patients. High levels

of such MP were found associated with VTE in patients

with cancers at various sites, with an adjusted odds ratio of

3.72 [21]. Higher TF-bearing MP activity levels were also

seen in cancer patients with VTE in comparison with those

without VTE [25, 26], and in one of these studies [26], two

patients with brain tumors were included among 53 cancer

patients with VTE. A predictive role has recently been

suggested for TF-bearing MP as a biomarker of the devel-

opment of VTE [21, 27]. In our study, about 64% of GBM

patients with VTE complications had higher than normal

MP activity levels, as opposed to 48% of cases without

VTE. These data are consistent with the above-mentioned

publications; however, the number of our patients with VTE

is too small to draw further conclusions dealing with pre-

dictive value of MP activity. It has to be said, in addition,

that all our GBM patients received mechanical and phar-

macological antithrombotic prophylaxis, which certainly

had a crucial role in preventing VTE events in a substantial

number of cases. Further studies on patients without any

antithrombotic prophylaxis might better clarify the impact

of procoagulant MP activity in predicting and/or causing

VTE complications in GBM patients, but it would be

unethical to design a randomized study involving a group of

GBM patients not given heparin prophylaxis. Moreover,

radiological examinations to verify the onset or absence of

VTE were performed in GBM patients with clinical and

laboratory suspicion of VTE. Our endpoint in this work,

however, was mainly to investigate the presence of proco-

agulant activity associated with MP in GBM patients. On

the basis of our results, a well-designed study is needed to

evaluate the impact of MP in VTE development.

It has to be highlighted that the pathogenesis of VTE

complications is complex and multifactorial in GBM

patients; therefore, we can only surmise that high proco-

agulant MP activity may represent one of several factors

predisposing to thrombosis. The characterization of circu-

lating MP in terms of cellular origin and TF-bearing might

help to clarify their role in the development of VTE.

Finally, our results do not seem to support any presence

of a fibrinolytic dysregulation, and particularly of a hypo-

fibrinolytic state due to any increase in PAI-1 levels,

contributing to VTE in patients with GBM.

In conclusion, GBM patients have a higher than normal

procoagulant activity associated with circulating MP,

which may contribute to prothrombotic state and the like-

lihood of VTE complications, but this procoagulant activity

level drops when the GBM is controlled.

Further studies are needed to evaluate the impact of MP

levels among several risk factors for VTE already known in

this population. Even more interesting will be to verify the

role of circulating MP as a marker of disease progression in

GBM patients.
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