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Abstract
Bevacizumab (BV), a neutralizing monoclonal antibody against the vascular endothelial growth factor ligand, is recognized 
as a potent anti-angiogenic agent with antitumor activity. The aim of this single-center, retrospective, longitudinal study was 
to investigate the possible predictive value of baseline demographic, clinical and laboratory parameters for early 3-month 
response to BV therapy in patients with recurrent glioma. Forty-nine patients with recurrent glioma received BV at 10 mg/
kg intravenously every 3 weeks alone or in association with chemotherapy were included in this study. Blood samples were 
collected from all patients before the first (baseline), the second and the third administration of BV. After 3 months of BV 
therapy, patients with partial response were defined as responders whereas patients with stable or progressive disease were 
defined as non-responders. The median overall follow-up was 8 months (range 1–73), the median overall survival (OS) was 
8 months (95% CI 6–10) and the median progression free survival (PFS) was 4 months (95% CI 3–5). Thirty-five % of patients 
were responders and showed significantly lower von Willebrand factor (VWF) levels than non-responders at all sample times 
(p < .02 for all). Also, on multivariate analysis the baseline VWF value was the only predictor for an early response to BV 
therapy. Furthermore, D-dimer and prothrombin fragment 1+2 were predictive factors for OS while Karnofsky performance 
status resulted predictive for PFS. VWF antigen value is a possible predictive biomarker for an early 3-month response to 
BV therapy in recurrent glioma.
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Introduction

Gliomas are tumors of glial cell origin that represent 77% 
of primary malignant brain neoplasms [1]. Glioblastoma 
(GBM) is the most common and aggressive form of gliomas, 
categorized as World Health Organization (WHO) grade IV. 
It is associated with very poor prognosis since a 2-year rela-
tive survival rate varies from 29.8% at 20–44 years to only 
1.4% in patients over 75 years of age [1]. Furthermore, GBM 
is one of the most vascularized human tumours and express 
high levels of pro-angiogenic factors, including vascular 
endothelial growth factor (VEGF) [2]. VEGF is a major 
regulator of tumour angiogenesis promoting endothelial cell 
proliferation, survival and migration [3]. Bevacizumab (BV), 
a neutralizing monoclonal antibody against the VEGF ligand 
functioning as a chimeric VEGF receptor, is recognized as 
a potent anti-angiogenic agent with antitumor activity [4].

The effects of BV in the treatment of glioma were demon-
strated to be transient since almost all patients progress after 
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a median time of 3–5 months [4]. In two phase III trials, 
the median progression free survival (PFS) was 3–4 months 
longer in patients with GBM on BV plus standard therapy 
compared to those on only standard treatment [5]. These 
data resulted in line with a previous Cochrane Database Sys-
temic Review showing that only PFS and not overall survival 
(OS) may benefit by use of BV in GBM [6]. Besides, the 
clinical outcomes suggest that a substantial proportion of 
GBM are either initially resistant or quickly develop resist-
ance to VEGF blockade because of adaptive upregulation 
of alternative angiogenic pathways [4]. Thus, it is important 
to identify patients’ subpopulation that could benefit from 
BV therapy in order to define specific criteria for starting, 
discontinuing or restarting BV.

However, the predictive biomarkers remained elusive 
despite almost over a decade of clinical development for 
anti-VEGF therapies. Previous studies assessed the prog-
nostic value of fluorodeoxyglucose-PET uptake in recurrent 
high-grade glioma (HGG) under BV and irinotecan therapy, 
which resulted the most powerful predictor of either PFS, OS 
or response to BV-based therapy among all variables: histo-
logical grade, Karnofsky performance status (KPS), steroid 
intake, and number of previous treatments [7]. Similarly, 
an increase in (18)F-fluorodopa- or (18)F-fluorothymidine-
PET uptake after BV treatment may be a useful biomarker 
for predicting PFS and OS in recurrent gliomas treated with 
BV [8]. Also pretreatment relative cerebral blood volume 
at magnetic resonance imaging (MRI) was identified as a 
potential predictive imaging biomarker in BV-treated recur-
rent GB [9] as well as perfusion MRI may be helpful for 
evaluating the anti-angiogenic effect of a BV treatment [10]. 
However, the acquisition and analysis methodology of these 
techniques need to be better standardized.

In addition to prognostic values of pretreatment MRI also 
some molecular markers (EGFR status and MGMT methyla-
tion) in patient with recurrent glioma were demonstrated to 
be predictive for either better response to BV, a longer PFS 
or OS [11]. In a more recent trial the histo-molecular sub-
types of glioma did not resulted predictive of BV response 
rates [12]. Studies on predictive value of blood biomarkers 
for monitoring BV therapy have been conducted in other 
neoplasms suggesting a possible predictive role of hyperten-
sion and VEGF polymorphisms but with their limited use in 
the clinical practice [13]. In a more recent study, the patients 
with a non-small cell lung cancer and increased plasma lev-
els of VEGF, E-selectin, and S-ICAM seemed to benefit 
more from BV therapy [14]. However, there are not validated 
biomarkers for the response to BV in glioma.

In our analysis we have selected baseline laboratory 
parameters both closely influenced by BV pharmacological 
action and representative of hypercoagulable cancer status. 
Indeed, VEGF influences not only tumoral angiogenesis 
but also coagulation as well as vascular homeostasis by 

mediating the repair of damaged endothelial surfaces [3]. In 
fact, VEGF blockade increases both thrombotic and haem-
orrhagic events besides GBM patients show a pre-existing 
predisposition to develop venous thromboembolism with a 
slightly higher risk than other cancer patients for this com-
plication [15].

Cancer patients have a hypercoagulable state expressed 
by increase of tissue factor (TF), prothrombin fragment 
1+2 (F1+2), thrombin–antithrombin complexes (TAT), and 
D-dimer indicating the presence of in vivo thrombin genera-
tion and fıbrin formation and fıbrinolysis [16]. Activation of 
the coagulation system may have a role in the progression of 
GBM likely because intratumoral vaso-occlusive thrombosis 
contributes to hypoxia, necrosis and angiogenesis [17].

In addition to their hemostatic function, TF and throm-
bin promote angiogenesis through the endothelial cells (EC) 
activation with exocytosis of Weibel–Palade bodies (WPB), 
which store regulators of angiogenesis and inflammation, 
including angiopoietin 2 (Ang-2) and von Willebrand fac-
tor (VWF) [18]. VWF mediates platelet adhesion to both 
the subendothelial matrix and endothelial surfaces as well 
as carries coagulation factor VIII (FVIII), pro-coagulant 
anti-hemophilic factor, in the circulation [19]. Also some 
degradation products of fibrin have been previously shown 
to hold angiogenic properties [20].

The aim of our study was to investigate the possible 
predictive value of baseline demographic (sex, age), clini-
cal (brain tumour type, its methylation, KPS, concomitant 
chemotherapy, steroid dose) and laboratory (angiogenic fac-
tors, markers of coagulation and fibrinolysis activation, com-
plete blood count) parameters for early 3-month response to 
BV therapy in patients with recurrent glioma. Furthermore, 
we assessed the prognostic value of an early response to 
BV therapy as well as of the same baseline parameters for 
patient’s PSF and OS.

Methods

Study design

This single-center, retrospective, longitudinal study was an 
ancillary sub-study of a prospective, single-center, open-
label trial, concluded in 2013 and aimed to evaluate early 
predictive biomarkers from dynamic contrast-enhanced MRI 
for the response to BV in HGG as well as was a part of 
Institutional biobank. The study was approved by the Insti-
tutional Ethics Committee and a written informed consent 
was received from each patient.

We enrolled 49 patients with recurrent glioma treated 
with BV at 10 mg/kg intravenously every 3 weeks alone or 
in association with chemotherapy between July 2008 and 
September 2013.
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All patients received at baseline (i.e. before the first BV 
administration) a neurological evaluation, KPS score assess-
ment [21] and steroid therapy dose recording as reported in 
the database of Neuro-oncology Unit. Blood samples were 
routinely collected from all patients before the first (T0 or 
baseline), the second (T1) and the third (T2) administra-
tion of BV. Samples stored in the Institutional biobank were 
analysed for an additional testing by laboratory biologists 
blinded to clinical response and outcome.

All patients underwent brain MRI at baseline and every 
3 months up to progression. Both Fluid Attenuated Inver-
sion Recovery and contrast-enhanced weighted sequences 
were considered for evaluating the tumor volume as well 
as assessing the response to treatment, according to the 
Response Assessment Neuro-Oncology criteria (RANO 
criteria) [22]. According to RANO criteria, we considered: 
complete response (CR) as requiring all of the following: 
complete disappearance of all enhancing measurable and 
non-measurable disease sustained for at least 4 weeks; no 
new lesions; stable or improved T2/FLAIR lesions; and no 
corticosteroids or on physiological replacement doses only, 
and stable or improved clinical condition. In the absence 
of a confirming scan 4 weeks later, this response was con-
sidered only stable disease (SD). Partial response (PR) 
required all of the following: ≥ 50% decrease, compared 
with baseline, in the sum of products of perpendicular 
diameters of all measurable enhancing lesions sustained 
for at least 4 weeks; no progression of non-measurable 
disease; no new lesions; stable or improved T2/FLAIR 
lesions on same or lower dose of corticosteroids com-
pared with baseline scan; and on a corticosteroid dose not 
greater than the dose at time of baseline scan and is sta-
ble or improved clinically. In the absence of a confirming 
scan 4 weeks later, this response was considered only SD. 
SD occurred if the patient did not qualify for CR, PR, or 
disease progression and required the following: stable T2/
FLAIR lesions on same or lower dose of corticosteroids 
compared with baseline scan and clinically stable status. 
In the event that the corticosteroid dose was increased for 
new symptoms and signs without confirmation of disease 
progression on neuroimaging, and subsequent follow-
up imaging showed that this increase in corticosteroids 
was required because of disease progression, the last 
scan considered to show SD was that obtained when the 
corticosteroid dose was equivalent to the baseline dose. 
Progression was defined by any of the following: ≥ 25% 
increase in sum of the products of perpendicular diam-
eters of enhancing lesions (compared with baseline if no 
decrease) on stable or increasing doses of corticosteroids; 
a significant increase in T2/FLAIR lesions on stable or 
increasing doses of corticosteroids compared with baseline 
scan or best response after initiation of therapy, not due to 
comorbid events; the appearance of any new lesions; clear 

progression of non-measurable lesions; or definite clinical 
deterioration not attributable to other causes apart from 
the tumour, or to decrease in corticosteroid dose. Failure 
to return for evaluation as a result of death or deteriorating 
condition was also considered as progression.

Despite SD is usually considered as a response to ther-
apy, we considered patients with SD at first MRI (after 
3 months of BV therapy) as early non-responders since BV 
usually reduces an initial tumor volume even in patients 
who will progress after only a few months [4]. Thus, we 
defined as early responders the patients with PR whereas 
non-responders the patients with SD or PD.

In September 2017 the data of PSF and OS of all 
patients were assessed.

Blood collection and laboratory assays

Blood samples were collected in EDTA tubes, 3.2% 
sodium citrate tubes and tubes without anticoagulant 
(Vacutainer, Becton–Dickinson, Franklin Lakes, NJ, 
USA). Complete blood cell counts were obtained on 
EDTA anticoagulated whole blood using the hematology 
analyzer (UniCel® DxH 800; Beckman Coulter, Miami, 
FL, USA). With and without citrate anticoagulant tubes 
were centrifuged within 1 h at 2500 g for 20 min, to obtain 
platelet-poor plasma and serum. The plasma aliquots were 
either immediately processed for coagulation assays or 
stored at − 80 °C for subsequent testing. All coagulation 
parameters (D-dimer, FVIII, VWF antigen) were assayed 
by clotting, chromogenic and immunological methods 
on fully-automated ACLTOP analyzer using HemosIL® 
commercial kits (Instrumentation Laboratory Company, 
Bedford, MA, USA). Abnormal values were defined by 
the clinical laboratory or manufacturer’s assay. Plasma lev-
els of TAT and F1+2 were measured by enzyme-linked 
immunosorbent assay Enzygnost® TAT micro and Enzyg-
nost® F1+2 mono kits, respectively (Siemens Healthcare 
Diagnostics Inc, NY, USA), according to the manufac-
turer’s instructions. Both assays employ the quantitative 
sandwich enzyme immunoassay technique. All samples 
showing values above the standard curve were re-tested 
with appropriate dilutions. Plasma levels of plasminogen-
activator inhibitor type 1 (PAI-1) were determined by 
Asserachrom® kit (DiagnosticaStago, Asnieres, France), 
according to the manufacturer’s instructions, employing 
the quantitative sandwich enzyme immunoassay technique. 
Serum levels of VEGF were measured using Quantikine 
Human VEGF Immunoassay (R&D Systems, Minneapolis, 
MN, USA), according to the manufacturer’s instructions. 
All samples were run in duplicate, and the analysis was 
repeated if the median coefficient of variance for all the 
analyses was > 25% for a given sample.
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Statistical analysis

Descriptive statistics were used to describe the patients’ 
characteristics. The association between variables was tested 
by the Pearson Chi-Square test or the Fisher’s Exact test. The 
comparison of measures obtained at different time points 
in the same patients was performed by Wilcoxon or Fried-
man non parametric test. The comparison between groups 
was performed by Mann–Whitney U test or Kruskal–Wallis 
non parametric test, when appropriate. The Spearman non-
parametric rank test was used to correlate the data. Bonfer-
roni correction for multiple comparisons was applied, when 
appropriate.

The Kaplan–Meier method was used to estimate PFS and 
OS, calculated from BV initiation. The log-rank test will be 
used to assess differences between subgroups. The level of 
significance was set at p ≤ .05.

The receiver operating characteristic and the maximally 
selected Log-Rank statistics analysis were applied to the 
continuous variable in order to estimate the most appropriate 
cut-off values able to split patients into groups with different 
outcome probabilities [23].

The odds ratio (OR), hazard ratio (HR) and the 95% con-
fidence intervals (95% CI) were estimated for each variable. 
On univariate analysis baseline demographic and clinical 
characteristics such as sex, age, brain tumour type and its 
methylation, KPS, concomitant chemotherapy as well as 
laboratory parameters including platelet count, mean volume 
and distribution width, neutrophil and lymphocyte counts, 
neutrophil/lymphocyte ratio, hemoglobin, circulating levels 
of VEGF, VWF, FVIII, TAT, F1+2, PAI-1and D-dimer were 
evaluated.

Variables testing significant on univariate analysis were 
entered into multivariate analysis. Multivariate logistic 
regression model and Cox regression model were developed 
using stepwise regression (forward selection) to compare the 
predictive power of different factors. Enter limit and remove 
limit were p = .10 and p = .15, respectively.

The SPSS (21.0), R (2.6.1), and MedCalc (14.2.1) 
licensed statistical programs were used for all analyses.

Results

Patient’s demographic and clinical characteristics

The patient’s demographic and clinical characteristics are 
shown in Table 1. The median period between the last chem-
otherapy and BV initiation was 2 months (range 1–54) while 
the median period between a more recent surgery and BV 
onset was 13 months (2–220). Baseline dexamethasone dose 
was 8 mg (0–24). The median number of BV administrations 
was 4 (1–32). The median follow-up was 8 months (range 

1–73). The median PFS was 4 months (95% CI 3–5) and the 
median OS was 8 months (95% CI 6–10). 1-year OS was 
26.5% and 2-year OS was 14.3%.

Biomarkers analyzed

Correlations between patient’s baseline demographic, 
clinical and laboratory variables

(a)	 males compared to females had a significantly lower 
both FVIII (152 vs. 232%, p = .01) and platelet count 
(137 vs. 199 × 109/L, p = .02) but a higher Hb (14.4 vs. 
12.3 g/dL, p = .04);

(b)	 patients older than 44 years compared to others had a 
higher either VWF (201 vs. 159%, p = .01), neutrophil 
count (5.7 vs. 3.8 × 109/L, p = .04) or neutrophil/lym-
phocyte ratio (6.2 vs. 2.8, p = .007);

(c)	 patients with KPS lower than 80 compared to oth-
ers had a higher either D-dimer (402 vs. 127 ng/mL, 
p = .002), FVIII (228 vs. 145%, p = .001), TAT (7.8 vs. 
4.4 µg/L, p = .02), VEGF (319 vs. 197 pg/mL, p = .03), 
VWF (191 vs. 164%, p = .04) or neutrophil count (7.6 
vs. 4.1 × 109/L, p = .01);

(d)	 patients treated with both BV and concomitant chemo-
therapy compared to those treated only with BV had a 
lower VEGF (197 vs. 336 pg/mL, p = .04) and a higher 
Hb (14.7 vs. 12.3 g/dL, p = .003);

(e)	 there were significant Spearman correlations between 
FVIII and either VWF (r = 0.8, p < .0001), D-dimer 
(r = 0.6, p < .0001), TAT (r = 0.5, p < .0001) or PAI-1 
(r = 0.43, p = .002); between D-dimer and VWF 
(r = 0.55, p < .0001); between F1+2 and TAT (r = 0.6, 
p < .0001); between platelet count and either neutro-

Table 1   Demographic and clinical characteristics of study population 
(patients = 49)

Characteristic N (%)

Age years, median (range) 44 (22–78) 36 (73.5)
Median KPS (range) 80 (60–100) 13 (26.5)
Sex
 Males 26 (53.1)
 Females 11 (22.4)

Pathology
 Glioblastoma 26 (53.1)
 Astrocytoma 11 (22.4)
 Oligodendroglioma 6 (12.2)
 Oligoastrocytoma 2 (4.1)
 Other types of brain tumor 4 (8.2)

Concomitant chemotherapy
 Yes 22 (44.9)
 No 27 (55.1)
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phil (r = 0.42, p = .008) and lymphocyte counts(r = 0.55, 
p < .0001), hemoglobin (r = 0.45, p = .001) or PAI-1 
(r = 0.51, p < .0001); between lymphocyte count and 
hemoglobin (r = 0.6, p < .0001) (Table 2).

Patient response to BV therapy

Patient response to BV therapy was defined by RANO crite-
ria (see “Methods” section) and a first MRI was performed 
after 3 months from BV initiation. This was defined as a 
point time for an early patient response to BV therapy.

At this phase, 17 patients (35%) showed a PR, 8 patients 
(16%) had a SD and 24 patients (49%) had a PD, thus 35% 
of patients were early responders and 65% of patients were 
non-responders.

Among all laboratory parameters only serum VEGF 
levels markedly decreased in all patients after the onset of 
treatment (p < .0001) whereas VWF antigen significantly 
increased compared with baseline (p = .001) (Table 3).

The patients treated with both BV and concomitant chem-
otherapy compared to those treated only with BV had at T1 
a higher both D-dimer (272 vs. 134 ng/mL, p = .024) and Hb 
(14.4 vs. 13.6 g/dL, p = .05) while at T2 they had a higher 
both D-dimer (318 vs. 124 ng/mL, p = 02) and PAI-1 (44 vs. 
21 ng/mL, p = 02).

Biomarkers predictive of response to BV therapy

There were not significant differences for all baseline vari-
ables among PR, SD and PD patients, however, at T2 a VWF 
value became significantly different among three groups (PR 
155 vs. SD 188 vs. PD 197%, p = .02). Responders (PR) 
showed significantly lower VWF levels than non-responders 
(SD and PD) either at baseline, at T1 or at T2 (p = .02 for 
all).

There was a low correlation between baseline VWF and 
steroid dose (p = .001, R = 0.48), but no correlation between 
baseline VWF and time frame from both the previous chem-
otherapy and a more recent surgery to BV onset.

Table 2   Spearman correlation analysis among patient’s laboratory parameters at baseline

*P ≤ .05; **P ≤ .01

TAT​ F 1+2 FVIII D-dimer Pai-1 VEGF VWF Hb Plt Neu

F 1+2 0.597**
FVIII 0.505** 0.330*
D-dimer 0.347* 0.125 0.622**
Pai-1 0.15 − 0.003 0.431** 0.108
VEGF − 0.093 − 0.238 0.357* 0.247 − 0.16
VWF 0.287 0.168 0.809** 0.552** 0.403** 0.226
Hb − 0.101 − 0.175 − 0.008 0.01 0.339* − 0.272 0.102
Plt 0.081 − 0.085 0.326* 0.360* 0.510** 0.084 0.274 0.445**
Neu 0.137 − 0.051 0.364* 0.307 0.143 0.086 0.241 − 0.017 0.422**
Lym − 0.148 − 0.113 − 0.056 0.09 0.327* − 0.2 − 0.071 0.591** 0.547** − 0.365*

Table 3   Median value 
(range) of patient’s laboratory 
parameters: before the first 
(T0), the second (T1) and the 
third (T2) administration of 
bevacizumab (Friedman test 
p-value)

Marker T0 T1 T2 p-value

TAT (µg/L) 5.2 (1.0–64.3) 4.8 (1.8–35.5) 4.7 (1.0–70.0) 0.86
F1+2 (pmol/L) 196 (87–597) 183 (83–797) 168 (68–1194) 0.85
FVIII (%) 157 (88–342) 164 (95–415) 181 (92–350) 0.44
D-dimer (ng/mL) 146 (1–2714) 154 (26–5867) 170 (20–3658) 0.51
PAI-1 (ng/mL) 27 (7–148) 28 (3–130) 31 (6–330) 0.9
VEGF (pg/mL) 215 (39–1343) 63 (6–189) 74 (2–234) < 0.0001
VWF (%) 174 (72–455) 174 (60–562) 182 (85–591) 0.001
Hb (g/dL) 13 (0.0–17.2) 14.1 (10.3–16.3) 13.7 (10.3–15.8) 0.35
Plt (× 109/L) 157 (0–560) 164 (64–224) 164 (51–313) 0.91
Neutrophils(× 109/L) 4.45 (1.7–18) 4.8 (2.4–11.6) 4.65 (1.3–9.4) 0.28
Lymphocytes(× 109/L) 0.9 (0.0–3.6) 1.2 (0.2–4.4) 1.1 (0.2–4.0) 0.52
MPV (fL) 76 (0–109) 76 (54–100) 76 (55–106) 0.85
PDW 171 (162–184) 174 (165–196) 172 (155–184) 0.24
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Similarly, there was a trend (p = .07) for lower baseline 
levels of plasma FVIII in responders (median 151, range 
88–240) than in non-responders (median 199 range 96–342), 
which have become significantly lower at T2 [p = .045, 
median 136 (92–260) vs. 193 (107–350), respectively]. 
There were no significant differences between responders 
and non-responders in other laboratory parameters at base-
line and during the treatment (data not shown).

On univariate analysis, both lower baseline VWF (p = .02) 
and FVIII (p = .046) were associated with an early response 
to BV therapy while on multivariate analysis the only sig-
nificant predictor remained a VWF value (OR 0.988, 95% 
CI 0.978–0.998, p = .02) (Table 4).

Biomarkers predictive of PFS and of OS

On univariate analysis a lower baseline either D-dimer 
(p = .002, Fig. 1a), F1+2 (p = .02, Fig. 1b) or TAT (p = .03) 
as well as a higher KPS (p = .02) or an early response to BV 
therapy (p = .05, Fig. 1c), were associated with improved 
OS, while on multivariate analysis only both lower D-dimer 
(HR 2.336, 95% CI 1.215–4.493, p = .01) and F1+2 (HR 
2.934, 95% CI 1.0–8.651, p = .05) were predictive factors for 
improved OS (Table 4). On univariate analysis both lower 
FVIII (p = .03) and higher KPS (p = .046) were associated 
with improved PFS whereas on multivariate analysis only a 
higher KPS (HR 2.03, 95% CI 1.01–4.07, p = .046) resulted 
predictive (Table 4).

Discussion

The results of our study show a possible predictive role of 
VWF antigen as biomarker for an early 3-month response 
to BV therapy in patients with recurrent glioma. Our data 
should be considered preliminary because of some short-
comings of this study like single-center and retrospective 
design, small sample size and heterogenous population for 

both tumour type and BV therapy (concomitant or alone). 
A lower VWF level was found in responders compared to 
non-responders not only at baseline but also in course of 
two first BV administrations albeit there was its gradual 
increase. However, it may be considered only as an early 
biomarker for response to BV since it was not associated 
with a better PFS and OS. While the reduction in VEGF 
value during the BV therapy is certainly treatment-related, 
it is still not clear whether the increase in circulating levels 
of VWF is directly dependent from therapy or from host’s 
compensative response to this drug related to VWF–VEGF 
negative modulation. Moreover, since a VWF level has 
been previously demonstrated to be influenced by a high 
(1.0 mg/kg) but not a low (0.04 mg/kg) dose of dexametha-
sone in healthy people [24], we evaluated the relation-
ships between baseline steroid dose and VWF value in our 
patients. We found a low correlation between these param-
eters probably because none of the patients was treated 
with a high steroid dose.

Some previous papers showed an increase in VWF and 
FVIII in testicular cancer patients especially in course of 
vascular events during bleomycin, etoposide and cisplatin 
chemotherapy [25], as well as an increase of VWF anti-
gen in advanced colorectal cancer during oxaliplatin-based 
chemotherapy but only in patients that were not treated con-
comitantly with bevacizumab [26]. Our patients treated with 
both BV and concomitant chemotherapy were not different 
from those treated with only BV for all baseline parameters 
and their VWF was not different even at T1 and T2. Moreo-
ver, a baseline value of laboratory parameters in our popu-
lation was unlikely influenced by previous chemotherapies 
because there was a wash-out interval from their suspen-
sion and an onset of BV either with or without concomitant 
chemotherapy.

VWF plays two major functions in primary and second-
ary hemostasis both by promoting platelet adhesion and 
aggregation to the subendothelium at sites of vascular injury 
and by participating indirectly in the coagulation process as 

Table 4   Multivariate analysis to 
compare the predictive power of 
baseline demographic, clinical 
and laboratory parameters for 
early 3-month response to BV 
therapy as well as for patient’s 
PFS and OS

Baseline variables Multivariate analysis

OR (95% CI) p value

Early response to bevacizumab
 VWF (≤ 248) 0.988 (0.978–0.998) 0.02

Baseline variables Multivariate analysis

HR (95% CI) p value

Progression free survival
 KPS (≥ 80) 2.03 (1.01–4.07) 0.046

Overall survival
 D-dimer (≤ 243) 2.336 (1.215–4.493) 0.01
 F1+2 (≤ 127) 2.934 (1.000–8.651) 0.05
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non-covalently binding factor VIII protecting it from proteo-
lytic degradation [27].

Furthermore, it has recently become evident that VWF 
is involved in several pathologic processes beyond hemo-
stasis such as cell proliferation, vascular inflammation, 
apoptosis and tumour metastasis [28]. In particular, Starke 
et al. demonstrated that the lack of VWF promotes angio-
genic processes as was illustrated by markedly increased 
endothelial cell proliferation in the absence of VWF in vitro 
and an increased vessel density of the vasculature in the 
ears of VWF-deficient mice [29]. The molecular basis of 
this VWF-dependent effect is still not completely clear. 
Experimental data point to VWF as a negative modulator 
of VEGF-dependent angiogenesis via multiple intracellular 
and extracellular pathways involving Vitronectin and Ang-
2, both ligands for VWF [29]. Unfortunately, we did not 
evaluate the circulating Ang-2 level in our patients, thus we 
cannot verify this hypothesis basing on the circulating levels 
of both VWF and Ang-2.

In accordance with these experimental data, there was 
also found an increase of circulating EC and cytokines 

concerning angiogenesis in patients with genetic deficit of 
VWF [30]. We could hypothesize that the patients with a 
lower circulating VWF value in our study are those with 
increased angiogenesis and thus more susceptible to the 
effect of the anti-angiogenic agents.

We also found a trend for lower plasma FVIII levels 
in responders compared to non-responders, as could be 
expected due to VWF binding, which has become statis-
tically significant after two treatment cycles. This finding 
could mean that responders have a less procoagulant status 
than no responders.

Furthermore, on univariate analysis PFS was associated 
with both FVIII level (inversely) and KPS (directly) albeit 
on multivariate analysis only KPS resulted predictive for 
PFS. However, a PFS of responders, differently from their 
FVIII, was not different from that of non-responders. In 
a large randomized, double-blind, placebo-trial in newly 
diagnosed GBM, first-line BV therapy in addition to stand-
ard radiotherapy–chemotherapy prolonged PFS of 3–4 
months but did not improve their OS [31]. In the recur-
rent GBM, the evaluation of literature data using weighted 

Fig. 1   Association between baseline D-dimer and OS (a); between baseline prothrombin fragment 1+2 and OS (b); between type of early 
response to BV therapy and OS (c)
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median estimate supported the prolongation of both PFS 
and OS during BV therapy alone or in combination with 
chemotherapy [5]. However, we had no placebo-control 
group and our patient’s sample was relatively small as well 
as their median PFS was of only 4 months.

Despite on univariate analysis an early response to 
BV therapy resulted associated with improved OS in our 
patients, on multivariate analysis only lower D-dimer and 
F1+2 values were independently predictive for improved 
OS confirming the results of Vienna Cancer and Throm-
bosis study on the association of higher D-dimer with poor 
prognosis in a large cancer patient population [32]. Our 
results are also in line with the findings of a longitudinal 
study conducted by Reitter et al. in 112 cancer patients in 
which significantly higher levels of FVIII, P-selectin and 
D-dimer were associated with shorter survival [33].

Today, it is recognized that there is a complex, recip-
rocal relationship between cancer and thrombosis [16]. 
Indeed, tumor cells have the capacity to activate the hemo-
static system and this leads to an increased thrombotic risk 
in cancer patients [34]. Tumor cells are able to activate the 
coagulation system both directly by the release of proco-
agulants factors and indirectly by the activation of EC, 
leukocytes and platelets as well as by the production of 
VEGF, mucinous glycoproteins, and circulating TF–bear-
ing microparticles [35]. On the other hand, the thrombin 
generation and fibrin formation have been implicated in 
angiogenesis, tumor cell invasion and metastatic spread. 
Therefore, our findings further support a relation between 
an activation of hemostasis, reflected by increased plasma 
levels of D-dimer and F1+2, and a more aggressive tumor 
biology leading to poor clinical outcomes.

In conclusion, our preliminary data suggest that a 
baseline VWF antigen level might help to predict an early 
response to BV therapy in recurrent glioma patients. 
However, the role of angiogenic factors as predictors of 
response to angiogenic treatment requires further explora-
tion. A more extensive analysis of carefully selected cir-
culating biomarkers with a mechanistic link to the VEGF 
pathway is required to predict benefits from anti-angio-
genetic treatments including BV, to monitor treatment 
response and to assess whether and when to discontinue 
treatment.
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