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A B S T R A C T

Introduction: Venous thromboembolism (VTE) is a common problem among patients with glioblastoma multi-
forme (GBM) and with some other cancers. Here, we evaluated genetic and non-genetic potential risk factors for
VTE among GBM patients.
Materials and methods: A cohort of 139 patients treated with concomitant radiotherapy and temozolomide were
included in the study. Next generation sequencing and genotyping approaches were applied to assess genetic risk
factors in the haemostatic system. Clinical data including surgery, reoperation as well as blood group and patient
information such as age and gender were available from patient records. Logistic regression analysis was per-
formed to asses VTE risk.
Results: In the study 47 patients (34%) were diagnosed for VTE during the course of their disease. When genetic
and non-genetic potential risk factors were evaluated, only B blood group was found to be significantly asso-
ciated with VTE incidence (odds ratio [OR]= 6.91; confidence interval [CI]= 2.19–24.14; P=0.001). In
contrast, A and O blood groups did not correlate with VTE risk. Frontal lobe tumor location also seemed to
slightly increase VTE risk compared to other brain sites (OR=3.14; CI= 1.1–10.7) although the significance
level was at borderline (P=0.05). Current study identified B blood group as the component in non-O blood
groups that is responsible for increased VTE risk.
Conclusion: In conclusion, these results suggest for the first time that B blood group is predictive for VTE in-
cidence among patients with glioblastoma, information that may be potentially valuable when selecting GBM
patients who are at risk for VTE for anticoagulant prophylaxis.

1. Introduction

Cancer progression is generally correlated with perturbations in the
hemostatic system [1] and patients with different cancers have up to
seven-fold increased risk of developing venous thromboembolism (VTE)
[2,3]. Patients with brain cancer, particularly those with high-grade
glioma (grades 3–4) have a high risk of developing VTE [4,5].

Glioblastoma multiforme (GBM) is often associated with increased risk
of developing coagulopathies and systemic thromboembolic disease
[6], causing increased risk for morbidity and mortality. Patients with
GBM have been found to harbor one of the highest risks for thrombosis-
related complications among all medical and surgical patients [5]. The
risk of incurring VTE was estimated up to 30% in some studies [7,8]. It
is generally understood that cancer-associated thrombosis is a
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multifactorial disease involving tumor-related, patient-related and ac-
quired factors. These include, but are not limited to, tissue factor ex-
pression [9], PAR thrombin receptors [10], cancer procoagulant pro-
teins [11], and tumor cell-shed microparticles carrying procoagulants
[12]. Type of surgery (gross total or subtotal tumor resection) as well as
dose, type and duration of thromboprophylaxis, have been suggested to
be important factors for the postoperative outcome of VTE [13]. In
addition, general thrombosis risk factors such as high age, physical
inactivity, and previous history of VTE are also known to increase VTE
risk in cancer patients [14]. Factor V Leiden (c.1691G > A; rs6025)
causing protein C resistance, and prothrombin G20210A (rs1799963)
associated with elevated plasma prothrombin levels, are common risk
factors for VTE in the general population [15–17] and would be ex-
pected to increase thrombosis risk in cancer patients as well. The im-
plications of these SNPs for VTE development in cancer have been
discussed in a number of studies [18–24]. There are conflicting results
from those studies, with some reports suggesting an association be-
tween factor V Leiden (FVL) and VTE in different cancers [18–20,24]
whereas others could not verify a similar result [21–23]. Prothrombin
G20210A has been more challenging to study in cancer patients due to
its lower frequency. The ABO blood group is another common genetic
factor with significance for thromboembolism. Current understanding is
that non-O blood groups (A, B, AB), but not O blood type, increase
thrombosis risk [25–28] and this is suggested to be explained by the
fact that ABO(H) antigens are expressed on the N-linked glycan chains
of circulating plasma von Willebrand factor (VWF) – a blood glyco-
protein involved in hemostasis [29]. VWF is a major player in the
primary hemostasis and platelet adhesion to the endothelium and ele-
vated plasma VWF is associated with VTE [30]. Carriers of non-O blood
group have been reported to show approximately 30% higher plasma
VWF levels compared with O blood group carriers [31]. ABO blood
group, FVL and prothrombin G20210A have been found to provide a
predictive power for VTE in non-cancer patients [32]. In the present
study, we have evaluated aforementioned risk factors for their asso-
ciations with VTE in GBM patients. The overall aim of the present study
was to assess whether VTE risk factors previously reported in the gen-
eral population and in some cancers might play a role in GBM.

2. Materials and methods

2.1. Study population

The study cohort comprised 139 GBM patients recruited in
Jönköping, Kalmar and Östergötland counties in south-eastern Sweden.
All patients had after diagnostic surgery been found to be clinically fit
for and were treated with concomitant radiotherapy (RT) and temo-
zolomide (TMZ). The median RT duration was 41 days, with the vast
majority of patients receiving standard 60 Gy (6 weeks) treatment. For
those not progressing or deteriorating, adjuvant TMZ was also ad-
ministered. Poor prognosis patients receiving single agent TMZ, radio-
therapy alone or best supportive care only were not included so as to
provide a homogeneous cohort. Detailed characteristics of the 139 GBM
patients are given in Table 1. For next generation sequencing (NGS),
DNA samples of 43 patients from this cohort were employed to explore
single nucleotide variants with potential association to VTE. All patients
received pre- and postoperativ thromboprophylaxis. In accordance with
clinical routines at the university hospital in Linköping for treating
glioblastoma patients, patients received 2500 IE tinzaparin one day
before surgery and until they were deemed sufficiently mobilized by
their attending physician which, depending on their postoperative
functional status, could vary between a couple of days to several weeks
with a mean duration time of two weeks. Consequently, neurologically
and cognitive intact patients received shorter thromboprophylaxis than
did those who were disabled. Case records were investigated retro-
spectively and information on thromboembolic incidents was collected
during the entire course of GBM disease. Those patients experiencing at

least one VTE episode were categorized as VTE cases.

2.2. Blood groups and genotyping

Information on ABO and Rh blood groups was collected from the
medical records. Genomic DNA was extracted from whole blood, par-
affin-embedded tumors or normal tissue samples using standard pro-
cedures. FVL and prothrombin G20210A SNPs were amplified with PCR
and genotyped by pyrosequencing on a Pyromark Q24 instrument
(Qiagen, Hilden, Germany). The rs56392308 SNP segregating A2 blood
group was genotyped by pyrosequencing after PCR amplification.
Detailed PCR and pyrosequencing protocols can be found in Appendix
A, supplementary materials and methods (file S1). Allele frequencies
were compared with corresponding frequencies in the general popula-
tion in Sweden reported within the SweGen project containing whole-
genome variant frequencies for 1000 Swedish individuals (https://
swefreq.nbis.se).

2.3. Next generation sequencing (NGS)

Targeted NGS using HaloPlex Target Enrichment reagents for li-
brary preparation was applied to sequence DNA of 43 patients. Coding
sequences of 32 loci involved in thrombosis and hemostasis were se-
quenced (Table 2), using the manufacturer's instructions (Agilent
Technologies, Santa Clara, CA, USA). DNA libraries were sequenced on
a miSeq instrument with v2 reagent kit (Illumina Inc., San Diego, CA,
USA), following the suppliers' recommendations. Sequence reads were
aligned to the human reference genome (GRCh37/hg 19) employing
Burrows-Wheeler Aligner (http://bio-bwa.sourceforge.net/). Variants
were called by Samtools [33] using Ruby commands (https://www.
ruby-lang.org/en/) and single nucleotide variants were annotated with
Ensembl Variant Effect Predictor (https://www.ensembl.org/index.
html).

Table 1
Basic characteristics for 139 GBM patients included in this study.

Gender Male 87 (63%)
Female 52 (37%)

Age <55 50 (36%)
55–64 50 (28%)
≥ 65 39 (36%)

Surgery Radical 63 (45%)
Partial 54 (39%)
Biopsy 22 (16%)

Location Frontal lobe 50 (36%)
Temporal lobe 41 (29%)
Parietal lobe 25 (18%)17 (12%)
Occipital lobe 6 (4%)
Central

Reoperation No 80 (58%)
One time 44 (32%)
More than one 15 (11%)

VTE diagnosis With VTEa 47 (34%)
Without VTEa 92 (66%)

ABO and Rhesus blood groups O Rh+: 42 49 (35%)
O Rh−: 7
A Rh+: 58 67 (48%)
A Rh−: 9
B Rh+: 15 18 (13%)
B Rh−: 3
AB Rh+: 5 5 (4%)
AB Rh−: 0

Factor V Leiden Yes 19 (14%)
No 117 (84%)
No sample 3 (2%)

Prothrombin Yes 4 (3%)
No 132 (95%)
No sample 3 (2%)

a
Venous thromboembolism.
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2.4. Statistical analysis

Statistics were performed with R software version 3.3.1 [34]. Lo-
gistic regression was used to calculate the risk contributed by each
individual variable to predict the likelihood of developing VTE. Odds
ratio (OR) and 95% confidence intervals (CI) were calculated, and
statistical significance was assumed at p < .05. Fisher's exact test was
used when data were unequally distributed among groups leaving< 5
in any of the cells. Survival was computed by the Kaplan-Meier method.
Deviation from Hardy-Weinberg equilibrium (HWE) was investigated
by the chi-square test using a significance level at P < .05.

3. Results

3.1. Patients

In a screened population of GBM patients, those with thrombosis
before surgery were excluded from the study. The remaining cohort of
139 patients was followed until death or data cut-off as of May 8, 2019.
Of these patients, 47 (34%) were identified to have a verified throm-
boembolic event, mainly deep venous thrombosis (DVT; n=36) or
pulmonary embolism (PE; n=9). One patient had both DVT and PE,
while another patient developed thrombophlebitis. All cases had
symptomatic VTE and were diagnosed with ultrasonography (DVT) or
computed tomography pulmonary angiography (PE). DNA was un-
available for 3 patients, which could not be included in analyses of FVL
and prothrombin G20210A.

3.2. Prothrombin G20210A, factor V Leiden and survival

Only 4 patients displayed heterozygosity for prothrombin G20210A
in the patient cohort genotyped (n=136); 2 with VTE and 2 without
VTE. No homozygosity for the A allele was found. Fisher's exact test
could not verify any statistically significant contribution to VTE in GBM
by this variant. We also examined whether FVL had any impact on VTE
outcome in GBM. Of the 136 GBM patients investigated, 19 (14%) were
heterozygous to FVL (factor V c.1691G > A). Homozygosity for FVL
was not observed in the cohort examined. The calculated minor allele
frequency at 0.07 for FVL and the observed genotype frequency in the
GBM cohort was comparable with the FVL genotype data reported by
Zöller et al. [35] for 4890 randomly selected subjects from the Swedish
general population without history of VTE or cancer, and in accordance
to Hardy-Weinberg distribution (Chi-value=0.381). Thus, we found no
evidence for association between FVL and VTE in GBM.

We could not document any statistically significant difference in
survival between patients with or without VTE (Fig. 1). Survival rate
was close to 60% in both groups at one year.

3.3. Age, surgery, reoperation and tumor localization

A total number of 139 patients underwent diagnostic surgery, of
which 63 (45%) were radically operated, 54 (39%) had partial surgery,
and 22 (16%) were biopsied. The majority of tumors were located in the
frontal lobe, followed by the temporal lobe, parietal lobe, occipital lobe,
and central lobe (Table 1). A majority of the patients (58%) had no
reoperation while the remaining patients (42%) had one or more
iterative surgery due to recurrent GBM (Table 1). To investigate whe-
ther age was important for VTE incidence, we compared age
groups< 55, 55–64 and > 64 in the patient cohort. However, we
found no statistically significant differences in VTE risk between the
three groups. Age distribution was quite similar in VTE and non-VTE
patients (Table 3). There was no evidence for an association between
primary surgery or reoperation and VTE in GBM (Table 3). Neither did
we find any evidence for a relationship between primary surgery and
VTE after merging biopsy and partial surgery groups into one group and
comparing it with the radical surgery group (Table 3). In contrast,
tumor localization seemed to have some role for VTE risk (Table 3).
Patients with frontal lobe tumor localization were observed to show
increased risk for VTE (odds ratio [OR]= 3.14; confidence interval
[CI]= 1.1–10.7).

Table 2
List of 32 genes sequenced in the study by next generation sequencing.

Symbol Approved name HGNC ID Location

ABO ABO, alpha 1–3-N-
acetylgalactosaminyltransferase and
alpha 1–3-galactosyltransferase

HGNC:79 9q34.2

CPB2 Carboxypeptidase B2 HGNC:2300 13q14.13
CYP4V2 Cytochrome P450 family 4 subfamily

V member 2
HGNC:23198 4q35.1-q35.2

F10 Coagulation factor X HGNC:3528 13q34
F11 Coagulation factor XI HGNC:3529 4q35.2
F13A1 Coagulation factor XIII A chain HGNC:3531 6p25.1
F13B Coagulation factor XIII B chain HGNC:3534 1q31.3
F2 Coagulation factor II, thrombin HGNC:3535 11p11.2
FY2R Coagulation factor II thrombin

receptor
HGNC:3537 5q13.3

F2RL3 F2R like thrombin or trypsin receptor
3

HGNC:3540 19p13.11

F3 Coagulation factor III, tissue factor HGNC:3541 1p21.3
F5 Coagulation factor V HGNC:3542 1q24.2
F7 Coagulation factor VII HGNC:3544 13q34
F8 Coagulation factor VIII HGNC:3546 Xq28
F9 Coagulation factor IX HGNC:3551 Xq27.1
FGA Fibrinogen alpha chain HGNC:3661 4q31.3
FGB Fibrinogen beta chain HGNC:3662 4q31.3
FGG Fibrinogen gamma chain HGNC:3694 4q32.1
GP6 Glycoprotein VI platelet HGNC:14388 19q13.42
PLAT Plasminogen activator, tissue type HGNC:9051 8p11.21
PLAU Plasminogen activator, urokinase HGNC:9052 10q22.2
PLG Plasminogen HGNC:9071 6q26
PROC Protein C, inactivator of coagulation

factors Va and VIIIa
HGNC:9451 2q14.3

PROS1 Protein S HGNC:9456 3q11.1
SERPINC1 Serpin family C member 1 HGNC:775 1q25.1
SERPIND1 Serpin family D member 1 HGNC:4838 22q11.21
SERPINE1 Serpin family E member 1 HGNC:8583 7q22.1
SERPINF2 Serpin family F member 2 HGNC:9075 17p13.3
TFPI Tissue factor pathway inhibitor HGNC:11760 2q32.1
THBD Thrombomodulin HGNC:11784 20p11.21
THPO Thrombopoietin HGNC:11795 3q27.1
VWF von Willebrand factor HGNC:12726 12p13.31

Fig. 1. Kaplan-Meier diagram illustrating VTE and survival relationship for 139
GBM patients. No statistically significant difference in survival was found be-
tween the two groups.
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3.4. Single nucleotide polymorphisms (SNPs) associated with ABO-blood
group identified by NGS analysis

We employed NGS technology and analyzed 32 genes involved in
thrombosis and hemostasis, including the ABO locus, in a small cohort
of 43 age- and treatment-matched GBM patients in two groups: a
thrombosis group (n=18) and a non-thrombosis group (n=25) to
infer gene variants associated with VTE. A cluster of SNPs in exon 8 of
the ABO gene was found to correlate with blood group. Six SNPs;
rs8176743, rs8176741, rs8176747, rs8176749, rs7853989 and
rs8176740 marked differences between B and A alleles of ABO blood
group, while SNP rs8176719 in exon 7 represented the only difference

between O and non-O blood alleles. A majority of patients in the NGS
cohort were A blood (n=17) or O blood (n=19) carriers. But when
we assessed VTE risk in these patients, we found that neither A blood
nor O blood group increased thrombosis risk. Conversely, we found that
4 out of 4 patients with B blood group had VTE in the NGS cohort. All of
these patients also carried SNPs rs8176743, rs8176741, rs8176747,
rs8176749, rs7853989 discriminating the B allele from the A allele of
ABO blood group, which led us to ask whether B blood may play a role
in VTE in GBM (see below).

3.5. B blood group significantly increases VTE risk in GBM

Based on the preliminary results from our NGS analysis (see above),
we further investigated the type of ABO blood group that was poten-
tially associated with increased risk for VTE in the GBM cohort
(n=139). The distribution of ABO blood groups among our GBM pa-
tients is shown in Table 3. As O blood group is generally believed to be
protective for VTE risk [28], we compared non-O blood groups in-
dividually against O blood. Our analyses showed that B blood group,
but not A blood type, significantly increased VTE risk (OR=6.9;
CI= 2.2–24.1; P=0.001) (Table 3). We also found that non-O blood
groups represented an increased VTE risk in GBM (OR=2.30;
CI= 1.07–5.26; P=0.04) (Table 4), consistent with previous reports
for the general population [27,28] and for malignant glioma [36].
However, when subgroup analyses were performed, we found that A
blood group had no contribution to this VTE risk (Table 4). There was
no significant difference between O and A blood groups in VTE risk. The
number of patients with AB blood was small (only 5) and when those
patients were merged with B blood carriers, the risk for VTE was found
to be significant in the combined B and AB groups as compared with A
and O blood groups combined (Table 4). To examine whether subtype
of A blood group had a role in VTE risk, we genotyped 64 patients with
A blood group for A1 and A2 alleles using pyrosequencing. Of these, 46
patients displayed A1 genotype (16 with VTE and 30 without VTE)
whereas 18 had A2 blood subtype (5 with VTE and 13 without VTE). No
evidence was found that any of A1 or A2 blood group subtypes was
associated with VTE, suggesting that A blood subtype had no role in
VTE risk in our GBM cohort. Type of blood group did not have an
impact on survival (Fig. 2).

4. Discussion

In this study, we evaluated genetic and non-genetic factors as pre-
dictors for VTE in GBM. In our GBM cohort (n=139), 34% of the
patients developed VTE, consistent with the previously reported pre-
valence of up to 30% found in high-grade glioma patients [7,8]. This
high prevalence reveals the magnitude of the problem with VTE in

Table 3
Assessment of predictive variables against risk for venous thromboembolism
(VTE) in GBM patients (n= 139). Statistically significant associations are
highlighted with bold text.

With VTE
(n=47)

Without VTE
(n=92)

Odds ratio (CIa) P-value

Age at surgery Median:58
(39–69)

Median:60
(25–76)

0.99 (0.95–1.03) 0.54

Gender
Female (ref) 18 (38%) 34 (37%) – –
Male 29 (62%) 58 (63%) 0.94 (0.46–1.97) 0.88
Primary

Surgery
Radical (ref) 20 (43%) 42 (46%) – –
Partial 19 (41%) 35 (38%) 1.14 (0.53–2.47) 0.74
Biopsy 7 (15%) 15 (16%) 0.98 (0.33–2.72) 0.97
Partial/Biopsy 26 (57%) 50 (54%) 1.09 (0.54–2.24) 0.81
Location
Parietal lobe

(ref)
5 (11%) 20 (22%) – –

Frontal lobe 22 (47%) 28 (30%) 3.14
(1.07–10.65)

0.05

Occipital lobe 6 (13%) 11 (12%) 2.18 (0.54–9.23) 0.27
Temporal lobe 12 (26%) 29 (32%) 1.66 (0.52–5.87) 0.41
Central 2 (4%) 4 (4%) 2.00

(0.23–13.85)
0.49

Reoperation
No (ref) 29 (62%) 51 (55%) – –
One time 13 (28%) 31 (34%) 0.74 (0.33–1.61) 0.45
More than one 5 (11%) 10 (11%) 0.88 (0.25–2.73) 0.83
Blood group
O (ref) 11 (23%) 38 (41%) – –
A 22 (47%) 45 (49%) 1.69 (0.74–4.03) 0.22
AB 2 (4%) 3 (3%) 2.30

(0.28–15.67)
0.39

B 12 (26%) 6 (7%) 6.91
(2.19–24.14)

0.001

a¶
Confidence interval.

Table 4
Association of blood groups with VTE in GBM. Statistically significant associations are highlighted with bold text.

Blood group With VTE (n= 47) Without VTE (n= 92) Odds ratio (95%CI) P-value

O blood group (ref) 11 38 2.30 (1.07–5.26) 0.04
Non-O blood group 36 54
O blood group (ref) 11 38 1.69 (0.74–4.03) 0.22
A blood group 22 45
O blood group (ref) 11 38 6.91 (2.19–24.14) 0.001
B blood group 12 6
O blood group (ref) 11 38 2.30 (0.28–15.67) 0.39
AB blood group 2 3
A blood group (ref) 22 45 4.09 (1.40–13.13) 0.01
B blood group 12 6
A blood group (ref) 22 45 1.36 (0.17–8.81) 0.74
AB blood group 2 6
A, O blood group (ref) 33 83 5.03 (1.80–15.50) 0.003
B blood group 12 6
A, O blood group (ref) 33 83 3.91 (1.57–10.24) 0.004
B, AB blood group 14 9
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GBM. While some of the risk factors involved in VTE are acquired,
others are genetic and predating cancer incidence. Factor V Leiden and
prothrombin G20210A are two of most well-studied gene variants as-
sociated with thrombophilia in Caucasian populations, and these two
polymorphisms might be expected to increase VTE risk in GBM. Our
study, however, could not document statistically significant contribu-
tion of any of these two variants to VTE in GBM. In the case of pro-
thrombin G20210A, this study is consistent with previous studies that
examined this variant in other cancers [37–41]. One study reported that
prothrombin 20210A might be a possible cofactor in cancer patho-
genesis [42]. However, one limitation with studies exploring the role of
prothrombin G20210A in cancer, including ours, is the obviously in-
sufficient statistical power due to the rarity of this mutation. In our
case, only four patients were heterozygous for prothrombin G20210A in
the patient cohort examined. In contrast, FVL is more prevalent, but
most studies that found association between this variant and VTE were
performed on non-GBM cancers [18–20]. One study investigated sam-
ples from unspecified brain tumors and reported FVL association with
VTE [24], an observation that could not be corroborated in this study. It
is plausible that FVL plays a more important role in other cancers and
that its impact is less pronounced in GBM.

Our study could not verify any significant impact of surgery on VTE,
when radical surgery was compared with biopsy or partial resection
either separately or combined (Table 3). The present study is consistent
with that of Simanek et al. [13] who did not find a statistically sig-
nificant association between biopsy and subtotal resection on one side
and total resection on the other side although they observed a poorer
survival as well as tendency toward an increased VTE risk with the
former group. The small number of patients analyzed in their study
(n=63) was suggested to explain this lack of statistical significance for
VTE [13]. Current study cohort comprised more than twice as many
patients as in their study (139 versus 63 patients), but yet could not find
any evidence for a surgery associated increase of VTE risk in GBM.
However, the definition of radical versus subtotal or partial surgery
varies somewhat in the literature. A partial resection, for instance, may
indicate anything between 30% and 90% tumor resection whereas
Gross Total Resection (GTR) can be indicative of> 90% resection but
may also mean a complete (=100%) resection of contrast enhancement
[43,44]. Nevertheless, our study could not corroborate that radical
versus subtotal surgery plays a significant role for VTE in GBM. Sur-
prisingly, there was a significant association between tumor localiza-
tion and VTE, indicating an increased risk for VTE in frontally located
GBM tumors (OR=3.14; CI= 1.07–10.65) although this had a bor-
derline statistical significance (P=0.05) (Table 3). The frontal lobe is

the largest brain lobe and also the most common site for glioblastoma
[45]. GBM surgery in the frontal lobe can sometimes damage cortical
motor areas and subcortical motor tracts causing permanent or tran-
sient postoperative motor deficits. Although we did not investigate
postoperative complications in our cohort, it is tempting to speculate
that such eventual postoperative motor deficits may increase the risk
for VTE. Further studies are needed to investigate the association be-
tween tumor site and VTE risk in GBM. We found no statistically sig-
nificant difference in survival between VTE and non-VTE patients,
presumably mirroring the expected median survival of 14months with
the standard combinational TMZ and RT therapy given.

This study identified ABO blood group as a predictive factor for VTE
in GBM, with B blood group significantly increasing the risk for VTE.
The impact of ABO blood group on thrombosis is well known [46]. A
recent Scandinavian study involving 1.5 million blood donors in Den-
mark and Sweden, with a follow-up time of 25 years, reported that non-
O blood groups explained>30% of all venous thromboembolic events
[28]. What was particularly remarkable in the current study, however,
was the relatively strong correlation between B blood group and VTE
that we found in GBM (Table 4). Also, there was no association between
A blood group and VTE in GBM, even when A1 and A2 subtypes were
investigated either separately or combined. In contrast, when we
merged AB and B blood carriers and compared that with combined A
and O blood groups, we observed a significant difference in VTE risk
between the two groups, with the former group markedly increasing
VTE risk (Table 4). This strongly indicated that B antigen is presumably
the component in the non-O blood groups that is responsible for the
increased risk for VTE in GBM. To our knowledge this relationship has
not been previously reported. It remains to be shown whether this
correlation between B blood group and VTE observed in the current
study also exists in other cancers or in the general population. Sur-
prisingly though, an overwhelming majority of previous studies com-
pared non-O blood groups with O blood, assuming A and B antigens to
have similar effect on VTE, even though they are not chemically iden-
tical. Beyond VTE, there is a large body of literature describing an as-
sociation between ABO blood groups and cancer [47]. Indeed, nearly
30 years ago, Annese et al. reported an association between B blood
group and risk for pancreatic cancer [48]. It will therefore be important
in the future to initiate larger studies that will further evaluate the role
of B blood group in GBM.

This study has some limitations. One obvious limitation is that only
those patients who were found to be clinically fit for concomitant RT
and TMZ treatment were included in the study. This was done in order
to obtain a GBM cohort that was relatively homogeneous which clearly
was an advantage when performing the logistic regression analysis.
Thus, this study is not representative for patients with poor prognosis or
those receiving single agent TMZ, radiotherapy alone or best supportive
care only. Another limitation is the retrospective nature of the study. As
a result, this study did not evaluate several other known VTE risk fac-
tors including, but not limited to, elevated platelet (> 350×109/L) or
leukocyte (> 11×109/L) counts, D-dimer, tissue factor expression by
tumor cells, circulating tissue factor, soluble P-selectin, C-reactive
protein as well as platelet function. Most of these biochemical analyses
are not performed on a standard basis for all GBM patients and were
thus not available in patient records. Hence, it was not possible to in-
clude all these factors in the logistic regression analysis, which was
obviously a limitation. Regardless of VTE risk factors, however, our
finding showing that 34% of the GBM cohort had VTE is consistent with
the previously estimated proportion of nearly 30% VTE cases in high-
grade glioma patients [7,8].

5. Conclusions

In conclusion, the present study has evaluated a number of genetic
and non-genetic potential VTE risk factors in GBM patients. We found
that frontal lobe tumor site might be associated with VTE and we

Fig. 2. Kaplan-Meir survival chart depicting ABO blood groups (O, A, B, AB).
There was no statistically significant difference in survival between the dif-
ferent blood groups.
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propose B blood group as the individually most significant risk factor
for VTE in GBM. Patients with B blood group could benefit from an-
ticoagulant therapy when selecting VTE risk patients.
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