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ABSTRACT
Objective: To investigate relationship among ABO blood groups and prognosis in patients with glioblastoma multiforme (GBM).
Study Design: Retrospective observational study.
Place and Duration of Study:  Department of Medical Oncology, HSU Dr Abdurrahman Yurtaslan Oncology Training and
Research Hospital, Ankara, Turkey, from April 2012 to May 2020.
Methodology: Two hundred and thirty-eight patients with the diagnosis of GBM were retrospectively reviewed. Data regarding
age, gender, surgery (total or subtotal), type (chemotherapy (CT) or radiotherapy (RT)) and duration of adjuvant therapies,
comorbid conditions, ABO blood groups were analysed for survival. Median overall survival (OS) was estimated using Kaplan-
Meier method. Cox regression model was used to identify independent prognostic factors.
Results: Median age was 57 years (range: 20-83); and 57.6% were male in the study population. The blood group was blood
group A in 45.0%, blood group B in 14.7%, blood group AB in 5.4%, and blood group O in 34.9% of patients.  Median OS was 22
months in blood group O whereas 14 months in blood group A, 11 months in blood group B and 6 months in blood group AB
(p=0.027).The median OS was shorter in non-O blood groups when compared to blood group O (13.0 vs. 22.0; p=0.008). In addi-
tion advanced age, subtotal resection and lack of adjuvant therapy (chemotherapy and/or radiotherapy), non-O blood group
were identified as independent poor prognostic factor in multivariate analysis (HR: 1.39; p=0.033).
Conclusion: An association was detected among ABO blood groups and prognosis in patients with GBM. It was observed that
blood  groups  significantly  affected  survival  and  that  median  survival  was  significantly  shorter  in  Non-O  blood  groups  when
compared blood group O.
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INTRODUCTION

ABO  blood  group  antigens  are  expressed  not  only  on  the
surface  of  erythrocytes  but  also  on  the  surfaces  of  other
normal  (epithelial  cells,  neurons,  vascular  endothelium,
platelets) and pathological cells.1 The blood group antigens A
and B are formed as a result of a series of enzymatic events
catalysed  via  glycosyltransferases  encoded  by  ABO  blood
group gene.2 The ABO enzyme has an important role in intercel-
lular  adhesion,  cellular  membrane  signalling  and  immune
system response.3 It is thought that glycosyltransferase altera-
tions can cause cancer development.4,5
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In addition, it was shown that alterations in 9q34, where ABO
blood group gene is localised, cause tumor formation in previous
studies.4 The relationship among ABO blood groups and cancer
has  been  investigated  in  many  studies.6,7  In  several  studies,
blood group A was defined as a risk factor for gastric and pancre-
atic  cancers.6,7  Contradictory  results  have  been  reached  in
studies investigating relationship among ABO blood groups and
brain tumors.8,9 In some studies, it was shown that blood group A
enhanced while blood group O decreased risk for malignant glial
tumor.8 On the other hand, no relationship was detected among
ABO blood groups and risk for malignant glial tumor in remaining
studies.9

It  was  shown  that  soluble  intercellular  adhesion  molecule-1
(ICAM-1) prevented attachment of lymphocytes to endothelial
cells.10 It is thought that low ICAM-1 levels facilitate adhesion of
some cancer cells  to endothelial  cells  in  patients with non-O
blood  group,  resulting  in  accelerated  tumor  metastasis.10,11

Based on this hypothesis, prognostic value of ABO blood group
was evaluated in many cancer types. Some studies showed that
survival  was  longer  in  pancreatic  cancer  patients  with  blood
group O when compared to those with non-O blood groups.12,13
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Similar results were shown in studies on urinary system cancers
(renal cell cancer, bladder cancer), demonstrating that blood
group  O  is  an  independent  predictive  factor  for  mortality.1

However, in the literature, there are some studies indicating that
there is no relationship between ABO blood groups and cancer
prognosis.1

Only two studies have been published on prognostic value of ABO
blood groups in glioma so far, showing that ABO blood group has
no prognostic value.14,15  However, number of patients (n=76)
was extremely low in one of these studies while the relationship
among ABO blood groups and prognosis was assessed in a hetero-
geneous patient group in the other. In this study, the authors
aimed to investigate prognostic value of ABO blood groups in a
homogeneous group of patients with glioblastomamultiforme
(GBM).

METHODOLOGY

In  this  retrospective  observational  study,  238  patients  with
GBM were assessed who were admitted to Medical Oncology
Clinic from April 2012 to May 2020 following the approval by the
institutional Ethical Review Board. Inclusion criteria were age
≥18 years, histologically confirmed diagnosis of GBM, under-
went surgery for GBM. The patients aged <18 years, those with
GBM  diagnosed  by  radiological  imaging  alone,  and  those
without available blood group data were excluded.

Data regarding age, gender, date of diagnosis, histopatholog-
ical findings, surgery (total or subtotal), type [chemotherapy
(CT) or radiotherapy (RT)] and duration of adjuvant therapies,
comorbid conditions, ABO blood groups, date of final communi-
cation  and  date  of  death  were  extracted  from  hospital
database. In addition, ABO blood group distribution of patients
included was compared with distribution of voluntarily donated
blood to the Turkish Red Crescent Society.

The overall survival (OS) was calculated according to ABO blood
group of patients. The patients were stratified into two groups:
those with blood group O and those with non-O blood groups.
The groups were compared regarding clinic pathological charac-
teristics and OS.

For descriptive statistics, qualitative variables were expressed
as frequencies and percentages, while quantitative as median
(IQR). The conformity of numerical data to normal distribution
was assessed using the Kolmogorov-Smirnov test.  Pearson
Chi-square or Fisher Exact test was used to compare categor-
ical variables. Overall survival was defined as time from diag-
nosis to death, due to any causes. Median OS was calculated
using Kaplan-Meier survival curve; and Log-rank test was used
to compare median OS between groups. All parameters found
to  influence  OS  in  univariate  analysis  were  entred  to  Cox
regression model. Multivariate analysis was used to identify
independent prognostic factors for OS. All statistical analyses
were performed using IBM SSPS Statistics for Windows version
20.0 software (IBM Corp., Armonk, NY). All analyses were two-
sided  and  a  p-value  <0.05  was  considered  as  statistically
significant.

RESULTS

Median age was 57 years (range: 20-83) in 238 patients. Of the
patients,  57.6% were  male  and  42.4% were  female.  Of  the
patients,  152  (63.9%)  had  comorbidities,  141  (59.2%)  had
limited disease and total resection of the tumour. When adju-
vant treatments were examined, 188 (79.0%) patients received
temozolomide,  and  221  (92.9%)  patients  received  radio-
therapy. 
Table I: A comparison of the blood group O and non-O.

 O blood group
n:83

Non-O
blood group

n:155
p

Age
<57
≥57

 
44 (53.0)
39 (47.0)

 
76 (49.0)
79 (51.0)

 
0.558

Gender
Male
Female

 
49 (59.0)
34 (41.0)

 
88 (56.8)
67 (43.2)

 
0.737

Surgery
Total
Subtotal

 
44 (53.0)
39 (47.0)

 
97 (62.6)
58 (37.4)

 
0.152

Adjuvant temozolamide
Yes
No

 
69 (83.1)
14 (16.9)

 
119 (76.8)
36 (23.2)

 
0.251

Adjuvant RT
Yes
No

 
80 (96.4)
3 (3.6)

 
141 (91.0)

14 (9.0)
 

0.186

Comorbidity
Yes
No

 
51 (61.4)
32 (38.6)

 
101 (65.2)
54 (34.8)

 
0.570

RT = Radiotherapy.

Table II. Univariate analysis of factors affecting median OS.

 Median OS,
months (95% CI) p

Age
<57
≥57

 
25.0 (20.1-29.9)
8.0 (5.5-10.5)

<0.001

Surgery
Total
Subtotal

 
19.0 (15.5-22.5)
11.0 (7.0-15.0)

0.001

Adjuvant temozolamide
Yes
No

 
21.0 (18.1-23.9)
3.0 (1.5-4.5)

<0.001

Adjuvant RT
Yes
No

 
18.0 (14.3-21.7)
3.0 (1.5-4.5)

<0.001

Comorbidity
Yes
No

 
12.0 (8.3-15.7)
23.0 (19.9-26.1)

0.005

Blood group
O
Non-O

22.0 (15.5-28.5)
13.0 (9.5-16.5) 0.008

OS = Overall survival; RT = Radiotherapy.

The number of patients with A, B, AB and O blood groups in the
GBM group were 107 (45.0%), 35 (14.7%), 13 (5.4%) and 83
(34.9%),  respectively;  in  the  control  group,  it  was  48860
(43.8%),  17000  (15.2%),  7991  (7.2%),  and  37690  (33.8%).
There was no significant difference in ABO blood group distribu-
tion when compared with distribution of volunteers donated
blood to Turkish Red Crescent Society (p=0.764).
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The  age  and  gender  distribution  was  comparable  between
patients with blood group O and non-O blood groups; in addi-
tion, there was also no significant difference in type of surgery,
adjuvant therapy and comorbidity between groups (Table I).

Median follow-up was 13.0 months (IQR: 5.0-28.0 months) and
median OS was 16.0 months (95% CI: 12.4-19.6 months). In the
univariate  analysis,  median  OS  was  found  to  be  longer  in
patients aged <57 years, those underwent total resection and
those  received  adjuvant  temozolamide  and/or  radiotherapy
while shorter in patients with comorbid conditions and those
with non-O blood group (Table II). Median OS was 22.0 months
(95% CI: 15.5-28.5 months) in the blood group O; whereas, 14
months (95% CI: 9.9-18.1 months) in the blood group A, 11
months (95% CI: 8.2-13.8 months) in the blood group B and 6
months  (95%  CI:  1.6-10.4  months)  in  the  blood  group  AB
(p=0.027). The median OS was shorter in non-O blood groups
(13.0 months; 95% CI:  9.5-16.5 months) when compared to
blood  group  O  (22.0  months;  95%  CI:  15.5-28.5  months;
p=0.008, Figure 1).

Figure 1: Kaplan-Meier curve of the OS, according to the blood groups.

Cox regression model included age, type of surgery, adjuvant
therapy (temozolomide or radiotherapy), comorbidity and ABO
blood  group,  all  of  which  was  found  to  influence  on  OS  in
univariate  analysis.  The  advanced  age  (HR:  1.64,  (95%
CI:1.20-2.23), p=0.002) , subtotal resection (HR: 1.50, (95%
CI:1.12-2.02), p=0.007), lack of adjuvant chemotherapy (HR:
3.40, (95% CI:2.24-5.18),  p <0.001),  lack of adjuvant radio-
therapy (HR: 2.22, (95% CI:1.21-4.07), p=0.010), and non-O
blood group (HR: 1.39, (95% CI:1.03-1.88), p=0.033) were iden-
tified as independent poor prognostic factor in multivariate anal-
ysis.

DISCUSSION

In this study, prognostic value of ABO blood groups was investi-
gated in patients with GBM. This is the first study showing prog-
nostic value of ABO blood groups in patients with GBM. In this
study, overall survival was found to be shorter in GBM patients
with non-O ABO blood groups than those with blood group O.

In  a  study  on  patients  with  glioma (low-grade astrocytoma,
anaplastic astrocytoma and GBM), Alkan et al. showed that ABO
blood groups had no prognostic value.14 However, only 45.5% of
patients  received  adjuvant  chemotherapy;  whereas,  46.6%
received adjuvant radiotherapy in that study.14 In this study,
79.0%  and  92.9%  of  the  patients  received  adjuvant
chemotherapy and radiotherapy, respectively. The differences
in adjuvant therapy were reflected in overall survival. Median
OS was 12.9 months in the study by Alkan et al. whereas, it was
16.0 months in this study.14 In addition, the median follow-up
was 18.0 months in  the present  study;  however,  it  was not
specified in the study by Alkan et al. The difference detected in
prognostic value of ABO blood groups in our may be due to
shorter OS, lower rates of adjuvant therapies and, presumably,
shorter duration of follow-up in the study by Alkan et al. In a retro-
spective study on 72 patients with GBM, Akca et al. found no
correlation among ABO blood groups and prognosis.15 In the
study, number of patients with blood groups O, A, B and AB were
23, 33, 9 and 7, respectively.15  The reason may be that the
number of patients was insufficient for prognostic analyses in
the study by Akca et al.

In previous studies, it was shown that ABO blood groups has
prognostic value on pancreas and bladder cancers.1,13 In agree-
ment with the present study, it was shown that non-O blood
groups negatively affected prognosis in studies on pancreas
and bladder cancer.1,13 In this study, overall survival was found
to  be  short  in  patients  with  non-O  blood  groups.  Moreover,
comparable clinical characteristics and treatment regimens in
patients with blood group O and those with non-O blood groups
strengthened our finding that non-O blood groups had indepen-
dent impact on survival. In multivariate analysis including ABO
blood groups, age, adjuvant therapy, type of surgery and comor-
bidity, it was found that non-O blood group is an independent
prognostic  factor  in  GBM patients  underwent  surgical  treat-
ment in our study.

The mechanism, which ABO blood groups affect cancer prog-
nosis, is unclear. It has been proposed that variation in ABO
blood  groups  can  lead  differences  in  host's  inflammatory
response against tumor cells.16 In addition, a link was detected
between ABO gene polymorphism and TNF-alpha and adhesion
molecules (ICAM-1, E-selectin and P-selectin)16 It is well-known
that adhesion molecules play an important role in the spread of
cancer cells.16 It was also shown that ICAM-1 levels are lower in
individuals with blood group O when compared to those with
non-O  blood  groups.16Tumoral  cell  adhesion  to  endothelial
tissue is facilitated by reduced ICAM-1 levels, enhancing tumor
cell spread.16

This study has some limitations. In our study, we failed to obtain
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data  regarding O (6)-methylguanine-DNA methyltransferase
(MGMT) promoter, which is known to have prognostic value in
GBM. Thus, we could not be able to show MGMT status, relation-
ship with ABO blood groups and how did such a relationship
influence  on  survival.  In  addition,  Eastern  Cooperative
Oncology  Group  (ECOG)  scores  were  unavailable  in  these
patients; thus we could not be able to include ECOG scores in
survival analysis. The authors did not specify data regarding
recurrence and treatment regimens after recurrence. However,
the  authors  think  that  such  missing  information  had  no
influence on these results since prognostic value of ABO blood
groups was investigated but not predictive value.

CONCLUSION

This study showed prognostic value of ABO blood groups in GBM
patients  who  underwent  surgery.  It  was  shown  that  overall
survival was shorter in GBM patients with non-O blood groups
compared to those with blood group O. Further studies investi-
gating prognostic value of ABO blood groups and underlying
mechanism in patients with GBM are needed.
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