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Summary
Background Multiple myeloma (MM) is a cytogeneti-
cally heterogeneous and incurable plasma cell disease
with unknown etiology. It is thought that the ABO
blood groups may play a role in the etiology of many
diseases. The purpose of this study is to determine
whether there is a relationship between the ABO blood
groups and the development of MM, clinical findings
and overall survival.
Methods In this single-center, retrospective and ob-
servational study, 198 patients with known blood
types who diagnosed with MM between January 2012
and June 2020 were included.
Results It was shown that individuals with blood
group 0 had a significantly lower risk of MM (OR=
0.575, 95% confidence interval 0.416–0.794, P= 0.001).
The incidence of extramedullary lesion was signifi-
cantly higher in those with 0 blood group compared
to other blood groups (P=0.000). Overall survival was
significantly shorter in patients with 0 blood group
than those without 0 blood group (P=0.007).
Conclusion Individuals with 0 blood group had
a lower risk of developing MM. It was determined
that having 0 blood group is a predisposing factor
for the development of extramedullary lesion in MM
patients. However, it was shown that having a blood
group of 0 was a very significant prognostic factor for
MM patients and was associated with short OS.
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Introduction

Multiple myeloma (MM) is a cytogenetically hetero-
geneous and incurable plasma cell disease charac-
terized by clonal proliferation of malignant plasma
cells [1]. It accounts for approximately 10% of all
hematological malignancies [2]. MM is generally seen
in older ages and is more common in men [1]. Al-
though the etiology of MM is not fully known, smok-
ing, alcohol, diet, obesity, radiation and benzene ex-
posure, chronic antigenic stimulation and genetic fac-
tors are thought to play a role [3]. Patients may present
with various symptoms and signs such as anemia, low
back pain, osteolytic lesions, extramedullary lesion,
elevated creatinine, and hypercalcemia [4, 5]. As the
etiology of the disease is unknown, it cannot be pre-
dicted which clinical symptoms will occur in which
patient. Overall survival (OS) continues to increase
with current treatments.

ABO blood groups is the most important and most
antigenic of blood group systems [6]. The ABO blood
group system, defined in 1900, is classified accord-
ing to the presence or absence of antigens A and B in
carbohydrate structures expressed on the surface of
erythrocytes [7]. Apart from the erythrocyte surface,
these antigens can also be expressed on the surface
of many human cells and tissues such as neurons, ep-
ithelial cells, platelets, vascular endothelium and body
fluids [8, 9]. However, the distribution of ABO blood
groups may vary based on various ethnic, geographi-
cal and socioeconomic group [10].

It is thought that ABO blood groups may play
a role in the etiology of many diseases or deter-
mine the clinical behavior. A recent study has shown
that patients with blood group A have a higher risk of
hospitalization following severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection, while
patients with blood group 0 have a lower risk [11].
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In several previous studies, the relationship between
many cancer, especially gastric and pancreatic cancer,
and the ABO blood group system has been demon-
strated [12–14]. In addition to solid organ tumors, it
has been shown that there is a relationship between
Hodgkin lymphoma, a hematological malignancy,
and B blood group, and a relationship between acute
lymphoblastic leukemia and blood group 0 [15]. In
addition to all these, another study has shown that
ABO blood groups is a risk factor for malignancy de-
velopment and also has an effect on the prognosis of
malignancy [16].

The purpose of this study is to determine whether
there is a relationship between the ABO blood group
system and the development of MM. Another purpose
of this study is to determine the correlation between
ABO blood group system and clinical findings of the
disease and whether there is a relationship between
ABO blood group system and overall survival.

Materials and methods

Patients

This single-center, retrospective and observational
study included 198 patients with known blood types
who were newly diagnosed with multiple myeloma
between January 2012 and June 2020. If the patients
were eligible for autologous stem cell transplanta-
tion, patients diagnosed before 2016 were given VAD
(bortezomib, adriamycin and dexamethasone) or Vel-
dex (bortezomib and dexamethasone) treatment pro-
tocols in the first step, while PAD (bortezomib, adri-
amycin and dexamethasone) or VCD (bortezomib,
cyclophosphamide and dexamethasone) treatment
protocols were given at the first step to those diag-
nosed after 2016. A total of 92 patients underwent
autologous stem cell transplantation. Vel-dex (borte-
zomib and dexamethasone), lenalidomide or melpha-
lan were given to patients who were not eligible for
transplant.

The control group included all patients who pre-
sented to the hematology outpatient clinic between
June 2019 and June 2020, who did not have any known
malignancies and whose blood groups were registered
in the hospital system.

In addition to the blood types of the patients,
clinical findings and laboratory data at the time of di-
agnosis were examined. Magnetic resonance imaging
(MRI) and/or positron emission tomography-com-
puted tomography (PET-CT) was required to detect
the presence of lytic lesion and extramedullary lesion.
An extramedullary lesion was defined as the presence
of plasma cell tumor presenting either as a soft tis-
sue mass spreading from the bone or in extraosseous
organs other than the bone marrow. Patients who
also developed an extramedullary lesion during their
follow-up were included in the study. Patients who

had solitary extramedullary lesions or did not meet
MM diagnostic criteria were not included in the study.

The primary endpoint of the study was to deter-
mine whether blood groups contributed to the devel-
opment of MM by comparing the blood groups of the
patients and the control group. The secondary end-
point was to examine whether there was a relationship
between blood groups and clinical findings and over-
all survival.

Approval was obtained from the hospital admin-
istration and the local ethics committee to use the
patients’ data. The study was conducted in accor-
dance with the ethical principles of the Declaration of
Helsinki.

Statistical analysis

Relationships between two categorical characteris-
tics were examined using the Pearson Chi-square
test or Fisher’s exact test. Changes in numerical
characteristics were analyzed using the independent
samples t-test for data with normal distribution and
the Mann–Whitney U test for data without normal
distribution. Binary logistic regression model was
used to analyze statistically significant parameters in
the univariate analysis. The effect of blood groups
on overall survival times was compared using log-
rank test and a Kaplan–Meier plot was drawn. Factors
affecting overall survival (OS) duration were analyzed
using the multiple Cox regression model. SPSS 22.0
software (IBM SPSS Statistics 22, IBM Corporation,
Chicago, USA) was used in calculations and P<0.05
was accepted as the statistical significance level.

Results

A total of 198 patients (92 [46.5%] women and 106
[53.5%] men) with a diagnosis of MM who were fol-
lowed in our clinic and whose blood types were ac-
curately registered in the hospital system were in-
cluded in our study. The median age of all patients
was 63 (32–90) years. Group A comprised 92 (46.5%)
patients: 49 (24.7%) were group 0, 38 (19.2%) were
group B and 19 (9.6%) were group AB.

The control group was comprised of 23,558 in-
dividuals who presented to hematology outpatient
clinics and did not have any known malignancy. In
this population, the frequency of blood group A was
41.1%, the frequency of blood group 0 was 36.4%,
the frequency of blood group B was 15.8% and the
frequency of blood group AB was 6.8%. Compared to
the control group, the results showed that individuals
with 0 blood group had a significantly lower risk of
MM (odds ratio [OR]= 0.575, 95% confidence interval
[Cl] 0.416–0.794, P=0.001). There was no significant
increase or decrease in risk for MM in other blood
groups (Table 1).

The demographic and clinical characteristics of the
patients according to their blood groups are sum-
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Table 1 Association between ABO blood groups and risk of multiple myeloma development
Blood group Patient n (%) Control n (%) Odds ratio 95% confidence interval P

A 92 (46.5) 9680 (41.1) 1.244 0.940–1.647 0.128

O 49 (24.7) 8575 (36.4) 0.575 0.416–0.794 0.001

B 38 (19.2) 3712 (15.8) 1.270 0.890–1.812 0.201

AB 19 (9.6) 1591 (6.8) 0.682 0.424–1.098 0.117

Total 198 (100) 23,558 (100) – – –

marized in Table 2. First of all, patients in the four
different blood groups were compared with each
other. Following this, patients with any blood group
were individually compared with patients who did
not have that blood group. The percentage of women
in only blood group A was higher than the percent-
age of men (53.3%/46.7%). However, there was no
significant difference in gender distribution between
the groups (P= 0.121). There was no significant differ-
ence between the groups in terms of median age at
the time of diagnosis (P=0.548) The heavy chain and
light chain types of the patients were evaluated. It was
found that immunoglobulin A type heavy chain and
kappa type light chain was more common in patients
with blood group A compared to the other groups
(P= 0.021 and P= 0.032, respectively). Serum lactate
dehydrogenase (LDH) level was significantly higher
in the blood group 0 compared to the other blood
groups (P=0.007). There was no significant difference
between the median values of β –2 microglobulin
levels in all blood groups (P=0.654).

Correlations between blood types and clinical signs
of multiple myeloma, such as hypercalcemia, renal
failure, anemia and bone lesions (CRAB), were eval-
uated. Calcium elevation was defined as serum cal-
cium level >11mg/dL, and there was no difference
in hypercalcemia between blood groups (P=0.509).
Serum creatinine level >2mg/dL was defined as renal
failure, and there was no significant difference be-
tween blood groups (P=0.163). Anemia was defined

Fig. 1 Overall survival curves of multiple myeloma patients
according to blood groups A, 0, B and AB

as hemoglobin level below the lower limit of nor-
mal (2g/dL) or hemoglobin level <10g/dL. There
was no difference in anemia between blood groups
(P=0.363). Patients were evaluated for bone lesions
specific to multiple myeloma. There was no signifi-
cant difference in lytic lesions between blood groups
(P=0.637). The incidence of extramedullary lesion
in the entire patient population was 15.1%. There
was a significant difference in the incidence of ex-
tramedullary lesion between blood groups (P= 0.000).
The incidence of extramedullary lesion was the lowest
in blood group B with 7.9% and the highest in blood
group 0 with 34.7%. The incidence of extramedullary
lesion was significantly higher in patients with blood
group 0 based on the comparison of patients with
blood group 0 and those with non-0 blood groups (A,
B and AB; P=0.000).

The relationship between blood groups and overall
survival (OS) was evaluated. OS curves of the pa-
tients were drawn based on their blood groups. There
was a borderline significant difference between blood
groups (P=0.047; Fig. 1). All blood groups were eval-
uated individually to determine the blood group that
caused this difference. When the blood groups were
evaluated individually, overall survival was signif-
icantly shorter in patients with blood group 0 than
those with non-0 blood groups (A, B and AB; P= 0.007).
OS curves of MM patients with blood group 0 and
those with non-0 blood groups (A, B and AB) are
shown in Fig. 2. In multivariate analyzes, age (P=

Fig. 2 Overall survival curves of multiple myeloma patients
according to blood groups 0 and non-0 (A, B and AB)
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Table 2 Demographic and clinical characteristics of patients diagnosed with multiple myeloma according to blood groups
Clinical features A (n= 92) 0 (n= 49) B (n= 38) AB (n= 19) P P A

vs. non-A
P 0
vs. non-0

P B
vs. non-B

P AB vs. non-
AB

Gender F/M n/n,
(%/%)

49/43
(53.3/46.7)

24/25
(49.0/51.0)

13/25
(34.2/65.8)

6/13
(31.6/68.4)

0.121 0.087 0.742 0.105 0.228

Age med. at the time
of diagnosis

62 (36–90) 63 (32–87) 66 (41–79) 62 (41–79) 0.548 0.636 0.809 0.166 0.487

Heavy chain type n
(%)

– – – – 0.039 0.021 0.379 0.277 0.479

G 50 (54.3) 24 (49.0) 26 (68.4) 11 (57.9) – – – – –

A 32 (34.8) 14 (28.6) 4 (10.5) 2 (10.5) – – – – –

M 0 (0) 1 (2.0) 0 (0.0) 0 (0.0) – – – – –

Non-G, A, M 10 (10.9) 10 (20.4) 8 (21.1) 6 (31.6) – – – – –

Light chain type n (%) – – – 0.048 0.032 0.059 0.748 0.092

K 59 (64.1) 20 (40.8) 22 (57.9) 8 (42.1) – – – – –

L 33 (35.9) 28 (57.1) 16 (42.1) 10 (52.6) – – – – –

Non-K, L 0 (0.0) 1 (2.1) 0 (0.0) 1 (5.3) – – – – –

LDH> normal n (%) 23 (25.0) 23 (46.9) 9 (23.7) 6 (31.6) 0.039 0.123 0.007 0.333 1.000

Beta-2 microglobulin
med

4.69 (1.2–59.4) 5.51
(1.51–42.3)

4.49 (1.8–61.3) 5.64
(1.6–27.3)

0.654 0.223 0.129 0.841 0.671

Hypercalcemia n (%) 11 (12.0) 9 (18.4) 3 (7.9) 3 (15.8) 0.509 0.679 0.227 0.424 0.721

Renal Impairment n
(%)

21 (22.8) 17 (34.7) 8 (21.1) 8 (42.1) 0.163 0.204 0.198 0.420 0.173

Anemia n (%) 64 (69.6) 41 (83.7) 24 (63.2) 15 (78.9) 0.363 0.403 0.132 0.271 0.789

Lytic lesion n (%) 80 (87.0) 42 (85.7) 30 (78.9) 17 (89.5) 0.637 0.688 1.000 0.211 1.000

Extramedullary lesion
n (%)

8 (8.6) 17 (34.7) 3 (7.9) 2 (10.5) 0.000 0.082 0.000 0.305 1.000

F Female,M Male, Med median, K Kappa, L Lambda, LDH Lactate dehydrogenase

0.040), LDH level (P=0.000) and beta-2 microglobulin
level (P=0.042) were found to have a significant effect
on OS.

Discussion

We think that defining the potential relationship be-
tween ABO blood groups and cancer development is
of great importance in terms of public health. If a re-
lationship is determined, this can change the course
of cancer screening programs. Based on this, several
studies have been conducted on this subject, and
a relationship between many cancer types and blood
groups has been shown [13–16]. However, it should
be noted that the distribution of ABO blood groups
may differ throughout the world population [17]. This
study investigated whether ABO blood groups have
a role in MM etiology. In addition, we evaluated the
prognostic significance of ABO blood groups that may
affect disease-specific clinical findings and survival.

In previous studies, in addition to solid organ tu-
mors, the association of hematological malignancies
such as lymphoma and leukemia with ABO blood
groups was also investigated [15, 18]. In a study, it
was found that the incidence of blood group 0 was
higher in patients with acute lymphoblastic leukemia
and that the incidence of blood group A was lower in

patients with Hodgkin lymphoma and non-Hodgkin
lymphoma [15]. However, in the same study, there
was no relationship between blood groups and the
disease in acute myeloid leukemia patients [15]. In an-
other study, there was no difference between the ABO
blood group distribution in lymphoma patients and
the normal population [18]. In our study, we found
that the frequency of blood group 0 in MM patients
was significantly lower than in the normal population.
Based on this result, we have found that having blood
group 0 is a protective factor for MM development
compared to having other blood groups. The direct
mechanism of the effect of ABO blood group system
on cancer development has not been clearly eluci-
dated in the studies conducted so far. However, there
are many theories about this relationship. In many
types of cancer, ABO gene is encoded in the region
of chromosome 9q34.2 where genetic changes are
common [19]. The three variant alleles (A, B and
O) of a single gene on this chromosome determine
a person’s blood type by encoding three different gly-
cosyltransferase with different substrate specificities.
It is known that dysregulation in ABO glycosyltrans-
ferase activity plays a key role in carcinogenesis due
to its effect on cell proliferation, tumor invasion, host
immune response and metastatic spread [20]. It is
thought that dysregulation of the enzymatic activities
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of glycosyltransferase A and B may result in increased
plasma levels of von Willebrand factor and the risk of
venous thromboembolism, leading to angiogenesis,
apoptosis and tumor formation [21]. These hypothe-
ses aim to explain why the incidence of cancer is lower
in blood group 0, as in our study. However, in many
studies, there was no relationship between ABO blood
group system and cancer development, or there was
no significant risk reduction in cancer development
in all cancer types in blood group 0. This suggests
that there are various mechanisms between the ABO
blood group system and cancer development.

This study found no relationship between the ABO
blood group system and common laboratory and
clinical findings in MM patients such as anemia, re-
nal failure, hypercalcemia and lytic lesions. In our
study, the incidence of extramedullary lesion was
15.1% in the whole patient population. Varettoni et al.
found that the prevalence of extramedullary lesion
was 13%, similar to our study [5]. It is not known
why some people only have solitary extramedullary
lesions, while some people also develop multiple
myeloma. However, while some MM patients develop
extramedullary lesions, the mechanism of its absence
has not been explained. It is thought to be associated
with the differences in cellular adhesion molecules
or chemokine receptor expression profiles of ma-
lignant plasma cells [22]. Our study examined the
relationship between blood groups and the incidence
of extramedullary lesions in MM patients and found
that having blood group 0 was a predisposing factor
for extramedullary lesion development.

Serum LDH level was significantly higher in MM
patients with blood group 0 compared to MM patients
with other blood groups. Serum LDH levels above nor-
mal indicate that the disease will be aggressive and
that the proliferation rate is high [23]. However, it has
also been demonstrated that high serum LDH levels
may be associated with an extramedullary lesion in
MM patients [24]. In our study, we found that blood
group 0 was associated with both high serum LDH
levels and high prevalence of extramedullary lesions.
We think that higher prevalence of extramedullary le-
sions in this blood group may have contributed to the
significantly higher serum LDH level in blood group 0.

Our study evaluated the prognostic significance of
blood groups in MM patients. Overall survival was
significantly shorter in patients with blood group 0.
These results show that ABO blood group has a strong
prognostic value in MM patients. Osada et al. showed
in their study that ABO blood group system had
a prognostic significance in lymphoma patients [18].
However, OS was significantly shorter in patients with
group B in this study. In another study of patients with
pancreatic cancer, the median OS was significantly
longer in patients with blood type 0 than in patients
with non-0 blood groups (A, B, and AB) [25]. All
these studies show that different blood groups have
prognostic importance in different types of cancer.

However, the mechanism that causes this difference
is unknown.

The retrospective nature of our study was the most
important limiting factor. However, there was a suffi-
cient number of patients to obtain consistent results
in all blood groups.

In conclusion, individuals with blood group 0 had
a lower risk of developing MM in this study. It was de-
termined that having blood group 0 in MM patients
was a predisposing factor for the development of ex-
tramedullary lesions, and that these patients had high
serum LDH levels. In addition, it was shown that hav-
ing blood group 0 was a very important prognostic
factor for MM patients and was associated with short
OS. Although there was a relationship between ABO
blood group system and the development of MM and
OS, additional studies are needed to explain themech-
anism of this relationship.
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