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Background: The aim of this study was to investigate the association between A, B, O, Rhesus (Rh)-positive and Rh-negative
blood groups and breast cancer in a nationwide cohort of 3,944 patients in Turkey.

Material/Methods: A retrospective study included 3,944 patients diagnosed with breast cancer between 2004 and 2015 and with
known blood type. Clinical and demographic patient data included age, sex, body mass index (BMI), meno-
pausal status. The breast tumor type, size, grade, TNM stage, and the presence of lymph node and distant me-
tastases were noted. Histopathology of the breast tumors had included routine detection of human epidermal
growth factor receptor 2 (HER2) and estrogen receptor (ER) levels.

Results: The 3,944 patients with breast cancer were blood group, type A, B, O, and Rh-positive or Rh-negative; the me-
dian age was 47.9 years (range, 18.2-89.6 years); 99.5% (3923/3,844) were women, and 0.5% (21/3944) were
men. Patients with blood type 0 had a significantly smaller tumor size compared with patients with blood types
A or B. There were no significant differences between blood groups and patient age, BMI, menopausal status,
tumor histology, ER status, HER2 status, lymph node and distant metastasis. However, there was a significant
difference in the prevalence of lobular breast cancer, levels of ER-positive tumor cells, and prevalence of cases
with tumor metastases in Rh-positive patients compared with Rh-negative patients.

Conclusions: The findings of this retrospective study showed that the type, grade, stage, and hormonal status of breast can-
cer showed no significant associations with ABO blood grouping.
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Background

The ABO blood group antigens are expressed on the red blood
cell membrane and the surface of other normal and patholog-
ical cells. Recently, there has been increasing research interest
in the association between ABO blood group antigens and the
association between certain types of human cancer, particular-
ly with the with the risk of developing gastric and pancreatic
and gastric cancer [1-4]. Recent studies also have shown an
association between ABO blood group and hemostasis, throm-
bosis, cardiovascular disease, as well as other cancer types [2].

Worldwide, breast cancer is the most common malignancy in
women, and there are known risk factors that are associated
with breast cancer, including female sex, older age, family his-
tory, and molecular and gene associations. Although it is now
known that the risk of a diffusely infiltrating type of stomach
cancer is 20% higher in people with blood type A compared
with people with blood type O, the association between blood
groups and breast cancer risk and prognosis remains contro-
versial [3]. Recent meta-analysis data has indicated that blood
group A conferred an increased risk for developing breast can-
cer [4,5]. However, because there are conflicting results about
the association between ABO blood groups and breast can-
cer, the associations remain unclear [4,5]. There are also sev-
eral studies that suggest blood group has prognostic signifi-
cance in breast cancer [6-10]. One study from Greece showed
that individuals with blood group type A and who were also
Rhesus (Rh)-negative were more likely to develop metastases
following a diagnosis of breast cancer [11]. However, anoth-
er study reported that patients with breast cancer with blood
group type B or AB had poor survival and an increased risk of
breast cancer recurrence [10].

The aim of this study was to investigate the association be-
tween A, B, O, Rh-positive, and Rh-negative blood groups in
a nationwide cohort of 3,944 patients diagnosed with breast
cancer between 2004 and 2015 in Turkey.

Material and Methods

A nationwide retrospective review showed that between 2004
and 2015 in Turkey, a total of 4,691 patients were diagnosed
with breast cancer, of which 3,944 patients with breast can-
cer had information on their blood group, type A, B, O, and
Rhesus (Rh)-positive or Rh-negative.

Of these patients, hospital records or self-reports provided
clinical data that were retrospectively collected for analysis.
Clinical data included patient age, menopausal status, blood
type A, B, O, and Rh-positive or Rh-negative status. The his-
topathological data on the breast cancer included the cancer
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type (ductal, lobular, or other), the grade, the tumor stage,
the presence of lymph node metastases or distant metasta-
ses. ABO blood group data were also obtained, from healthy
individuals with no known malignancy, from the Turkish Red
Crescent to compare with the patient population.

Statistical analysis

All data were analyzed using the SPSS version 16.0 software
package (IBM, Chicago, IL, USA). Frequency distributions of data
and possible associations with specific ABO blood groups and
Rh status used descriptive means and ranges. Patient charac-
teristics were compared by independent t-tests for continuous
variables and the chi-squared (y?) test or Fisher’s exact test for
categorical variables. For the comparison of variables between
groups, the Kruskal-Wallis test was used for asymmetrical dis-
tributions. P-values <0.05 were considered to be significant.

Results

Between 2004 and 2015 in Turkey, a total of 4,691 patients
were diagnosed with breast cancer, of which 3,944 patients
with histologically confirmed breast cancer had information
on their blood group: type A, B, O, and Rhesus (Rh)-positive
or Rh-negative.

The 3,944 patients with breast cancer were blood group, type
A, B, O, and Rh-positive or Rh-negative, with a median age of
47.9 years (range, 18.2-89.6 years). Of the patients studied,
99.5% (3923/3,844) were women, and 0.5% (21/3944) were
men. The distribution of ABO and Rh blood group of patients
was similar to the general healthy Turkish population. Table 1
summarizes the characteristics of the patients according to
ABO blood group.

Analysis of study patient data using the chi-squared (x?) test
showed that patients with blood type 0 had a significant-
ly smaller primary breast tumor size, or lower T stage (of the
TNM staging classification) when compared with the other
blood groups, which was confirmed using in multivariate anal-
ysis (P=0.007) (RR=0.69; 95% Cl, 0.527-0.904).

The frequency of lobular breast cancer, overexpression of tu-
mor cell estrogen receptor (ER), and the presence of metas-
tasis were significantly increased in Rh-positive patients with
breast cancer when compared with Rh-negative patients with
breast cancer (Table 2). Multivariate analysis confirmed that
distant metastases (P=0.007) (RR=1.63; 95% Cl, 1.145-2.328)
and the lobular histological type of breast cancer (P=0.047)
(RR=2.21; 95% Cl, 1.012-4.845) were significantly more fre-
quent in Rh-positive patients with breast cancer when com-
pared with Rh-negative patients with breast cancer.
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Table 1. The characteristics of patients according to ABO blood group.

Blood groups . B (o} AB p Value
Number of pts [n, (%)] 1721 (43.6) 586 (14.9) 1323 (33.5) 314 (8)
CHistology[n, 9] IbC 1085 (@37) 398 (147) 916 (338 215 (79) 0936
e s @9 31162 63 (30 15 (79)
Cmix 29 @55 75 (156) 149 Bl0) 38 (79)
pas 56 (37.1) 21 (139) 60 397) 14 (93)
Otherst 179 @40) 61 (150) 135 (332) 32 (79)
CERRstatus[n, 9]  Posve 1280 (443) 43 (15.0) 951 (G29) 223 (7) 0262
Negative 75 (@4L1) 136 (149) 326 (357) 76 (83)
Missing 66 (468) 14 (99) 46 (326) 15 (106)
CPRstatus[n, (9] Positive 1172 (@43) 394 (149) 866 (327) 214 (B1) 0349
Negative - 458 (413) 171 (154) 395 (356) 85 (17)
CMissing 91 (@481) 21 111) 62 28 15 (79)
HER2status[n, (9)]  Positive 384 (459) 136 (163 262 313) 54 (65 0176
Negaive 1312 (43.1) 439 (144) 1038 (G41) 257 (84)
Missing 25 (@03 1179 23 G7) 3 (48)
CTumorsize em)[n, 9] <2 564 (422) 192 (144) 488 (366) 91 (68) 0020
s 1001 (442) 372 (15.0) 792 G21) 214 87)
WA 66 (@7) 22 (157) 43 B07) 9 (64)
 Nodal involvement [n, (%)]  Negative 763 (437) 247 (141) 593 (339) 144 (82 0710
Cposive 872 (438 308 (155) 654 (328) 158 (7.9)
NA 8 @) 31.(51) 76 G7.) 12 (59)
Metastasis MO 1553 (436) 528 (148) 1193 (335) 287 (1) 0967
wm 150 (@39) 53 (155) 114 (333) 25 (73)
Notavalable 18 (439) 5 (122 16 (9 2 (49)

* Others includes tubular, mucinous, metaplastic and papillary carcinoma of breast.

Discussion

Because there was conflicting data in literature on the frequen-
cy of breast cancer individuals with different blood groups, the
aim of this study was to investigate the association between
A, B, O, Rhesus (Rh)-positive, and Rh-negative blood groups in
a nationwide cohort of 3,944 patients diagnosed with breast
cancer between 2004 and 2015 in Turkey. The findings of
this study cohort showed that the distribution of ABO blood
groups in patients with breast cancer was similar to that of
the healthy Turkish population.

In a previously published small study, there were no signifi-
cant difference in blood groups of human epidermal growth
factor receptor 2 (HER2)-positive breast cancer patients and
controls [6]. Also, Gates et al. prospectively studied 3,107 pa-
tients with breast cancer and found that there was no asso-
ciation between ABO blood group and breast cancer risk [7].
Also, a Korean study did not show any difference in the dis-
tribution of blood groups of young patients with breast can-
cer when compared with an age-matched healthy popula-
tion [8]. However, a study from Morocco showed that the
incidence of breast cancer was increased in patients with
blood group type B [9]. Published data from a meta-analysis
showed that Caucasians with blood group type A were at an
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Table 2. The characteristics of patients according to Rh group.

Blood groups Rh positive Rh negative p Value

Number of pts [n, (%)] 3479 (88.2) 465 (11.8)

CHistology[n, 9] IbC 2802 (885 32 a1 0008
e 180 042 TR
Mkt 22 ®17) s9 (123
oas 133 @1 18 (119
Otherst W @) 65 (6

ERstatus[n, (9]  Postve 2571 (89) 39 ay o042
Negatve 789 (864) 124 (136)
CMissing 19 @44 2 (56

CPRstatus[n, (9] Positve 2346 (887) 0 (113  oa0
Negative %67 672 142 (28
CMissing 66 @8 3 )

HER2status[n, (9)]  Positive 76 @8 10 (12 o063
Negative 2686 (882 %0 (118
CMissing s @03 1noarn

CTumorsize em)[n, 9] < 118 (39 155 (333 0843
2 a2 292 (28
NA 22 65 18G9

Nodalinvolvement [n, (%)]  Negative 1749 (503) 23 (22 or3
Cpositive 1549 (445 198 8426)
NA 81 62 % 62

Metastasis Mo 3125 (898 236 ©38 003
e s ) 7 68
Notavailable ¥ an 2 04

* Others includes tubular, mucinous, metaplastic and papillary carcinoma of breast.

increased risk of developing breast cancer when compared with
non-Caucasians [5]. These conflicting findings require clarifica-
tion with large-scale, long-term, multi-center, controlled, and
well-designed studies.

The present study was a large-scale, nationwide study. Analysis
of patient data using the chi-squared (x?) test showed that
patients with blood type 0 had a significantly smaller primary
breast tumor size (or lower T stage) when compared with the
other blood groups, which was confirmed using in multivariate
analysis (P=0.007) (RR=0.69; 95% Cl, 0.527-0.904). However,
this finding is not supported by a previously published study
by Klimant et al. who showed that breast cancer patients with

AB and 0 blood groups had larger tumor size when compared
with patients with blood type A and B [10].

Although there have been previously published studies that
showed no difference between tumor size and blood group, if
the findings of the present study are correct, it would be ex-
pected that patients with blood type O would be more like-
ly to have a more favorable prognosis, and studies on patient
survival in breast cancer and blood type are needed. Of inter-
est is a study that is supportive of the findings of the present
study, which was recently published by Park et al. who showed
from the prognostic results of a Korean nationwide study of
young patients with breast cancer that women with breast
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cancer who were <40 years-of-age, with blood group O had a
more favorable prognosis [8]. However, tumor size is not the
only prognostic factor for patients with breast cancer, and in
the present study, no other significant associations were iden-
tified between ABO blood groups and factors that included pa-
tient age, breast tumor grade, stage, ER or HER2 status, nod-
alinvolvement, and distant metastasis. However, the findings
of the present nationwide cohort study involving 3,944 wom-
en with breast cancer are consistent with those of the larg-
est previously published study to date, published in 2012 by
Gates et al. in a study that included 67,697 women, and that
showed no association between ABO blood group and breast
cancer risk or patient survival and no significant association be-
tween blood type and patient mortality due to breast cancer [7].

Worldwide, the Rh-negative trait is less common than the
Rh-positive trait. Stamatakos et al. showed that relative risk of
metastasis in patients with breast cancer who were Rh-negative
was 4.2 times greater than for Rh-positive patients, but this
was from a study that included a small number of patients [11].
However, the findings of the present large-scale nationwide co-
hort study showed that distant metastasis was 1.6 times more
common in Rh-positive patients compared with Rh-negative
patients with breast cancer. Also, Stamatakos et al. reported
that histologically confirmed ductal breast cancer was more
common in Rh-positive patient groups when compared with
Rh-negative patient groups but their study also included a
small number of patients with breast cancer [11]. However, the
findings of the present study showed that lobular carcinoma
(rather than ductal carcinoma) histology was more commonly
seen in Rh-positive patients when compared with Rh-negative
patients. Also, the findings of the present study showed that
Rh-positive patients had more breast cancers with a luminal
type of histology compared with Rh-negative patients. A type
A luminal breast cancer is one that overexpresses ER and/or
progesterone receptor (PR), and a type B luminal breast can-
cer overexpresses ER, PR, and HER2 and has a high cell pro-
liferation rate.

This study had several limitations. A retrospective study was
undertaken of a Turkish population, which relied on archived
data from patient records and there was a lack of long-term
patient patients follow-up. Detailed outcome data was unavail-
able, including local recurrence or metastasis, which would have
been data required to evaluate associations between blood
groups and patient prognosis from breast cancer. However, to
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our knowledge, this was the largest cohort to have been stud-
ied in a Turkish population for the association between ABO
and Rhesus blood groups and breast cancer.

Future studies are required to clarify the varied findings from
the literature. Possible mechanisms for future study that might
explain the association between cancer and blood group in-
cludes studies on Forssmann antigen which is structurally sim-
ilar to the A antigen, and which has been studied in gastric
and colonic mucosal changes, but has not been demonstrat-
ed in breast tissue [12]. Increased levels of some inflamma-
tory mediators, including soluble intracellular adhesion mol-
ecule (ICAM)-1, E-selectin, and P-selectin might have a role
in carcinogenesis or cancer progression in people with blood
group A [13,14]. A further area for future study is the associa-
tion between the expression of the ABH antigen in breast ductal
or lobular carcinoma cells that might be involved with cancer-
endothelial cell interactions and with metastasis and gener-
ation of an anti-tumor immune response [15]. Glycosylation
is associated with ABO blood group antigens and the link be-
tween glycosylation and carcinogenesis is a potential future
area of study [16].

Conclusions

The aim of this retrospective study was to investigate the asso-
ciation between A, B, O, Rhesus (Rh)-positive, and Rh-negative
blood groups in a nationwide cohort of 3,944 patients diag-
nosed with breast cancer between 2004 and 2015 in Turkey.
The main findings of this study showed that the type, grade,
stage, and hormonal status of breast cancer showed no signif-
icant associations with ABO blood grouping. However, breast
cancer patients with blood type O had a smaller tumor size,
and patients with breast cancer who were Rh-positive had
more luminal-type breast cancers that were estrogen recep-
tor (ER)-positive tumors and with more metastases. Further
studies are needed to understand the role of blood group an-
tigens in carcinogenesis, cancer progression, and patient prog-
nosis in breast cancer.
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