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Objectives: ABO blood group is an inherited characteristic that has been associated
with the incidence as well as the prognosis of several malignancies. The aim of the
current study was to clarify the role of the blood group in cancer epidemiology and
clinical outcome of patients with prostate cancer (PCa).

Methods: Data from 3,574 patients undergoing radical prostatectomy between 2009
and 2010 at a single European institution were retrospectively analyzed. The correlation of
ABO and Rhesus blood group with PCa-related characteristics and oncological outcome
were evaluated using univariable and multivariable Cox proportional hazard models.

Results: Median follow-up was 36.9 months. The overall distributions of ABO, as well
as Rhesus blood groups among patients with PCa, did not differ from the distribution
observed in the normal population. There was no significant association between ABO/
Rhesus blood groups and Gleason score, prostate volume, surgical margin, pT-stage,
pN-status, or preoperative prostate-specific antigen level. In multivariable Cox regres-
sion analysis, no statistically significant correlation between ABO/Rhesus group and
biochemical recurrence was observed (all p > 0.05).

Conclusion: Our data suggest no relevant association of ABO/Rhesus blood group with
adverse clinicopathological tumor characteristics or oncological outcome after surgery
in contrast to several other malignancies.

Keywords: blood groups, cancer risk, outcome, prostate cancer, radical prostatectomy

INTRODUCTION

Prostate cancer (PCa) is the most common malignancy in Western countries and the second leading
cause of cancer-related deaths in males (1). The most recognized risk factors for developing PCa
are increasing age, ethnic origin, and family history (2). The familial predisposition suggests an
inherited genetic component to the disease (3), but accounts for only a minority (5-10%) of PCa
cases. As a consequence, predisposing environmental and genetic factors for most patients are still
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unknown (4, 5). ABO blood type is an inherited characteristic that
has been associated with the incidence as well as the prognosis
of several malignancies (6-8). Several plausible mechanisms,
including inflammation, immune-surveillance for malignant
cells, intercellular adhesion, and membrane signaling have been
proposed to explain the observed association between ABO blood
groups and cancer risk.

ABO blood group antigens (ABH) are glycoproteins expressed
on the surface of red blood cells. The phenotypic A and B anti-
gens are terminal carbohydrates synthesized by the addition of
single sugars catalyzed by a series of specific glycosyltransferases.
Phenotype 0 is characterized by the absence of A and B glycosyl-
transferases, so that only a protein backbone, the H antigen, is
present. Red blood cell antigens have various functions, includ-
ing membrane structural integrity, transportation of molecules
through membranes, and adhesion (9). Along with their expres-
sion on red blood cells, ABH antigens are also expressed in a
variety of epithelial cells including urothelium, gastrointestinal
mucosa, and lungs. Several studies demonstrated changes of ABH
expression pattern in the cancer cells by tumor grade and disease
progression suggesting a possible association between ABO blood
group and the risk of some epithelial malignancies (8, 10). Recent
studies demonstrated that individuals with blood group A, AB, or
B had an increased incidence of pancreatic cancer compared to
those with blood group 0 while the highest risk among was found
to be related to blood group B (8). Similarly, blood serotype A
was reported to be associated with higher risk of gastric, breast
and ovary cancer (11). On the other hand, blood group 0 was
correlated with the highest recurrence and progression rates after
transurethral bladder resection and thus associated with a worse
prognosis in patients with non-muscle invasive bladder urothelial
carcinoma (6).

Based on the current evidence of the predictive role of the
blood group in several malignancies, we hypothesized that the
type of blood group may be used as an additional parameter,
which facilitates the assessment of risks and helps to estimate
prognosis after surgery in patients with PCa. In current literature,
there is only limited clinical evidence available regarding blood
group and PCa in general, which demonstrated controversial
results (12-14) Moreover, currently, only one study with a special
focus on the impact of blood groups on the outcome in patients
after radical prostatectomy (RP) exists (13). Using 555 patients
with PCa undergoing RP, the authors showed AB0 blood group to
be an independent predictor of biochemical recurrence (BCR) in
the multivariable analysis but not in univariable analysis.

Therefore, the aim of the present study was to add further
information to the ongoing debate by analyzing the correlation
of ABO/Rh blood group and its distribution within patients with
PCa, tumor pathology, recurrence, and mortality in patients
with localized PCa undergoing RP by using a large single center
dataset of 3,574 patients.

MATERIALS AND METHODS
Study Population

The study was approved by the institutional review board. A total
of 3,582 patients with clinically localized PCa who underwent

RP at our institution between 2009 and 2010 were screened for
study inclusion. Those with incomplete data sets and missing
follow-up were excluded (n = 8), leaving 3,574 patients available
for analysis.

Radical prostatectomy was performed using an open retropubic
approach (n = 3,220) or robotic-assisted laparoscopic approach
(n = 354), as described previously (15). Lymph node dissection
was performed in D’Amico intermediate-risk and high-risk
patients according to the guidelines of the European Association
of Urology (EAU) for PCa (16). Surgical specimens were pro-
cessed according to standard histopathological procedures and
evaluated by experienced uropathologists in a high-volume
center (>2,000 prostatectomy specimens per year). Tumors were
staged according to the 2007 American Joint Committee on
Cancer TNM staging system and histopathological grading was
assigned according to the Gleason system (17).

All participants underwent serologic testing prior to RP.
Laboratory confirmation of ABO and Rh blood group were
obtained from the Department of Transfusion Medicine,
University Hospital Hamburg—Eppendorf. The ABO reference
distribution of the German population was used as control (18).

Study Variables

Study variables included ABO/Rh blood group, age, preoperative
prostate-specific antigen (PSA), prostate volume (transrectal
ultrasound), Gleason score (specimen), pT-stage, pN-status,
surgical margin, BCR, and mortality after RP. Patient follow-up
consisted of PSA testing every 3-6 months during the first 2 years
after RP, BCR was defined as PSA level >0.2 ng/ml.

The relationship between ABO blood group and clinico-
pathological variables were assessed using chi-squared tests and
t-tests. In Cox regression multivariable analysis (log-rank tests),
the impact of blood group, preoperative PSA, Gleason score, pT-
stage, pN-status, and surgical margin on BCR-free survival were
assessed in order to evaluate the prognostic values for survival.
The probability of BCR-free survival was compared in 0, A, B, and
AB groups using Kaplan-Meier analysis and the log-rank test.

All tests were two-tailed and p-values <0.05 were considered
statistically significant. Statistical analyses were performed with
JMP software v9.0.2 (SAS Institute, Inc., Cary, NC, USA) and R
v2.13.1 (R Project for Statistical Computing, www.R-project.org).

RESULTS

A total of 3,574 patients with clinically localized PCa were eligible
for final analyses, the median age at surgery was 65 years (range:
38-80) and the median follow-up was 36.9 months (Table 1).

Distribution of ABO/Rh Blood Group

in Patients with PCa

The distribution of ABO blood group among patients with PCa
prior to RP was as follows: 0 in 1,350 (38%), A in 1,605 (45%), B in
445 (12%), and AB in 174 (5%) patients, 83% of the patients were
Rh positive (Table 1). Reference distribution for the German
population is given as (18): 0 in 41%; A in 43%; B in 11%; AB in
5%; Rhesus positive: 85%. Overall distributions of ABO as well
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TABLE 1 | Association of the ABO blood group and Rhesus factor with clinicopathologic characteristics of 3,574 patients treated with radical prostatectomy.

Overall (n = 3,574) ABO blood group Rhesus factor
0 A B AB p-Value RH negative RH positive p-Value

N (%) 1,350 (37.8) 1,605 (44.9) 445 (12.5) 174 (4.9) 603 (16.9) 2,971 (83.1)
Age at surgery
Median 65 65 59 59 61 0.15 65 65 0.69
IQR 59; 69 60; 65 59; 69 59; 69 61; 69 60; 69 59; 69
Prostate volume (TRUS)
Median 40 39 40 39 41 0.45 40 40 0.79
IQR 30; 52 30; 51 30; 53 30; 52 31; 55 30; 53 30; 52
Rh factor
Negative 603 (16.9) 194 (14.4) 292 (18.2) 79 (17.8) 38(21.8) 0.01
Positive 2,971 (83.1) 1,156 (85.6) 1,313 (81.8) 366 (82.2) 136 (78.2)
Preoperative prostate-specific antigen (ng/ml)
<4 386 (10.8) 154(11.4) 169 (10.6) 42 (9 21 (12.1) 0.55 67 (11.1) 319 (10.8) 0.94
4-10 2,262 (63.3) 841 (62.4) 1,030 (64.4) 292 (6 99 (57.2) 376 (62.4) 1,886 (63.7)
10-20 672 (18.8) 250 (18.6) 303 (18.9) 79 (17. 40 (28.1) 118 (19.6) 554 (18.7)
>20 245 (6.9) 102 (7.6) 98 (6.1) 32 (7. 13(7.5) 42 (7) 203 (6.9)
Gleason score (specimen)
3+3 473 (13.2) 190 (14.1) 201 (12.6) 58 (13) 24 (13.8) 0.77 88 (14.6) 385 (13) 0.60
3+4 2,391 (66.9) 881 (65.4) 1,094 (68.4) 304 (68.3) 112 (64.4) 395 (65.7) 1,996 (67.3
4+3 532 (14.9) 203 (15.1) 234 (14.6) 66 (14.8) 29 (16.7) 93 (15.5) 439 (14.8)
>4+ 4 169 (4.7) 73 (5.4) 70 (4.4) 17 (3. 9.2 5(4.2) 144 (4.9)
pT-stage
pT2 2,454 (68.7) 901 (66.7) 1,135 (70.9) 305 (68.5) 113 (64.9) 0.03 402 (66.8) 2,052 (69.1) 0.34
pT3a 699 (19.6) 279 (20.7) 308 (19.2) 79 (17.8) 33(19) 131 (21.8) 568 (19.1)
>pT3b 417 (11.7) 170 (12.6) 158 (9.9) 61 (13.7) 28 (16.1) 69 (11.5) 348 (11.7)
pN-status
pPNXx 1,038 (29) 392 (29.1) 464 (29) 133 (29.9) 49 (28.2) 0.79 166 (27.7) 872 (29.4) 0.48
pNO 2,303 (64.4) 865 (64.2) 1,044 (65.3) 279 (62.7 115 (66.1) 400 (66.7) 1,903 (64.2)
PN+ 224 (6.3) 91 (6.8) 90 (5.6) 33(7.4) 10 (5.7) 34 (5.7) 190 (6.4)
Surgical margin
RO 2,904 (81.3) 1,082 (80.1) 1,320 (82.5) 361 (81.1) 141 (81) 0.44 487 (80.9) 2,417 (81.5) 0.75
R1 665 (18.6) 268 (19.9) 280 (17.5) 84 (18.9 33 (19) 115 (19.1) 550 (18.5)
Follow-up (months)
Median 36.9 36.9 36.9 36.9 37.6 0.90 36.9 36.9 0.23
IQR 25.0; 48.6 25.4;48.6 24.9; 48.6 26.5; 48.6 30.8; 48.6 24.8;48.5 20.1; 48.7

N, number of patients; IQR, interquartile range.
Bold font indicates significance on a p < 0.05 significance level.

as Rh blood groups in the study cohort were equivalent to the
distribution observed in the German male population.

No Significant Differences in
Clinicopathologic Characteristics
among PCa Patients According to
ABO/Rh Blood Groups

The majority of patients had clinically localized PCa with inter-
mediate risk profile. The most reported Gleason score was 3 + 4
(66.9%) and 63.3% of patients had preoperative PSA levels within
the range of 4-10 ng/ml. pT2 tumors were detected in 68.7%
and negative margins were achieved in 81.3% of patients. The
median prostate volume was 40 ml and lymph node involvement
was diagnosed in 224 (6.3%) patients (Table 1). There were no
significant differences in clinicopathologic characteristics among
patients with different ABO blood groups. Slightly increased

percentages of advanced tumor stage (>pT3b) were found in
patients with blood group AB compared to blood groups 0, A
and B (16.1, 12.6, 9.9, and 13.7%, respectively, p = 0.033). Patient
population with AB also showed a moderately increased ratio
of negative Rh factor (21.8%) in comparison to the other blood
groups (16.9%, p = 0.01) (Table 1).

No Significant Prognostic Value of Blood
Group for BCR-Free Survival after RP

According to multivariable cox regression analysis, preoperative
PSA, Gleason score, pT-stage, pN status, and surgical margin
significantly and independently correlated with BCR-free sur-
vival (all p < 0.05) (Table 2). However, we could not observe
any impact of the ABO blood group on BCR rates (Figure 1). We
further assessed the prognostic value of blood group 0 compared
to non-0 blood groups as well as within the alternative blood
groups A/B/AB with insignificant results (Table 2). Even if
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TABLE 2 | Multivariable cox regression models of ABO and standard prognostic
factors for biochemical recurrence-free survival.

Parameter HR Cl 95% p-Value
ABO
Avs. 0 1.1 0.96-1.36 0.13
Bvs. 0 1.0 0.76-1.28 0.96
ABvs. 0 1.2 0.81-1.65 0.38
Avs. B 1.2 0.90-1.49 0.26
Avs. AB 1.0 0.70-1.40 0.88
Bvs. AB 0.8 0.57-1.27 0.41
Preoperative prostate-specific antigen
4-10vs. <4 1.4 1.01-2.08 0.04
10-20 vs. <4 2.3 1.59-3.36 <0.0001
>20 vs. <4 2.0 1.37-3.08 0.0003
Gleason score (specimen)
3+4vs.3+3 1.9 1.23-3.15 0.0034
4+3vs.3+3 4.3 2.68-7.26 <0.0001
>4 +4vs.3+3 3.9 2.31-6.95 <0.0001
pT-stage
pT3avs. pT2 2.1 1.67-2.54 <0.0001
>pT3bvs. pT2 3.0 2.29-3.85 <0.0001
pN-status
pPNx vs. pNO 0.6 0.46-0.80 0.0002
pN+ vs. pNO 1.7 1.34-2.18 <0.0001
Surgical margin
R1vs. RO 1.3 1.07-1.56 0.0079
Bold font indicates significance on a p < 0.05 significance level.
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FIGURE 1 | Biochemical recurrence (BCR)-free survival after radical
prostatectomy stratified by ABO blood groups (p = 0.572).

subanalysis with patients with positive or negative margin status
only were performed, the influence of ABO/Rh on BCR remained
insignificant (Figures 2A,B). Moreover, patients’ Rhesus factor
status also had no impact on BCR-free survival (p = 0.74).

DISCUSSION

Possible associations between ABO blood group and the risk of some
epithelial malignancies, including pancreatic-, colorectal-, and
gastric cancer have been reported frequently (19, 20). Moreover,
the ABO/Rh blood groups are available for most patients prior to
surgical intervention, thus suggested as an ideal adjunctive marker
without any additional laboratory processing steps.
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FIGURE 2 | (A,B) Biochemical recurrence (BCR)-free survival after radical
prostatectomy stratified by ABO blood groups in patients with negative [(A),
p = 0.300] and positive [(B), p = 0.990] surgical margin status.

Several decades ago, immunohistochemical studies indicated
that patient-derived PCa cells show different patterns of ABH
expression than normal/benign prostate cells (21). Since both
ABO blood group and its antigen expression on tissue have been
reported to be associated with incidence, disease progression
and outcome in several malignancies (8, 22, 23), such altered
expression of ABH antigen in prostate tissue suggested a possible
influence of the blood group on the malignant transformation of
prostate cells.

A recent study published by Markt and colleagues (14) ana-
lyzed the relationship between ABO blood type and the risk of
harboring aggressive PCa. The authors analyzed a dataset of 2,774
patients with aggressive PCa and 4,443 patients without PCa as
controls. Using these data, a significant correlation between ABO
blood type or “dose” of A or B alleles and aggressive PCa risk
could not be shown. While the authors also reported cancer-
specific and overall mortality stratified by blood groups, the study
did not include information on PCa treatment. Moreover only
patients with aggressive tumors were included which might mask
the potential effect of different blood groups.

These results are in line with a study run by Kvist and col-
leagues, which demonstrated no correlation between AB0 blood
type and the survival of patients with PCa managed with watchful
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waiting. This study was mainly limited by the small case number
(n =279) (12). Interestingly, the only study focusing on patients
after RP including 555 Japanese patients recently reported that
blood group 0 was significantly associated with a decreased risk
of BCR after RP in multivariable but not univariable analysis (13).
In the subanalysis of patients with a negative surgical margin, the
5-year BCR-free rate in blood group 0 was significantly higher
than that in group A (91.2 vs. 71.0%; p = 0.026). In this study
cohort, 46.3% of patients had positive margin status despite of
a clinical stage of T1c in 74.2% of the patients. The pathological
stage (pT) was not mentioned.

Our retrospective cohort of 3,574 patients with clinically
localized PCa is the largest cohort being analyzed so far to
determine a possible impact of both ABO and Rh blood groups
on tumor characteristics and outcome after RP. In the present
study, the majority of patients had pT2 tumors (68.7%) and
18.6% had positive margin status. Using these data, we could
not show any significant impact of ABO/Rh blood groups on
clinicopathologic characteristics (preoperative PSA, Gleason
score, prostate volume, pT stage, pN status, and surgical mar-
gin) and BCR-free survival after curative RP. Moreover, when
performing a subanalysis with patients with positive or negative
margin status only, the influence of ABO/Rh on BCR remained
insignificant. Hence, we could not reproduce the results of the
Japanese study (13). In contrast to other malignancies such as
pancreas or bladder cancer, ABO/Rh blood group provided no
prognostic value in PCa.

There are several important limitations to our study. First and
foremost are the limitations inherent to retrospective analyses
and the lack of a control group. Furthermore, our study cohort
predominantly contains localized PCa with low- to intermedi-
ate risk profile (Gleason score 3 + 4 in 66.9%, preoperative PSA
of 4-10 ng/ml in 63.3%, pT2 in 68.7% and negative margins in
81.3% patients) allowing pre-selection of patients with favorable
prognosis. In addition, the overall distribution of AB is—in con-
trast to the other blood groups—generally low abundant (4.9%).
Some observation such as the moderately increased ratio of nega-
tive Rh factor (21.8%) in patients with AB in comparison to the
other blood groups (16.9%, p = 0.01) could be possibly boosted
due to the rarity of Rh-negative AB type, which prevents a stati-
cally significant detection of a correlation within this subgroup.
Finally, information on genotype of the respective blood group
was missing.

In addition to the above mentioned features, environmental,
geographic, and racial concerns can never be neglected in dis-
cussing correlations of ABO blood group with cancer. The racial
and ethnic differences in blood groups as well as in PCa are well
known (24, 25). In Europe, where PCa is the most common
malignancy and the second leading cause of cancer related death
in men (1), the most frequent blood types are A and 0, increasing
to allele B from West to East. In contrast, Asian countries with
the lowest incidence and low grade of PCa are characterized by
a high occurrence of types B and relative low frequency of 0,
as well as smaller population with negative Rh factor (26). In
this respect, our results differ from the current study in Japanese
patients with relative high positive margin status and BCR after
curative RP (13).

Several mechanisms have been proposed to explain how
blood group influences cancer incidence and progression;
however, they still remain unclear. In case of bladder cancer, a
chromosomal aberration was suggested, because the AB0 gene is
located on chromosome 9q34, an area that is frequently alterated
in bladder cancer (27). Since the ABO gene actually encodes for
glycosyltransferases, which catalyze the transfer of sugars to the
H antigen (0), the occurrence of bladder cancer is potentially
correlated with the blood group 0. In contrast to that, it has
been reported that individuals with non-0 blood groups (A, AB,
and B) have an elevated risk of developing gastric cancer and
indicate a cancer specific role of the blood group.

Regarding PCa, there are several efforts underway to elucidate
the role of blood group in survival after therapy. It was already
reported that patients with non-0 blood type should have
increased venous thromboembolism risk after RP, which could
have an influence on the outcome (28). Even a recently published
study demonstrated that serum antibodies to blood group A pre-
dict survival on PROSTVAC-VF (a poxvirus-based therapeutic
cancer vaccine in phase III clinical trials for the treatment of
advanced PCa) and should be considered as a new potentially
predictive biomarker for PROSTVAC-VF (29). Although we did
not observe any clear association between AB0O/Rh blood group
and tumor pathology and outcome in our study, such evidence
still suggests a predictive role of the blood group in the PCa
epidemiology and clinical outcome, especially in view of therapy
response.

The present study with 3,574 patients is the largest so far
analyzing the impact of ABO or Rh blood groups on pathology
and outcome after RP and adds important knowledge to the
literature.

In conclusion, our data suggest no relevant association of
ABO/Rhesus blood group with adverse clinicopathological tumor
characteristics or oncological outcome after surgery in contrast
to several other malignancies. Nevertheless, further research is
indicated to assess a possible association between genotype of
blood group or its antigen expression on PCa tissue and prognosis
within different therapy groups including high grade or advanced
PCa, which were not sufficiently reflected in our study group.
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