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Abstract: Background: Recent studies have demonstrated associations between ABO blood groups and prognosis 
in various types of cancers. The aim of this study was to investigate the association between ABO blood groups 
and biochemical recurrence (BCR) after radical prostatectomy (RP). Methods: A total of 555 patients with prostate 
cancer who underwent RP were included in the study. No patients received neoadjuvant and/or adjuvant therapy. 
The effect of ABO blood groups on BCR was examined using univariate and multivariate analyses. Results: During 
the follow-up period (mean, 52.0 months), 166 patients (29.9%) experienced BCR, with a 5-year BCR-free rate of 
67.3%. Although the ABO blood group was not a significantly associated with BCR in the univariate analysis, it was 
an independent predictor of BCR in the multivariate analysis: blood type O patients had a significantly lower risk of 
BCR compared to type A patients (Hazard ratio, 0.608; 95% confidence interval, 0.410-0.902; P = 0.014). Further 
analyses revealed that surgical margin status confounded the assessment of the association between the ABO 
blood group and BCR. In the analyses of patients with a negative surgical margin, the 5-year BCR-free rate in blood 
type O patients was a significantly higher than that in type A patients (91.2% vs. 71.0%; P = 0.026). Conclusion: 
Blood type O is significantly associated with a decreased risk of biochemical recurrence after radical prostatectomy. 
Further studies are needed to clarify the nature of this association.
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Introduction

Radical prostatectomy (RP) is the current gold 
standard treatment for patients with clinically 
localized prostate cancer [1, 2]. However, 
approximately 30% of patients experience bio-
chemical recurrence (BCR) during long-term 
follow-up, despite apparently successful sur-
gery [3, 4]. Although preoperative prostate-spe-
cific antigen (PSA) levels, Gleason score (GS) in 
the RP specimen, and pathological stages are 
well-established predictors of BCR following RP 
[4-7], identification of additional prognostic fac-
tors is expected to be useful for patient 
counselling.

ABO blood group antigens are found in a variety 
of epithelial cells, as well as in erythrocytes. 
Accordingly, the clinical significance of the  
ABO blood group system extends beyond trans-
fusion medicine [8]. ABO blood groups have 
been reported to be associated with the risks 
of developing certain cancers. For example, it 

has been reported that individuals with non-O 
blood groups (A, AB, and B) have an elevated 
risk of developing gastric and pancreatic can-
cers [8]. Furthermore, recent investigations 
have reported associations between ABO blood 
groups and prognosis in several cancers, includ-
ing pancreatic, breast, bladder, and kidney can-
cers [9-16]. 

To date, however, few studies have investigated 
potential associations between ABO blood 
groups and the prognosis of prostate cancer. 
Accordingly, in the present study, we sought to 
determine whether there was an association 
between ABO blood groups and BCR in patients 
with prostate cancer who underwent RP.

Patients and methods

Patients

This retrospective study was conducted accord-
ing to the ethical guidelines for clinical studies 
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of the Ministry of Health, Labour and Welfare of 
Japan, and was approved by our institution’s 
ethics committee.

Clinical data were collected by reviewing the 
medical charts of 682 patients who underwent 
RP and pelvic lymph node dissection for clinical 
T1-3N0M0 prostate cancer at our institution 
between 2000 and 2010. Patients who 
received neoadjuvant hormonal therapy (n = 
112) or high-intensity focused ultrasound (n = 
1) were excluded from the present study, as 
were patients for whom information regarding 
the ABO blood group was missing (n = 14). After 
these exclusions, a total of 555 patients 
remained and were analysed in our study. 
These patients were treated with open retropu-
bic (n = 308) or robot-assisted (n = 247) RP, 
and only sampling lymph node dissection was 
performed. Clinical stages were assigned 
according to the 2002 TNM staging system. 
Pathology outcomes were obtained from the 
official pathology reports and included patho-
logical stage, status of surgical margins, lym-
phovascular invasion (LVI), perineural invasion 
(PNI), and the GS in the RP specimens. 

Data analyses

The primary outcome measure in this study 
was BCR. The time of BCR was defined as the 
earliest date on which postoperative serum 
PSA levels had increased to 0.2 ng/mL or high-
er. BCR was then confirmed if the results of a 
second PSA examination equalled or exceeded 
the initially recorded PSA levels [17]. The date 
of surgery was reported as the date of PSA 
recurrence if postoperative serum PSA levels 
had not decreased to 0.1 ng/mL or less by that 
time. The analyzed factors included age at RP, 
preoperative serum PSA levels, ABO blood 
groups, and all relevant pathological factors of 
the RP specimen (GS, extracapsular extension 
[ECE], seminal vesicle invasion [SVI], surgical 
margin status, LVI, PNI, and lymph node metas-
tasis). The values of these variables in different 
groups were compared using Pearson’s chi-
square test, the Mann-Whitney U test, or analy-
sis of variance. Univariate and multivariate Cox 
regression analyses were performed to assess 
the associations between the clinicopathologi-
cal variables and BCR. Survival curves were 
constructed using the Kaplan–Meier method 

Table 1. Patients' characteristics
Total A, n (%) B, n (%) AB, n (%) O, n (%) P value

ABO blood group 555 191 (34.4) 136 (24.5) 48 (8.6) 180 (32.4)
age (mean ± SD) 65.8 ± 6.5 65.7 ± 6.5 65.3 ± 6.4 66.4 ± 6.0 66.1 ± 6.7 0.641
PSA ng/ml (mean ± SD) 10.6 ± 10.1 10.7 ± 10.1 10.5 ± 9.2 10.6 ± 11.0 10.6 ± 10.5 0.999
Clinical stage, n (%) T1c 412 (74.2) 137 (71.7) 95 (69.9) 38 (79.2) 142 (78.9) 0.389

T2a 72 (13.0) 27 (14.1) 19 (14.0) 5 (10.4) 21 (11.7)
T2b 46 (8.3) 21 (11.0) 11 (8.1) 4 (8.3) 10 (5.6)
T2c 16 (2.9) 4 (2.1) 6 (4.4) 0 (0) 6 (3.3)
T3 9 (1.6) 2 (1.0) 5 (3.7) 1 (2.1) 1 (0.6)

RP Gleason score, n (%) ≤ 6 97 (17.5) 35 (18.3) 28 (20.6) 7 (14.6) 27 (15.0) 0.552
7 338 (60.9) 110 (57.6) 77 (56.6) 32 (66.7) 110 (66.1)

≥ 8 120 (21.6) 46 (24.1) 31 (22.8) 9 (18.7) 34 (18.9)
Extracapuslar extension, n (%) (–) 374 (67.4) 125 (65.5) 86 (63.2) 34 (70.8) 129 (71.7) 0.369

(+) 181 (32.6) 66 (34.5) 50 (36.7) 14 (29.2) 51 (28.3)
Seminal vesicle invasion, n (%) (–) 507 (91.4) 174 (91.1) 121 (89.0) 46 (95.8) 166 (92.2) 0.495

(+) 48 (8.6) 17 (8.9) 15 (11.0) 2 (4.2) 14 (7.8)
Surgical margin, n(%) (–) 298 (53.7) 111 (58.1) 60 (44.1) 31 (64.5) 96 (53.3) 0.032

(+) 257 (46.3) 80 (41.9) 76 (55.9) 17 (35.4) 84 (46.7)
Lymphovascular invasion, n (%) (–) 410 (73.9) 150 (78.5) 98 (72.1) 36 (75.0) 126 (70.0) 0.284

(+) 145 (26.1) 41 (21.5) 38 (27.9) 12 (25.0) 54 (30.0)
Perineural invasion, n (%) (–) 238 (42.9) 81 (42.4) 57 (41.9) 25 (52.1) 75 (41.7) 0.607

(+) 317 (57.1) 110 (57.6) 79 (58.1) 23 (47.9) 105 (58.3)
Lymph node metastases, n (%) (–) 548 (98.7) 188 (98.4) 133 (97.8) 48 (100) 179 (99.4) 0.484

(+) 7 (1.3) 3 (1.6) 3 (2.2) 0 (0) 1 (0.6)
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0.608; 95% confidence interval [CI], 0.410-
0.902; P = 0.014). To identify factors that 
affected the associations between ABO blood 
groups and BCR, we performed multivariate 
analyses of various combinations of ABO blood 
group and other factors. We found that ABO 
blood group was a significant predictor of BCR 
when adjusted for surgical margin status. In 
other words, surgical margin status confound-
ed the assessment of the association between 
ABO blood group and BCR. 

Accordingly, we further performed analyses on 
subpopulations defined by surgical margin sta-
tus. ABO blood group was significantly associ-
ated with BCR in patients with negative surgical 
margin in univariate analyses. Hazard ratios for 
BCR in patients with negative surgical margins 
were 1 for type A (the reference group), 0.795 
(95% CI, 0.299-2.112; P = 0.646) for type AB, 
0.613 (95% CI, 0.260-1.443; P = 0.262) for 
type B, and 0.412 (95% CI, 0.182-0.931; P = 
0.033) for type O. In the negative surgical mar-
gin group, the 5-year BCR-free rate in blood 
type O patients was significantly higher than 
that in type A (91.2% vs. 71.0%; P = 0.026; 
Figure 2).  

Discussion

In this study, we investigated associations 
between ABO blood groups and BCR in patients 
who had clinically localized prostate cancer and 
underwent RP. Although ABO was not signifi-

with log-rank tests. All P-values were two-tailed, 
and P-values < 0.05 were considered statisti-
cally significant. All statistical analyses were 
performed using Stata software, version 11 
(StataCorp, College Station, TX, USA).

Results

The patients’ characteristics and the associa-
tions between ABO blood groups and clinico-
pathological factors are shown in Table 1. The 
prevalence of the various blood groups in this 
cohort was as follows: A, 34.4% (n = 191); B, 
24.5% (n = 136); AB, 8.6% (n = 48); and O, 
32.4% (n = 180). The distribution of ABO blood 
groups was generally similar to that found in 
the general population of Japan [18]. Among 
the clinicopathological characteristics, only sur-
gical margin status was observed to differ sig-
nificantly between patients with different ABO 
blood groups. The percentage of patients with 
a positive surgical margin was 41.9% for blood 
type A, 55.9% for type B, 46.7% for type O, and 
35.4% for type AB (A vs. B, P = 0.013; AB vs. B, 
P = 0.015).

During the follow-up period (mean duration of 
follow-up, 52.0 months), 166 patients (29.9%) 
experienced BCR. The 5-year BCR-free rate was 
67.3%. BCR-free survival is shown in Figure 1, 
stratified by ABO blood group. The patients with 
blood type O had a tendency to show higher 
BCR-free rate than those of the patients with 
blood type A (P = 0.067).  

The univariate Cox regression 
analyses revealed that higher 
preoperative serum PSA lev-
els, advanced clinical T stage, 
ECE, SVI, positive surgical mar-
gins, LVI, PNI, lymph node 
metastases, and high GS in 
the RP specimen were signifi-
cantly associated with BCR. 
Although ABO blood group was 
not a significant factor in the 
univariate analysis, it was an 
independent predictor of BCR 
in the multivariate analysis, as 
were the serum PSA level, ECE, 
positive surgical margins, and 
GS (Table 2): blood type O 
patients had a significantly 
lower risk of BCR compared to 
type A patients (multivariable 
adjusted Hazard ratio [HR], 

Figure 1. Biochemical recurrence-free survival rates, as stratified by ABO 
blood groups.
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no association between ABO blood groups and 
survival was observed in their study, it is worth 
noting that their study differed from the pres-
ent study in several regards, including the eth-
nicity of the patients (Danish vs. Japanese) and 
the disease stages (some patients had meta-
static disease in Kvist et al.’s study, whereas 
none of the patients had distant metastasis in 
the present study). Thus, the results of the two 
studies cannot be directly compared.

cantly associated with BCR in our univariate 
analysis, our multivariate analysis demonstrat-
ed that ABO blood group was an independent 
predictor of BCR after RP. In this study, the 
pathological features of the radical prostatec-
tomy specimens did not differ according to ABO 
blood group, with the exception of surgical mar-
gin status. A positive surgical margin may be 
indicative of aggressive disease (such as of 
extraprostatic disease), the tumour volume, 

and/or the surgeon’s opera- 
tive skill. We revealed that sur-
gical margin status confound-
ed the relationship between 
ABO blood group and BCR. 
Using a subpopulation analy-
sis, we also demonstrated that 
the 5-year BCR-free rate in 
blood type O patients was sig-
nificantly higher than that in 
type A patients.  

To date, only one other study 
has investigated the associa-
tion between ABO blood 
groups and prostate cancer 
prognosis. Kvist et al. investi-
gated the association between 
ABO blood groups and survival 
in prostate cancer patients 
who were treated between 
1980 and 1983 [19]. Although 

Figure 2. Biochemical recurrence-free survival rates in patients with nega-
tive surgical margins. 

Table 2. Results of univariate and multivariate analyses
Univariate

P value
Multivariate

95% CI P value
HR HR

Age at diagnosis Continuous 1.019 0.127
PSA ng/ml Continuous 1.034 < 0.001 1.022 1.014-1.032 < 0.001
Clinical T stage 1c 1 

2 1.669 0.002
3 10.902 < 0.001

Gleason score ≤ 7 vs. ≥ 8 2.812 < 0.001 1.696 1.203-2.391 0.003
Extracapsular extension (–) vs. (+) 3.812 < 0.001 1.590 1.089-2.322 0.016
Seminal vesicle invasion (–) vs. (+) 4.298 < 0.001
Surgical margin (–) vs. (+) 4.449 < 0.001 2.819 1.854-4.285 < 0.001
Lymphovascular invasion (–) vs. (+) 2.331 < 0.001 1.430 1.018-2.009 0.039
Perineural invasion (–) vs. (+) 1.920 < 0.001
Lymph node metastases (–) vs. (+) 4.138 < 0.001
ABO blood group A 1 1

AB 0.916 0.759 1.018 0.578-1.795 0.95
B 0.985 0.938 0.860 0.580-1.275 0.453
O 0.707 0.076 0.608 0.410-0.902 0.014
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Although several studies have investigated the 
associations between ABO blood groups and 
the prognosis of various other cancers, their 
results have been inconsistent [9-16]. Some of 
these studies found associations between spe-
cific serologic blood types and favourable prog-
nosis (for example, blood type O in pancreatic 
cancer and renal cell carcinoma, and blood 
type A in bladder cancer) [9, 11, 14, 16]. Much 
like the present study, these prior studies 
included patients who underwent complete 
resection of the primary tumour. Therefore, cur-
ability of surgery and disease stage may influ-
ence the observed associations between ABO 
blood groups and prognosis.

The exact mechanism behind the association 
between ABO blood groups and BCR remains to 
be elucidated. ABH blood group antigens are 
found in a variety of epithelial cells, as well as in 
erythrocytes, and it has been reported that 
expression of blood group antigen A in lung 
cancer cells is associated with an improved 
prognosis, and that loss of expression is asso-
ciated with a worsened prognosis for survival in 
lung cancer patients with blood type A or AB, 
compared to in lung cancer patients with type B 
or O blood [20]. Moreover, in the same study it 
was also reported that the status of H antigen 
expression did not influence the prognosis in 
lung cancer [20]. Aberrant or loss of, blood 
group antigen expression on cancer cells has 
been hypothesized to influence cancer devel-
opment and progression, by altering glycosyl-
transferase specificity or by increasing cell 
motility, resistance to apoptosis, and immune 
escape [21, 22]. In prostate cancer, loss of 
expression of blood group A antigen and reten-
tion of H antigen has been previously demon-
strated [23]. Therefore, the loss of blood group 
A antigen expression on cancer cells might be 
implicated in the increased risk of BCR that 
was observed for prostate cancer patients with 
blood type A in the present study.

An alternative hypothesis of this phenomenon 
involves cross-reaction of anti-A antibodies 
with tumor-associated antigen on prostate can-
cer cells. The Tn antigen (alpha-N-acetylgalac-
tosamine-O-serine/threonine), a well-estab-
lished tumor-associated marker, which has 
also been reported to be expressed in prostate 
cancer [24]. The Tn antigen is considered a 
good candidate for the design of anti-tumor 
vaccines, and several clinical trials have been 
performed on the topic [24, 25]. The Tn antigen 

can cross-react with anti-A antibodies [26], and 
thus, it is possible that this cross-reaction 
might be involved in the decreased risk of BCR 
observed in patients with blood type O.

Although this study has important clinical impli-
cations regarding ABO blood groups in patients 
with clinically localized prostate cancer who 
underwent RP, there are some limitations to our 
findings. First, this was a retrospective analysis 
of data collected from a single institution, and 
therefore, the number of cases was relatively 
small. Second, we analyzed associations 
between ABO blood groups and BCR; however, 
it is well known that BCR does not necessarily 
correlate with prostate cancer mortality. 
Therefore, future studies on this topic should 
analyze outcome measures that are specifically 
related to mortality. Third, it is well known that 
there are ethnic and geographical differences 
in the distribution of ABO blood groups, and 
these differences may influence the associa-
tions between ABO blood groups and BCR. 

Recent molecular studies have helped to clarify 
the molecular mechanisms underlying cancer 
development and progression. Novel molecular 
agents that are targeted to specific molecules 
involved in cell differentiation and growth have 
been developed rapidly. Currently, many 
research groups are searching for molecular 
markers that could further the establishment 
of personalised medicine. On the other hand, 
many recent studies have investigated associa-
tions between cancer prognosis and basic 
patient characteristics, such as sex and ABO 
blood type [9-16, 27, 28]. We believe that it 
remains important to study the clinical implica-
tions of these basic factors, even in the era of 
molecular research 

This is the first study to demonstrate that there 
are associations between ABO blood groups 
and BCR after RP. Our findings may point to new 
avenues of molecular research that could 
improve the present understanding of the biol-
ogy of prostate cancer progression. Further 
large cohort studies, including different coun-
tries and regions, would clarify the association 
between ABO blood groups and prognosis in 
patients with prostate cancer.
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