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ABSTRACT 

Background/Purpose: A recent genome-wide association study (PanScan) identified significant association between 
the ABO gene locus and the risk of pancreatic cancer. The aim of this study was to analyze survival of pancreatic can-
cer patients who underwent surgical resection based on serotype-defined ABO blood types. Methods: In terms of ABO 
blood types and gemcitabine-based adjuvant therapy, we investigated the survival of 153 patients who underwent pan-
createctomy for pancreatic cancer at the Department of Surgery and Oncology, Kyushu University (Fukuoka, Japan). 
Results: Among the four blood type groups, the O serotype group (median survival time (MST): 47.9 months) showed 
the best prognostic outcome. The A serotype group (MST: 22.5 months) showed the second best prognostic outcome, 
followed by the AB serotype group (MST: 20.4 months). The B serotype group (MST: 15 months) showed the worst 
prognostic outcome when considering the MST after the surgical resection. Next, we examined the effect of adjuvant 
chemotherapy with gemcitabine based on the ABO blood types. The A serotype group showed the greatest improve-
ment in prognosis by adjuvant therapy with gemcitabine after the surgical resection. The other three serotype groups 
showed no significant differences in the prognostic outcomes between subgroups with and without gemcitabine therapy. 
Conclusions: The present data suggest the possibility that ABO blood types are prognostic factors for pancreatic cancer 
patients after surgical treatment and are also predictive factors for the chemosensitivity to gemcitabine of pancreatic 
cancer patients after pancreatectomy. 
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1. Introduction 

Pancreatic cancer is the fourth leading cause of cancer- 
related death in the United States, and has the lowest 
survival rate for any solid tumor [1,2]. Owing to a lack of 
early detection methods and an absence of effective bio-
markers, patients are usually diagnosed at late stages 
with a 5-year survival rate of <5% [1]. The first-line 
agent gemcitabine produces some clinical benefit in the 
advanced setting, but yields limited disease control, with 
<15% of patients remaining progression-free at 6 months 

after diagnosis [3,4]. 
For several decades, roles of the ABO blood group an- 

tigens have been suspected in the development of certain 
malignancies. A recent genome-wide association study 
(PanScan) identified significant association of the ABO 
gene locus with the risk of pancreatic cancer, but the in- 
fluence of the specific ABO serotypes remains unknown 
[5].  

To date, there are some studies that have investigated 
the correlations between certain gene expression levels 
and chemosensitivity to gemcitabine in pancreatic cancer 
patients [6-13]. However, to our knowledge, there are no 
reports regarding the relationships between chemosensi- 
tivity and ABO blood types in pancreatic cancer after 
surgical resection. 
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In the present study, we analyzed the survival and ef- 
fects of gemcitabine based on serotype-defined ABO 
blood types in 153 patients who underwent surgical re- 
section at the Department of Surgery and Oncology, 
Kyushu University (Fukuoka, Japan). Our data suggest 
that the O serotype is associated with significantly longer 
survival of the patients than other ABO blood groups and 
that the A serotype is correlated with better effects of 
gemcitabine on survival of the patients after surgical re- 
section. 

2. Methods 

2.1. Patients 

The medical records of 153 patients who underwent sur-
gical resection for pancreatic cancer at the Department of 
Surgery and Oncology, Kyushu University (Fukuoka, 
Japan), between 27 January 1992 and 19 March 2010 
were retrospectively reviewed. The ABO blood types 
were as follows: A serotype, 75 patients; O serotype, 33 
patients; B serotype, 26 patients; AB serotype, 19 pa-
tients. The characteristics of the patients are shown in 
Table 1. 

2.2. Statistical Analysis 

All statistical analyses were carried out using JMP 8.0.1 
software (SAS Institute, Cary, NC). Survival curves were 
calculated by the Kaplan-Meier method, and differences 
between the curves were analyzed by the log-rank test. 
All differences were considered to be statistically sig-
nificant for values of P < 0.05. 

3. Results 

3.1. Survival Curves Based on the ABO  
Blood types 

The survival curves based on the serotype-defined ABO 
blood types are shown in Figure 1(a). The respective 

5-year survival rate and median survival time (MST) for 
each of the four serotype groups were as follows: O se-
rotype group, 47.1% and 47.9 months; A serotype group, 
22.6% and 22.5 months; AB serotype group, 0% and 
20.4 months; and B serotype group, 25.2% and 15 
months. 

In a comparison of the prognoses in the O serotype 
group and a combined non-O serotype group, the 5-year 
survival rate and MST in the O serotype group (47.1% 
and 47.9 months, respectively) were significantly higher 
and longer, respectively, than those in the non-O sero-
type group (20.5% and 22.5 months, respectively; P = 
0.0276, log-rank test) (Figure 1(b)). 

There was no distance by R0/R1, 2 (P = 0.790 Chi- 
square test), and with radiotherapy (post or preoperative) 
or without radiotherapy (P = 0.152 Chi-square test), op-
erative method (DP/PD and PpPD/TP, P = 0.930 Chi- 
square test), staging according UICC TNM (0 ~ II/III ~ 
IV, P = 0.105 Chi-square test), but there was significant 
difference by lymph nodes negative or positive (P < 0.01 
Chi-square test). 

In addition, the median disease-free survival time and 
5-year disease-free survival rate in the serotype O group 
tended to be longer and higher, respectively, than those 
in the non-O serotype group (Figure 1(c); mean disease- 
free survival time: 42 months vs. 14.5 months; 5-year 
disease-free survival rate: 10.6% vs. 7.3%; P = 0.066, 
log-rank test), but there was no significant difference. 

3.2. Effects of Gemcitabine Adjuvant  
Chemotherapy Based on ABO Blood Types 

Next, we compared the effect of chemotherapy with 
gemcitabine on survival of the pancreatic cancer patients 
among the ABO blood type groups. Two patients in the 
A serotype group were excluded from the analysis be-
cause their treatments after the surgical resection were 
unknown. Consequently, 151 patients were analyzed for 
their survival (Table 1). The A serotype group showed  

 
Table 1. Characteristics of the patients based on the serotype-defined ABO blood types. 

Characteristic Serologic-derived ABO blood type 

 O A AB B 

No. of patients 33 75 19 26 

Mean age 63.5 ± 10.3 64.2 ± 10.5 64.1 ± 7.6 69.9 ± 7.4 

Female gender (%) 36.4% 38.2% 21.1% 30.8% 

Staging according to UICC TNM (0 ~ II/III ~ IV) 32/1 71/5 18/1 23/3 

With Gemcitabine treatment after the surgical resection 21 37 10 15 

Mean age 65 ± 9.3 61.8 ± 10.9 62.1 ± 8.3 70.7 ± 7.3 

Female gender (%) 33.3% 37.8% 30% 26.7% 

Staging according to UICC TNM (0 ~ II/III ~ IV) 21/0 34/3 9/1 13/2 
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(a)                                              (b) 

 
(c) 

Figure 1. Survival curves based on the ABO blood serotypes of pancreatic cancer patients after surgical resection. (a) Sur-
vival curves based on the ABO blood serotypes. Among the four blood serotypes, the O serotype group showed the best 
prognostic outcome after surgical resection of pancreatic cancer (n = 33; 5-year survival rate: 47.1%; MST: 47.9 months). 
The A serotype group showed the second best prognostic outcome (n = 75; 5-year survival rate: 22.6%; MST: 22.5 months), 
followed by the AB serotype group (n = 19; 5-year survival rate: 0%; MST: 20.4 months). The B serotype group showed the 
worst prognostic outcome (n = 26; 5-year survival rate: 25.2%; MST: 15 months) when considering the MST after the surgi-
cal resection. (b) Survival curves based on the O serotype group and a combined non-O serotype group. The MST and 5-year 
survival rate were significantly longer and higher, respectively, in the O serotype group (n = 33) than in the non-O serotype 
group (n = 120) (MST: 47.9 months vs. 22.5 months; 5-year survival rate: 47.1% vs. 20.5%; P = 0.0276, log-rank test). (c) 
Disease-free survival curves based on the O serotype group and the non-O serotype group. The median disease-free survival 
time and 5-year disease-free survival rate also tended to be longer and higher, respectively, in the O serotype group than in 
the non-O serotype group (mean disease-free survival time: 42 months vs. 14.5 months; 5-year disease-free survival rate: 
10.6% vs. 7.3%; P = 0.066, log-rank test), but the difference was not significant. 
 
the greatest effect of gemcitabine treatment (Figure 2(a); 
gemcitabine treatment group (n = 37) vs. no gemcitabine 
treatment group (n = 36), 5-year survival rate: 39.7% vs. 
9.6%; MST: 30.5 months vs. 10.4 months; P = 0.002). 
The other three serotype groups showed no significant 
differences in the prognosis between subgroups with and 
without gemcitabine treatment (Figure 2(b)-(d)). 

4. Discussion 

In the present study, we found that the MST and 5-year 
survival rate of the O serotype group of patients after 
pancreatic cancer resection were significantly longer and 
higher, respectively, than those in the other serotype 
groups, and that adjuvant gemcitabine therapy for pan-
creatic cancer was more effective for the A serotype 
group of the patients compared with the other serotype 
groups. 

Consistent with our findings, PanScan, a recent ge- 
nome-wide association study, identified significant asso-  

ciations between the ABO gene locus and the risk of 
pancreatic cancer [5]. In addition, another recent study of 
patients who underwent a potentially curative operation 
in China showed that the mean survival time of patients 
with blood group O was significantly longer than that of 
patients with non-O blood groups (16.0 months vs. 11.0 
months, respectively, P = 0.001, log-rank test) [14]. 
Their study showed an evidence of an association be- 
tween blood groups and the risk of the development and 
progression of pancreatic cancer. However, the MSTs of 
their patients with O and non-O blood groups were much 
shorter than those of our patients. The exact reason for 
these differences remains unknown.  

The ABO human blood group antigens are glycopro-
teins expressed on the surface of red blood cells and the 
cells in several other tissue types. For example, the ABO 
antigens are highly expressed on the surface of epithelial 
cells in the gastrointestinal, bronchopulmonary, and uro- 
genital tracts [15,16]. Taking our findings and the previ-  
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(a)                                                   (b) 

       
(c)                                                 (d) 

Figure 2. Survival of pancreatic cancer patients after surgical resection with and without adjuvant gemcitabine chemother-
apy based on the ABO blood serotypes. (a) Survival curves based on subgroups with and without gemcitabine treatment after 
surgical resection in the A serotype group (gemcitabine treatment group: n = 37, 5-year survival rate: 39.7%, MST: 30.5 
months; no gemcitabine treatment group: n = 36, 5-year survival rate: 9.6%, MST: 10.4 months; P = 0.0002, log-rank test). (b) 
Survival curves based on subgroups with and without gemcitabine treatment after surgical resection in the O serotype group 
(gemcitabine treatment group: n = 21, 5-year survival rate: 50.8%, MST: 62.1 months; no gemcitabine treatment group: n = 
12, 5-year survival rate: 40%, MST: 39.8 months; P = 0.41, log-rank test). (c) Survival curves based on subgroups with and 
without gemcitabine treatment after surgical resection in the AB serotype group (gemcitabine treatment group: n = 10, 
5-year survival rate: 0%, MST: 20.4 months; no gemcitabine treatment group: n = 9, 5-year survival rate: 0%, MST: 17.5 
months; P = 0.71, log-rank test). (d) Survival curves based on subgroups with and without gemcitabine treatment after sur-
gical resection in the B serotype group (gemcitabine treatment group: n = 15, 5-year survival rate: 0%, MST: 13.1 months; 
no gemcitabine treatment group: n = 11, 5-year survival rate: 19.9%, MST: 15 months; P = 0.46, log-rank test). 
 
ously published observations together, it is possible that 
the blood type antigens have some roles in oncogenesis 
and cancer progression in digestive organs. Indeed, an 
association between blood type A and the incidence of 
gastric cancer was previously reported [17,18]. Interest- 
ingly, the presence of the B antigen was reported to be 
positively associated with the incidence of ovarian cancer, 
whereas blood group A was not associated with this risk 
[19].  

When we focus on the pancreas, previous pathological 
studies demonstrated the deletion and novel expression 
of the A, B, and H antigens on the surface of pancreatic 
cancer cells compared with the surrounding normal duc-
tal cells [20-23]. It has also been suggested that modifi-
cations of the glycosyltransferase specificity occur dur-
ing pancreatic tumorigenesis [5]. Glycosyltransferases 
are cell surface molecules that are recognized by the host 
immune response and may have a role in facilitating 

immunosurveillance for malignant cells [24,25]. 
The detailed mechanism connecting the prognosis of 

pancreatic cancer patients and the ABO blood types re- 
mains unknown in the present study. Further explorations 
of the detailed mechanism may lead to the development 
of completely new cancer treatments. The mechanism 
underlying the relationship between blood type A and the 
effects of gemcitabine adjuvant chemotherapy of pancre- 
atic cancer clearly demonstrated in the present study is 
also important to overcome the drug tolerance of pancre- 
atic cancer. Further investigations are necessary to eluci- 
date the mechanisms underlying the findings obtained in 
this study. 
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