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Abstract

Background & Aims:
The association of the ABO blood groups with gas-
tric cancer is controversial and was examined in this

study.

Methods:

We conducted a case-control study of 2145 cases of
gastric cancer and 2472 controls of Korean ethnicity
to determine the risk of gastric cancer for each blood
group phenotype using multivariable logistic regres-

sion models.

Results:

Patient ages were 33.3 (SD = 9.76) years in con-
trols compared to 59.5 (SD = 11.91) years in cases.
The percentages of males and females were similar
among cases and controls. The crude OR revealed
phenotype O as a protective factor 0.63 (CI: 0.56—
0.72) (P <0.0001) compared to phenotype A 1.30 (CI:
1.15-1.47) (P <0.0001) and AB 1.29 (CI: 1.07-1.57)
(P < 0.01), which were risk factors for gastric can-
cer, and phenotype B 1.09 (CI: 0.94-1.24) (P = 0.27)
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which was neither protective nor a risk factor. The ad-
justed OR taking patient characteristics into account
and using blood group phenotype O as a reference
baseline risk showed that phenotype A (1.21; CI:
1.14-1.39) (P = 0.012) and phenotype AB (1.17; CI:
1.08-1.26) (P =0.038) conferred an increased risk for
gastric cancer compared to phenotype B (0.97; CI:
0.84—1.04) (P = 0.63), which was not associated with

gastric cancer risk.

Conclusions:

We revealed an association of blood group pheno-
types A and AB with gastric cancer risk, emphasizing
the need to further study the underlying molecular

mechanism of this association with gastric cancer.
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Background

ABO blood group antigens are extracel-
lular complex carbohydrate antigens ex-
pressed not only on red blood cells but
also on various other cell types, includ-
ing epithelial, vascular endothelial, and
sensorineural cells and platelets !> These
antigens were discovered in 1900 by Karl
Landsteiner and provided insight into the
human genetic make-up before the era of
human genomic analysis. The blood group
antigens were found to be associated with
multiple human diseases *!, including he-
matological and transfusional diseases as

well as cardiovascular and oncological
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diseases [**®. Whether this association is
a marker of an underlying oncogene or if
these antigens play a direct role in carcino-
genesis is not fully understood; however,
multiple biological mechanisms have been
proposed for ABO antigens in human car-
cinogenesis P 7 .The association of ABO
antigens with gastric epithelial diseases
is well-established, including peptic ulcer
disease, Helicobacter pylori infection, per-
nicious anemia and atrophic gastritis, sto-
mal ulcers, and gastric cancer!”'%. The first
reported association between a disease and
genetic indicator was the association be-
tween blood group A and gastric cancer
(GC) in 1953 51, Since then, this associ-
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ation has been extensively investigated,
but the studies have shown controversial
results 1016171,

The most popular theory regarding the
mechanism through which antigen A is in-
volved in increasing the risk of GC is that
this antigen reduces the antigenicity of
GCs by inducing immunological tolerance
and evasion of immunological surveil-
lance, as GC cells produce an antigen that
is immunologically related to antigen A.
This also explains the protective effect of
blood group O, which enhances tumor an-
tigenicity and prevents neoplastic growth
and dissemination by enhancing immu-
no-surveillance ® '8, GC is the fourth most
common malignancy and second leading
cause of death from cancer internationally
[19:20 according to the World Health Organ-
1zation, particularly in East Asia, such as
Mongolia, Japan, and Korea; Korea shows
the highest incidence of GC in both sexes
worldwide ! 22, It is also the most com-
mon cause of death in western Asian coun-
tries such as Iran, Turkmenistan, and Kyr-
gyzstan?, with risk variation between the
highest-risk and lowest risk populations
reaching 15-20-fold*. Survival rates also
vary widely, with the highest survival rate
in Japan (90%) compared to 10-30% in
Europe 2%,

Non-modifiable risk factors such as age
(12.8-19.8 per 100,000 for those above

60 years old, compared to 2.0-2.6 per
100,000 in those below 60 years old) 4,
sex (2-fold more common in males than
in females) %, and family history (3-fold
increase with a positive family history of
first-degree relatives with GC *); howev-
er, GC also exhibits a strong modifiable
risk factor element as shown in emigration
studies, with significant reduction in risk
in 3rd-generation Japanese immigrants to
the USA 29 and a reduced risk of GC with
eradication of H. pylori *”). Thus, epide-
miological studies of modifiable and non-
modifiable risk factors and their interac-
tions are needed for the prevention, early
detection, and identification of new targets
for biological therapy [!% 2% 2% This study
was conducted to explore the association
between ABO antigens and GC in an eth-
nically homogenous group of Korean sub-
jects. The results were compared to those

of similar studies in the literature.

Methods

Study Design

This was a retrospective case control study.
Participants

Cases were histopathologically confirmed
as GC with no previous history of peptic
ulcer disease or seropositivity or treatment
for H. pylori (n = 2145) from Saint Mary
Catholic University Hospital, Seoul, Re-
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public of Korea, and controls were can-
cer-free blood donors (n = 2472) from the
blood bank at the same hospital with no
previous history of peptic ulcer disease or
seropositivity or treatment for H. pylori
between March 2010 and December 2014.
All participants were of Korean ethnicity
and unrelated (through random sampling
technique). Blood groups were identified
phenotypically using standard serological
methods.

Written informed consent was obtained
from all participants. The Institutional
Review Board approved the research pro-
tocols at the hospital. The study protocol
conforms to the ethical guidelines of the
1975 declaration of Helsinki as reflected in
a priori approval by the institution's human
research committee.

Statistical analysis

Analyses were conducted using SPSS 26
software (SPSS, Inc., Chicago, IL, USA).
The differences in characteristics between
cases and controls were determined using
descriptive statistics. The normal distri-
bution and homogeneity of variance as-
sumptions were checked using Kolmogo-
rov-Smirnov and Shapiro-Wilk normality
tests and were violated for all variables,
and thus nonparametric tests were used to
compare different categories of variables.
For continuous variables, Mann-Whitney

U test (also known as Wilcoxon rank-

sum test) was used to detect differences in
characteristics between cases and controls.
Kruskal-Wallis tests were used for contin-
uous variables with more than two cate-
gories. Games-Howell post-hoc test was
conducted when there was a significant
difference between categories. For cate-
gorical variables, we performed Pearson’s
y2-test. The ABO-GC risk association was
assessed using multivariable uncondition-
al logistic regression models adjusting for
age, sex, body mass index (BMI), smok-
ing status, drinking status, and family his-
tory to determine the adjusted odds ratios
(ORs) and 95% confidence intervals (CIs).
Participants with the ABO phenotype O
were considered as having a baseline risk.
Two-tailed P values < 0.05 were consid-
ered as statistically significant. The sample
size was calculated to be 1,067 patients in
each arm to achieve 90% power to detect a

3% difference in in outcome variation.

Results

General participants characteristics

Participants' characteristics are summa-
rized in Tables 1, 2, and 3. There were
no significant (P > 0.05) differences be-
tween cases and controls in age, sex, BMI,
smoking status, drinking status, or fam-
ily history of GC. Only comorbidity was

significantly different between cases and
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controls (Table 1). There were 2472 con-
trols and 2145 cases; Tables 2 and 3 show
the subgroup distribution of demographics
(age, sex, family history, BMI, and comor-
bidity status) and lifestyle habits (smok-
ing status and drinking status) among the
blood groups between controls and cases,
and tumor stage (TNM staging, early vs.
advanced), and type of operation (surgical
access and extent of gastrectomy) between
blood groups among cases.

GC risk by blood group phenotypes

The crude OR was calculated and com-
pared to the adjusted OR for these varia-
bles using multivariable logistic regres-
sion models (Table 4). The distributions
of blood groups O, A, B, and AB in the
controls were 37.1%, 33.1%, 21.0%, and
8.94% and in cases were 27.18%, 39.3%,
22.24%, and 11.28%, respectively. The

crude OR revealed that phenotype O was
a protective factor for GC (0.63; CI: 0.56—
0.72) (P <0.0001) compared to phenotype
A (1.30; CI: 1.15-1.47) (P < 0.0001) and
AB (1.29; 1.07-1.57) (P < 0.01), which
were risk factors for GC. The crude OR for
phenotype B was 1.09 (CI: 0.94-1.24) (P
= 0.27), revealing that it is not protective
nor risk for GC in this study. The adjust-
ed OR for age, sex, family history of GC,
BMI, comorbidity status, smoking status,
and drinking status using multivariable
logistic regression models, using pheno-
type O as a reference baseline risk of 1.00,
revealed an adjusted OR for phenotype A
of 1.21 (CI: 1.14-1.39) (P =0.012), AB of
1.17 (CI: 1.08-1.26) (P = 0.038), and B of
0.97 (CI: 0.84-1.04) (P = 0.63), indicating
a confounding effect for other risk factors
on the crude OR.

Table 1. Comparison of participants' characteristics between controls and cases.

Gastric

Variable

Control

Cancer
Cases

No

2472

2145

Age

Mean
(SD)

333
(9.76)

59.5
(11.91)

<65
(%)

1755
(71.0%)

1357
(63.26%)

=65
(%)

717
(29.0%)

788
(36.74%)

Gender

F

n
(%)

936
(37.86 %)

714
(33.29%)

M

n
(%)

1536
(62.14%)

1431
(66.71%)

Smoking
Status

Smoker
n
(%)

1049
(42.44%)

929
(43.33%)

None-smoker
n
(%)

1423
(57.56%)

1216
(56.67%)

Drinking
Status

Drinker

n
(%)

1389
(56.19%)

882
(41.12%)

Non-drinker

n
(%)

1083
(43.81%)

1263
(58.88%)
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ves 12 2082
(%) (4.53%) (97.06%)
* Comorbidity N‘:)
2360 63
n 0, 0,
% (95.47%) (2.94%)
Y:S 746 609
0, 0,
Family history (%) (0:18%) (28:3%%)
grGe o 1726 1536
o (69.82%) (71.61%)
512::1 Mean 20.83 23.45
D) (SD) (2.14) (3.36)
' 1637
0,
o (63.73%)
'nl 301
0,
R ) _ (14.03%)
Stage 11 330
n 0,
o (15.38%)
v 147
o
% (6.86%)
EGe 132
Early (.,‘/‘0 ) (61.96%)
N AS’C ) 816
0,
%) (38.04%)
Laparoscopic 1009
n 0,
Surgical (%) . (47.04%)
Access O];en 1136
0,
%) (52.96%)
T"G 550
o (25.64%)
Gastrectomy SzG . 1430
Extent %) (66.67%)
0
Other 165
n 0,
(%) (7.7%)
816 342
i Rht 818 (99.76%) 843 (99.88%)
’h (33.1%) 2 (39.3%) 1
- (0.24%) (0.12%)
514 476
2 B 517 (99.42%) 417 (99.79%)
(21.0%) 3 (22.24%) 1
ABO-Rh Rh- (0.58%) (0.21%)
n
915 580
(%) o Rht- 916 (99.80%) 583 (99.50%)
e (37.1%) 1 (27.18%) 3
(0.11%) (0.50%)
220 241
B Rt 21 (99.5%) 242 (99.58%)
0 (8.94%) 1 (11.28%) 1
] (0.5%) (0.42%)

SD: standard deviation, n: number of participants, F: female, M: male, P: probability value, BMI: body mass index, ABO: blood
groups, Rh: rhesus factor, GC: gastric cancer, EGC: early gastric cancer, AGC: advanced gastric cancer, TNM: T for tumor

.depth, N for nodal status, M for metastases, comorbidity: DM, HTN, IHD, Hyperlipidemia, a: P = 0.034
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Table 2. Comparison of participants’ characteristics by ABO-Rh between controls and cases.

Gastric
Variable Control %mccr
ases
N 2472 2145
¢ A B 0 AB A B 0 AB
A'jo 818 517 916 221 843 477 583 242
% (33.1%) (21.0%) (37.1%) (8.94%) (39.30%) (22.24%) (27.18%) (11.28%)
R{':* 816 514 915 220 842 476 580 241
%) (99.76%) | (99.42%) | (99.89%) (99.5%) (99.88%) (99.79%) (99.50%) (99.58%)
Rh s
Rh-
2 3 1 1 1 1 3 1
(j/‘) (0.24%) (0.58%) (0.11%) (0.5%) (0.12%) (0.21%) (0.50%) (0.42%)
0
Mean 2856 314 331 302 58.88 59.52 60.55 59.07
(SD) (9.03) (8.94) (8.57) (8.79) (6.38) (5.97) (4.86) (5.73)
Age <65 671 368 599 117 561 299 356 141
(%) (82.03%) | (71.18%) (65.4%) (52.94%) (66.55%) (62.68%) (61.06%) (58.26%)
>65 147 149 317 104 282 178 227 101
(%) (17.97%) | (28.82%) (34.6%) (47.06%) (33.45%) (37.32%) (38.93%) (41.74%)
3 314 211 332 79 291 161 182 30
(0‘/‘“) (38.4%) (40.8%) (36.2%) (35.7%) (34.52%) (33.75%) (31.22%) (33.06%)
Gender
l\f 504 306 584 142 552 316 401 162
%) (61.6%) (59.2%) (63.8%) (64.3%) (65.48%) (66.25%) (68.78%) (66.94%)
0
Smﬁk” 386 170 415 78 351 199 275 104
Shiing o (47.2%) (32.9%) (45.3%) (35.3%) (41.64%) (41.7%) (47.17%) (43.0%)
Status
Nane-smoker 432 347 501 143 492 278 308 138
(;ﬂ) (52.8%) (67.1%) (54.7%) (64.7%) (58.36%) (58.3%) (52.83%) (57.0%)
D“ﬁk” 422 335 487 145 349 188 251 94
5t %) (51.59%) (64.8%) (53.17%) | (65.61%) (41.4%) (39.41%) (43.05%) (38.84%)
St N”""::"'ker 396 182 429 76 949 289 332 148
%) (48.41%) (35.2%) (46.83%) | (34.39%) (58.60%) (60.59%) (56.95%) (61.16%)
b
e 29 23 57 3 822 461 559 237
(;ﬂ) (3.54%) (4.45%) (6.2%) (1.36%) (97.51%) (96.65%) (95.88%) (97.90%)
* Comorbidity
I‘i" 789 494 859 218 21 16 24 5
%) (96.46%) | (95.55%) (93.8%) (98.64%) (2.49%) (3.35%) (4.12%) (2.10%)
Y;* 267 160 232 87 249 132 160 68
Family history %) (32.64%) (30.9%) (2533%) | (39.37%) (29.54%) (27.67%) (27.44%) (28.10%)
of GC No
551 357 684 134 504 345 423 174
(;ﬂ) (67.36%) (69.1%) (74.67%) | (60.63%) (70.46%) (72.33%) (72.56%) (71.90%)
32’51 Mean 19.7 20.1 18.9 24.6 23.41 23.61 23.38 23.59
(D) (SD) (1.37) (1.49) (0.86) (2.26) (2.89) (3.04) (2.91) (3.13)
r]l 543 304 376 144
% (64.41%) (63.73%) (64.50%) (59.50%)
1; 135 53 79 34
—— %) (16.01%) (11.11%) (13.55%) (14.05%)
Stage Ir]l' 12 88 87 43
) (13.29%) (18.45%) (14.92%) (17.77%)
v
53 32 41 21
(0/“0 y (6.29%) (6.71%) (7.03%) (8.68%)
EE’C 537 292 361 139
Earl %) (63.70%) (61.22%) (61.92%) (57.44%)
Vs L -
Advanced AGC 306 185 222 103
(D/““) (36.30%) (38.78%) (38.08%) (42.56%)
Laparoscopic 387 228 278 116
Surgical (o/“u ) (45.90%) (47.80%) (47.68%) (47.90%)
Access Open 456 249 305 126
(O/“u) (54.10%) (52.20%) (52.32%) (52.10%)
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TG

n
(%)
STG

Gastrectomy
Extent 5
(%)
Other

n
(o)

202 119 166 63
(23.96%) (24.95%) (28.47%) (26.03%)
567 332 369 162
(67.26%) (69.60%) (63.3%) (66.94%)
74 26 48 17
(8.78%) (5.50%) (8.23%) (7.25%)

SD: standard deviation, n: number of participants, F: female, M: male, P: probability value, BMI: body mass index, ABO:

blood groups, Rh: rhesus factor, GC: gastric cancer, EGC: early gastric cancer, AGC: advanced gastric cancer, TNM: T for

tumor depth, N for nodal status, M for metastases, comorbidity: DM, HTN, IHD, Hyperlipidemia, a: P = .034 between cases

.and controls

.Table 3. Association of ABO with gastric cancer

ABO Gastric OR (95% CI)
type Cancer
Controlsn
Cases Adjusted
(%) Crude OR
n P OR P
2472 (95% CI)
(%) (95% CI)
2145
O
916 583 0.6340 1.00
<0.0001 -
(37.1%) (27.18%) | (0.5593-0.7187) (reference)
A 818 843 1.3021 1.21
<0.0001 0.012
(33.1%) (39.3%) | (1.1542-1.4689) (1.14-1.39)
B 517 477 1.0914 0.97
0.27 0.63
(21.0%) (22.24%) | (0.9396-1.2446) (0.84-1.04)
AB 221 242 1.2953 1.17
<0.01 0.038
(8.94%) (11.28%) | (1.0687-1.5699) (1.08-1.26)

n: number of participants, P: probability value, ABO: blood groups, CI: confidence interval, OR: Odds ratio, a: multivariable

.adjustment by age, gender, smoking status, drinking status, BMI category, family history of gastric cancer, and comorbidity

Discussion

The ABO blood group distribution exhib-
its significant variation among different
ethnic groups and geographical territories
(16,301, thus, we evaluated cases and controls

from the same ethnically homogenous Ko-

rean population to explore the qualitative
and quantitative nature of the association
between ABO blood groups and GC. Al-
though standard serological phenotypical
determination of blood groups may lead to
different predictions and results in contrast

to genotype determination, these differenc-
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es are negligible in ethnically homogenous
populations, as the reported discordance
rate between phenotypical and genotypical
grouping is 0.12% in Korea and 0.18% in
Japan 2331, The association between ABO
blood groups and gastric carcinoma has
been extensively investigated. Although
the results are conflicting [10, 16, 17],
group A is recognized as an established
risk factor for GC [10, 15, 34-36], which
was confirmed in the present study (crude
and adjusted OR) (Table 4), as well as in a
recent large scale prospective study using
standard serological ABO blood grouping
[37].

Our study also confirmed the protective
effect of group O against GC (crude OR)
(Table 4), which has been demonstrated in
multiple previous studies [3, 18], and is a
protective factor against certain types of
skin cancer *®'and pancreatic exocrine car-
cinomal'”-%-41; however, group O has been
shown to be a risk factor for benign gas-
tric epithelial diseases (e.g., gastric pep-
tic ulcer disease, H. pylori infection, and
stomal ulcers) % !: 371 This study is also
consistent with previous studies showing
that group B is neither a risk nor a protec-
tive factor for GC I*¥) (Table 4); however,
group B is a risk factor for ovarian carci-
noma !, and vulvar cancer'*”, and group
O although protective factor for ovarian

and vulvar cancer'*?, is associated with in-

creased risk of relapse of these cancers!*?!,
The most important finding of our study is
that group AB is also a risk factor for GC
(Table 4), which has been observed in few
other studies, particularly in populations of
Asian descent l; however, this meta-anal-
ysis showed that the risk factor effect of the
AB group was maintained in the subgroup
suffering from a high prevalence of H. py-
lori infection compared to that with a low
prevalence of H. pylori infection, which
may be a significant confounding factor
431 given that the AB group is considered
a protective factor against H. pylori infec-
tion !, Thus, we found that the AB group
is an independent risk factor for GC, as H.
pylori infection was an exclusion criterion
for both cases and controls (Table 4).

There were no significant difference be-
tween sexes (Tables 1, 2, and 3), although
numerous modifiable risk factors for GC,
such as smoking and drinking habits, are
more common in Korean males than in
females, as demonstrated by Song et al.
2013, who found that the A allele was only
a risk factor in females with fewer modi-
fiable risk factors compared to males with
more modifiable risk factors, confounding
the effect of the A allele % ', We found
no significant difference between blood
groups regarding the -clinicopathologic
characteristics of GC in terms of TNM

stage (American Joint Committee on Can-

Blood group phenotypes associated with risk of gastric cancer: a case-control study
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cer 7th edition 2010), surgical access type
(open vs. laparoscopic), and extent of gas-
trectomy (total gastrectomy, subtotal gas-
trectomy, other) (Table 3). This is likely
because most cases were screen-detected
EGC across all blood groups. Other stud-
ies showed an association between ABO
blood groups and GC clinicopathological
characteristics, including the association
between group A and the diffuse histo-
logical subtype !'*-3"; however, other stud-
ies failed to show an association between
ABO blood groups and the tumor site of
origin*%*4, The prognostic impact of ABO
blood groups on GC survival was inves-
tigated, and the results showed that group
AB has the best prognostic outcome com-
pared to non-AB blood groups, with group
A having the worst prognosis [\,

The strengths of this study include the
well-powered large sample and ethnic ho-
mogeneity, which mitigate the confound-
ing effect of the discordant rate of the
blood group distribution that is sensitive
to geographical and ethnic variations. One
limitation of this study is that the controls
were blood donors, which may have led to
selection bias because of the strict inclu-
sion and exclusion criteria of blood banks,
altering the risk of the controls, e.g., be-
ing younger, less obese, and suffering
fewer comorbidities. However, this effect

was mitigated by the fact both controls

and cases had no history of H. pylori or
peptic ulcer disease, and showed no sig-
nificant differences regarding other mod-
ifiable (i.e., smoking and drinking status)
and non-modifiable ( i.e., sex and family
history of GC) risk factors. Further limita-
tions of the study are the potential residual
confounding due to differences between
cases and controls, all limitations and risk
of bias inherent to the study design, and an
inability to generalize the results to other

populations.

Conclusion

This large-scale case-control study was
conducted to investigate the nature of the
association between ABO blood groups
and GC risk. The results were consistent
with those of previous studies showing
that group A is a risk factor for GC, group
O is a protective factor, and group B is a
neutral factor. The most important find-
ing of this study is that group AB was ob-
served to be an independent risk factor for
GC even when other confounding factors
(e.g., H. pylori seropositivity, smoking and
drinking habits, sex, age, BMI, comorbid-
ities, and family history of GC) were con-
trolled. These results provide a foundation
for further epidemiological studies to de-
termine the underlying etiological mecha-

nism of the A antigen in GC carcinogen-
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esis to identify targets for prevention by
risk-modification strategies, therapy, and

prognosis prediction.
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