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Abstract: Objective: The aim of the current study was to systematically investigate the relationship between ABO
blood groups and prognosis of gastric cancer. Methods: The literature search was accomplished on December 1,
2018, including conference abstracts and articles, with no language restrictions. The following databases were
searched: PubMed, EMBASE (Excerpta Medica database), and Web of Science (including Science Citation Index
and Social Sciences Citation Index). Data were then extracted from eligible studies. Pooled hazard ratios (HRs) and
95% confidence intervals (95% Cls) for overall survival were calculated between blood type O and other blood types
or between blood type AB and the others via a random-effects model (STATA/SE software). Results: Five studies,
including a total of 8,024 gastric cancer patients, were involved in the current analysis. Taking blood type O as a
reference, the pooled HR of blood type A was 1.10 (95% Cl, 0.87 - 1.39), with high heterogeneity (1> = 84.7%; P <
0.001). The pooled HR of blood type B was 1.08 (95% Cl, 0.96 - 1.21), with moderate heterogeneity (1> = 34.5%; P
= 0.192). The pooled HR of blood type AB was 0.79 (95% Cl, 0.55 - 1.15), with high heterogeneity (1> = 90.0%; P <
0.001). No statistically significant pooled risks were observed taking other blood types as references. Conclusion:
Results suggest that ABO blood groups may not be prognostic for patients with gastric cancer.
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Introduction

Gastric cancer accounts for the fifth most can-
cer cases and third most cancer-related deaths,
worldwide [1]. In 2015, incidental cases of gas-
tric cancer were over a half million in China,
with a comparable number of patient deaths
[2]. Due to difficulties in early detection and the
absence of effective therapy, poor 5-year sur-
vival rates of gastric cancer continue to be a
huge hurdle [3]. To improve prognosis and pro-
long survival times, substantial factors need to
be identified, matching proper treatment with
individualized management for patients with
gastric cancer.

Since being discovered in the early twentieth
century, ABO blood groups have been widely
applied in transfusions and transplantation
therapy methods [4]. The blood groups are de-
termined by carbohydrate moieties located on
the surface of red blood cells [4]. Their antigens

are glycosyltransferases encoded by “A”, “B”,
and “O” alleles. Recently, the blood groups
were related to higher risks and different prog-
noses of various cancers, including gastric can-
cer [5-10]. The association between blood
group A and gastric cancer has been confirmed
in several large population-based cohort stud-
ies [9, 11]. However, results are still debatable
regarding prognosis. For example, a study by
Fan et al. [12] indicated that postsurgical gas-
tric cancer patients with or without O blood type
did not differ in prognosis. Another study sh-
owed that gastric cancer patients with blood
type A may have worse prognosis than those
with other blood types [13]. Inconsistencies
across these existing studies may be due to the
limited number of gastric cancer cases in each
blood type group or the single-center study
itself.

Currently there are no meta-analyses relating
ABO blood groups to prognosis of gastric can-
cer patients. Thus, an evidence-based and
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tabases: PubMed, EMBASE
(Excerpta Medica databa-
se), and Web of Science
(including Science Citation
Index and Social Sciences
Citation Index). The search
strategy was expressed in
the Boolean style. Subject
terms were: (“Stomach Ne-
oplasms” or “Stomach Ne-
oplasm” or “Gastric Neop-
lasms” or “Gastric Neopla-
sm” or “Cancer of Stomach”
or “Stomach Cancers” or
“Gastric Cancer” or “Gastr-
ic Cancers” or “Stomach
Cancer” or “Cancer of the
Stomach”) and (“Blood Gr-
oup Antigens” or “Blood Gr-
oups” or “Blood Group” or
“Blood Type” or “Blood Ty-
pes”) and (“Survival” or “Pr-
ognosis” or “Prognoses” or
“Prognostic Factors” or “Pr-
ognostic Factor”). The liter-
ature search was complet-
ed on December 1, 2018,
including conference abst-
racts and articles of any
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comprehensive analysis is necessary to help
reach an unbiased conclusion. Therefore, syn-
thesizing all published studies on the subject,
the current meta-analysis aimed to systemati-
cally investigate the relationship between ABO
blood groups and prognosis of gastric cancer
patients.

Methods

This meta-analysis was conducted in accor-
dance with the guidelines of the Preferred
Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement. Quality ev-
aluation of articles involved was assessed by
the NOS scale. Results are shown in Table S1
and Figure S1. All involved articles were high
quality (= 6 stars).

Search strategy

A systematic literature search was conducted
using the following electronic bibliographic da-
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language. Finally, a total of

1,177 records were identi-

fied. A flowchart of the liter-
ature selection process is portrayed in Figure
1.

Selection criteria

Retained articles met inclusion criteria, as fol-
lows: (I) Gastric cancer must be proven by
pathology; (Il) Aimed to assess whether blood
type system was the prognostic factor for
patients with gastric cancer; (lll) Information
was sufficient on blood types for gastric cancer
patients, as well as necessary statistical mea-
sures, including hazard ratios (HRs) and 95%
confident intervals (95% Cls) or corresponding
survival curves was available for extraction or
inference; and (IV) Reviews, meta-analyses,
case series, and basic medical studies were
excluded.

Eligible articles were accessed, independently,
by two members of the present study, accord-
ing to the criteria above. A third party was con-
sulted if there were any disagreements.
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Exclusion criteria

Exclusion criteria: (I) Article type was review or
meta-analysis; (ll) Basic medical research, can-
cer immunotherapy, tumor markers, or other
cancers; (lll) Full-text was unavailable; and (IV)
Not available for prognosis information or blood
type details.

Data extraction

Various information was extracted, including
the surname of the first author, published year,
country, study design, case number of each
ABO blood type, gastric cancer stage and loca-
tion, demographics like age, ethnicity and gen-
der, overall survival, hazard ratios (HR), and
95% confidence intervals (95% Cl). For articles
without available hazard ratios, overall survival
was estimated via Kaplan-Meier curves by me-
ans of Engauge Digitizer software Release 4.0.
Data extraction was independently conducted
by two researchers. Discrepancies were reso-
Ived by discussion.

Statistical analysis

Pooled HRs and 95% Cls for overall survival
were calculated between blood type O and
other blood types or between blood type AB
and the others via a random-effects model
using the DerSimonian and Laird method [14,
15]. Heterogeneity between studies was evalu-
ated with /2, an index ranging from 0%-100%
based on the Cochrane Q test. Heterogeneity
was considered to be low between studies if I?
ranged from 0% to 25%. Heterogeneity was
moderate from 25% to 75% and high from 75%
to 100% [16].

A filled funnel plot was used to visually present
the presence of publication bias. Publication
bias was inevitable due to unpublished studies
with negative results or extreme deviations
from previous results. Additionally, Egger’s test,
a weighted regression test helping to justify the
asymmetry of funnel plots, was performed to
assess the statistical evidence of publication
bias. Significance is defined as P < 0.1. Con-
sidering potentially missing studies, an unbi-
ased estimate was acquired using the trim and
fill method. All statistical analyses were accom-
plished utilizing STATA/SE 14.0 software (St
ataCorp).
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Results
Qualified studies

According to the search strategy, a total of
1,177 articles were obtained. After screening,
five articles were identified [12, 13, 17-19]. The
selection process is visually shown in detail in a
flow diagram (Figure 1).

Baseline characteristics

Table 1 shows characteristics of the 5 involved
studies, including a total of 8,024 gastric can-
cer patients. The publication year ranged from
2011 to 2018. All qualified publications were
conducted in China [12, 13, 17, 18], except for
one in USA [19]. All patients in these studies
were diagnosed by pathology. The shortest fol-
low-up time was 5 years, while the longest was
up to 15 years. The proportion of male patients
of these studies ranged from 62% to 78%.

Overall analysis

A series of paired-comparisons were conduct-
ed between different blood types, including
blood type A versus O, blood type B versus O,
blood type AB versus O, blood type A versus B,
blood type A versus AB, and blood type B ver-
sus AB. Results are shown in Figures 2, 3.
Taking blood type O as a reference, the pooled
HR of blood type A was 1.10 (95% CI, 0.87 -
1.39), with high heterogeneity (1> = 84.7%; P <
0.001). The pooled HR of blood type B was
1.08 (95% ClI, 0.96 - 1.21), with moderate het-
erogeneity (I? = 34.5%; P = 0.192). The pooled
HR of blood type AB was 0.79 (95% Cl, 0.55 -
1.15), with high heterogeneity (I = 90.0%; P <
0.001) (Figure 2A-C). Taking blood type B as a
reference, the pooled HR of blood type A was
1.06 (95% ClI, 0.89 - 1.26). Heterogeneity bet-
ween studies was moderate (> = 63.9%; P =
0.026) (Figure 3A). No statistically significant
pooled risks were observed for blood type A
(HR, 1.25; 95% CI, 0.82 - 1.89) or blood type B
(HR, 1.31; 95% ClI, 0.88 - 1.95), compared with
blood type AB. Levels of heterogeneity were
high (both I?> > 75.0% and P < 0.001) (Figure 3B
and 3C).

Cumulative and sensitivity analyses

Performing cumulative meta-analysis and sen-
sitivity analysis, it was found that neither the
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Table 1. Characteristics of the 5 included studies in this meta-analysis

Author (year) Country Follow-up Diagnose Criteria Patients Gender No. of Patients HRs

(years) source (M/F),%  Total O A B AB O/A" O/Bf O/AB"T B/A* AB/AS AB/AS
Qiu (2011) China 5 Pathology-proven Hospital based 0.65/0.35 474 196 124 114 40 119 0.85 1.16 1.40 1.00 0.70
Xu (2016) China 5 Pathology-proven Hospital based 0.69/0.31 1412 407 516 346 143 1.66 1.35 0.53 125 250 234
Xiao (2017) China 7 Pathology-proven Hospital based 0.78/0.22 3234 988 980 935 331 1.09 1.06 1.08 1.03 1.01 0.98
Fan (2018) China 5-15 Pathology-proven Hospital based 0.75/0.26 2781 1116 824 638 203 0.98 1.09 1.00 090 0.99 1.10
Martinson (2018)  USA 8 Pathology-proven Hospital based 0.62/0.38 123 30 55 8 30 056 097 049 058 114 195

1, HRs were evaluated taking blood type O as reference. f, HRs were evaluated taking blood type B as reference. §, HRs were evaluated taking blood type AB as reference. Abbrevia-
tions: HRs, hazard ratios.

A Study % B study %

D HR (95% CI) Weight D HR (95% Cl) Weight
: |

Qiu (2011) —_—t 1.19(0.87,1.63) 17.99 Qiu (2011) . 0.85 (0.61,1.19) 9.52

Xu (2016) —_— 1.66 (1.36,2.02) 22.25 Xu (2016) i—o%1.35(1.07,1.71) 16.47
| i

Xiao (2017) +— 1.09 (0.95, 1.25) 24.11 Xiao (2017) —_— 1.06 (0.92,1.22) 3158
: i
| !

Fan (2018) —— 0.98 (0.86, 1.12) 24.17 Fan (2018) —_ 1.09 (0.95, 1.26) 30.42

Martinson (2018) ~ é—————+—— 0.56 (0.33,0.95) 11.48 Martinson (2018) 0.97 (0.72,1.29) 12.02

i i
! !
: .
Overall (l-squared = 84.7%, p = 0.000) <:> 110 (0.87,1.39) 100.00 Overall (I-squared = 34.5%, p = 0.192) <O 1.08 (0.96,1.21) 100.00

|
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis i

T T
332 1 3.01 585 1 1.71

C Study
D HR (95% Cl)
Qiu (2011) —5——.— 1.16 (0.72, 1.86)
Xu (2016) ! 0.53(0.57,075) Figure 2. Forest plots of overall survival for different blood
Xiao (2017) - 1,08 (0.6, 131) types for patients with gastric cancer taking blood type O

: as a reference. Notes: A. Blood type A vs blood type O; B.
Fan (2018) — 1.00 (080, 1.25) Blood type B vs blood type O; C. Blood type AB vs blood
type O. HR, hazard ratio. 95% CI, 95% confidence interval.

Martinson (2018) —_—

Overall (l-squared = 90.0%, p = 0.000) C> 0.79 (0.55, 1.15)

NOTE: Weights are from random effects analysis

0.49 (0.40, 0.61)

T
372 1 268
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A Study % B Study %
D HR (95% Cl) Weight D HR (95% Cl) Weight
’ !
Qiu (2011) --é—‘— 1.40(0.96, 2.03) 13.38 Qiu (2011) i 1.00 (0.62, 1.60) 18.48
Xu (2016) -;—0— 1.25(1.03, 1.52) 24.77 Xu (2016) E ——— 250(1.94, 3.23) 22.16
Xiao (2017) —OI— 1.03(0.90, 1.18) 29.72 Xiao (2017) ——i 1.01(0.83, 1.23) 22.93
Fan (2018) —0—-§ 0.90 (0.77, 1.05) 28.37 Fan (2018) —~|—E 0.99 (0.78,1.24) 2248
Martinson (2018) E 0.58 (0.25, 1.34) 3.76 Martinson (2018) 1.14 (0.55,2.35) 13.94
Overall (I-squared = 63.9%, p = 0.026) <9 1.06 (0.89, 1.26) 100.00 Overall (l-squared = 89.5%, p = 0.000) <7 1.25(0.82, 1.89) 100.00

NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis

T T T
253 1 3.96 31 1 3.23

C Study %
D HR (95% CI) Weight
Qiu (2011) —_— 0.70(0.41,1.19) 16.03

Figure 3. Forest plots of overall survival for different blood

u(2019) 234(171,3.20) 1968 types for patients with gastric cancer taking blood type B
Xiao (2017) —_— 0.98(0.81,1.19) 21.27 or AB as a reference. Notes: A. Blood type A vs blood type

B; B. Blood type A vs blood type AB; C. Blood type B vs
Fan (2018) T 1.10(086,1.39) 2077 blood type AB. HR, hazard ratio. 95% Cl, 95% confidence
Martinson (2018) - 1.95(1.81,2.11) 22.25 interval.

Overall (I-squared = 94.4%, p = 0.000) <<> 1.31(0.88, 1.95) 100.00

NOTE: Weights are from random effects analysi

T
312 1 32
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first published study nor any single study influ-
enced the others (Figures S2 and S3).

Publication bias

According to the funnel plot (Figures 4 and 5)
and asymmetry statistics of Egger’'s regres-
sion, no significant publication bias was detect-
ed for the paired-comparison groups: Blood
type A versus O (P = 0. 873), blood type B ver-
sus O (P = 0. 698), blood type AB versus O (P =
0.944), blood type A versus B (P = 0.907), bl-
ood type A versus AB (P = 0.941), and blood
type B versus AB (P = 0.225). Further evidence
of afilled funnel plot indicated that no addition-
al articles were necessary to make the funnel
more meristic, indicating that results of the
present study are trustworthy.

Discussion

To the best of our knowledge, the current study
is the first attempt to systematically investigate
the prognostic effects of ABO blood groups on
gastric cancer via meta-analysis. Incorporating
the five latest articles, results suggest that the
ABO blood groups may not be prognostic for
patients with gastric cancer.

The relationship between gastric cancer and
ABO blood groups was first reported by Aird et
al. [20]. Afterward, blood types were reported
as risk factors for gastric cancer [8-11]. Based
on previous studies, ABO antigens or glycosyl-
transferases may influence tumorigenesis and
the process of cancer by participating in inter-
cellular adhesion, immune response to the
host, and modulation of circulating von Wi-
llebrand factor levels in plasma [21-23]. In
addition, ABO blood groups may also be linked
to cancer initiation and spread by association
with some inflammatory cytokines, including
soluble intercellular adhesion molecule-1, P-
selectin, and tumor necrosis factor-alpha [24-
26]. These cytokines are expressed distinctly
in different blood types. For example, circulat-
ing soluble intercellular adhesion molecule-1
level is significantly lower in populations with
the non-O blood type. This may result in the
promotion of metastatic spread if they develop
any endothelial cell carcinoma [27-29]. Mo-
reover, antigens of “ABO” blood groups tend to
be overexpressed in gastrointestinal cells [30]
and specific blood type antigens may mediate
the attachment to human gastric mucosa of
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Helicobacter pylori (H. pylori), which is the main
cause of gastric cancer [31]. Under these cir-
cumstances, it would be reasonable to deduce
that ABO blood groups may influence the prog-
nosis of individuals with gastric cancer, as well
as survival status.

To date, several studies have explored the rela-
tionship between ABO blood groups and prog-
nosis of gastric cancer, presenting inconsistent
conclusions [12, 13, 17-19]. Although the pa-
tients were all proven pathologically, sample
sizes ranged from 123 to 3,234. The studies
were conducted in China and USA. This may be
a potential source of heterogeneity. After sys-
tematical and comprehensive analysis, the cur-
rent meta-analysis found that, regardless of
the blood type taken as reference, ABO blood
groups were not prognostic for patients with
gastric cancer. However, present results should
be confirmed by future studies.

There were some limitations to the present
study, possibly affecting results. First, informa-
tion concerning H. pylori infections was not
obtained from involved studies. Second, the
limited number of included studies made it dif-
ficult to explore heterogeneity between studies.
Third, included studies were carried out in two
countries. Thus, study quality, patient selec-
tion, and follow-up processes might have con-
tributed to heterogeneity. Fourth, publication
bias is possible even though results of the fun-
nel plot and Egger’s tests showed a low proba-
bility of publication bias. Fifth, only five articles
were selected after an extensive literature
search. This may have reduced the power of
analysis.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Peijian Ding, The
Third Department of General Surgery, Affiliated
Hospital of Chengde Medical University, No. 1,
Nanyingzi Street, Chengde, Hebei Province, China.
Tel: +86-314-2279252; E-mail: dingpj1976@sina.
com

References
[1] Graham DY. Helicobacter pylori update: gastric

cancer, reliable therapy, and possible benefits.
Gastroenterology 2015; 148: 719-731, e713.

Int J Clin Exp Med 2019;12(8):9566-9575


mailto:dingpj1976@sina.com
mailto:dingpj1976@sina.com

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

(10]

[11]

[12]

[13]

(14]

[15]

9574

Blood types and gastric cancer prognosis

Chen W, Zheng R, Baade PD, Zhang S, Zeng H,
Bray F, Jemal A, Yu XQ and He J. Cancer statis-
tics in China, 2015. CA Cancer J Clin 2016; 66:
115-132.

Zong L, Abe M, Seto Y and Ji J. The challenge of
screening for early gastric cancer in China.
Lancet 2016; 388: 2606.

Calafell F, Roubinet F, Ramirez-Soriano A, Sai-
tou N, Bertranpetit J and Blancher A. Evolu-
tionary dynamics of the human ABO gene.
Hum Genet 2008; 124: 123-135.

Wu T, Ma XA, Wang GQ, Li Q, Li MJ, Guo JY,
Liang X, Ruan ZP, Tian T, Nan KJ, Liu LN and
Guo H. ABO blood type correlates with survival
in hepatocellular carcinoma following hepatec-
tomy. Sci Rep 2017; 7: 4412.

Franchini M, Favaloro EJ, Targher G and Lippi
G. ABO blood group, hypercoagulability, and
cardiovascular and cancer risk. Crit Rev Clin
Lab Sci 2012; 49: 137-149.

Wolpin BM, Chan AT, Hartge P, Chanock SJ,
Kraft P, Hunter DJ, Giovannucci EL and Fuchs
CS. ABO blood group and the risk of pancreatic
cancer. J Natl Cancer Inst 2009; 101: 424-
431.

Hsiao LT, Liu NJ, You SL and Hwang LC. ABO
blood group and the risk of cancer among mid-
dle-aged people in Taiwan. Asia Pac J Clin
Oncol 2015; 11: e31-36.

Edgren G, Hjalgrim H, Rostgaard K, Norda R,
Wikman A, Melbye M and Nyrén O. Risk of gas-
tric cancer and peptic ulcers in relation to ABO
blood type: a cohort study. Am J Epidemiol
2010; 172: 1280-1285.

Li B, Tan B, Chen C, Zhao L and Qin L.
Association between the ABO blood group and
risk of common cancers. J Evid Based Med
2014; 7: 79-83.

Etemadi A, Kamangar F, Islami F, Poustchi H,
Pourshams A, Brennan P, Boffetta P, Male-
kzadeh R, Dawsey SM, Abnet CC and Emadi A.
Mortality and cancer in relation to ABO blood
group phenotypes in the Golestan cohort
study. BMC Med 2015; 13: 8.

Fan GH, Hu D, Peng F, Xu G, Lin X, Liang B,
Zhang H, Xia Y, Lin J, Zheng X and Niu W.
Different risk profiles for the postsurgical prog-
nosis of gastric cancer patients with different
blood types: the FIESTA study. J Cancer 2018;
9: 2885-2894.

Xu YQ, Jiang TW, Cui YH, Zhao YL and Qiu LQ.
Prognostic value of ABO blood group in pa-
tients with gastric cancer. J Surg Res 2016;
201: 188-195.

DerSimonian R and Laird N. Meta-analysis in
clinical trials revisited. Contemp Clin Trials
2015; 45: 139-145.

DerSimonian R and Laird N. Meta-analysis in
clinical trials. Control Clin Trials 1986; 7: 177-
188.

(16]

[17]

(18]

(19]

[22]

(23]

(24]

(25]

(26]

Higgins JP, Thompson SG, Deeks JJ and Altman
DG. Measuring inconsistency in meta-analy-
ses. BMJ 2003; 327: 557-560.

Qiu MZ, Zhang DS, Ruan DY, Luo HY, Wang ZQ,
Zhou ZW, Wang FH, Li YH and Xu RH. A rela-
tionship between ABO blood groups and clini-
copathologic characteristics of patients with
gastric adenocarcinoma in China. Med Oncol
2011; 28: S268-S273.

Xiao S, Feng F, Sun L, Cai L, Liu Z, Liu S, Fan D
and Zhang H. Blood type AB predicts promising
prognosis in gastric cancer patients with posi-
tive preoperative serum CEA. Medicine 2017;
96: e8496.

Martinson HA, Shelby NJ, Alberts SR and Olnes
MJ. Gastric cancer in Alaska native people: a
cancer health disparity. World J Gastroenterol
2018; 24: 2722-2732.

Aird |, Bentall HH and Roberts JA. A relation-
ship between cancer of stomach and the ABO
blood groups. Br Med J 1953; 1: 799-801.
Franchini M, Frattini F, Crestani S, Bonfanti C
and Lippi G. von willebrand factor and cancer:
a renewed interest. Thromb Res 2013; 131:
290-292.

Hakomori SI. Antigen structure and genetic ba-
sis of histo-blood groups A, B and O: their
changes associated with human cancer. Bio-
chim Biophys Acta 1999; 1473: 247-266.
Zhang S, Zhang HS, Cordon-Cardo C, Reuter
VE, Singhal AK, Lloyd KO and Livingston PO.
Selection of tumor antigens as targets for im-
mune attack using immunohistochemistry: Il.
blood group-related antigens. Int J Cancer
1997; 73: 50.

Melzer D, Perry JR, Hernandez D, Corsi AM,
Stevens K, Rafferty |, Lauretani F, Murray A,
Gibbs JR, Paolisso G, Rafiq S, Simon-Sanchez
J, Lango H, Scholz S, Weedon MN, Arepalli S,
Rice N, Washecka N, Hurst A, Britton A, Henley
W, van de Leemput J, Li R, Newman AB, Tranah
G, Harris T, Panicker V, Dayan C, Bennett A,
McCarthy MI, Ruokonen A, Jarvelin MR, Gu-
ralnik J, Bandinelli S, Frayling TM, Singleton A
and Ferrucci L. A genome-wide association
study identifies protein quantitative trait loci
(pQTLs). PLoS Genet 2008; 4: e1000072.
Franchini M, Favaloro EJ, Targher G and Lippi
G. ABO blood group, hypercoagulability, and
cardiovascular and cancer risk. Crit Rev Clin
Lab Sci 2012; 49: 137-149.

Barbalic M, Dupuis J, Dehghan A, Bis JC, Ho-
ogeveen RC, Schnabel RB, Nambi V, Bretler M,
Smith NL, Peters A, Lu C, Tracy RP, Aleksic N,
Heeriga J, Keaney JF Jr, Rice K, Lip GY, Vasan
RS, Glazer NL, Larson MG, Uitterlinden AG,
Yamamoto J, Durda P, Haritunians T, Psaty BM,
Boerwinkle E, Hofman A, Koenig W, Jenny NS,
Witteman JC, Ballantyne C and Benjamin EJ.
Large-scale genomic studies reveal central

Int J Clin Exp Med 2019;12(8):9566-9575



[27]

(28]

[29]

Blood types and gastric cancer prognosis

role of ABO in sP-selectin and sICAM-1 levels.
Hum Mol Genet 2010; 19: 1863.

Hanako K, Boelte KC and P Charles L. Endo-
thelial cell adhesion molecules and cancer
progression. Curr Med Chem 2007; 14: 377-
386.

Rieckmann P, Michel U, Albrecht M, Brick W,
Wockel L and Felgenhauer K. Soluble forms of
intercellular adhesion molecule-1 (ICAM-1)
block lymphocyte attachment to cerebral en-
dothelial cells. J Neuroimmunol 1995; 60:
9-15.

Witkowska AM and Borawska MH. Soluble in-
tercellular adhesion molecule-1 (sICAM-1): an
overview. Eur Cytokine Netw 2004; 15: 91-98.

9575

[30] Le Pendu J, Marionneau S, Cailleau-Thomas A,

(31]

Rocher J, Le Moullac-Vaidye B and Clement M.
ABH and Lewis histo-blood group antigens in
cancer. APMIS 2001; 109: 9-31.

Boren T, Falk P, Roth KA, Larson G and Normark
S. Attachment of Helicobacter pylori to human
gastric epithelium mediated by blood group
antigens. Science 1993; 262: 1892-1895.

Int J Clin Exp Med 2019;12(8):9566-9575



Blood types and gastric cancer prognosis

Table S1. Quality evaluation of involved articles
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