American Journal of Epidemiology

Vol. 177, No. 12
M © The Author 2013. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of

DOI: 10.1093/aje/kws458
Advance Access publication:
May 6, 2013

Public Health. All rights reserved. For permissions, please e-mail: journals.permissions @ oup.com.

Systematic Reviews and Meta- and Pooled Analyses

ABO Blood Group and Risk of Pancreatic Cancer: A Study in Shanghai and
Meta-Analysis

Harvey A. Risch*, Lingeng Lu, Jing Wang, Wei Zhang, Quanxing Ni, Yu-Tang Gao, and Herbert Yu

* Correspondence to Dr. Harvey A. Risch, Department of Chronic Disease Epidemiology, Yale School of Public Health, 60 College Street,
New Haven, CT 06510 (e-mail: harvey.risch @yale.edu).

Initially submitted July 25, 2012; accepted for publication November 19, 2012.

Studies over 5 decades have examined ABO blood groups and risk of pancreatic cancer in Western, Asian, and
other populations, though no systematic review has been published. We studied data from 908 pancreatic cancer
cases and 1,067 population controls collected during December 2006—January 2011 in urban Shanghai, China,
and reviewed the literature for all studies of this association. Random-effects meta-analysis provided summary
odds ratio estimates according to blood group and by populations endemic versus nonendemic for cytotoxin-
associated gene A (CagA)-positive Helicobacter pylori. In our Shanghai study, versus group O, only ABO group A
was associated with risk (odds ratio (OR) = 1.60, 95% confidence interval (Cl): 1.27, 2.03). In 24 pooled studies,
group A showed increased risk in both CagA-nonendemic and -endemic populations (ORggoieq = 1.40, 95% Cl:
1.32, 1.49). In nonendemic populations, groups B and AB were also associated with higher risk (OR = 1.38, 95%
Cl: 1.16, 1.64; and OR =1.52, 95% CI: 1.24, 1.85, respectively). However, in CagA-endemic populations, groups
B and AB were not associated with risk (OR=1.05, 95% CI: 0.92, 1.19; and OR=1.13, 95% CI: 0.92, 1.38,
respectively). These population differences were significant. One explanation for contrasts in associations of
blood groups B and AB between CagA-endemic and -nonendemic populations could involve gastric epithelial
expression of A versus B antigens on colonization behaviors of CagA-positive and CagA-negative H. pylori

strains.

ABO blood group system; Asia; case-control studies; meta-analysis; pancreatic neoplasms

Abbreviations: CagA, cytotoxin-associated gene A; Cl, confidence interval; OR, odds ratio; SNP, single nucleotide polymorphism.

Pancreatic cancer is one of the most aggressive cancers.
Incidence of the disease has increased dramatically in China
over the last 30 years. In urban Shanghai, the average annual
age-adjusted incidence rate (per 100,000 people) rose from
3.7 in men and 3.2 in women in 1973 to 11.2 in men and
10.9 in women in 2000 (1). Most patients are diagnosed at
late stages, and the prognosis of pancreatic cancer is dismal,
with median survival of less than 6 months and overall 5-
year survival of less than 5% (2). Cigarette smoking and
family history of cancer are 2 known risk factors but do not
explain much of the disease’s etiology (3, 4).

An association between ABO blood group and risk of pan-
creatic cancer was considered more than 50 years ago in the
context of explorations between blood groups and various
malignant diseases (5). After publication of a few reports,

interest largely waned until the PanScan genome-wide associa-
tion study identified the single nucleotide polymorphism (SNP)
1s505922, which is highly linked to ABO groups O versus
non-0O, as its top hit (6). Studies of pancreatic cancer and ABO
groups have been fairly consistent in identifying blood group
A in association with increased risk, but variable as to whether
blood groups B or AB are also associated with risk, particularly
in Asian populations, where colonization by cytotoxin-
associated gene A (CagA)-positive strains of Helicobacter
pylori is common. We carried out a large population-based
case-control study of pancreatic cancer in urban Shanghai,
China, and sought to address ABO blood group associations
with pancreatic cancer in CagA-endemic and -nonendemic
populations through meta-analysis of results from the
Shanghai study along with all available published studies.
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MATERIALS AND METHODS
Study population

Between December 2006 and January 2011, subjects
were enrolled in a population-based case-control study of
pancreatic cancer in urban Shanghai, China. All participants
were Shanghai residents aged 3579 years. Potential cases
were identified through an “instant case reporting system” of
networked hospital staff in the 37 major Shanghai hospitals
in which the majority of individuals with pancreatic cancer
are diagnosed and obtain care. In total, 1,237 newly diag-
nosed patients with pancreatic cancer were reported to the
Shanghai Cancer Institute over the 49-month enrollment
period. Of these, 149 had died, were unable to be contacted,
or refused to participate; the remaining 1,088 (88%) were
recruited into the study. All relevant hospital records, pathol-
ogy reports and slides, and imaging materials were collected
for subsequent review of case eligibility by an expert panel
of clinicians and pathologists organized specifically for this
study. Among the 1,088 patients, 198 were excluded because
of diagnoses of benign tumors or of nonpancreatic or non-
adenocarcinoma primaries, leaving 890 confirmed cases
of pancreatic cancer for analysis. During the 49 months of
patient accrual, representative population controls were ran-
domly selected from the files of the Shanghai Residents
Registry according to categories of frequency matching by
age group and sex. The Shanghai Residents Registry enu-
merates all permanent residents of Shanghai. Contact was
attempted for 1,653 candidates. Among those selected, 94
were found to have been diagnosed with malignant diseases
and 30 were deceased (both categories ineligible). An addi-
tional 462 refused to participate. The remaining 1,067
(70%) were recruited as controls. The study was approved
by the institutional human subjects review boards of the
Shanghai Cancer Institute and Yale University.

Assessment of ABO blood group

At interview, subjects provided signed informed consent,
after which they were interviewed in person by trained study
staff. Upon completion of the questionnaire interview, saliva
samples were obtained from 84% of subjects with Oragene
DNA collection kits (DNA Genotek, Inc., Kanata, Ontario,
Canada) and venipuncture blood samples were obtained
from 80% of subjects, yielding biospecimens for genetic
analysis from a total of 847 cases and 975 controls.

Following interviews, blood samples (packed on ice) and
Oragene saliva samples were immediately transported to the
Shanghai Cancer Institute specimen processing laboratory,
where they were promptly centrifuged, aliquotted into stan-
dard components, and frozen at —80°C. After the study
received export approval by the Chinese National Office for
the Management of Human Genetic Resources, aliquot sam-
ples were shipped via air courier to our laboratories at Yale
University (New Haven, Connecticut). DNA was extracted
from the saliva samples according to the manufacturer’s
directions and stored at —80°C. For analysis of samples
when saliva specimens were unavailable or did not work
after repeated genotyping attempts, DNA was extracted from
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buffy coat aliquots by standard methods with MagNA Pure
Compact nucleic acid isolation kits (Roche Diagnostics Co.,
Indianapolis, Indiana).

The common ABO blood groups were determined by
genotyping 2 known functional SNPs, rs8176719 and
rs8176746, with custom TagMan genotyping assays (Applied
Biosystems, Inc., Foster City, California) following the manu-
facturer’s instructions. The rs8176719 variant encodes the
exon 6 261G deletion, which results in the common O allele,
whereas rs8176746 encodes exon 7 C796A, which is 1 of the
7 standard ABO variants that distinguish A alleles from B
alleles. Minor groove binder (MGB) probes and primers and
assay conditions were as described elsewhere (7). Because
rs8176746 is 7 nucleotide bases from a second variant,
rs8176747 (G803C), the probes and primers for rs8176746
simultaneously determine the presence of both SNPs or
neither SNP. These 2 SNPs are extremely highly linked, and
discordant pairings create very rare ABO genotypes (8).
Phased haplotypes of the rs8176719 and rs8176746 alleles
were determined (Web Appendix 1, available at http:/aje.
oxfordjournals.org/). To validate the assays, we genotyped 30
buffy coat DNA samples (5 each of AA, AO, BB, BO, AB, and
0O) from our Connecticut pancreas cancer case-control study
(9) as described here and compared with their hemagglutina-
tion phenotype results (A, B, AB, and O), showing 100%
concordance.

Meta-analysis

The Ovid Medline and PubMed databases were searched
for articles published from database inception through Sep-
tember 30, 2012. Our search strategy included only the
terms “ABO” or “AB0” and “cancer” or “carcinoma” or
“adenocarcinoma” in any text field of the databases. This
search identified 463 distinct publications that were individ-
ually examined for studies of human subjects in which fre-
quencies or estimated relative risks of the ABO blood
groups were reported for pancreatic cancer cases and con-
trols. We reviewed the bibliographies of all relevant publica-
tions to identify possible additional studies for inclusion.
Studies were considered regardless of publication language,
location, or population. We generally followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
checklist as it applies to reviews of observational studies
10).

We considered as eligible only articles with original study
data. Data from secondary analyses or meta-analyses were
not included. Where multiple papers described substantially
the same subjects, we included only the largest or most
informative results. For articles that provided adjusted odds
ratio or relative risk estimates and 95% confidence intervals,
we used those data as published. Various patient characteris-
tics, such as tumor location or grade, subject sex, age at
diagnosis, body mass index, smoking status, and others,
have been examined according to ABO blood group and
have not shown appreciable differences (11-13), nor has
patient survival differed substantially by ABO group (14,
15). Thus, for studies providing only raw ABO blood-group
frequencies, we calculated and used unadjusted odds ratios
and their confidence intervals. One otherwise eligible study
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(16) that used individual case-control matching reported too
few cases with blood group O (n=1) and thus was not
included in our analyses. Descriptions of the individual
studies are noted in the Results section, and detailed discus-
sion of possible overlaps among the Shanghai and Heidel-
berg studies is presented in Web Appendix 1.

For the combined study analyses, fixed-effects model
Cochran’s Q heterogeneity P values were extreme for all of
the blood groups (P < 0.016); thus, we used random-effects
models that included a study heterogeneity variance compo-
nent according to the method of DerSimonian and Laird
(17). In each analysis, studies having fewer than 2 pancreatic
cancer cases or controls were omitted. This accounts for
some slight variation in total numbers of subjects analyzed
across the various blood groups and genotypes. One study
that provided blood group frequencies separately for black
and white subjects was analyzed as separate data sets (18).
The study by Macafee (19) combined a small number of
individuals with blood types B and AB together into 1 cate-
gory, and because AB frequency is generally much lower
than B frequency in Western populations, we considered all
of the combined subjects as group B. We did not weight
individual study odds ratios by any measures of study
quality. All summary analysis calculations were performed
in Microsoft Excel (Microsoft Corp., Redmond, Washing-
ton). Odds ratio estimates were verified by unconditional
logistic regression adjusted for study. To evaluate possible
publication bias, all forest plots of results list the studies
ordered according to decreasing association variance, as
funnel plots. All P values are 2-sided.

We examined possible heterogeneity of results according
to various study subclassifications, including East Asian
versus Western and CagA-positive H. pylori—endemic versus
—nonendemic study populations. CagA-positive—endemic
and —nonendemic populations were so classified according
to criteria discussed by Pounder and Ng (20), Perez-Perez
etal. (21), and Epplein et al. (22). To determine statistical sig-
nificance of the comparisons, the separate study subgroups
were assumed to be independent, and thus the differences in

pooled log odds ratios normally distributed, with variances
given by the sum of the variances of the subgroup pooled
log estimates.

RESULTS
Shanghai study

In total, 847 confirmed pancreatic cancer cases and 975
population controls were recruited into the study and pro-
vided biospecimens. Saliva samples were genotyped for 656
cases and 949 controls, and buffy coat specimens were geno-
typed for 191 cases and 26 controls. Saliva genotyping of 1
case sample and 4 control samples was unsuccessful for
both ABO SNPs after 3 attempts each, yielding successful
genotyping of 846 cases and 971 controls. Among the sub-
jects for whom buffy coat specimens were genotyped were
45 with saliva specimens that had failed genotyping of 1 or
both SNPs. Thus, the success fraction for genotyping the
saliva samples for the 2 SNPs was 1,605/(1,605 +5 + 45) =
97%. To confirm genotyping accuracy, we repeated geno-
typing in blinded fashion of 77 saliva and 6 buffy coat DNA
samples for rs8176746 and 69 saliva and 6 buffy coat DNA
samples for rs8176719. All of the repeat genotypes were
identical to the original results. Regarding age, sex, educa-
tion, alcohol intake, and tobacco use, characteristics were
similar between interviewed cases and controls, between
genotyped cases and controls, and between genotyped sub-
jects and total subjects (Web Table 1).

Tables 1 and 2 show the genotype and phenotype distribu-
tions of the ABO groups in cases and controls. The odds
ratio for all non-O blood groups as a whole compared with
group O was 1.31 (95% confidence interval (CI): 1.07,
1.61). Analyses limited to cases with pancreatic ductal ade-
nocarcinoma as proven by direct examination of pathology
specimens produced similar odds ratios (for group A, odds
ratio (OR)=1.51, 95% CI: 1.08, 2.12; for group B,
OR =0.98, 95% CI: 0.68, 1.42; for group AB, OR=1.19,

Table1. ABO Blood Group Genotypes of Pancreatic Cancer Patients and Population Control Subjects, Urban Shanghai, China, 20062011
rs81 7(2/46 X rssl 76719 No. of Ig ::32:]’:; No. of th::::\{:’;ein Phenotype A Phenotype B  Phenotype AB  Phenotype O
enotype’ Cases in Cases, % Controls Controls, % Alleles Alleles Alleles Alleles
AAx GG 31 3.7 43 4.4 BB
AAx GD 1 0.1 1 0.1 BO®
ACx GG 90 10.6 110 11.3 AB
ACx GD° 184 21.7 232 23.9 BO
CCx GG 62 7.3 55 5.7 AA
CCx GD 257 30.4 222 22.9 AO
CCx DD 221 26.1 308 31.7 (o]0

& The rs8176719 alleles are exon 6 261G (“G”) and 261delG (“D”). The rare genotypes AA x DD and AC x DD did not occur among cases or

controls. (See footnote b.)

® The AD haplotype corresponds to the rare 024, 040, or 041 alleles (8).

¢ The AC x GD genotype denotes either haplotypes AG and CD (the common BO alleles, respectively) or AD and CG, which haplotype is rare

in the Han Chinese population.
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Table 2. ABO Phenotype Odds Ratios for Pancreatic Cancer With
Respect to Group O, Urban Shanghai, China, 20062011

Phenotype

Frequency, % 95%

Phenotype # Odqs Confidence

In In Ratio Interval

Cases Controls

A (alleles AA, AO) 37.7 28.5 1.60 1.27,2.03
B (alleles BB, BO) 25.5 28.4 1.09 0.85, 1.40
AB (alleles AB) 10.6 11.3 1.14 0.82,1.58
O (alleles OO) 26.1 31.7 1 Referent

95% CI: 0.75, 1.91; and for all non-O groups combined,
OR =1.24,95% CI: 0.92, 1.67).

Meta-analysis

Web Table 2 shows characteristics of the present study
and the 23 other independent studies identified in review of
the literature (5, 7, 9, 12, 15, 18, 19, 23-38) as eligible for
inclusion in our combined analyses. Data in Vogel and
Kriiger (39) were not used because primary data from each
of the original studies were available. In total, data from
10,415 cases and 869,044 controls were used in the present
analyses.

Most studies included in the meta-analysis determined
ABO phenotype by antiserum hemagglutination methods.
These methods are sufficiently standard and widely used in
large-scale blood banking that, where studies omitted descrip-
tion of their ABO determination method, we assumed it to
be seroagglutination. Five recent studies determined ABO
germline genotypes. Three of these (15, 27, 36) involved
genotyping 1s505922, in very high linkage disequilibrium
with rs8176719, which as a homozygote deletion, underlies
all of blood group O, save for some rare O variant groups.
The remaining 2 studies (Nakao et al. (7) and the present
study) genotyped rs8176719 directly. Three of the genotyp-
ing studies (Nakao et al. (7), Wolpin et al. (27), and the
present study) additionally genotyped rs8176746, which iden-
tifies groups A, B, and AB (Table 1). These 3 studies allow
examination of AA, AO, BB, and BO genotypes in addition
to the 4 phenotypes. Regardless of the genotyping method,
all of the studies except that by Greer et al. (35) had case and
control allele frequencies in Hardy-Weinberg equilibrium
(all P values > 0.28). The 700,000 controls in the report by
Greer et al. (35) had P = 0.009 which, when considering mul-
tiple comparisons across 24 studies, is still within acceptable
Hardy-Weinberg proportions.

Figures 14 show funnel plots of the random-effects
meta-analyses of pancreatic cancer risk according to blood
groups A, B, AB, and all non-O, respectively, versus group
0. No evidence of publication bias appears in any of the
figures. Overall, all 3 non-O phenotypes are associated with
significantly increased risk compared with group O. Exclu-
sion of individual studies showed that no study affected the
magnitudes of association by more than 4.5% (Web Table 3).
Even though all 3 non-O blood groups have significant asso-
ciations, the blood group—specific risks differ from each
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other in magnitude; in combined analysis of 20 studies
directly examining risk for blood group A compared with
blood group B, the odds ratio was 1.16 (95% CI: 1.01, 1.34;
P=0.033). Further, this difference is present in heter-
ogeneity of group B risk between CagA-positive H. pylori—
endemic populations (largely East Asian) versus nonendemic
(Western) populations. For the studies of CagA-positive
strain-endemic populations (identified in Web Table 2), the
summary group B versus group O odds ratio was 1.05 (95%
CI: 0.92, 1.20), whereas for Western studies, the group B
versus O odds ratio was 1.38 (95% CI. 1.16, 1.64)
(Figure 2), which was very similar to the odds ratio of 1.42
for group A versus group O in the Western studies. The odds
ratios for group B versus O between the CagA-endemic and
nonendemic studies were significantly different (P =0.014).
Within the endemic populations, the group B odds ratios
were similar between the Chinese and Japanese studies
(P =0.68). For group AB versus group O, a similar signifi-
cant difference of odds ratios between CagA-endemic and
nonendemic populations was also seen (P = 0.040) (Figure 3).
In the analyses of studies of endemic and nonendemic popu-
lations, no individual study affected the magnitude of the
odds ratio by more than 8.0% (Web Table 3).

Three studies that provided ABO genotype frequency
details (Nakao et al. (7), Wolpin et al. (27), and the present
study) allowed calculation of pooled pancreatic cancer odds
ratio estimates for AA, AO, BB, and BO compared with geno-
type OO (group O), as follows: 1.59 (95% CI: 1.27, 1.98);
1.43 (95% CI: 1.25, 1.65); 1.62 (95% CI: 0.77, 3.38); and
1.28 (95% CI: 1.07, 1.53), respectively. No difference was
apparent between the summary odds ratios for AA and AO
(P=0.42) or BB and BO (P=0.37). This lack of difference
held in the 1 study of Western populations (27) (P=0.19 for
AAvs. AO and P=0.17 for BB vs. BO) and in the 2 studies of
East Asian populations (Nakao et al. (7) and the present study)
(P=0.75 and P=0.77, respectively), though the numbers of
subjects who had homozygous B alleles were small.

Table 3 presents the odds ratios in inverse direction for
groups B, AB, and O with respect to group A for CagA-
endemic and -nonendemic population studies separately. In
the CagA-endemic population studies, all 3 blood groups had
lower risk than group A, whereas in the CagA-nonendemic
population studies, only group O differed from group A.

DISCUSSION

In our population-based case-control study, we found sig-
nificantly increased risk of pancreatic cancer in Han Chinese
individuals with ABO blood group A compared with group
O, but little evidence of increased risk associated with
groups B or AB. In a meta-analysis including our investiga-
tion and 23 published studies, we found significantly
increased pancreatic cancer risk with all 3 non-O blood
types in studies of individuals in populations not endemic
for CagA-positive strains of H. pylori. However, in studies
of endemic populations (largely Chinese or Japanese), we
found increased risk associated only with group A and no
increased risk with groups B or AB. The presence of 1 or 2
A alleles (genotypes AA and AO) or 1 or 2 B alleles (geno-
types BB and BO) did not affect these findings.
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First Author, Year No. of A No. of A
(Reference No.) Cases Controls OR (95% CI)
Guleria, 2005 (34) 2 22 i 2.18(0.29, 16.5)
Walther, 1956 (5) 8 1,023 ——%—l— 2.09 (0.63, 6.97)
Newell, 1974 (18) (whites) 8 493 —l——é— 0.73 (0.30, 1.77)
Moniwa, 1960 (29) 29 7,786 —_— 1.26 (0.71, 2.23)
Vioque, 1991 (33) 46 99 ——:.— 1.52 (0.87, 2.67)
lodice, 2010 (11,12) 47 6,344 —E-.— 2.02 (1.25,3.27)
Engin, 2012 (37) 68 130 —:.— 1.49 (0.93, 2.38)
Newell, 1974 (18) (blacks) 35 940 -I.— 1.47 (0.93, 2.33)
Macafee, 1964 (19) 36 4,192 —.—i 0.85 (0.56, 1.29)
Nakao, 2011 (7) 85 572 —-— 1.64 (1.08, 2.48)
Gong, 2012 (24) 185 241 -.% 1.05 (0.76, 1.44)
Annese, 1990 (32) 92 2,699 I' 1.52 (1.12, 2.06)
Risch, 2010 (9) 148 276 = 1.15(0.87, 1.52)
Greer, 2010 (35) 131 277,133 = 1.67 (1.28,2.19)
Wang, 2011 (23) 201 182 = 1.45(1.12, 1.89)
Zhou, 2005 (25) 233 346 = 1.11 (0.87, 1.41)
Risch (this analysis) 319 277 = 1.60 (1.27, 2.03)
Mikhailichenko, 1976 (31) 289 1,009 §= 2.10 (1.68, 2.64)
Ben, 2011 (26) 507 427 1.39 (1.16, 1.67)
Rahbari, 2012 (38) 328 5,823 1.43 (1.19,1.71)
Aird, 1960 (28) 285 25,444 1.23 (1.04, 1.46)
Wolpin, 2010 (27) 700 642 1.39 (1.19, 1.63)
Total Pooled (CE studies) 1,664 10,923 1.36 (1.24, 1.50)

Total Pooled (CNE studies) 2,118 325,177 1.42 (1.24, 1.64)

Total Pooled (All studies) 3,782 336,100 1.40 (1.28, 1.53)

0.1 10

Figure 1. Random-effects meta-analysis forest plot of the odds ratio of pancreatic cancer according to ABO blood group A with respect to group
O. The studies are arranged in descending order of their variances, as a funnel plot. The solid squares are centered on the odds ratio (OR) point
estimate from each study, and the horizontal line through each square indicates the 95% confidence interval (Cl) for the study estimate. The area
of each square represents the relative weight of the study in the meta-analysis. The center of each diamond indicates the inverse variance-
weighted summary estimate of the magnitude of association, and the horizontal tips of the diamond represent the 95% CI. Summary odds ratios
are shown for all studies combined and separately for studies of CagA-positive Helicobacter pylori-endemic populations (“CE,” shown in gray) and
CagA-nonendemic populations (“CNE,” shown in black).

Previous investigators of ABO blood groups and risk of physiological differences, including inflammation alterations
pancreatic cancer have hypothesized that the effects of non-O through ABO-related changes in tumor necrosis factor-o, E-
blood type on risk may be mediated by a small variety of selectin, or soluble intercellular adhesion molecule 1 (40—44).

Am J Epidemiol. 2013;177(12):1326-1337
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First Author, Year No. of B No. of B
(Reference No.) Cases Controls
Rai, 1972 (30) 2 1,593
Guleria, 2005 (34) 4 76
Vioque, 1991 (33) 7 12
Moniwa, 1960 (29) 11 4,827
lodice, 2010 (11,12) 13 1,359
Engin, 2012 (37) 19 70
Newell, 1974 (18) (blacks) 27 836
Nakao, 2011 (7) 40 324
Macafee, 1964 (19) 27 1,613
Risch, 2010 (9) 43 81
Annese, 1990 (32) 41 835
Greer, 2010 (35) 38 87,252
Gong, 2012 (24) 221 202
Aird, 1960 (28) 47 5,568
Mikhailichenko, 1976 (31) 96 555
Rahbari, 2012 (38) 73 1,572
Wang, 2011 (23) 266 172
Zhou, 2005 (25) 168 363
Risch (this analysis) 216 276
Wolpin, 2010 (27) 226 195
Ben, 2011 (26) 359 408
Total Pooled (CE studies) 1,233 9,147
Total Pooled (CNE studies) 611 99,042
Total Pooled (All studies) 1,844 108,189

OR (95% CI)
0.59 (0.10, 3.53)

1.26 (0.22, 7.16)
1.89 (0.65, 5.50)
0.77 (0.37, 1.61)
2.61(1.34, 5.10)
0.77 (0.41, 1.44)
1.26 (0.77, 2.07)
1.42 (0.88, 2.31)
1.65 (1.04, 2.62)
1.14 (0.75, 1.73)
2.19 (1.49, 3.21)

1.54 (1.05, 2.26)

1.26 (0.91, 1.75)
0.93 (0.68, 1.27)
1.27 (0.96, 1.69)
1.18 (0.90, 1.55)
1.27 (0.97, 1.67)
0.76 (0.59, 0.98)
1.09 (0.85, 1.40)
151 (1.21, 1.89)

1.03 (0.85, 1.25)

1.05 (0.92, 1.20)

1.38 (1.16, 1.64)

1.19 (1.05, 1.35)

0.1

Figure 2. Random-effects meta-analysis forest plot of the odds ratio of pancreatic cancer according to ABO blood group B with respect to group
O. The studies are arranged in descending order of their variances, as a funnel plot. The solid squares are centered on the odds ratio (OR) point
estimate from each study, and the horizontal line through each square indicates the 95% confidence interval (Cl) for the study estimate. The area
of each square represents the relative weight of the study in the meta-analysis. The center of each diamond indicates the inverse variance-
weighted summary estimate of the magnitude of association, and the horizontal tips of the diamond represent the 95% CI. Summary odds ratios
are shown for all studies combined and separately for studies of CagA-positive Helicobacter pylori-endemic populations (“CE,” shown in gray) and

CagA-nonendemic populations (“CNE,” shown in black).

Paré et al. (42) found significantly decreased levels of
soluble intercellular adhesion molecule 1 for blood group
subtype A101 (A" versus O, but not for A201 (A%), B, or
AB versus O. Both A/0] and A20] alleles are associated

Am J Epidemiol. 2013;177(12):1326-1337

with expression of blood group A antigens, though the A201
glycosyltransferase is 30-50 times weaker than the A101
enzyme (45). Perhaps more importantly, compared with
A101, A antigens in A201 individuals are more narrowly
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First Author, Year No. of AB No. of AB
(Reference No.) Cases Controls OR (95% CI)
Newell, 1974 (18) (whites) 2 48 —i—-i 1.86 (0.41, 8.50)
Vioque, 1991 (33) 3 8 41—5— 0.94 (0.21, 4.16)
lodice, 2010 (11,12) 4 453 ——é—I— 2.41(0.84, 6.94)
Moniwa, 1960 (29) 5 1,817 E 0.93 (0.35, 2.48)
Newell, 1974 (18) (blacks) 5 178 ji: 1.02 (0.39, 2.67)
Engin, 2012 (37) 6 39 —l——é 0.44 (0.17,1.11)
Risch, 2010 (9) 23 18 §+ 2.74 (1.43,5.23)
Annese, 1990 (32) 12 267 —é—l— 2.00 (1.08, 3.72)
Nakao, 2011 (7) 22 141 —;—I— 1.67 (0.94, 2.98)
Greer, 2010 (35) 17 32,662 -§—.— 1.84 (1.10, 3.10)
Aird, 1960 (28) 16 1,881 —.i— 0.94 (0.56, 1.55)
Gong, 2012 (24) 73 70 ——:.— 1.44 (0.89, 2.31)
Wang, 2011 (23) 32 57 —I—— 0.74 (0.46, 1.18)
Rahbari, 2012 (38) 30 677 —-— 1.12 (0.76, 1.66)
Mikhailichenko, 1976 (31) 60 252 15-.- 1.75 (1.25, 2.45)
Zhou, 2005 (25) 75 136 i 0.91 (0.65, 1.26)
Risch (this analysis) 90 110 : 1.14 (0.82, 1.58)
Wolpin, 2010 (27) 97 89 -:.- 1.43 (1.05, 1.95)
Ben, 2011 (26) 156 135 - 1.35 (1.04, 1.76)
Total Pooled (CE studies) 464 2,683 9: 1.12 (0.91, 1.38)
Total Pooled (CNE studies) 264 36,355 i<> 1.52 (1.24, 1.85)
Total Pooled (All studies) 728 39,038 @ 1.29 (1.10, 1.51)
0.1 1.0l 10

Figure 3. Random-effects meta-analysis forest plot of the odds ratio of pancreatic cancer according to ABO blood group AB with respect to
group O. The studies are arranged in descending order of their variances, as a funnel plot. The solid squares are centered on the odds ratio (OR)
point estimate from each study, and the horizontal line through each square indicates the 95% confidence interval (Cl) for the study estimate. The
area of each square represents the relative weight of the study in the meta-analysis. The center of each diamond indicates the inverse variance-
weighted summary estimate of the magnitude of association, and the horizontal tips of the diamond represent the 95% CI. Summary odds ratios
are shown for all studies combined and separately for studies of CagA-positive Helicobacter pylori-endemic populations (“CE,” shown in gray) and

CagA-nonendemic populations (“CNE,” shown in black).

expressed on a restricted range of antigen core-glycoprotein
structures and with appreciably lesser abundance (46). Inter-
estingly, Wolpin et al. (13) examined pancreatic cancer risk
according to subtypes A101 and A201, showing signifi-
cantly increased risk with A/0] alleles but not with A201
alleles. Wolpin et al. (13) attributed the lack of increased

risk to the functionally lower ol,3 N-acetylgalactosamine
A-determinant attachment ability of the A201 transferase.
Although this enzyme difference may be true, we suggest
that the appreciably reduced expression of A antigen deter-
minants in individuals carrying A201 alleles makes them
more like carriers of O alleles in terms of pancreatic cancer

Am J Epidemiol. 2013;177(12):1326-1337
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First Author, Year No. of Non- No. of Non-

(Reference No.) O Cases O Controls OR (95% CI)
Guleria, 2005 (34) 6 112 1.29 (0.25, 6.60)
Rai, 1972 (30) 3 2,866 0.49 (0.10, 2.44)
Walther, 1956 (5) 9 1,255 1.92 (0.59, 6.25)
Newell, 1974 (18) (whites) 10 647 0.69 (0.30, 1.59)
Moniwa, 1960 (29) 45 14,430 1.06 (0.62, 1.79)
Rizzato, 2011 (15) 71 76 1.35 (0.80, 2.30)
Vioque, 1991 (33) 56 119 1.51(0.94, 2.42)
lodice, 2010 (11,12) 64 8,156 2.14 (1.36, 3.38)
Engin, 2012 (37) 93 239 1.11(0.72,1.71)
Newell, 1974 (18) (blacks) 67 1,954 1.34 (0.91, 1.98)
Macafee, 1964 (19) 63 5,805 1.07 (0.75, 1.54)
Nakao, 2011 (7) 147 1,037 1.57 (1.19, 2.07)
Annese, 1990 (32) 145 3,801 1.70 (1.29, 2.24)
Gong, 2012 (24) 479 513 1.16 (0.89, 1.54)
Risch, 2010 (9) 214 375 1.22 (0.94, 1.58)
Greer, 2010 (35) 186 397,047 1.66 (1.29, 2.14)
Wang, 2011 (23) 399 411 1.28 (1.02, 1.59)
Mikhailichenko, 1976 (31) 445 1,816 1.80 (1.46, 2.22)
Risch (this analysis) 625 663 1.31 (1.07, 1.61)
Zhou, 2005 (25) 476 845 0.93 (0.76, 1.14)
Rahbari, 2012 (38) 431 8,072 1.35 (1.14, 1.61)
Ben, 2011 (26) 1,022 970 1.23 (1.05, 1.45)
Aird, 1960 (28) 348 32,893 1.16 (0.99, 1.36)
Low, 2010 (36) 725 3,635 1.18 (1.01, 1.37)
Wolpin, 2010 (27) 1,023 926 1.43 (1.27, 1.61)

Total Pooled (CE studies) 4,087 27,675

1.20 (1.11, 1.30)

Total Pooled (CNE studies) 3,065 460,988 1.41 (1.26, 1.57)

Total Pooled (All studies) 7,152 488,663 131 (1.21, 1.41)

0.1 1.0 10

Figure 4. Random-effects meta-analysis forest plot of the odds ratio of pancreatic cancer according to non-O ABO blood groups taken as a
whole, with respect to group O. The studies are arranged in descending order of their variances, as a funnel plot. The solid squares are centered
on the odds ratio (OR) point estimate from each study, and the horizontal line through each square indicates the 95% confidence interval (Cl) for
the study estimate. The area of each square represents the relative weight of the study in the meta-analysis. The center of each diamond indicates
the inverse variance-weighted summary estimate of the magnitude of association, and the horizontal tips of the diamond represent the 95% ClI.
Summary odds ratios are shown for all studies combined and separately for studies of CagA-positive Helicobacter pylori-endemic populations
(“CE,” shown in gray) and CagA-nonendemic populations (“CNE,” shown in black).
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Table 3. Pancreatic Cancer Odds Ratio According to ABO Blood Group With Respect to Group A, in Meta-
Analysis of CagA-Endemic and -Nonendemic Populations

Studies of Populations
Endemic for CagA-Positive

Studies of Populations Not
Endemic for CagA-Positive

Blood Group Helicobacter pylori Helicobacter pylori
Odds 95% Confidence Odds 95% Confidence
Ratio Interval Ratio Interval
B versus A 0.76 0.66, 0.86 0.99 0.79,1.22
AB versus A 0.82 0.67,1.00 1.07 0.89,1.28
Oversus A 0.73 0.64,0.85 0.74 0.62,0.88

risk. We note that the strongest ABO-associated SNP,
rs507666, in the genome-wide association study study of
Paré et al. (42) had an r? of only 1.5% with soluble inter-
cellular adhesion molecule 1 levels, whereas 3 SNPs in
the ICAM-1 locus itself had together an r* of 6.9%, and
tobacco smoking, body mass index, and age had r* values
of 13.5%, 3.5%, and 1.2%, respectively. The ICAM-1 locus
was not seen in the top 100 findings of the PanScan genome-
wide association study (6, 47). Thus, at least for effects
on soluble intercellular adhesion molecule 1 levels, it seems
doubtful that this mechanism conveys the ABO association
with risk of pancreatic cancer.

In addition, it is difficult to envision how such host physi-
ological effects of the ABO blood groups would differ
between East Asian and Western populations for group B
but not for group A. Among Western individuals of group
A, approximately one-quarter carry 1 or 2 A201 alleles (35,
48-50) (Table 4), and 18% of group A carry A201 alleles
without any A/0] alleles, whereas the A20/ allele is not
seen among Chinese or Japanese individuals (who carry
AIOI or A102, which have equal transferase activity) (48,
51-53) (Table 4). On the basis of A20] allele frequency,
pancreatic cancer risk for blood group A individuals as a
whole should be greater in studies of Chinese and Japanese
populations (54, 55) than in Western ones; however, in our
meta-analysis, the risks appear to be similar (Figure 1). The
same problem applies to blood group AB: 17% of Western
AB persons carry A201 compared with none among Chinese
or Japanese AB individuals, but the risk of pancreatic cancer
is seen for AB only among studies of Western individuals
(Figure 3) (P =0.054) compared with studies of East Asian
individuals. Finally, the majority of B blood group geno-
types (B101 001, B101 O02, and BI0I B101) comprise the
same alleles in both Western and East Asian populations,
with similar relative frequencies between the 2 regions
(Table 4), yet our meta-analysis (Figure 2) demonstrates
increased risk with group B only in Western studies
(P=0.014). According to our results (Table 3), all non-O
blood groups convey increased risk in Western populations,
whereas only blood group A conveys increased risk in East
Asian populations. Perhaps this explains why the 2 genome-
wide association studies of pancreatic cancer in China
(56) and Japan (36), that examined only rs505922 geno-
type and thus only non-O blood groups combined versus
group O, have not found significant associations; they

combine blood groups B and AB with A, diluting the A
association.

We suggest that this apparent difference among popula-
tions in the ABO blood group associations with risk of pan-
creatic cancer may result from differences in H. pylori
colonization among the populations. In our Connecticut
study (9), increased risk associated with H. pylori sero-
positivity occurred only for individuals colonized by CagA-
negative bacterial strains. In that study, seropositivity for
CagA-positive strains was associated with a nonsignificant
decreased risk. Both CagA-positive and CagA-negative H.
pylori seropositivities were prevalent among individuals in
the study. In contrast, in Chinese and Japanese populations,
much larger fractions of the populations are colonized by H.
pylori than are those in the United States, and the majority
of colonized individuals carry CagA-positive bacterial
strains, which in those populations may not be associated
with increased risk of pancreatic cancer (57). CagA-positive
H. pylori strains bind to gastric mucosal epithelial Lewis b
and H type 1 antigens (58). This binding is sterically adja-
cent to the ABO A and B determinants on terminal glyco-
protein chains and likely interacts with those antigens (59).
Thus, the differential risks of the B and AB blood groups
between East Asian and Western populations may involve
organism strain frequency differences between CagA-
positive endemic versus -nonendemic areas.

Our Shanghai case-control study has a number of
strengths. Patients were recruited through an “instant case
reporting system” in 37 major hospitals in urban Shanghai,
and normal controls were randomly selected from the entire
nontransient population of the urban area, greatly enhancing
study representativeness. Our case ascertainment was thor-
ough, with physician report as the initial ascertainment crite-
rion and final review and confirmation of case eligibility by
a dedicated panel of clinical and pathology experts. Subject
response and availability of biosamples were as high as or
higher than in any population-based pancreatic cancer case-
control study of which we are aware. More than 99% of
study subjects were of Han ethnicity, avoiding population
stratification differences.

With regard to our meta-analysis, some points are worth
considering. The validity of our results rests largely on 3
factors: accuracy of the measurement of interest, representa-
tiveness of the controls, and representativeness of the cases.
For ABO phenotype determination, most of the included

Am J Epidemiol. 2013;177(12):1326-1337
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2 Based on data from 285,481 Han individuals across China (54).

P Based on genotyping Han individuals in Hong Kong (n

417) (51).

125) (48) and Zhejiang Province (n

¢ Based on data from 4,464,349 Japanese individuals (55).
¢ Based on genotyping Japanese individuals in Osaka (n

340) (53).

520) (52) and in the Tokyo area (n=

¢ Based on data from 708,842 Pittsburgh, Pennsylvania, blood donors (35).

f Based on genotyping white European individuals in London (n

98) (48); Germany (n=169) (49); ltaly (n=232) (50); and Israel (n=180) (50).

9 A(var), B(var), and O(var) denote collected minor and rare variants.

studies used standard hemagglutination methods that have
been in clinical use for the major blood types for a century
(60, 61) and on which blood banking relies. Only 3 of our
included studies examined ABO genotype; thus, even
though our analysis involved more than 10,000 cases in total
and a great excess of controls, in some of the genotype cate-
gories subdivided by ethnicity there were still insufficient
numbers of subjects to yield definitive conclusions. Also,
not all published studies fully evaluated the ABO pheno-
type, which is a particular issue for Chinese and Japanese
genome-wide association studies, where risks associated
with blood groups B and AB appear to be different from the
risk for group A. With respect to controls, demonstrating
representativeness is typically done by comparing distribu-
tions of subject characteristics with those of known or
established groups. For the major ethnic groups in our meta-
analysis (white European, Chinese, and Japanese), the control
ABO phenotype group frequencies are within a few percent-
age points of known distributions (62, 63) (Table 4 and Web
Table 4), and all of the phenotype frequencies are in ade-
quate Hardy-Weinberg equilibrium (Web Table 4). Some of
the studies included in our meta-analysis involved controls
sampled from large groups of blood donors. In self-selecting
to provide blood, such donors may have other characteristics
associated with altered risk of pancreatic cancer, even if they
are generally considered to be representative of their studies’
ethnic compositions. Limiting analyses to studies not
involving blood-donor controls did not change any of our
results appreciably (data not shown). Finally, the representa-
tiveness of cases included in case-control studies of pancre-
atic cancer could potentially be compromised because of
factors related to disease survival and the tendency of case-
control studies to miss subjects with shorter survival. For
ABO, none of the phenotype groups has been definitively
associated with survival differences. The studies by
Dandona et al. (14) and Rizzato et al. (15) do not show sur-
vival advantages according to blood group. Three other
studies suggest that patients with blood group O may have
somewhat longer survival than do non-O patients (26, 37,
38). If this survival difference applied to patient partic-
ipation in case-control studies, such studies would be
relatively enriched for group O cases compared with con-
trols, creating an artificial association between group O and
increased risk. However, our meta-analysis demonstrated
increased risks for the non-O blood groups. Therefore, if
anything, a survival benefit conferred by group O would
attenuate the odds ratios observed here. There is no evidence
that patient survival differs between blood groups A and
B, so potential survival issues in case-control studies would
not account for differences in risk between blood groups
A and B in Western compared with Asian and other
populations.

In summary, in a population-based case-control study and
in meta-analysis, ABO blood group A was associated with
increased risk of pancreatic cancer, and in Western popula-
tions, blood groups B and AB were also associated with
increased risk, though not in Chinese or Japanese populations.
These findings are provocative and compelling for further
research to explore mechanisms of how ABO blood group
determinants are involved in the etiology of this disease.
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