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Lack of correlation between blood group and HER-2 status
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Abstract. The assessment of the human epidermal growth
factor receptor-2 (HER-2) status has become a routine
diagnostic procedure for patients with advanced-stage gastro-
esophageal adenocarcinoma. The aim of this study was to
evaluate the possible correlation between the HER-2 status and
the ABO blood group. HER-2 status determination and routine
ABO typing was performed according to current standards.
We evaluated the correlation between the HER-2 status and the
ABO and Rhesus (Rh) system in 100 consecutive patients with
adenocarcinoma of the upper gastrointestinal tract. There were
no significant differences between HER-2 status and ABO and
Rh system. Furthermore, no correlation was observed between
the HER-2 status and the ABO and Rh type in patients with
adenocarcinoma of the upper gastrointestinal tract.

Introduction

The ABO blood group system was initially described by
Landsteiner (1), resulting in the Nobel Prize in 1930, following
its worldwide introduction for the standardized definition of
blood types in 1928. The ABO blood group is determined by
the antigens that are present on the surface of the red blood cell
membrane. The ABO blood group system is the most impor-
tant characteristic in terms of blood transfusions and includes
four different main groups: A, B, AB and O. The Rhesus (Rh)
system is the second clinically most relevant system in human
blood transfusions and is determined by molecules that span
the width of the red blood cell membrane. The term Rh was also
coined by Karl Landsteiner in 1937, based on his experiments
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with rhesus monkeys, and comprises the Rh antigens C, D
and E. Among these three main Rh antigens, the D antigen is
the most likely to provoke an immune response.

Based on the encouraging results of the ToGA trial, the
assessment of the overexpression of the human epidermal
growth factor receptor-2 (HER-2) protein and/or amplification
of the HER-2 gene, which seems to possess the best predictive
properties, is currently included in the diagnostic procedure
for patients with advanced-stage gastroesophageal adeno-
carcinoma, since the administration of trastuzumab with a
platinum/fluoropyrimidine doublet is considered a viable treat-
ment option (2). Only patients exhibiting overexpression of the
HER-2 protein, as defined by an immunohistochemistry (IHC)
score of 2+ and HER-2 gene amplification with fluorescence
in situ hybridization (FISH) or colorimetric in situ hybridiza-
tion (CISH) and an IHC score of 3+, are considered to be
candidates for treatment with trastuzumab. HER-2 overexpres-
sion was reported in 6-35% of patients with gastroesophageal
adenocarcinoma (3-5). The differences in HER-2 expression
between those trials may be explained by the differences in
methodology and sample size in the respective series.

The first association between the ABO blood group system
and cancer risk was reported in gastric cancer (GC) patients
in the early 1950s (6). Aird et al (6) reported that blood
group O conferred a protective advantage, whereas blood
group A was associated with an increased risk for develop-
ment of GC. The association between an increased risk of GC
and blood group A was also confirmed by a study conducted
60 years later (7).

Those findings prompted us to investigate a possible correla-
tion between the ABO blood group system, including the Rh
factor, and the HER-2 status in patients with histologically
diagnosed adenocarcinoma of the upper gastrointestinal tract at
the Medical University of Vienna.

Materials and methods

Determination of the HER-2 status. The expression of
HER-2 protein was detected by IHC, performed as previ-
ously described by Hofmann et al (8), using the monoclonal
antibody 4B5 (Ventana Medical Systems, Inc., Tucson, AZ,
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Table I. Blood group and Rh status (total and subgroups).
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ABO groups

Variables AD+ AD- B D+ B D- O D+ O D- ABD+ ABD-
Total (n=100) 33 9 15 2 28 10 3 -

Female 10 3 3 1 9 3 3 -

Male 23 6 12 1 19 7 - -
Gastric cancer - diffuse type (n=23)

Female 2 1 - - 3 2 1 -

Male 6 - 1 - 6 1 - -
Gastric cancer - intestinal type (n=24)

Female 3 - 2 1 2 1 - -

Male 5 1 4 1 3 1 - -
Esophageal cancer (n=53)

Female 5 2 1 - 4 1 2 -

Male 12 5 7 - 10 4 - -
Rh, Rhesus.

USA) and a BenchMark ULTRA immunostainer (Ventana
Medical Systems, Inc.). In a surgical specimen, staining of
=10% of the tumor cells is required to yield a moderate to
strong complete or basolateral staining, whereas in biopsies,
a cluster of a least 5 positive cells is required to determine
HER-2 positivity with IHC. A weak to moderate complete or
basolateral membranous reactivity in >10% of the tumor cells
is assigned an IHC score of 2+ and classified as equivocal. The
patterns are scored as IHC 3+ in cases of moderate to strong
complete or basolateral membranous reactivity, confirmed at
low magnification (2.5- to 5-fold) in >30% of the tumor cells.
The amplification status of the HER-2 gene was investigated
in all cases with an IHC score of 2+, using a dual-color
CISH (INFORM, Ventana Medical Systems, Inc.) or dual-color
FISH assay (Pathway, Abbott Molecular Inc., Des Plaines, IL,
USA), according to the manufacturer's instructions. A ratio of
=2 between HER-2 gene signals and chromosome 17 signals
assessed in 20 tumor cells was selected as the cut-off to define
gene amplification. All tumors exhibiting either an IHC score
of 3+ for the expression of HER-2 or an IHC score of 2+ in
combination with amplification of the HER-2 gene demon-
strated by CISH or FISH, were considered to have a positive
HER-2 status.

This study was approved by the ethics committee of
Medical University of Vienna (Vienna, Austria).

Determination of blood group. Routine serological ABO
and Rh testing for the determination of the blood group was
performed according to current standards (9). For blood group
typing and antibody screening, a column agglutination method
was used (DiaMed-ID Micro Typing system; DiaMed AG,
Cressier, Switzerland).

Statistical analysis. Correlation between the ABO blood group
and the HER-2 status was calculated using the Chi-square

analysis or Fisher's exact test. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Patient characteristics. A total of 100 consecutive patients
with adenocarcinoma of the upper gastrointestinal tract who
were diagnosed and treated at our institution were included in
this retrospective analysis. Adenocarcinoma of the stomach,
including adenocarcinomas of the esophagogastric junction
(AEG) type III (subcardial GC infiltrating the gastroesopha-
geal junction and distal esophagus from below) according
to the Siewert classification, was histologically diagnosed
in 46 out of the 100 patients (32 females and 68 males) (10).
Esophageal adenocarcinoma (EC) type I and II according
to the Siewert classification was diagnosed in the remaining
54 patients.

Blood group. According to the ABO blood group system, the
100 patients were classified as follows: 42 were type A (33 D+
and 9 D-); 17 were type B (15 D+ and 2 D-); 38 were
type O (28 D+ and 10 D-); and 3 were type AB (3 D+) (Table I).

HER-2 status. In order to determine the HER-2 status,
24 surgical specimens and 76 endoscopic biopsies were exam-
ined and 30 cases (30%) were found to be HER-2-positive.
There was no difference in HER-2 overexpression between
surgical specimens and biopsies. For HER-2 expression rated
as 2+, amplification could only be determined in male patients.
In total, 25% of the female (n=32) and 32% of the male
patients (n=68) were found to be HER-2-positive (Table II). In
patients with blood group A D+, HER-2 positivity was detected
in 13 patients (8 with GC and 5 with EC); in patients with
blood group A D-, HER-2 positivity was detected in 2 patients
with EC; in patients with blood group B D+, HER-2 positivity
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Table II. Blood group and HER-2 status in gastrointestinal tumors (n=100).
ABO groups
HER-2 status AD+ AD- B D+ B D- O D+ O D- AB D+ AB D-
HER-2 - (n=37)
Female 4 1 1 - 7 2 1 -
Male 8 - 4 - 6 3 - -
HER-2 + (n=8)
Female - - - - - - - -
Male 2 1 1 - 3 1 - -
HER-2 ++ [n=34 (9%)]
Female 3 2 2 - 1 - - -
Male 6 (3% 4(19 529 1 7 (1% 329 - -
HER-2 +++ (n=21)
Female 3 - - 1 1 1 2 -
Male 7 1 2 - 3 - - -
*HER-2 ++ plus amplification. HER-2, human epidermal growth factor receptor-2.
Table III. HER-2 positivity according to blood group and type of upper gastrointestinal cancer.
ABO groups

Type of cancer (no. of HER-2 cases) AD+ AD- BD+ BD- OD+ OD- ABD+ AB D-
Gastric cancer - diffuse type (n=4 out of 23)

Female - - - - - - 1 -
Male 3 - - - - - - -
Gastric cancer - intestinal type (n=11 out of 24)

Female 2 - 1 - 1 - -
Male 3 - 2 - 1 1 - -
Esophageal cancer (n=15 out of 53)

Female 1 - - 1 - 1 -
Male 4 2 2 - 3 1 - -

HER-2, human epidermal growth factor receptor-2.

was detected in 4 (2 with GC and 2 with EC); in patients with
blood group B D-, HER-2 positivity was detected in 1 patient
with GC; in patients with blood group O D+, HER-2 positivity
was detected in 5 (1 with GC and 4 with EC); in patients with
blood group O D-, HER-2 positivity was detected in 3 (2 with
GC and 1 with EC); and in patients with blood group AB D+,
HER-2 positivity was detected in 2 cases (1 with GC and 1
with EC) (Table III). The HER-2 status was not associated
with the blood group (P=0.113, Chi-square test) or the Rh type
(P=0.113, Fisher's exact test).

For GC, HER-2 positivity was detected in
15 patients (5 females and 10 males) out of the 47 patients
(32%) (Table III). As there are two distinct types of GC, intes-
tinal (well-differentiated) and diffuse (undifferentiated), with
distinct epidemiology, morphological characteristics and patho-
genesis (11), a subgroup analysis was performed. No overall

difference in HER-2 status was observed between diffuse and
intestinal types. Subgroup analysis for the diffuse (n=23) and the
intestinal type (n=24) revealed HER-2 positivity in 3 patients
(male) and in 5 patients (2 female and 3 male), respectively, with
blood group A D+. For the intestinal type, HER-2 positivity
was identified in 2 males with blood group B D+, 1 female
with B D-, 1 male with O D+ and 1 female and 1 male with
O D-. There was 1 female patient with blood group AB D+ in
the diffuse type cohort with HER-2 overexpression (Table I1I).
Primary tumor location (EC vs. GC; P=0.869, Chi-square test)
and GC subtype (diffuse vs. intestinal; P=0.056, Chi-square
test) were not associated with the ABO blood group. In addi-
tion, no significant association was observed between the
primary tumor location (EC vs. GC; P=0.47, Fisher's exact test)
or the GC subtype (diffuse vs. intestinal; P=0.52, Chi-square
test) with the D- type.
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For EC, HER-2 positivity was detected in 15 (28%) of the
53 patients (3 females and 12 males) (Table III).

Discussion

Previous studies have suggested the oncological impact of
blood groups according to the ABO system. This was initially
demonstrated by the association between the risk of GC devel-
opment and blood group A (6,7), whereas in non-small-cell
lung cancer, blood group A is apparently associated with
improved survival (12). In addition, an increased risk for
ovarian cancer was previously reported in individuals with
blood group B (13) and loss of A and B antigens has been asso-
ciated with an increased metastatic spread in oral cancer (14).
Compared with patients with blood group O, those with blood
group A, AB, or B are considered to be more likely to develop
pancreatic cancer (15,16). No association was observed
between gastrointestinal stromal tumors and the ABO blood
group system (17).

Data published on the role of the ABO blood group
system in breast cancer patients have been inconclusive,
which may be attributed to methodological biases. Although
certain studies concluded that the ABO blood group system
distribution in breast cancer patients was not significantly
different from that of the control cohort (18-21), other studies
reported either an increased risk of developing breast cancer
in patients with blood group A (22) or statistically significant
differences between breast cancer patients and controls with
respect to blood group A vs. non-A (P=0.019) and marginal
significance (P=0.051) for blood group O vs. non-O (23). No
correlation was observed between the HER-2 status and the
ABO blood group and Rh system in breast cancer patients in
two additional studies (24,25).

It was recently reported that the 8,219,743 individuals
living in Austria exhibit a distribution of ABO blood types
(without considering D) as follows: blood group A 44%,
B 14%, O 36% and AB 6%, respectively (26). In terms of Rh
typing, the Austrian population is classified as follows: blood
group A D+, 37%; group A D-, 7%; B D+, 12%; B D-, 2%;
O D+, 30%; O D-, 6%; AB D+, 5%; and AB D-, 1% (26).
Notably, a comparable distribution was observed in our
consecutive 100 cases, i.e., blood group A D+, 33%; A D-, 9%;
B D+, 15%; B D-, 2%; O D+, 28%; O D-, 10%; AB D+, 3%;
and AB D-, 0% (Table I). This is inconsistent with previous
studies (6,7) that suggested a predominance of blood group A
among patients with GC, which contributed 47% to our cohort.
In total, 18 of the 47 (38%) patients with GC and 24 of the
53 patients (45%) with EC had blood group A.

An HER-2 overexpression was observed in 30% of the
patients in our study and is in accordance with previously
reported results (3,4), ranging from 6 to 35% of patients with
gastroesophageal adenocarcinoma (Table IT). For GC, HER-2
positivity was detected in 15 (32%) of the 47 patients. Notably,
HER-2 overexpression was lower in the diffuse type (4/23)
when compared to the intestinal type GC (11/24); however, this
difference was not statistically significant. For EC, HER-2 posi-
tivity was observed in 15 (28%) of the 53 patients (Table III).

On the basis of the percentage distribution in the indi-
vidual ABO blood groups, the majority of cases with HER-2
overexpression were encountered among the more frequently
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represented blood groups, such as, A and O (Table III). Due
to our limited sample of gastroesophageal cancer patients, an
association between blood group subtypes and HER-2 status
was not identified. However, further studies, including larger
patient samples are required to determine the role of the ABO
blood group system in patients with adenocarcinoma of the
upper gastrointestinal tract and its asociation with the HER-2
status.
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