Is ABO blood group arisk or
prognostic factor for patients with
endometrioid endometrial cancer?
A retrospective analysis in Germany
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Background - A relationship is known to exist between gastric and pancreatic
cancers and ABO antigens, caused by various immune modulations related
to the ABO blood group of the patient. A similar relationship with regard to
gynaecological cancers remains controversial.

Materials and methods - Patients who underwent surgery for endometrioid
endometrial cancer in International Federation of Gynaecology and Obstetrics
(FIGO) stage I, Il, 11l or IV from 2006 to 2018 were identified. The research explored
the existence of a relationship between the patients’ blood group or Rhesus factor
and the incidence of endometrial cancer, grade (G1, G2, G3), FIGO stage, nodal status,
recurrence, menopausal status, parity, and body mass index. Statistical methods such
as the chi-square test, analysis of variance and the Scheffé post-hoc test were used.
Results - Two hundred and two patients with endometrioid endometrial cancer were
included: 96 had blood group A, 19 blood group B, 75 blood group 0, and 12 had blood
group AB. This distribution corresponds to the general blood group distribution in
Germany. The vast majority of the dependent variables, such as grade, FIGO stage, nodal
status or recurrence were not significantly associated with ABO blood group or Rhesus
factor status. The relative frequencies of G1 and G3 endometrial cancers with respect
to blood group were similar. Menopausal status, parity, and body mass index were not
related to more advanced FIGO stages at initial diagnosis or to ABO blood group.
Discussion - Blood group screening would probably not be helpful in the diagnosis
of endometrioid endometrial carcinomas in early stages compared to the current
gold standard. Furthermore, a specific blood group does not increase either the risk
of recurrence or the risk of a dedifferentiated type of endometrial carcinoma.
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INTRODUCTION

The ABO system is recognised as the most important of the 38 different blood type

classification systems and is an essential factor in blood transfusionl. Landsteiner
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identified the ABO antigens as surface components of the erythrocyte?. Blood antigens
ABO consist of an oligosaccharide chain linked to proteins or lipids and are transferred
from various carbohydrates, which do not affect their phenotype3.
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Since the first association between gastric cancer and
blood type A was published in 19534, many reports
concerning other cancer types have been published. These
include the pancreas*s, gall bladder?, kidneys, and breast®.
Furthermore, a few studies have analysed the correlation
between gynaecological cancers and the ABO blood group
system. Some hypotheses mention high levels of oestradiol
in association with the presence of A-B transferase proteins
inhuman endometrial cells*”. However, the data published
so far have been inconsistent. Some studies indicate a
positive correlation between ABO blood group and the risk
of endometrial cancer or other types of cancer®*.
Endometrial carcinoma is the most common cancer of
the female reproductive tract in developed countries,
estimated to account for about 4.8% of all cancers in
women®. The main factor in the pathogenesis of this
type of tumour, which has a fairly good prognosis, is
prolonged hyperoestrogenism®, which may be caused by
early menarche, late menopause, nulliparity, obesity, or
hormone therapy".

ABOblood group types were found to influence pathogenic
mechanisms of the body and affect the progress of
disease in general. The absence of blood group antigens
(O) protects the body from infection with Plasmodium
falciparum malaria®. Furthermore, people with blood
group A are more sensitive to infection by Pseudomonas
aeruginosa than are those with other blood groups®.
Individuals with blood group A, B, or AB antigens are
known to be more resistant to cholera compared to those
with blood group O*°.

Apart from infectious diseases, correlations have been
observed between blood group and other diseases such as
venous thromboembolism. In 2007, a higher prevalence
of venous thromboembolism was reported in people with
blood group A or B antigens than in those with blood
group O*. This might be due to higher levels of
coagulation factor VIII and von Willebrand factor in the
presence of blood group A or B antigens compared to the
levels in people with blood group O. However, cases of
gastric infection by Helicobacter pylori —and consequently
gastritis, gastric ulcer, and gastric adenocarcinoma- are
less frequent in subjects with blood groups A and B than
in those with blood group 0.

Currently, there is a limited body of published data
concerning the molecular mechanisms underlying the
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association between ABO antigens and malignant disease.
The aim of our study was to determine whether the risk of
developing endometrial cancer is higher in people with a
specific blood group of the ABO system. Thisinformationis
expected to enhance our understanding of carcinogenesis,
prevention, and early diagnosis, which are the key aspects
of the successful treatment of endometrial carcinomas.
Furthermore, we examined possible interactions between
the blood group ABO and the outcome of patients after
2 years (following initial surgery) in order to evaluate the
usefulness of the ABO blood group as a prognostic marker.

MATERIALS AND METHODS

This retrospective study was carried out at the

Department of Obstetrics and Gynaecology, University
of Luebeck, from 2006 to 2018. We used the hospital
electronic information system of the University of
Luebeck to identify women who had undergone surgery
for endometrioid endometrial cancer. Medical history,
histology, and post-operative data of the patients were
thoroughly anonymised and recorded. Microsoft Excel
was used to register the information and process it.

The International Federation of Gynaecology and
Obstetrics (FIGO) system was used to categorise
the disease. The pathologists referred to the FIGO
classification in their reports. The initial diagnosis of
endometrial cancer had been established by curettage.
The patients then received appropriate surgery consisting
of hysterectomy, adnexectomy, and further operative
staging such as lymphadenectomy, if necessary.

We compared the frequency of ABO blood groups in
the general German population with that in the study
population. We also looked for a correlation between
blood group, tumour grade (G1, G2, G3), FIGO stage,
and recurrence (follow-up period 2 years). A subgroup
analysis was performed with regard to menopausal status
(pre-menopausal and post-menopausal), parity, and body
mass index (BMI).

SPSS 19.0 software (SPSS Statistics for Windows 2010,
IBM Corporation, Armonk, NY, USA) was used for the
statistical analysis. Odds ratios with 95% confidence
intervals (95% CI) were generated. p-values equal to or less
than o.05 were considered to be statistically significant.
The chi-square test and analysis of variance (ANOVA) were
used to compare the groups. These statistical analyses were

All rights reserved - For personal use only

No other use without premission



appropriate for the categorical variables in the present
analysis. The chi-square test is an undirected statistical
method. In other words, it enables the investigator to
determine differences between two groups, regardless of
the direction of the difference.

ANOVA is a multivariate statistical analysis to detect
interactions between variables that influence the target
variable. ANOVA compares variance among group means.
A post hoc test (Schefté) was performed to determine those
variables or combination of variables responsible for the
variation of the target variable.

The study is in compliance with the Helsinki declaration,
and was approved by the Medical Ethics Committee of the
University of Luebeck.

RESULTS

Out of 202 patients included in this study, 96 had blood
group A, 19 blood group B, 75 blood group O, and 12 blood
group AB. Additionally, 77.6% of the patients were Rhesus
positive, while 22.4% of the patients were Rhesus negative.
In more detail, 36.6%, 6.9%, 28.7% and 5.4% had blood
group A, B, O or AB and were Rhesus positive, whereas the
corresponding figures for Rhesus negative patients were
11.0%, 2.5%, 8.4% and 0.5%, respectively. This distribution
resembles the general blood group distribution in
Germany (p=0.243). Data from the German blood donor
service was used for comparison®. Of all patients, 165 had
FIGO stageland 37had FIGO stage I, I1I, or IV. Mostof the
patients had a highly differentiated tumour (123 patients)
(G1). In 49 cases the tumour was classified as moderately
differentiated (G2), and in 30 cases the tumour was poorly
differentiated (G3).

The mean age of the patients at the initial diagnosis was
64.5+12.3 years (95% Cl: 62.9-66.1 years). With regard to

BMI as a risk factor for endometrial carcinoma, none of
the four sets of patients divided according to blood group
had a significantly higher BMI than any other set (p=0.97).
The relative number of women who gave birth to three or
more children and then developed endometrial carcinoma
was comparable among all sets (overall 21.8%) (Table I).
Our results differ from those of other studies which
suggest a significant correlation between the patient’s
blood group and endometrial carcinoma. We did not find
any significant evidence of a higher relative frequency of
G3 endometrial carcinomas compared to G1 with respect
to ABO group (p=0.967, 95% CI: 1.34-2.12). Blood group
did not influence tumour grade (p=0.287) and was also
not related to FIGO stage at initial diagnosis (p=0.203).
Multivariate analysis revealed a significant association
between FIGO stage and grade (p=0.007).

The majority of patients (80%) were post-menopausal. The
analysis suggests that menopausal status did not affect
the severity of endometrial carcinoma because there was
a non-significant difference between patients grouped
by FIGO stage at initial diagnosis, depending on the ABO
blood group (p=0.203).

BMI and FIGO stage were significantly correlated
(p=0.021). A high BMI is a well-known risk factor for
endometrial carcinoma. However, in the subgroup
analysis there was no evidence of higher FIGO stages
at initial diagnosis in patients with a BMI higher than
30 kg/m? (p=0.206).

In patients treated at the University Hospital of Luebeck
between 2006 and 2014, just a few tumours (83 endometrial
cancers) were tested for oestrogen and progesterone
receptors. No significant correlation was noted between
blood group and type I endometrial carcinomas (p=0.067).
Blood group did not influence FIGO stage at initial

Table I - Clinical characteristics of the tested population

Clinical characteristics BGA BGB BGO BG AB p-value
(n=96) (n=19) (n=75) (n=12)
Median age (years) 63.1 64.7 65.0 65.0 0.72
Mean BMI (kg/m?) 31.7 314 30.7 30.7 0.97
Mean ECOG score 0.6 0.6 0.5 0.5 0.75
Average parity 79.6% 75% 81.3% 80% 0.98
sgzg:w:rl\%r;):lfjsal patients 14 1.2 1.9 1.9 0.34
BG: blood group; BMI: body mass index; ECOG: Eastern Cooperative Oncology Group performance status.
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diagnosis or nodal status (p=0.203). Twenty-three of 202
patients experienced a recurrent endometrial cancer
after an average disease-free survival of 22.3 months.
Recurrence rates were in not related to blood group types
(p=0.494, 95% CI: 0.46-0.14).

DISCUSSION

A small number of studies have addressed associations
between blood group and endometrial cancer, and
reported diverse results. The current study revealed no
correlation between either ABO group or Rhesus factor
and grade or stage of endometrial cancer. The results
of the present study are in line with data reported by
Yuzhalin ef al.>* on 440 patients with endometrial cancer.
The authors did not detect any correlation between ABO
group and clinical parameters.

However, the results of the present study do not concur
with others indicating that blood group A or B is related to
a lower or higher risk of endometrial cancer compared to
blood group O. Most of these studies identified blood type
A or O as an independent risk factor. The fact that these
blood groups are the most common blood group types
may induce statistical bias. In a retrospective cohort study
comprising 203 patients, Mandato et al. reported that
patients with blood group A are at lower risk of developing
G3 endometrial cancer type I compared to patients with
other blood groups®. They suggested the use of blood
groups as an economical biomarker. Moreover, they found
an association between blood group A and the risk of
endometrial cancer, independently of menopausal status,
BMI, family history of cancer, or oral contraceptive use.
In contrast, a retrospective analysis by Marinaccion et al.
comprising 968 Italian women indicated that endometrial
cancer occurred more frequently in women with blood
group A than in those with other blood groups.
However, Nakashidze et al. concluded that blood group
O is associated with a higher risk of endometrial cancer
compared to other blood groups” and, following an
analysis of 548 Armenian women with endometrial cancer,
Adamian et al. reported that women with blood group AB
have a significantly higher risk of developing endometrial
cancer compared to patients with blood group O*.

Many mechanisms, such as inflammation, intercellular
adhesion, cell-cell interactions and immune surveillance
might be influenced by blood group®. Consequently,
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altered levels of tumour necrosis, membrane signalling,
and immune surveillance for malignant cells have been
reported. These mechanisms could theoretically be
responsible for an association between ABO group and
endometrial cancer®*°3,

It has been shown that ABO glycosyltransferases may
influence circulating plasma levels of von Willebrand
factor and consequently increase the risk of thrombosis®.
Furthermore, it has been reported that von Willebrand
factor modulates angiogenesis and apoptosis®, which
are associated with carcinogenesis. We still lack clear
evidence of any specific blood group being associated
with a higher risk of developing endometrial cancer. Many
authors mention that A and B glycosyltransferases induce
carcinogenesis**. Other studies have indicated that the
risk of endometrial carcinoma is higher in women with
blood group O than in women with other blood groups.
However, aberrant glycosylation patterns are important
factorsin carcinogenesis and might be useful to clarify the
mechanism of metastasis®.

In order to identify any correlations between
gynaecological cancers and blood groups, Gates et al.
analysed data from 49,153 women of a mixed US
population®. A statistically significant increase in the
frequency of epithelial ovarian cancer was noted in
carriers of B blood group antigen (AB and B) compared
to that in women with blood group O or A. In contrast,
in a retrospective investigation of 1,261 English
women with ovarian cancer, Herderson et al. found
blood group A significantly more often than other
blood groups®. Herderson et al. also reported that the
above-mentioned association was more notable in
married women than in single women, probably
reflecting differences associated with parity*.

Other authors aimed to correlate parity and other
parameters such as menopausal status with blood
group antigen*. The current analysis suggests that
menopausal status does not affect the malignancy of
endometrial carcinoma; no significant difference was
registered between FIGO stage at initial diagnosis and
ABO blood group (p=0.203). Notably, the present study
revealed an association between FIGO stage and grade
of endometrial carcinoma. A high-grade tumour is
obviously associated with a higher FIGO stage at initial
diagnosis.
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One of the advantages of the present study is that
follow-up data were well-documented electronically.
Thus, the authors were able to test for more interactions
than in other published studies (ABO antigen, FIGO
stage, lymph node status, and recurrence) and
evaluate the role of various potential characteristics
such as parity, BMI, and menopausal status. All
blood group categories had equivalent demographic
characteristics and included patients with all tumour
stages. The retrospective nature of the study might
be considered a disadvantage. However, a prospective
study would not have provided better documentation
than a retrospective analysis. To our knowledge,
this is the first study in which ABO antigens were
analysed as prognostic and diagnostic markers
(follow-up period 2 years). Nevertheless, the relatively
small number of cases in our cohort does not permit
conclusive statements about the possible interactions
between ABO blood group and the risk of developing
endometrial cancer. Moreover, the small sample size
did not permit an extended subgroup analysis for
various factors such as the site of recurrence. Further
large studies are needed.

CONCLUSIONS

The present study revealed no dependence of clinical
parameters of endometrioid endometrial carcinoma
on ABO blood group. We conclude that blood group
screening is probably not useful as an early biomarker
The
but very heterogeneous study results reported in the

of endometrioid endometrial carcinomas. few
published literature suggest that ABO type may not be
a key mechanism in endometrial carcinogenesis. More
extensive research in larger populations of patients
is called for in order to achieve early diagnosis of
endometrial cancer, which is the key aspect for successful
treatment.

DECLARATIONS

Ethics approval and consent to participate

Approval was obtained from the Ethics Committee of
the Medical Faculty of the University of Luebeck (ethics
committee approval number19-381). Consent was obtained
from the patients. The report has drawn up in accordance
with the Declaration of Helsinki.

All rights reserved - For personal use only

Consent for publication
Patients’ consent was obtained.

Availability of data and material

The datasets used and analysed during the current study
are available from the corresponding author on reasonable
request.

AUTHORSHIP CONTRIBUTIONS

GG, PL, BS: protocol/project development; GG, PL, Al,
TD, KC: data collection or management; GG, PL, RA: data
analysis; GG, PL, Al: manuscript writing/editing.

All Authors read and approved the final manuscript.
The Authors declare that they have no conflicts of interests.

REFERENCES

1. Storry JR, Clausen FB, Castilho L, et al. International Society of Blood
Transfusion Working Party on Red Cell Immunogenetics and Blood Group
Terminology. Report of the Dubai, Copenhagen and Toronto meetings.
Vox Sang 2019; 114: 95-102.

2. Watkins WM. Biochemistry and genetics of the ABO, Lewis, and P blood
group systems. Adv Hum Genet 1980; 10: 1-136.

3. Clausen H, Hakomori S. ABH and related histo-blood group antigens;
immunochemical differences in carrier isotypes and their distribution.
Vox Sang 1989; 56: 1-20.

4, Aird |, Bentall HH, Roberts JA. A relationship between cancer of stomach
and the ABO blood groups. Br Med J 1953; 1: 799-801.

5. AnneseV, Minervini M, Gabbrielli A, et al. ABO blood groups and cancer of
the pancreas. Int J Pancreatol 1990; 6: 81-8.

6.  Wolpin BM, Chan AT, Hartge P, et al. ABO blood group and the risk of
pancreatic cancer. J Natl Cancer Inst 2009; 101: 424-31.

7. Pandey M, Gautam A, Shukla VK. ABO and Rh blood groups in patients
with cholelithiasis and carcinoma of the gall bladder. BMJ 1995; 310:
1639.

8. Giannopoulos A, Kostakopoulos A, Sofras F, et al. Relation of ABO and Rh
blood groups with renal cell carcinoma. Acta Urol Belg 1985; 53: 29-31.

9. Tryggvadottir L, Tulinius H, Robertson JM. Familial and sporadic breast
cancer cases in Iceland: a comparison related to ABO blood groups and
risk of bilateral breast cancer. Int J Cancer 1988; 42: 499-501.

10. Ravn V, Mandel U, Svenstrup B, Dabelsteen E. Expression of type-2
histo-blood group carbohydrate antigens (Le(x), Le(y), and H) in
normal and malignant human endometrium. Virchows Arch. 1994;
424:411-9.

11. RavnV, Teglbjaerg CS, Mandel U, Dabelsteen E. The distribution of
type 1 chain ABH and related histo-blood group antigens in normal
cycling human endometrium. Int J Gynecol Pathol 1993; 12: 70-9.

12.  RavnV, Dabelsteen E. Tissue distribution of histo-blood group antigens.
APMIS 2000; 108: 1-28.

13.  Liumbruno GM, Franchini M. Hemostasis, cancer, and ABO blood group:
the most recent evidence of association. J Thromb Thrombolysis 2014;
38:160-6.

14.  Franchini M, Liumbruno GM, Lippi G. The prognostic value of ABO blood
group in cancer patients. Blood Transfus 2016; 14: 434-40.

15. TorreLA,BrayF, Siegel RL, et al. Global cancer statistics, 2012. CA Cancer
JClin 2015; 65: 87-108.

16. Bakkum-Gamez JN, Gonzalez-Bosquet J, Laack NN, et al. Current

issues in the management of endometrial cancer. Mayo Clin Proc 2008;
83:97-112.

469

No other use without premission



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

470

Ohno S, Ohno Y, Suzuki N, et al. Multiple roles of cyclooxygenase-2 in
endometrial cancer. Anticancer Res 2005; 25: 3679-87.

Rowe JA, Handel IG, Thera MA, et al. Blood group O protects against
severe Plasmodium falciparum malaria through the mechanism of
reduced rosetting. Proc Natl Acad Sci USA 2007; 104: 17471-6.

Steuer MK, Hofstadter F, Probster L, Beuth J, Strutz J. Are ABH antigenic
determinants on human outer ear canal epithelium responsible for
Pseudomonas aeruginosa infections? ORL J Otorhinolaryngol Relat Spec
1995; 57: 148-52.

Clemens JD, Sack DA, Harris JR, et al. ABO blood groups and cholera: new
observations on specificity of risk and modification of vaccine efficacy. J
Infect Dis 1989; 159: 770-3.

OhiraT,Cushman M, Tsai MY, etal. ABO blood group, otherrisk factorsand
incidence of venous thromboembolism: the Longitudinal Investigation of
Thromboembolism Etiology (LITE). J Thromb Haemost 2007; 5: 1455-61.

Boren T, Falk P, Roth KA, et al. Attachment of Helicobacter pylori to
human gastric epithelium mediated by blood group antigens. Science
1993;262: 1892-5.

German Red Cross [internet]. [Blood groups and distribution in the
population] Article in German]. Available at: https: //www.drk-blutspende.
de/spenderservices/blutgruppen-und- verteilung-in-der-bevoelkerung.php.
Accessed on: 05/01/2020.

Yuzhalin AE, Kutikhin AG. ABO and Rh blood groups in relation to ovarian,
endometrial and cervical cancer risk among the population of South-
East Siberia. Asian Pac J Cancer Prev 2012; 13: 5091-6.

Mandato VD, Torricelli F, Mastrofilippo V, et al. Prognostic impact of ABO
blood group on type | endometrial cancer patients: results from our own
and other studies. J Cancer 2017; 8: 2828-35.

Marinaccio M, Traversa A, Carioggia E, et al. [Blood groups of the ABO
system and survival rate in gynecologic tumors]. Minerva Ginecol 1995;
47:69-76. [In Italian].

Nakashidze I, Kotrikadze N, Diasamidze A, et al. Changes in sex and non-
sex hormones and distribution of erythrocyte antigens in reproductive
age women with tumors of body of uterus in Adjara. Georgian Med News
2013;217:15-21.

Adamian RT. [Blood-type and rhesus distribution in Armenian women
with endometrial carcinoma]. Vopr Onkol. 2005; 51: 575-6. [In Russian.]

Storry JR, Olsson ML. The ABO blood group system revisited: a review
and update. Immunohematology 2009; 25: 48-59.

Melzer D, Perry JR, Hernandez D, et al. A genome-wide association study
identifies protein quantitative trait loci (pQTLs). PLoS Genet 2008; 4:
€1000072.

Hakomori S. Antigen structure and genetic basis of histo-blood groups A,
B and O: their changes associated with human cancer. Biochim Biophys
Acta 1999; 1473: 247-66.

Franchini M, Crestani S, Frattini F, et al. ABO blood group and von
Willebrand factor: biological implications. Clin Chem Lab Med 2014; 52:
1273-6.

Franchini M, Frattini F, Crestani S, et al. von Willebrand factor and cancer:
arenewed interest. Thromb Res 2013;131:290-2.

Dabelsteen E. ABO blood group antigens in oral mucosa. What is new? J
Oral Pathol Med 2002; 31: 65-70.

Gao S, Worm J, Guldberg P, et al. Genetic and epigenetic alterations of
the blood group ABO gene in oral squamous cell carcinoma. Int J Cancer
2004;109: 230-7.

Gates MA, Wolpin BM, Cramer DW, et al. ABO blood group and incidence
of epithelial ovarian cancer. Int J Cancer 2011; 128: 482-6.

Henderson J, Seagroatt V, Goldacre M. Ovarian cancer and ABO blood
groups. J Epidemiol Community Health 1993; 47: 287-9.

All rights reserved - For personal use only
No other use without premission





