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Abstract:

Background: Blood-group antigens are inherited surface structures with roles extending beyond transfusion
compatibility. ABO antigens are terminal glycans expressed on erythrocytes and many epithelial tissues,
Duffy/ACKR1 regulates chemokine availability and leukocyte trafficking, and OK/BSG-CD147 participates in
monocarboxylate-transporter stabilization, extracellular-matrix remodeling and tumour invasion. These
biomolecular functions provide plausible links between blood-group biology and cancer susceptibility,
prognosis and hematological malignancy, although the strength of epidemiological evidence varies by blood-
group system and tumour site.

Methods: PubMed searches were conducted on 1 July 2026 using a broad blood-group/cancer strategy and
focused queries for ABO, Rh, Duffy/ACKR1, OK/BSG-CD147, and review/meta-analysis literature. The
PubMed phase retrieved 10,718 records, including 4,973 from the broad query and 5,745 from focused queries.
After removal of 5,616 duplicate records, 5,102 unique records were available for title/abstract assessment.
Evidence synthesis followed PRISMA 2020 and MOOQOSE reporting principles. A focused secondary random-
effects meta-analysis was performed using published extractable estimates for ABO-A comparisons across
cancer sites.
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Results: The PubMed evidence set contained 94 review/meta-analysis candidates, 2,652 primary-study
candidates, 2,028 biomolecular/mechanistic candidates and 764 hematological-malignancy candidates.
Published pooled estimates consistently supported a modest risk signal for blood group A in several solid
tumours. In the focused secondary random-effects synthesis of five published ABO-A estimates, the summary
odds ratio was 1.22 (95% CI 1.13-1.32), indicating approximately 22% higher odds across the included
published comparisons. Heterogeneity was high (12=80.9%), meaning that the summary estimate should be
interpreted as an evidence-landscape signal rather than a universal cancer-risk coefficient. Duffy/ACKR1 and
OK/BSG-CD147 showed stronger biomolecular plausibility than population-level blood-typing evidence.

Conclusions: ABO has the strongest epidemiological support among blood-group systems, particularly in
gastrointestinal and pancreatic cancer literature, whereas Duffy/ACKR1 and OK/BSG-CD147 are more
strongly represented in mechanistic, immune-trafficking and tumour-metabolism studies. Blood group should
not be used as a stand-alone clinical triage marker; its most defensible role is as a stratification variable in
research models that already include age, sex, ancestry, tumour site, stage, infection status and treatment access.
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Introduction

Although the ABO, Rh, Duffy, and OK blood-group systems are commonly used in transfusion therapy, cancer
biology can also benefit from an understanding of their molecular underpinnings [1]-[4]. . Since ABO antigens
are glycan structures produced by glycosyltransferase activity, ABO status is a component of the larger context
of host-microbe interactions, epithelial adhesion, and tumor-associated glycosylation. Cell-cell adhesion,
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immune recognition, epithelial barrier biology, and metastatic behavior can all be impacted by altered
glycosylation, which is a characteristic of malignant transformation [5]-[11].

The strongest epidemiological literature is related to ABO. ABO and Rh blood groups were assessed across a
variety of health outcomes in a 2024 umbrella review of systematic reviews with meta-analyses, which found
the strongest cancer-related correlations for pancreatic and gastrointestinal cancers [12]. Colorectal cancer,
breast cancer, and head-and-neck tumors have all been the subject of separate recent meta-analyses; however,
the comparator definitions, ancestry stratum, outcome definition, and adjustment quality vary [13]-[16].
Different interpretive lenses are needed for OK/BSG-CD147 and Duffy/ACKR1. In populations of African
descent, baseline neutrophil numbers and chemokine handling are impacted by Duffy/ACKR1, an unusual
chemokine receptor that also determines the Duffy-null phenotype. [17], [18]. OK/BSG maps to basigin/CD147,
a glycoprotein implicated in monocarboxylate-transporter chaperoning, lactate export, extracellular-matrix
remodeling and tumour invasiveness [19]-[21]. These axes are biologically compelling but should not be treated
as equivalent to population-level blood-type risk estimates.

The purpose of this review was to establish a connection between these two layers: the biomolecular
mechanisms that may account for the recurrent appearance of blood-group systems in tumor susceptibility,
prognosis, or hematological malignancy literature, and the epidemiological evidence that links blood-group
systems with cancer outcomes.

Materail and Methods

Design and reporting framework

The review was organized using the MOOSE framework for meta-analyses of observational research and the
PRISMA 2020 reporting guidelines for 4systematic reviews [22]-[24]. Due to the inclusion of case-control
studies, cohorts, systematic reviews, meta-analyses, and mechanistic studies in the evidence base, the synthesis
was arranged into two interrelated components: a systematic evidence map of literature indexed in PubMed and
a concentrated secondary meta-analysis of published extractable effect estimates2.2 Eligibility criteria.

At least one human blood-group system or its molecular determinant- ABO, Rh, Duffy/ACKR1, or OK/BSG-
CD147- with connection to cancer susceptibility, progression, prognosis, survival, hematological malignancy, or
tumor biomolecular pathways were covered in qualified data. Mapping was possible for human observational
studies, systematic reviews, meta-analyses, and mechanistic investigations. An odds ratio, risk ratio, or hazard
ratio with a 95% confidence interval or sufficient data to calculate standard errors was required for quantitative
synthesis. Records pertaining solely to animals, unrelated rhesus-primate research, non-cancer subjects, editorial
content devoid of extractable proof, and records without a blood-group or blood-group-molecule component
were all found to be unsuitable for synthesis.

Eligibility criteria

Eligible records addressed at least one human blood-group system or its molecular determinant - ABO, Rh,
Duffy/ACKR1 or OK/BSG-CD147 - in relation to cancer susceptibility, progression, prognosis, survival,
hematological malignancy or tumour biomolecular mechanisms. Human observational studies, systematic
reviews, meta-analyses and mechanistic studies were eligible for mapping. For quantitative synthesis, a
publication had to provide an odds ratio, risk ratio or hazard ratio with a 95% confidence interval or enough
information to derive standard errors. Animal-only records, unrelated rhesus-primate studies, non-cancer topics,
editorial material without extractable evidence and records lacking a blood-group or blood-group-molecule
component were not considered eligible for synthesis.

Information source and search strategy

PubMed was searched on 1 July 2026 using one broad query and focused queries for ABO, Rh, Duffy/ACKR1,
OK/BSG-CD147 and review/meta-analysis literature. The refined broad strategy combined blood-group terms
with cancer terms and excluded records explicitly indexed as rhesus macaque or Macaca mulatta in
title/abstract. Focused searches were used to recover records that may be missed by a single broad query and to
preserve source traceability by blood-group system.

The broad PubMed search string was: (("ABO blood group" OR "ABO blood-group system" OR "ABO blood
group system™ OR "Rh blood group™ OR "Rhesus blood group™ OR "Duffy blood group” OR ACKR1 OR "OK
blood group” OR BSG OR basigin OR CD147) AND (cancer OR carcinoma OR tumor OR tumour OR
malignancy OR leukemia OR leukaemia OR lymphoma OR myeloma OR neoplasm)) NOT ("rhesus
macaque"[Title/Abstract] OR "Macaca mulatta"[Title/Abstract]).

Record management and synthesis

The PubMed search phase retrieved 10,718 records. After deduplication by PubMed identifier, DOl and
normalized title, 5,102 unique records remained. The evidence set was then grouped into relevance and evidence
categories to support title/abstract assessment, full-text retrieval and data extraction. The quantitative component
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used published estimates with clearly stated effect measures and 95% confidence intervals. Effect estimates
were transformed to the log scale, standard errors were derived from the reported confidence intervals, and
fixed-effect and random-effects summaries were calculated. Random-effects results were prioritized because
tumour sites, comparators and populations differed across estimates.

The exposed blood-group category had higher odds of the cancer outcome than the reference category,
according to the odds ratios, with an estimate of more than 1.00. An estimate of less than 1.00 was considered
lower odds. A 95% confidence interval that excluded 1.00 was deemed statistically consistent with a
relationship at the conventional 5% criterion. Heterogeneity was interpreted using 12: high levels indicate
considerable differences between included estimates, populations, or outcome definitions, whereas low values
indicate that variability is mostly consistent with sampling error.

Results and discussion

Search output and PRISMA flow

The PubMed phase yielded 4,973 records from the broad query and 5,745 records from focused queries. The
combined search output contained 10,718 records before deduplication. Removal of 5,616 duplicates left 5,102
unique citations for title/abstract assessment. Of these, 4,117 records were classified as high relevance and 414
required additional relevance assessment, while 92 were low relevance and 479 were likely outside the review
scope.

{ ™
Records identified through PubMed searches
Broad query: 4,973; focused queries: 5,745
Total before deduplication: 10,718

L

Records removed before screening

Duplicate records removed: 5,616

I

Unique records assessed by title/abstract
Records after deduplication: 5,102

/\

{ Records not retained after title/absiract Records retained for eligibility mapping ]

relevance assessment
High relevance: 4 117
Low relevancs: 92

Likely out of scope: 479 Additional check: 414

v

Evidence subsets identified for synthesis (not mutually exclusive)

Review/meta-analysis candidates: 94 | Primary-study candidates: 2,652

Mechanistic biomolecular candidates: 2,028 | Hematological malignancy candidates: 764

L

Cuantitative synthesis used published effect estimates with extractable OR/RR/HR and 95% Cl;

biomolecular synthesis integrated ABO-glycan, ACKR 1-chemokine

and BSGfCD147-metabolic evidence.

p. A

Figure 1. PubMed PRISMA-style flow of record retrieval, deduplication and evidence mapping. Evidence
subsets are not mutually exclusive because one record may contribute to more than one synthesis domain.
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Evidence-map composition

The deduplicated set contained 94 review or meta-analysis candidates, 2,652 primary-study candidates, 2,028
mechanistic/biomolecular candidates and 764 hematological-malignancy candidates. ABO dominated the
evidence map with 2,461 records, followed by OK/BSG-CD147 with 2,026 records, Duffy/ACKR1 with 199
records and Rh with 53 records.

Bubble size reflects the number of PubMed records after deduplication.
Evidence landscape by blood-group system and cancer category
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Figure 2. Evidence landscape by blood-group system and cancer category. Bubble size reflects PubMed
record counts after deduplication, not causal strength.
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Figure 3. Publication-year distribution of uniqgue PubMed records in the evidence map.

1990 1995 2000 2015

Metric Count
Records identified from PubMed broad query 4,973
Records identified from focused PubMed queries 5,745
Total records before deduplication 10,718
Duplicates removed 5,616
Records after deduplication 5,102
High relevance records 4,117
Records requiring additional relevance assessment 414
Low relevance records 92
Likely out-of-scope records 479
Review/meta-analysis candidates 94
Primary-study candidates 2,652
Mechanistic biomolecular candidates 2,028
Hematological-malignancy candidates 764

234 | AJAPAS: Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).




ABO and solid-tumour risk

ABO showed the most consistent epidemiological signal. In the BMC Medicine umbrella review, blood group A
was associated with higher odds of gastric cancer when compared with group O (OR 1.19, 95% CI 1.14-1.24)
[12], [25]. This estimate means that, within the pooled observational evidence summarized by that review,
individuals with group A had approximately 19% higher odds of gastric cancer relative to the O reference
group; because the 95% confidence interval lies entirely above 1.00, the result is statistically compatible with a
positive association [12], [25].

The same umbrella review reported a stronger association for pancreatic cancer, with A versus O showing OR
1.33 (95% CI 1.27-1.40) [12], [26]. In practical terms, this corresponds to approximately 33% higher odds in the
published pooled estimate. Non-O versus O was also elevated for pancreatic cancer (OR 1.31, 95% CI 1.22-
1.42), supporting the recurring observation that O status may be relatively protective in pancreatic-cancer
epidemiology [12], [26].

According to Alchazal et al. [13], group A had 18% greater risks of breast cancer than group O, with an OR of
1.18 (95% CI 1.03-1.36) for breast cancer. The effect should be viewed as mild rather than a powerful clinical
discriminator because the confidence interval is near 1.00. However, because their confidence intervals
exceeded 1.00, B versus O (OR 0.97, 95% CI 0.86-1.11), AB versus O (OR 1.05, 95% CI 0.89-1.25), and Rh-
positive versus Rh-negative (OR 1.14, 95% CI 0.81-1.60) did not exhibit statistically significant relationships.
[13].

According to Bahardoust et al. [14], blood group O was associated with a lower risk of colorectal cancer (OR
0.93, 95% CI 0.83-0.97), while blood group A was associated with a higher risk (OR 1.11, 95% CI 1.03-1.19).
These figures support an epidemiological relationship, but they are not robust enough to be employed as
separate screening criteria. Head and neck tumor evidence varied more by subgroup and heritage. Shi et al. [15]
observed a protective link for AB overall (OR 0.762, 95% CI 0.637-0.910), while the Caucasoid subgroup had
greater risks for A (OR 1.353, 95% CI 1.076-1.702).

Focused secondary meta-analysis of ABO-A published estimates

In a targeted secondary meta-analysis, five published ABO-A estimations with extractable odds ratios and 95%

confidence intervals were combined. 1.22 (95% CI 1.13-1.32) was the random-effects summary OR. This

indicates that the average signal across these published comparisons indicated that blood group A had a greater

chance of developing cancer. The data should be interpreted as a cross-site evidence signal rather than as a

single universal effect of blood group A across all tumors because heterogeneity was considerable (12=80.9%).
Focused secondary meta-analysis of published ABO-A cancer-risk estimates
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Figure 4. Focused secondary meta-analysis of published ABO-A cancer-risk estimates. The summary
estimate is shown for evidence integration, but site-specific interpretation is necessary because
heterogeneity is high.
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Rh, Duffy/ACKR1 and OK/BSG-CD147 evidence

"Rh evidence was comparatively sparse in the PubMed map and did not show the same repeated population-
level cancer-risk pattern as ABO. In breast cancer, Rh-positive versus Rh-negative was not statistically
conclusive in the recent meta-analysis because the confidence interval crossed 1.00 [13]. As detailed in
fundamental blood-group genetics [27], Rh antigens are complex transmembrane proteins without glycan
termini, which may explain why Rh does not share the same epithelial glycosylation-driven cancer pathways
seen in ABO."

Duffy/ACKR1 evidence is biologically important but epidemiologically less mature as a blood-typing cancer-
risk system. ACKR1 binds and presents chemokines and influences leukocyte trafficking; the Duffy-null
phenotype is also relevant to baseline neutrophil counts, especially in individuals with African ancestry [17],
[18]. This matters clinically because neutrophil thresholds can affect chemotherapy decisions, but it does not
imply that Duffy status alone predicts cancer onset or mortality [17], [18].

OK/BSG-CD147 was heavily represented in mechanistic literature. Basigin/CD147 supports MCT1/MCT4
membrane localization, lactate transport, extracellular-matrix remodeling and invasion-associated signaling
[28]-[31]. This creates a plausible biomolecular bridge between the OK blood-group system and tumour
metabolism. Nevertheless, CD147 mechanistic expression should not be equated with routine OK blood typing;
they represent related but distinct levels of biological evidence [19]-[21].

Hematological malignancies and leukemia

Hematological malignancy records formed a substantial component of the evidence map. Recent myeloid-
neoplasm literature suggests that ABO distribution may differ in adults and adolescents with myeloid
neoplasms, with Zhou et al. [32] reporting a higher prevalence of blood type A in several myeloid-neoplasm
categories and a lower prevalence of AB. This is a population-distribution signal and does not by itself establish
biological causality.

Leukemia also presents a separate laboratory issue: malignant hematopoiesis can alter or weaken ABO antigen
expression and cause blood-group discrepancies. Therefore, in leukemia and plasma-cell dyscrasia, ABO may
be relevant both as an inherited population variable and as an acquired serologic finding. The latter is
diagnostically important but should not be confused with inherited cancer susceptibility [33].

Biomolecular interpretation

Figure 5. Biomolecular model linking blood-group systems with cancer-relevant pathways. The model separates
ABO glycan biology, Duffy/ACKR1 chemokine buffering and OK/BSG-CD147 metabolic-invasion biology.
The most coherent biological explanation for the ABO-cancer association is not that erythrocytes themselves
drive cancer. Rather, ABO glycosyltransferases determine terminal glycan structures that are expressed in
epithelial tissues and secretions, influencing general disease susceptibility and host-pathogen dynamics [5]-
[8].These structures can affect microbial adhesion, mucosal inflammation, coagulation biology through von
Willebrand factor and factor VIII levels, and cell-adhesion phenotypes [34], [35]. These pathways are most
plausible in gastric, pancreatic and colorectal cancer, where mucosal biology, inflammation and epithelial
glycosylation are central to disease development [36]-[43].

Duffy/ACKR1 adds an immune-trafficking layer. By binding chemokines and shaping leukocyte gradients,
ACKR1 may influence tumour immune microenvironments [44]. The clinical relevance is currently strongest
for interpreting neutrophil counts and treatment thresholds rather than assigning cancer-risk categories.
OK/BSG-CD147 adds a tumour-metabolism layer. CD147 stabilizes monocarboxylate transporters, particularly
MCT1 and MCT4, enabling lactate export [45] and supporting the acidic metabolic microenvironment that
promotes invasion, immune escape and treatment resistance [46]-[49]. This makes BSG/CD147 a strong
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mechanistic cancer node, but population-level OK blood-group cancer epidemiology remains much less
developed than ABO epidemiology.

Clinical interpretation

The practical interpretation is conservative. Blood group is not a screening test, staging criterion or treatment-
priority tool. Age, tumour stage, symptoms, performance status, histology, molecular tumour profile, infection
status, comorbidity and treatment access remain much stronger determinants of clinical management. Blood-
group information may be useful in research stratification, subgroup analysis, transfusion planning and
interpretation of hematologic parameters, particularly for Duffy-null associated neutrophil ranges.

For clinicians, the strongest current message is that ABO status may contribute modestly to risk modelling in
selected cancer sites, especially gastrointestinal and pancreatic cancer literature, but it should never replace
established guidelines. For researchers, the strongest message is that blood-group systems should be integrated
with biomolecular covariates rather than treated as isolated categorical variables.

Discussion

This PubMed-based review confirms that blood-group cancer evidence is uneven across systems. Ever since the
landmark discovery by Aird et al. [16] linking group A to gastric malignancy. ABO is supported by multiple
systematic reviews and meta-analyses, with recurring modest associations in gastric, pancreatic, breast,
colorectal and head-and-neck cancer literature. The biological plausibility of these signals is reinforced by the
role of ABO in glycosylation, epithelial biology, host-microbe interactions, coagulation, and cancer-related
inflammatory pathways [50], [51]. However, effect sizes are generally modest and highly context-dependent
The high heterogeneity in the focused secondary meta-analysis is not unexpected. The included published
estimates differ by tumour site, comparator, ancestry group, case definition and adjustment strategy. The
summary OR therefore should be viewed as an integrated signal that group A repeatedly trends above the null in
several solid-tumour settings, not as a single risk multiplier applicable to individual patients.

The review of biomolecular cancer biology is expanded from traditional blood type via Duffy/ACKR1 and
OK/BSG-CD147. ACKR1 links chemokine dynamics, neutrophil interpretation, and blood-group biology. The
OK system is linked to MMP activation, invasion, lactate export, and tumor metabolism through BSG/CD147.
Although the present epidemiological evidence is not as mature as ABO, these systems are crucial for
mechanistic reasoning.

Limitations

First, PubMed was the bibliographic source used for the current structured evidence map. Although the search
was broad and supplemented by focused queries, additional databases such as Scopus, Web of Science and
Embase may recover records not indexed in PubMed. Second, the quantitative synthesis used published pooled
estimates and extractable published comparisons, rather than reconstructing every primary study dataset. This
design is appropriate for evidence integration but should be distinguished from a primary-study individual effect
extraction meta-analysis. Third, Duffy/ACKR1 and OK/BSG-CD147 evidence is largely mechanistic or
biomarker-based, making it less suitable for pooled population-risk estimation. Fourth, ancestry, geography,
infection exposure, secretor status, tumour site and adjustment quality are major confounders in blood-group
epidemiology.

Conclusion

Cancer susceptibility is most consistent with the ABO blood group system which has the strongest
epidemiological evidence for cancer associations, particularly in gastric and pancreatic cancer and with more
subtle signals in breast, colorectal and head-and-neck cancer. Through the routes of immunological trafficking
and tumor metabolism, respectively, Duffy/ACKR1 and OK/BSG-CD147 offer significant biomolecular
background. The evidence supports blood group as a mechanistic insight and research stratification variable,
rather than as a stand-alone clinical decision rule.

Compliance with ethical standards

Disclosure of conflict of interest

The authors declare that they have no conflict of interest.

References

[1] H. Sung, J. Ferlay, R. L. Siegel, M. Laversanne, I. Soerjomataram, A. Jemal, and F. Bray, "Global cancer
statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries," CA: A Cancer Journal for Clinicians, vol. 71, no. 3, pp. 209-249, 2021.

237 | AJAPAS: Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



[2] A. Jemal, F. Bray, M. M. Center, J. Ferlay, E. Ward, and D. Forman, "Global cancer statistics,” CA: A
Cancer Journal for Clinicians, vol. 61, no. 2, pp. 69-90, 2011.

[3] F. Bray, M. Laversanne, H. Sung, J. Ferlay, R. L. Siegel, I. Soerjomataram, and A. Jemal, "Global cancer
statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries," CA: A Cancer Journal for Clinicians, vol. 74, no. 3, pp. 229-263, 2024.

[4] G. Daniels and M. E. Reid, "Blood groups: The past 50 years," Transfusion, vol. 50, no. 2, pp. 281-289,
2010.

[5] D. J. Anstee, "The relationship between blood groups and disease," Blood, vol. 115, no. 23, pp. 4635-4643,
2010.

[6] L. Cooling, "Blood groups in infection and host susceptibility,” Clinical Microbiology Reviews, vol. 28, no.
3, pp. 801-870, 2015.

[7] C. M. Cserti and W. H. Dzik, "The ABO blood group system and Plasmodium falciparum malaria," Blood,
vol. 110, no. 7, pp. 22502258, 2007.

[8] T. Kawai and S. Akira, "The role of pattern-recognition receptors in innate immunity," Nature Immunology,
vol. 11, no. 5, pp. 373-384, 2010.

[9] S. Hakomori, "Glycosylation defining cancer malignancy: New wine in an old bottle," Proceedings of the
National Academy of Sciences of the United States of America, vol. 99, no. 16, pp. 10231-10233, 2002.
[10] S. S. Pinho and C. A. Reis, "Glycosylation in cancer: Mechanisms and clinical implications,” Nature

Reviews Cancer, vol. 15, no. 9, pp. 540-555, 2015.

[11] A. Varki, "Biological roles of glycans,” Glycobiology, vol. 27, no. 1, pp. 3-49, 2017.

[12] F.-H. Liu, J.-K. Guo, W.-Y. Xing, X.-L. Bai, Y.-J. Chang, Z. Lu, M. Yang, Y. Yang, W.-J. Li, X.-X. Jia, T.
Zhang, J. Yang, J.-T. Chen, S. Gao, L. Wu, D.-Y. Zhang, C. Liu, T.-T. Gong, and Q.-J. Wu, "ABO and
Rhesus blood groups and multiple health outcomes: An umbrella review of systematic reviews with meta-
analyses of observational studies," BMC Medicine, vol. 22, no. 1, p. 206, 2024.

[13] R. Alchazal, K. J. Zaitoun, M. Al-Qudah, G. Zaitoun, A. M. Taha, O. Saleh, M. Alqudah, M. Abuawwad,
M. Taha, and A. Y. Aldalati, "Relationship between ABO blood group antigens and Rh factor with breast
cancer: A systematic review and meta-analysis," Oncotarget, vol. 16, pp. 311-326, 2025.

[14] M. Bahardoust, G. Barahman, A. Baghaei, P. Ghadimi, M. H. Asadi Shahir, M. Najafi Kandovan, A.
Tizmaghz, F. Olamaeian, and A. Tayebi, "The association between ABO blood group and the risk of
colorectal cancer: A systematic literature review and meta-analysis,” Asian Pacific Journal of Cancer
Prevention, vol. 24, no. 8, pp. 2555-2563, 2023.

[15] H. Shi, J. Yao, C. Jiang, W. Xu, Z. Jiang, Y. Chen, and Y. Qian, "ABO blood types and head and neck
cancer: A systematic review with meta-analysis of observational studies,” BMJ Open, vol. 14, no. 10, p.
€088016, 2024.

[16] I. Aird, H. H. Bentall, and J. A. F. Roberts, "A relationship between cancer of stomach and the ABO blood
groups,” British Medical Journal, vol. 1, no. 4814, pp. 799-801, 1953.

[17] S. E. Legge, R. H. Christensen, L. Petersen, A. F. Pardifias, M. Bracher-Smith, S. Knapper, J. Bybjerg-
Grauholm, M. Baekvad-Hansen, D. M. Hougaard, T. Werge, M. Nordentoft, P. B. Mortensen, M. J. Owen,
M. C. O'Donovan, M. E. Benros, and J. T. R. Walters, "The Duffy-null genotype and risk of infection,"
Human Molecular Genetics, vol. 29, no. 20, pp. 3341-3349, 2020.

[18] M. Pruenster, A. Rot, and A. Ludwig, "The Duffy antigen receptor for chemokines: A regulator of
chemokine function,” Blood, vol. 113, no. 20, pp. 4893-4900, 20009.

[19] P. Kirk, M. C. Wilson, C. Heddle, M. H. Brown, A. N. Barclay, and A. P. Halestrap, "CD147 is tightly
associated with lactate transporters MCT1 and MCT4 and facilitates their cell-surface expression,” The
EMBO Journal, vol. 19, no. 15, pp. 3896-3904, 2000.

[20] T. Muramatsu, "Basigin (CD147), a multifunctional transmembrane glycoprotein with various binding
partners,” Journal of Biochemistry, vol. 159, no. 5, pp. 481-490, 2016.

[21] C. Pinheiro, A. Longatto-Filho, J. Azevedo-Silva, M. Casal, F. C. Schmitt, and F. Baltazar, "Role of
monocarboxylate transporters in human cancers: State of the art,” Journal of Bioenergetics and
Biomembranes, vol. 44, no. 1, pp. 127-139, 2012.

[22] B. S. Brooke, T. A. Schwartz, and T. M. Pawlik, "MOOSE reporting guidelines for meta-analyses of
observational studies," JAMA Surgery, vol. 156, no. 8, pp. 787-788, 2021.

[23] M. J. Page, J. E. McKenzie, P. M. Bossuyt, I. Boutron, T. C. Hoffmann, C. D. Mulrow, L. Shamseer, J. M.
Tetzlaff, E. A. Akl, S. E. Brennan, R. Chou, J. Glanville, J. M. Grimshaw, A. Hrobjartsson, M. M. Lalu, T.
Li, E. W. Loder, E. Mayo-Wilson, S. McDonald, L. A. McGuinness, L. A. Stewart, J. Thomas, A. C.
Tricco, V. A. Welch, P. Whiting, and D. Moher, "The PRISMA 2020 statement: An updated guideline for
reporting systematic reviews," BMJ, vol. 372, p. n71, 2021.

[24] D. F. Stroup, J. A. Berlin, S. C. Morton, I. Olkin, G. D. Williamson, D. Rennie, D. Moher, B. J. Becker, T.
A. Sipe, and S. B. Thacker, "Meta-analysis of observational studies in epidemiology: A proposal for
reporting,” JAMA, vol. 283, no. 15, pp. 20082012, 2000.

[25] G. Edgren, H. Hjalgrim, K. Rostgaard, R. Norda, A. Wikman, M. Melbye, and O. Nyrén, "Risk of gastric
cancer and peptic ulcers in relation to ABO blood type: A cohort study,” American Journal of
Epidemiology, vol. 172, no. 11, pp. 1280-1285, 2010.

[26] B. M. Wolpin, A. T. Chan, P. Hartge, S. J. Chanock, P. Kraft, D. J. Hunter, E. L. Giovannucci, and C. S.
Fuchs, "ABO blood group and the risk of pancreatic cancer," Journal of the National Cancer Institute, vol.
101, no. 6, pp. 424-431, 2009.

[27] G. Daniels, Human Blood Groups, 3rd ed. Hoboken, NJ: Wiley-Blackwell, 2013.

238 | AJAPAS: Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



[28] F. A. Spring, C. H. Holmes, K. L. Simpson, W. J. Mawby, M. J. Mattes, Y. Okubo, and S. F. Parsons, "The
Oke blood group antigen is a marker for the M6 leukocyte activation antigen, the human homolog of OX-47
antigen, basigin and neurothelin, an immunoglobulin superfamily molecule that is widely expressed in
human cells and tissues," European Journal of Immunology, vol. 27, no. 4, pp. 891-897, 1997.

[29] T. Miyauchi, Y. Masuzawa, and T. Muramatsu, "The basigin group of the immunoglobulin superfamily:
Complete conservation of a segment in and around the transmembrane domains of human and mouse
basigin and chicken HT7 antigen," Journal of Biochemistry, vol. 110, no. 5, pp. 770-774, 1991.

[30] K. T. lacono, A. L. Brown, M. I. Greene, and S. J. Saouaf, "CD147 immunoglobulin superfamily receptor
function and role in pathology," Experimental and Molecular Pathology, vol. 83, no. 3, pp. 283-295, 2007.

[31] J. Xu, H.-Y. Xu, Q. Zhang, F. Song, J.-L. Jiang, X.-M. Yang, L. Mi, N. Wen, R. Tian, L. Wang, H. Yao, Q.
Feng, Y. Zhang, J.-L. Xing, P. Zhu, and Z.-N. Chen, "HAb18G/CD147 functions in invasion and metastasis
of hepatocellular carcinoma,” Molecular Cancer Research, vol. 5, no. 6, pp. 605-614, 2007.

[32] M. Zhou, T. Li, Y. Sun, G. Ouyang, W. Zhuang, and P. Zhang, "Association between ABO blood groups
and hematological myeloid neoplasms in adolescents and adults,”" Frontiers in Medicine, vol. 11, p.
1456695, 2024.

[33] World Health Organization, WHO Classification of Tumours: Haematolymphoid Tumours, 5th ed. Lyon,
France: International Agency for Research on Cancer, 2022.

[34] J. W. Dennis, I. R. Nabi, and M. Demetriou, "Metabolism, cell surface organization, and disease," Cell, vol.
139, no. 7, pp. 1229-1241, 2009.

[35] M. Franchini and P. M. Mannucci, "ABO blood group and thrombotic vascular disease,” Thrombosis and
Haemostasis, vol. 112, no. 6, pp. 1103-1109, 2014.

[36] V. Ravn and E. Dabelsteen, "Tissue distribution of histo-blood group antigens,” APMIS, vol. 108, no. 1,
pp. 1-28, 2000.

[37] R. G. Spiro, "Protein glycosylation: Nature, distribution, enzymatic formation, and disease implications of
glycopeptide bonds," Glycobiology, vol. 12, no. 4, pp. 43R-56R, 2002.

[38] G. Lauc, M. Pezer, I. Rudan, and H. Campbell, "Mechanisms of disease: The human N-glycome,"
Biochimica et Biophysica Acta (BBA) - General Subjects, vol. 1860, no. 8, pp. 1574-1582, 2016.

[39] K. Ohtsubo and J. D. Marth, "Glycosylation in cellular mechanisms of health and disease,” Cell, vol. 126,
no. 5, pp. 855-867, 2006.

[40] R. Kannagi, "Molecular mechanism for cancer-associated induction of sialyl Lewis X and sialyl Lewis A
expression—The Warburg effect revisited,” Glycoconjugate Journal, vol. 20, no. 5, pp. 353-364, 2004.

[41] R. Kannagi, J. Yin, K. Miyazaki, and M. Izawa, "Current relevance of incomplete synthesis and neo-
synthesis for cancer-associated alteration of carbohydrate determinants—Hakomori's concepts revisited,"
Biochimica et Biophysica Acta (BBA) - General Subjects, vol. 1780, no. 3, pp. 525-531, 2008.

[42] M. A. Hollingsworth and B. J. Swanson, "Mucins in cancer: Protection and control of the cell surface,"
Nature Reviews Cancer, vol. 4, no. 1, pp. 45-60, 2004.

[43] D. W. Kufe, "Mucins in cancer: Function, prognosis and therapy,” Nature Reviews Cancer, vol. 9, no. 12,
pp. 874-885, 2009.

[44] D. F. Quail and J. A. Joyce, "Microenvironmental regulation of tumour progression and metastasis," Nature
Medicine, vol. 19, no. 11, pp. 1423-1437, 2013.

[45] A. P. Halestrap, "The SLC16 gene family—Structure, role and regulation in health and disease," Molecular
Aspects of Medicine, vol. 34, no. 2-3, pp. 337-349, 2013.

[46] N. N. Pavlova and C. B. Thompson, "The emerging hallmarks of cancer metabolism," Cell Metabolism,
vol. 23, no. 1, pp. 27-47, 2016.

[47] P. Vaupel and G. Multhoff, "Revisiting the Warburg effect: Historical dogma versus current
understanding," The Journal of Physiology, vol. 599, no. 6, pp. 1745-1757, 2021.

[48] O. Warburg, "On the origin of cancer cells,” Science, vol. 123, no. 3191, pp. 309-314, 1956.

[49] P. Patel and J. R. Woodgett, "Glycogen synthase kinase 3: A kinase for all pathways?" Current Topics in
Developmental Biology, vol. 123, pp. 277-302, 2017.

[50] F. R. Balkwill and A. Mantovani, "Cancer-related inflammation: Common themes and therapeutic
opportunities,” Seminars in Cancer Biology, vol. 22, no. 1, pp. 33-40, 2012.

[51] S. I. Grivennikov, F. R. Greten, and M. Karin, "Immunity, inflammation, and cancer," Cell, vol. 140, no. 6,
pp. 883-899, 2010.

[52] International Society of Blood Transfusion, Red Cell Immunogenetics and Blood Group Terminology,
ISBT Working Party on Red Cell Immunogenetics and Blood Group Terminology, 2024.

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of AJAPAS and/or the editor(s). AJAPAS and/or the
editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods,
instructions, or products referred to in the content.

239 | AJAPAS: Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



Appendix A. Search log summary

analyses

Search PubMed reported Records Search date
count downloaded
Main broad query 4,974 4,973 2026-07-01
Focused query 1, ABO 2,744 2,743 2026-07-01
Focused query 2, Rh 131 131 2026-07-01
Focused query 3, Duffy/ACKR1 206 206 2026-07-01
Focused query 4, OK/BSG/CD147 2,086 2,086 2026-07-01
Focused query 5, systematic reviews and meta- 580 579 2026-07-01

Appendix B. Extraction fields for study-level updating
Recommended extraction fields for the human-reviewed evidence table include: first author, year, country,
design, population, cancer type, blood-group system, comparator, cases, controls, effect measure, effect value,
95% CI, adjustment variables, outcome definition, follow-up duration, risk-of-bias domains and notes on
biological interpretation. The review workbook accompanying this manuscript contains structured sheets for

these fields.
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