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Epidemiology: An Inverse Correlation

"A consistently lower than expected occurrence of cancer in 
patients with Down syndrome, Parkinson disease (PD), 
schizophrenia, diabetes, Alzheimer disease (AD), multiple 
sclerosis (MS), and anorexia nervosa"

The risk of cancer in patients with AD dementia was halved, and the risk 
of AD dementia in patients with cancer was 35% reduced. This 
relationship was observed in almost all subgroup analyses, suggesting that 
some anticipated potential confounding factors did not significantly 
influence the results (Musicco, 2013) 

Parkinson disease and cancer: a systematic review and meta-analysis of 
over 17 million participants (Zhang, 2021): Parkinson disease and total 
cancer are inversely associated. 
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Epidemiology: An Inverse Correlation

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2772918
http://www.kingston.ac.uk/


Epidemiology: An Inverse Correlation

Prostate cancer risk shows 
no correlation with AD risk

Breast cancer risk shows  a 
very weak inverse 

correlation with AD risk

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2772918
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Epidemiology: An Inverse Correlation

Non-melanoma skin cancer was analyzed separately to see if a cancer without much 
survival bias potential would also show the inverse correlation. The observed hazard 
ratio was low (although not as low as the overall hazard ratio) and statistically 
significant. This finding suggests that survival bias is not a major contributer to the 
observed overall inverse correlation.
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Epidemiology: An Inverse Correlation

Some informative results from other studies: 

Risk for neoplasms was significantly reduced only for women (OR = 0.5; 95% CI = 0.3 
to 0.9; P = 0.03) and for endocrine-related tumors (OR = 0.5; 95% CI = 0.2 to 1.0; P = 
0.04) (Realmuto et al, 2012). The Authors interpreted these results as possibly 
pointing out a role for estrogen. 

The 2020 meta-analysis, however, did show only a very weak inverse correlation 
between breast cancer and Alzheimer disease risk. 

http://www.kingston.ac.uk/


Epidemiology: Exceptions

Patients suffering from Alzheimer's disease have a lower risk of developing 
lung cancer and suggest a higher risk of developing glioblastoma (Sanchez-
Valle, 2017).

A functional analysis of the sets of deregulated genes points to the 
immune system, up-regulated in both Alzheimer disease and 
glioblastoma, as a potential link between these two diseases. 
Mitochondrial metabolism is regulated oppositely in Alzheimer disease 
and lung cancer, indicating that it may be involved in the inverse co-
morbidity between these diseases. Finally, oxidative phosphorylation is 
a good candidate to play a dual role by decreasing or increasing the risk 
of lung cancer and glioblastoma in Alzheimer disease.

http://www.kingston.ac.uk/
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Epidemiology: Exceptions

Not extensively studied as a single cancer type, but Hodgkin lymphoma may 
be an exception to the inverse correlation between neurodegenerative 

diseases (AD/PD) and overall cancer risk

http://www.kingston.ac.uk/


Common etiology acting in opposite directions?

Known risk factors do not very 
considerably between cancer 
and Alzheimer disease (for 
Parkinson disease, however, 
smoking has an opposite 
association: risk for cancer, 
protection for Parkinson 
disease).

https://link.springer.com/article/10.14283/jpad.2021.15
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Common etiology acting in opposite directions?

Most of the risk factors for AD and cancer are shared, including 
age, inflammation, smoking, lack of physical activity

Biological sex, however, has not been discussed much and it 
shows an opposite relationship with these two disorders: 

Males have a higher risk for cancer

Females have a higher risk for Alzheimer disease 

http://www.kingston.ac.uk/
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Common etiology acting in opposite directions?

Clonal hematopoiesis increases the risk for cancer 
(mainly leukemia) but lowers the risk for 
Alzheimer disease

But this condition is unable to explain majority of 
the inverse correlation

http://www.kingston.ac.uk/
https://www.science.org/content/article/dangerous-blood-condition-may-guard-against-alzheimer-s-disease


Common etiology acting in opposite directions?

Alzheimer disease and cancer are both characterized by 
abnormal, but opposing, cellular behavior: 

Increased cell death in Alzheimer disease
vs

Excessive cell growth in cancer

However, they share a lot of molecular pathways operating in 
the same direction.

http://www.kingston.ac.uk/


Common etiology acting in opposite directions?

Cancer and Alzheimer disease have inverse relationship in many aspects 
such as P53, estrogen, neurotrophins and growth factors, growth and 
proliferation, cAMP, EGFR, Bcl-2, apoptosis pathways, IGF-1, HSV, TDP-43, 
APOE variants, notch signals and presenilins, NCAM, TNF alpha, 
PI3K/AKT/MTOR pathway, telomerase, ROS, ACE levels

AD occurs when brain neurons have weakened growth, cell survival 
responses, maintenance mechanisms, weakened anti-stress responses 
such as vimentin, carbonic anhydrases, HSPs, SAPK. In cancer, these 
responses are upregulated and maintained

http://www.kingston.ac.uk/
https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-016-0765-2


Common etiology acting in opposite directions?

Most studies did not find a shared genetic basis for these two disorders 
except one or two Mendelian randomisation studies. These are equivalent 
to randomised clinical trials, but results are also inconclusive and 
inconsistent

The consensus is that there is no shared genetic basis in opposite directions 
for cancer and Alzheimer disease

http://www.kingston.ac.uk/
https://link.springer.com/article/10.1007/s00439-017-1831-6
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-023-04357-3


Common etiology acting in opposite directions?

Immune activation underlies neuroinflammation which is a hallmark of 
neurodegeneration (seen in AD and PD)

On the other hand, immunity is a major determinant of cancer susceptibility 
but in the opposite direction. Diminished immune activity/response 
increases cancer risk. This fact underpins the success of cancer 
immunotherapy

Females have a greater magnitude of immune response and therefore, 
lower cancer risk and higher Alzheimer disease risk (as well as higher 
autoimmunity risk and lower infectious disease susceptibility)

Immune activation is characterised by increased HLA expression

http://www.kingston.ac.uk/


Summary So Far…

➢ Alzheimer disease (as well as Parkinson disease) and cancer risk show an 
inverse correlation (except glioblastoma, and perhaps Hodgkin 
lymphoma, in AD and melanoma in PD)

➢ No common risk factor acting in opposite direction has been identified 
consistently

➢ Biological sex is a crucial factor as males have a higher risk of cancer and 
females have a higher risk for Alzheimer disease

➢ Immune activation is another opposing factor: it increases the risk for 
Alzheimer disease, but diminished immune activity/response (or evaded 
immune response) is a risk factor for cancer 

➢ Immune activation is characterised by increased HLA expression

➢ Then, could immunogenetics shed some light on the inverse 
relationship?

http://www.kingston.ac.uk/


Nothing about 
immunogenetics! 
HLA is not mentioned, not a 
single word in the whole paper 
beginning with immun…. 
(except the title!).

Immunogenetics

https://link.springer.com/article/10.1007/s12035-023-03260-8
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Immunogenetics in AD
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Immunogenetics in AD

rs601945  is the SNP that shows a protective 
association with both AD and PD.

https://www.pnas.org/doi/10.1073/pnas.2302720120
https://www.pnas.org/doi/10.1073/pnas.2302720120
https://www.pnas.org/doi/10.1073/pnas.2302720120
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HLA-DR4 (the main allele within the DR53 family) is associated with 
decreased risk (represented by rs601945)

   vs
HLA-DR15 (the main allele within the DR51 family) is associated with 
increased risk

Most HLA-cancer associations, including the first HLA and childhood 
leukemia and lung cancer risk, concern the HLA-DR53 lineage (presumably 
due to low level of expression of the alleles of this lineage that diminishes 
immune surveillance) 
   and 
almost none of the representatives of HLA-DR51 lineage (which shows the 
highest level of HLA-DR expression levels)

Immunogenetics in AD
HLA Associations with AD/PD Susceptibility

http://www.kingston.ac.uk/


One of the hallmarks of immune activation is increased HLA-DR expression 

HLA-DR53 alleles have lower levels of HLA-DR expression; this lineage has 
protective associations with disorders correlate with immune-activation 
(like AD/PD)
   and 
risk associations with disorders correlate with diminished immune 
activation (like cancer) 

Immunogenetics in AD
HLA Associations with AD/PD Susceptibility

http://www.kingston.ac.uk/


Immunogenetics

including:
• Schizophrenia
• Alzheimer disease
• Parkinson disease
• Lung cancer
• Hodgkin lymphoma

HLA Region and Disease Associations

http://www.kingston.ac.uk/
https://www.ncbi.nlm.nih.gov/pubmed/28877428


Fig. 3A. Germline determinants of recurrent non-missense somatic 
mutations  (RNMSM) burden. Manhattan plot from GWAS of RNMSM 
burden, computed using SAIGE. Germline variants included had a minor 
allele count ≥ 600 and were distinct from the set of RNMSMs.

Immunogenetics
The Latest HLA Association with Somatic Mutations

https://www.science.org/doi/10.1126/sciadv.abm4945
https://www.science.org/doi/10.1126/sciadv.abm4945
https://www.science.org/doi/10.1126/sciadv.abm4945
http://www.kingston.ac.uk/


Immunogenetics

rs9271735 represents the HLA-
DR53 lineage, which is the 
protective marker for Alzheimer 
disease

rs9271735
The Latest HLA Association with Somatic Mutations

https://www.science.org/doi/10.1126/sciadv.abm4945
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Immunogenetics
These Two HLA Region SNPs are Correlated
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Immunogenetics
How Can HLA be Involved in so many Phenotypes?

trans-eQTLs in xMHC

HLA-DR53 family members have strong genome-wide trans-eQTL effects in monocytes 

http://www.kingston.ac.uk/
https://www.nature.com/articles/ng.2205


Immunogenetics
How Can HLA be Involved in so many Phenotypes?

trans-eQTLs in xMHC

http://www.kingston.ac.uk/
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https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1002197


Immunogenetics
How Can HLA be Involved in so many Phenotypes?

trans-meQTLs in xMHC

http://www.kingston.ac.uk/
https://www.nature.com/articles/ncomms7326
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HLA associations correlating with 
increased/decreased HLA-DR antigen levels may 

explain the inverse correlation with cancer 

Genome-wide strong trans effects of HLA-DR53 
lineage variants and their association with somatic 

mutation burden may be the common 
immunogenetic factor underlying the inverse 

correlation of AD and cancer risk

Conclusion

http://www.kingston.ac.uk/


Controlling immune activation may prevent Alzheimer 
disease initiation/progression, but mainly in HLA-DR15-

positive individuals (perhaps also in females only)

On the other hand, immune activation potential should 
not be diminished as this would increase the risk for 

cancer development 

Implications

http://www.kingston.ac.uk/
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