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During the previous decades, the practice of cancer 
prevention and intervention has achieved much suc-
cess at the population level.   However, it has become 
obvious that such achievements at the individual levels 
have been highly variable and, perhaps, disappointing.  
Therefore, to significantly improve efficacy, the United 
States and the European Union have set up priority 
programs on the development of precision population 
health and personalized medicine.  The emphasis will 
require a paradigm shift in focusing these activities 
onto individuals instead of populations.  In addition, 
it changes our traditional approach in conducting ba-
sic research and clinical medicine, e.g. by incorporat-
ing more genomic information and more personal data 
into research and practice activities.

Genomic analyses have clearly shown that inher-
ent variations in genes are key factors which deter-
mine how individuals respond to toxic substances and 
therapeutic drugs, therefore their risk for development 
of cancer and for poor response to therapy.  However, 
mechanisms for these outcomes and their interactions 
with environmental factors have not been well-charac-
terized.  Therefore, cancer risk assessment, and preven-
tion, intervention and prognosis determinations have 
still mainly been based on population rather than on 
individual evaluations.  For example, lung cancer mor-
tality risk from smoking has been shown to be about 
150 per 100,000 individuals who are at 50 years of age 
(much higher at more advanced ages).  The risk deter-
mination is well-recognized and have been used to set 
up smoke-ban policies around the world.  However, the 
risk level has not been effective in convincing smokers 
to quit the smoking habit because they would probably 
feel that the risk is small and because they are unlikely 
to be within the 150 lung cancer mortality cases!  Con-
sequently, smoking control has basically relied on the 
development of smoke-ban policies.  

For implementation of precision population health, 
dynamic changes in our basic research have been initi-
ated.   For example, many studies are being conducted 
by using genomic analysis to more precisely understand 
mechanisms for development of cancers.  These studies 
have also paved the way for the development of novel 
biomarkers.  Such biomarkers must fulfill requirements 
to provide functional, quantitative and specific deter-
mination of personal risk for development of diseases.  
Some of them have been focused onto how individual’s 
cell recognizes DNA damage and mounts appropriate 
responses, a process known as DNA damage and repair 
response (DDRR).  An example for such an assay is the 
Challenge-comet assay which is developed by Profes-
sor Au (Kaina, et al., 2018).  In this assay, an individu-
al’s DDRR capacity can be quantitatively determined.  
Investigations have shown that the DDRR capacity is 
genetically determined, compromised by exposure to 
toxic substances, associated with development of can-
cer and associated with poor cancer prognosis (Kaina, 
et al., 2018).  Therefore, individual’s DDRR capacity 
can be used to develop personalized health and disease 
prevention protocols, e.g. avoidance of exposure to cer-
tain toxic substances from which repair of the induced 
damage is deficient for the specific individuals.

The DDRR capacity data can also be used for preci-
sion medicine.  For example, cancer patients with low 
DDRR capacity, e.g. poor repair for radiation-induced 
DNA damage, may be considered for using alterna-
tive (non-radiation dependent) therapeutic protocols.  
These patients should also be monitored using more 
specific, i.e. non-traditional, protocols for their re-
sponse.  Furthermore, these patients can also be treated 
with other DNA damaging drugs which differentiate 
the DDRR capacity between the normal and the cancer 
cells to specifically eliminate the cancer cells, therefore 
achieving better efficacy.  
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Novel biomarkers, such as the Challenge-comet as-
say, should be used in combination with other assays, 
e.g. DNA methylation and miRNA expression, as well 
as with bioinformatics information to more precisely 
predict cancer development and response to therapy.  
Consequently, these initiatives can dramatically change 
the evaluation and management of health problems 
from a population to a personalized basis.  Indeed, in-
novative genomic- and mechanism-based evidence are 
increasingly used to develop more precise cancer risk 
assessment, and target-specific and personalized medi-
cine.  Successful implementation of personalized med-
icine is expected to significantly improve health and 

quality of life, reduce suffering, and improve economy 
as well as prosperity.
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