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The huge biotechnology development permitted in the last 
years an enormous increase of knowledge regarding the genet-
ics field and its possible applications. This great progress in the 
knowledge of the human genome sequence and of its inter-indi-
vidual variability has consequently permitted an important im-
pact of the genomics on the clinical practice and in particular in 
the field of prevention in its different aspects.

The inter-individual variability is an evident phenomenon: 
everyone shows different phenotypic features, as well as each 
person has a different susceptibility to various multifactorial dis-
eases, or is more or less resistant to infectious agents. In the same 
way each individual responds very differently to the same drug, 
both in terms of efficacy and toxicity, as well as every person 
may need different doses of the same drug to have a therapeutic 
effect.

While a part of this inter-individual variability is due to “en-
vironmental factors”, an important contribution is due to genetic 
factors.

In the years 2000-2003 was completed the “Human Ge-
nome Project”,1-3 the great international collaborative effort that 
allowed to determine for the first time the entire nucleotide se-
quence of the human genome. Since then, several studies on the 
inter-individual genome variability4-7 have shown that each indi-
vidual shows around 99.9% of genetic identity compared to any 
other subject while about 0.01% presents inter-individual varia-
bility, due to the presence of different types of “genetic variants 
or polymorphism”.

Moreover, with the fast development of technologies in the 
last 10 years, the new analyses at increasingly larger scale, (i.e. 
GWA – Genome Wide Association Study) and the recent new ap-
proach of “Next Generation Sequencing – NGS”8 have allowed 
to identify more genes and variants. In particular, this NGS ap-
proach has permitted a great progress in the identification of 
mutations that causes monogenic disorders, or “familiar” cancer. 
Anyway, the last decade has also seen the identification of com-
mon variants contributing to complex diseases susceptibility and 
to the different individual response to drugs, making the concept 
of “Personalized or Genomic Medicine” more real and close to 
prevention and clinical practice. 

Besides diagnostic genetic testing (used to identify mutations 
in monogenic disorders or chromosomal abnormalities), in the 
last ten years there was a great development of the so called pre-
dictive or susceptibility testing to complex diseases and of Phar-
macogenomics testing.

The initial perspective in the use of predictive tests was to 
analyze genotypes/haplotypes/genomic profiles involved in 

susceptibility to some complex diseases in order to act a more 
specific and personalized prevention. However, it should be 
highlighted that predictive tests apply to complex diseases and 
identify situations of genetic susceptibility to these diseases, the 
occurrence of which, however, also depends by many environ-
mental factors. They can help to identify a statistically increased 
genomic risk to develop the disease but do not give any certainty 
about the occurrence of the disease in the lifetime. The utility of 
these tests is much debated. The evaluation of the clinical utility 
of carrying out these tests, as well as the correct interpretation 
and communication of the result to the patients, should be carried 
out by qualified personnel (through genetic counseling).9

The genetic inter-individual variability is also involved in the 
individual variability in response to drug treatments, that is one 
of the most significant issues in prevention and clinical practice. 
In fact it is possible to observe very different response to a drug, 
both in terms of efficacy and toxicity. Today it is estimated that 
about 30% of patients derive no benefit from a given drug. In 
addition, adverse reactions to drugs are a major cause of hospital-
ization and in some cases can even be lethal. It is obvious that the 
response to a drug is multi-factorial and therefore this variability 
is due to a complex mix of genetic and environmental factors 
(such as the presence of concomitant diseases, interactions with 
other drugs) interacting with each other. Genetic factors plays 
an important role at various levels: drug transport, absorption, 
metabolism and excretion (pharmacokinetics) as well as the in-
teraction with the target of the drug and the relationship between 
concentration and effect (pharmacodynamics). Individual differ-
ences in these processes may be due to polymorphisms present 
in the genes coding for enzymes, receptors and proteins involved 
in these different steps of pharmacokinetics and pharmacody-
namics. This field of research is called pharmacogenetics. This 
discipline, originally addressed to the study of single genes (or 
a limited number of them), has undergone an evolution in recent 
years due to the sequencing of the human genome and the devel-
opment of the latest technologies, making it a broader discipline 
that considers many genes simultaneously as well their expres-
sion, the Pharmacogenomics.

Pharmacogenetics/Pharmacogenomics aims are to study the 
genetic inter-individual variability involved in the response to a 
drug, identify “responders” and “non-responders”, identify peo-
ple who have a high risk to experience toxicity of a drug and 
help the development of new “personalized” drugs. The aim is 
to avoid both the lack of efficacy as well as the toxicity, allowing 
the doctors to better treat patient with more “tailored” therapies, 
and also save time, reaching the optimal therapy and the optimal 



©Biomedicine & Prevention 20164

Genomic Personalized Medicine: a dream or a reality?

1. Venter JC, Adams MD, Myers EW, Li PW, Mural RJ, Sutton GG, Smith HO, 
Yandell M, Evans CA, Holt RA, Gocayne JD, Amanatides P, Ballew RM, 
Huson DH, Wortman JR, Zhang Q, Kodira CD, Zheng XH, Chen L, Skup-
ski M, Subramanian G, Thomas PD, Zhang J, Gabor Miklos GL, Nelson C, 
Broder S, Clark AG, Nadeau J, McKusick VA, Zinder N, Levine AJ, Roberts 
RJ, Simon M, Slayman C, Hunkapiller M, Bolanos R, Delcher A, Dew I, 
Fasulo D, Flanigan M, Florea L, Halpern A, Hannenhalli S, Kravitz S, Levy 
S, Mobarry C, Reinert K, Remington K, Abu-Threideh J, Beasley E, Biddick 
K, Bonazzi V, Brandon R, Cargill M, Chandramouliswaran I, Charlab R, 
Chaturvedi K, Deng Z, Di Francesco V, Dunn P, Eilbeck K, Evangelista C, 
Gabrielian AE, Gan W, Ge W, Gong F, Gu Z, Guan P, Heiman TJ, Higgins 
ME, Ji RR, Ke Z, Ketchum KA, Lai Z, Lei Y, Li Z, Li J, Liang Y, Lin X, Lu 
F, Merkulov GV, Milshina N, Moore HM, Naik AK, Narayan VA, Neelam B, 
Nusskern D, Rusch DB, Salzberg S, Shao W, Shue B, Sun J, Wang Z, Wang 
A, Wang X, Wang J, Wei M, Wides R, Xiao C, Yan C, Yao A, Ye J, Zhan M, 
Zhang W, Zhang H, Zhao Q, Zheng L, Zhong F, Zhong W, Zhu S, Zhao S, 
Gilbert D, Baumhueter S, Spier G, Carter C, Cravchik A, Woodage T, Ali 
F, An H, Awe A, Baldwin D, Baden H, Barnstead M, Barrow I, Beeson K, 
Busam D, Carver A, Center A, Cheng ML, Curry L, Danaher S, Davenport 
L, Desilets R, Dietz S, Dodson K, Doup L, Ferriera S, Garg N, Gluecksmann 
A, Hart B, Haynes J, Haynes C, Heiner C, Hladun S, Hostin D, Houck J, 
Howland T, Ibegwam C, Johnson J, Kalush F, Kline L, Koduru S, Love A, 
Mann F, May D, McCawley S, McIntosh T, McMullen I, Moy M, Moy L, 
Murphy B, Nelson K, Pfannkoch C, Pratts E, Puri V, Qureshi H, Reardon M, 
Rodriguez R, Rogers YH, Romblad D, Ruhfel B, Scott R, Sitter C, Small-
wood M, Stewart E, Strong R, Suh E, Thomas R, Tint NN, Tse S, Vech C, 
Wang G, Wetter J, Williams S, Williams M, Windsor S, Winn-Deen E, Wolfe 
K, Zaveri J, Zaveri K, Abril JF, Guigó R, Campbell MJ, Sjolander KV, Kar-
lak B, Kejariwal A, Mi H, Lazareva B, Hatton T, Narechania A, Diemer K, 
Muruganujan A, Guo N, Sato S, Bafna V, Istrail S, Lippert R, Schwartz R, 
Walenz B, Yooseph S, Allen D, Basu A, Baxendale J, Blick L, Caminha M, 
Carnes-Stine J, Caulk P, Chiang YH, Coyne M, Dahlke C, Mays A, Dom-
broski M, Donnelly M, Ely D, Esparham S, Fosler C, Gire H, Glanowski S, 
Glasser K, Glodek A, Gorokhov M, Graham K, Gropman B, Harris M, Heil 
J, Henderson S, Hoover J, Jennings D, Jordan C, Jordan J, Kasha J, Kagan L, 
Kraft C, Levitsky A, Lewis M, Liu X, Lopez J, Ma D, Majoros W, McDaniel 
J, Murphy S, Newman M, Nguyen T, Nguyen N, Nodell M, Pan S, Peck J, 
Peterson M, Rowe W, Sanders R, Scott J, Simpson M, Smith T, Sprague A, 
Stockwell T, Turner R, Venter E, Wang M, Wen M, Wu D, Wu M, Xia A, 
Zandieh A, Zhu X. The sequence of the human genome. Science, 2001; 291 
(5507): 1304-1351.

2. International Human Genome Sequencing Consortium. Initial sequencing 
and analysis of the human genome. Nature, 2001; 409 (6822): 890-921.

3. International Human Genome Sequencing Consortium. Finishing the euchro-
matic sequence of the human genome. Nature, 2004; 431(7011): 931-945.

4. International HapMap Consortium. A haplotype map of the human genome. 
Nature, 2005; 437 (7063): 1299-320.

5. 1000 Genomes Project Consortium, Abecasis GR,  Altshuler D,  Auton 
A, Brooks LD, Durbin RM, Gibbs RA, Hurles ME, McVean GA. A map of 
human genome variation from population-scale sequencing. Nature, 2010; 
467 (7319): 1061-1073.

6. 1000 Genomes Project Consortium, Auton A, Brooks LD, Durbin RM, Gar-
rison EP, Kang HM, Korbel JO, Marchini JL, McCarthy S, McVean GA, 
Abecasis GR. A global reference for human genetic variation. Nature, 2015; 
526(7571): 68-74.

7. Human Genome Structural Variation Working Group, Eichler EE, Nickerson 
DA, Altshuler D, Bowcock AM, Brooks LD, Carter NP, Church DM, Fels-
enfeld A, Guyer M, Lee C, Lupski JR, Mullikin JC, Pritchard JK, Sebat J, 
Sherry ST, Smith D, Valle D, Waterston RH. Completing the map of human 
genetic variation. Nature, 2007; 447(7141): 161-165.

8. Ansorge WJ. Next-generation DNA sequencing techniques. N Biotechnol., 
2009; 25(4):195-203

9. Comitato Nazionale per la Bioetica e Comitato Nazionale per la Biosicurez-
za, le Biotecnologie e le Scienze della vita. Test genetici di suscettibilità e 
medicina personalizzata. Luglio 2010.

10. Abul-Husn NS, Owusu Obeng A, Sanderson SC, Gottesman O, Scott SA. 
Implementation and utilization of genetic testing in personalized medicine. 
Pharmgenomics Pers Med., 2014; 7: 227-240.

11. Hudson KL. Genomics, Health Care, and Society. New Engl J Med., 2011, 
365 (11): 1033-1041. 

12. Pirmohamed M. Pharmacogenetics: past, present and future. Drug Discov 
Today, 2011; 16 (19-20): 852-861.

13. Mills R, Voora D, Peyser B, Haga SB. Delivering pharmacogenetic testing 
in a primary care setting. Pharmacogenomics Pers Med., 2013; 6 : 105-112.

14. Filipski KK, Mechanic LE, Long R, Freedman AN. Pharmacogenomics in 
oncology care. Front Genet., 2014; 5: 73.

15. Rahman N. Realizing the promise of cancer predisposition genes. Nature, 
2014; 505(7483):302-308.

16. Turnbull AK. Personalized medicine in cancer: where are we today? Future 
Oncol., 2015; 11(20): 2795-2798.

17. O’Donnell CJ, Nabel EG. Genomics of Cardiovascular Disease. N Engl J 
Med., 2011; 365(22): 2098-2109.

18. Feero WG, Guttmacher AE, Collins FS. Genomic medicine — an updated 
primer. N Engl J Med., 2010; 362: 2001-2011.

19. Hamburg MA, Collins FS. The path to personalized medicine. N Engl J 
Med., 2010; 363: 301-344. 

20. Klein TE, Chang JT, Cho MK, Easton KL, Fergerson R, Hewett M, Lin Z, 
Liu Y, Liu S, Oliver DE, Rubin DL, Shafa F, Stuart JM, Altman RB. Integrat-
ing genotype and phenotype information: an overview of the PharmGKB. 
Pharmacogenetics Research Network and Knowledge Base. Pharmacog-
enomics J., 2001; 1: 167-70. 

21. Ehmann F, Caneva L, Papaluca M. European Medicines Agency initiatives 
and perspectives on pharmacogenomics. Br J Clin Pharmacol., 2014; 77(4): 
612-617. 

22. Maliepaard M, Nofziger C, Papaluca M, Zineh I, Uyama Y, Prasad K, Grim-
stein C, Pacanowski M, Ehmann F, Dossena S, Paulmichl M. Pharmacoge-
netics in the evaluation of new drugs: a multiregional regulatory perspective. 
Nat Rev Drug Discov., 2013; 12(2): 103-115. 

23. FDA- U.S. Food and Drug Administration. Protecting and Promoting Your 
Health. Table of Pharmacogenomic Biomarkers in Drug Labeling. Disponi-
bile a: http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharma-
cogenetics/ucm083378.htm

References

dosage more quickly. Besides better prevention and public health 
effect, this approach could also result in a consistent reduction of 
public health costs. 

Pharmacogenomics is certainly one of the most promising ar-
eas of genomic personalized medicine.

It is impossible in this context to illustrate all the clinical ap-
plications in different fields10-20 (oncology, cardiovascular diseas-
es, infectious diseases and many others). Anyway, it is important 
to know that in recent years many of these Pharmacogenomics 
tests entered into clinical practice and some of them have been 
made mandatory (or recommended) by International Regulatory 
Agencies for the administration of the drug itself since it was 

demonstrated their decisive clinical utility to predict efficacy and 
toxicity. Genomic studies have also entered in many clinical tri-
als.21-23

Moreover, the recent huge technological development of 
Whole Genome Sequencing (that is allowing to analyze quick-
ly and with relatively low cost the whole genome) is making it 
feasible the prospective of a large-scale decoding of the genomic 
profiles that make us more or less susceptible to certain diseases 
or that make us more or less responsive and sensitive to drugs.

Concluding, it is possible to say that the idea of a “Genomic 
Medicine” or “Preventive Personalized Medicine” can be consid-
ered no more a dream but a real perspective.


