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“And that’s why we’re here today. Because something called 
precision medicine … gives us one of the greatest opportunities 
for new medical breakthroughs that we have ever seen.

re here today. Because something called 
precision medicine … gives us one of the greatest opportunities 
for new medical breakthroughs that we have ever seen.”

President Barack Obama
January 30, 2015
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Personalized Medicine

The National Cancer Institute (NCI) has defined personalized

medicine …“as a form of medicine that uses information about a

person’s genes, proteins and environment to prevent, diagnose
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person’s genes, proteins and environment to prevent, diagnose

and treat disease”

Personalized Medicine

The National Cancer Institute (NCI) has defined personalized

as a form of medicine that uses information about a

s genes, proteins and environment to prevent, diagnoses genes, proteins and environment to prevent, diagnose

American Cancer Society 2014
Li T J Clin Oncol 2013

National Cancer Institute. Dictionary of cancer terms
Grullich C Onkologie 2012



Personalized Medicine

Personalized medicine has changed the paradigms in oncology,

because it is now based on understanding 
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because it is now based on understanding 

pharmacogenomics, and individual genetic differences that

determine the response to chemotherapeutics

Personalized Medicine

Personalized medicine has changed the paradigms in oncology,

because it is now based on understanding molecular carcinogenesis,because it is now based on understanding molecular carcinogenesis,

genetic differences that

determine the response to chemotherapeutics

American Cancer Society 2014
Li T J Clin Oncol 2013

National Cancer Institute. Dictionary of cancer terms
Grullich C Onkologie 2012



Personalized Oncology

Personalized oncology includes the concept that each individual solid

tumor and hematologic malignancy in each person is unique in cause,

rate of progression and responsiveness to surgery, chemotherapy

and radiation therapy 
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and radiation therapy 

Genomic and proteomic technologies have made it possible to

subclassify diseases individually using the knowledge of the

molecular basis of cancer

Personalized Oncology

Personalized oncology includes the concept that each individual solid

tumor and hematologic malignancy in each person is unique in cause,

rate of progression and responsiveness to surgery, chemotherapy

Genomic and proteomic technologies have made it possible to

subclassify diseases individually using the knowledge of the

Ross JS Biomarkers Med 2011
Ginsburg GS Trends Biotechnol 2001



Personalized Oncology

Personalized oncology goals are the following:

select optimal drug targets

select optimal drug dosage
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select optimal drug dosage

predict which individuals will respond to specific drugs at high

rates and who will be less likely to suffer toxic effects 

select and monitor patients for shorter less expensive advanced

clinical trials 

reduce the overall cost of drug development 

Increase value and provide more effective healthcare for patients

Personalized Oncology

Personalized oncology goals are the following:

predict which individuals will respond to specific drugs at high

rates and who will be less likely to suffer toxic effects 

select and monitor patients for shorter less expensive advanced

reduce the overall cost of drug development 

Increase value and provide more effective healthcare for patientsMadhu K Metabolism 2013



Expanding knowledge of tumour biology and tumour

interactions has moved the field of cancer therapeutics in several

new directions:

• Development of targeted therapies 

Personalized Oncology
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• Development of targeted therapies 

molecular pathways known to be critical for cell growth and

survival

of tumour biology and tumour–host

interactions has moved the field of cancer therapeutics in several

• Development of targeted therapies designed to interrupt

Personalized Oncology

• Development of targeted therapies designed to interrupt

molecular pathways known to be critical for cell growth and

Schilsky RL  Nature Reviews 2010



Molecular profiling of tumours to better assess

prognosis and likelihood of benefit from treatment

Personalized Oncology
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Molecular profiling of tumours to better assess

prognosis and likelihood of benefit from treatment

Personalized Oncology

Schilsky RL  Nature Reviews 2010



Development of single-gene or multigene expression

signatures of response or resistance to particular drug

treatments

Personalized Oncology
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treatments

gene or multigene expression

signatures of response or resistance to particular drug

Personalized Oncology

Schilsky RL  Nature Reviews 2010



Development of vaccine therapies and 

immunological approaches that 

Personalized Oncology
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immunological approaches that 

each individual tumour

Development of vaccine therapies and other

immunological approaches that are highly specific to

Personalized Oncology

immunological approaches that are highly specific to

Schilsky RL  Nature Reviews 2010



Even though this transition from empiric to
mechanism-based, molecular biomarker
therapeutic decision process is still evolving, new classes 
of drugs and companion diagnostics are already 
beginning to emerge

Personalized
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beginning to emerge

These are changing the landscape for the management of 
many advanced-stage cancers

Even though this transition from empiric to
based, molecular biomarker-driven 
decision process is still evolving, new classes 

of drugs and companion diagnostics are already 

Personalized Oncology

These are changing the landscape for the management of 
stage cancers



Benefits of PM for the pharmaceutical 
industry
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Maria Diamandis et al. Mol Cancer Res 2010;8:1175-1187

©2010 by American Association for Cancer Research

Benefits of PM for the pharmaceutical 
industry



A schematic representing different approaches 
available for PM molecular testing
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Maria Diamandis et al. Mol Cancer Res 2010;8:1175-1187

©2010 by American Association for Cancer Research

A schematic representing different approaches 
available for PM molecular testing
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A schematic representing the future use of PM through 
the course of a cancer patients' disease
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Maria Diamandis et al. Mol Cancer Res 2010;8:1175-1187

©2010 by American Association for Cancer Research

A schematic representing the future use of PM through 
the course of a cancer patients' disease

1187



For more than a century, cancers have been classified by the organ or tissue 

A New Taxonomy of Cancer
From organs to molecules

➞Genomics and the Future of Cancer 
Treatment

According to the President of the Dana Farber Cancer
Institute, we may soon look at the concept of 
cancer types as ancient history.
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For more than a century, cancers have been classified by the organ or tissue 
– with therapies geared to those specific areas

As more is learned about the basic biological processes in cancers, a new perspective has emerged

The shift from an organ-focused to a gene-focused approach
profound effect on the way cancer is treated

classified by the organ or tissue 

Genomics and the Future of Cancer 

According to the President of the Dana Farber Cancer
Institute, we may soon look at the concept of “organ-based”

classified by the organ or tissue 

As more is learned about the basic biological processes in cancers, a new perspective has emerged

focused approach to cancer is already having a 



Diagnostic biomarkers

Also called predictive biomarkers (targets for diagnostic

intervention) are identified by characterizing key mutations and

molecular pathways involved in tumor development and

proliferation
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proliferation

These predictive biomarkers help optimize therapy

decisions by providing information about the likelihood of a

response to a chemotherapeutic intervention

Diagnostic biomarkers

called predictive biomarkers (targets for diagnostic

intervention) are identified by characterizing key mutations and

molecular pathways involved in tumor development and

These predictive biomarkers help optimize therapy

decisions by providing information about the likelihood of a

response to a chemotherapeutic intervention

Nalejska E Mol Diagn Ther 2014



Prognostic biomarkers

Identify somatic germline mutations, changes in

DNA methylation, elevated levels of microRNA and
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circulating tumor cells in blood

Prognostic biomarkers

Identify somatic germline mutations, changes in

DNA methylation, elevated levels of microRNA and

circulating tumor cells in blood

Nalejska E Mol Diagn Ther 2014



Treatment and prevention biomarkers require 
more accurate molecular analysis
to guide individual therapy by identifying 
patients with different outcome risks (such as 

Treatment and 
biomarkers
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patients with different outcome risks (such as 
recurrence of the disease)

prevention biomarkers require 
more accurate molecular analysis
to guide individual therapy by identifying 
patients with different outcome risks (such as 

Treatment and prevention
biomarkers

patients with different outcome risks (such as 
recurrence of the disease)

Nalejska E Mol Diagn Ther 2014



Information provided concurrently by predictive (diagnostic)
and prognostic biomarkers makes possible quicker diagnoses
and more accurate treatment choices

Predictive biomarkers using molecular diagnostics are currently 
in use in clinical practice of personalized oncology for the 

Treatment and 
biomarkers
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in use in clinical practice of personalized oncology for the 
treatment of following five diseases: chronic myeloid leukemia, 
colon, breast and lung cancer and melanoma

Information provided concurrently by predictive (diagnostic)
and prognostic biomarkers makes possible quicker diagnoses
and more accurate treatment choices

Predictive biomarkers using molecular diagnostics are currently 
in use in clinical practice of personalized oncology for the 

Treatment and prevention
biomarkers

in use in clinical practice of personalized oncology for the 
treatment of following five diseases: chronic myeloid leukemia, 

cancer and melanoma

Nalejska E Mol Diagn Ther 2014



Examples of these molecularly targeted therapies are: tyrosine 
kinase inhibitors in chronic myeloid leukemia (CLM) and 
gastrointestinal tumors; anaplastic 
inhibitors in lung cancer with EML4
blockage in HER2/neu-positive breast cancer; and epidermal 
growth factor receptors (EGFR) inhibition in EGFRmutated 

Treatment and 
biomarkers

20

growth factor receptors (EGFR) inhibition in EGFRmutated 
lung cancer

targeted therapies are: tyrosine 
myeloid leukemia (CLM) and 

gastrointestinal tumors; anaplastic lymphoma kinase (ALK) 
inhibitors in lung cancer with EML4-Alk fusion; HER2/neu 

positive breast cancer; and epidermal 
growth factor receptors (EGFR) inhibition in EGFRmutated 

Treatment and prevention
biomarkers

growth factor receptors (EGFR) inhibition in EGFRmutated 

Nalejska E Mol Diagn Ther 2014



Biological roles of oncological predictive 
biomarkers
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Biological roles of oncological predictive 



A New Taxonomy of Cancer
From organs to molecules

22
Garraway LA. Genomics-driven oncology: framework for an emerging paradigm. Journal of Clinical Oncology, 31(15), 1806driven oncology: framework for an emerging paradigm. Journal of Clinical Oncology, 31(15), 1806-1814 (2013).



Cancer Is A Heterogeneous Disease

Therapy 1
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Therapy 2

Therapy 3

Adapated from Luo J, Solimini NL, Elledge SJ. Principles of cancer therapy: oncogene and non

Cancer Is A Heterogeneous Disease

Need For Combination Therapies

A tumor consists of…

• genetically distinct subpopulations
of cancer cells, each with its own 
characteristic sensitivity profile
to a given therapy

Each cancer therapy can be Each cancer therapy can be 
viewed as… 

• a filter that removes a subpopulation 
of cancer cells that are sensitive to 
this treatment

Combination therapy…

• for management of cancer as a 
chronic disease

Adapated from Luo J, Solimini NL, Elledge SJ. Principles of cancer therapy: oncogene and non-oncogene addiction. Cell, 136(5), 823-837 (2009).



WGS is a snapshot

Certain mutations reflect paternal and/or maternal germline

Additional somatic mutations accumulate through life

“Driver” mutations cause cancer, “passenger” mutations 

Additional drivers evolve and diversify the cancer

Some alter aggressiveness…

…which may be treatable

Others may alter treatment response, leading to relapse

Cancer Genomes Are Dynamic
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Others may alter treatment response, leading to relapse

Germline Somatic

germline variation

mutations accumulate through life

mutations are carried along

relapse

Cancer Genomes Are Dynamic

Cancer 
genomes are 

not static.

In cancer, one 
snapshot is not 

enough.

relapse

Cancer
(Primary)

Cancer
(Metastasis)Treatm

ent

Relaps
e



Evolution of Cancer Genomes
Primary vs. metastatic tumors
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24% of patients with HER2-positive primary breast tumors had 
HER2-negative metastatic tumors

Niikura N, Liu J, Hayashi N et al. Loss of human epidermal growth factor receptor 2 (HER2) expression in metastatic sites of HER2
tumors. Journal of clinical oncology : official journal of the American Society of Clinical Oncology

Evolution of Cancer Genomes

positive primary breast tumors had 
negative metastatic tumors

Loss of human epidermal growth factor receptor 2 (HER2) expression in metastatic sites of HER2-overexpressing primary breast 
Journal of clinical oncology : official journal of the American Society of Clinical Oncology, 30(6), 593-599 (2012).



Intratumoral & Intermetastatic Clonal Heterogeneity
Heterogeneity within single patient

26
Gerlinger M, Rowan AJ, Horswell S et al. Intratumor heterogeneity and branched evolution revealed by multiregion sequencing. 
Medicine, 366(10), 883-892 (2012).

Intratumoral & Intermetastatic Clonal Heterogeneity

Intratumor heterogeneity and branched evolution revealed by multiregion sequencing. The New England Journal of 



Terapia dei tumori solidi “personalizzata” 
biomarker-dipendente
Terapia dei tumori solidi “personalizzata” 



Agente Biomarker Tipo di tumore

Imatinib c-Kit mutato GIST

Trastuzumab
HER2 
iperespressione/
amplificazione

Carcinoma mammario

Carcinoma dello stomaco

Cetuximab KRAS wild type Carcinoma del colon

Terapia dei tumori solidi “personalizzata” biomarker

Cetuximab KRAS wild type Carcinoma del colon

Panitumumab KRAS wild type Carcinoma del colon

Gefitinib EGFR mutato
Adenocarcinoma 
del polmone

Erlotinib EGFR mutato
Adenocarcinoma del 
polmone

Crizotinib EML4-ALK fusione NSCLC

Vemurafenib BRAF mutato Melanoma 

Tipo di tumore Registrazione

Metastatico, 
adiuvante alto rischio

Carcinoma mammario

Carcinoma dello stomaco

Adiuvante/ metatastico 
HER2+

Metastatico HER2+

Carcinoma del colon-retto
Metastatico 
in combinazione con 

Terapia dei tumori solidi “personalizzata” biomarker-dipendente

Carcinoma del colon-retto in combinazione con 
chemioterapia KRASwt

Carcinoma del colon-retto
Metastatico pretrattato 
monoterapia KRASwt

Adenocarcinoma 
del polmone

IIIIB-IV  EGFRm

Adenocarcinoma del 
polmone

IIIB-IV EGFRm; modifica 
registrazione EMA

IIII-IV; registrazione FDA; in 
valutazione EMA

Melanoma 
Metastatico/non-
resecabile; registrazione 
FDA; in valutazione EMA



Terapia dei tumori solidi “personalizzata” biomarker
dipendente – HER2 mammella

HER2+ 20%

HER2- 80%

Terapia dei tumori solidi “personalizzata” biomarker-
HER2 mammella



Terapia dei tumori solidi “personalizzata” biomarker
dipendente – HER2 stomaco

HER2+ 20%

HER2- 80%

Terapia dei tumori solidi “personalizzata” biomarker-
HER2 stomaco



Terapia dei tumori solidi “personalizzata” biomarker
dipendente – cKit GIST

HER2+ 20%

HER2- 80%

Terapia dei tumori solidi “personalizzata” biomarker-



Terapia dei tumori solidi “personalizzata” biomarker
dipendente – KRAS colon

KRASm 40%
KRASwt 60% 

Terapia dei tumori solidi “personalizzata” biomarker-
KRAS colon-retto



Terapia dei tumori solidi “personalizzata” biomarker
dipendente – KRAS colon

KRASm 40%
KRASwt 60% 

Terapia dei tumori solidi “personalizzata” biomarker-
KRAS colon-retto



Terapia dei tumori solidi “personalizzata” biomarker
dipendente – EGFR polmone

EGFRm 16%

EGFRwt 84% 

Terapia dei tumori solidi “personalizzata” biomarker-
EGFR polmone



Terapia dei tumori solidi “personalizzata” biomarker
dipendente – EML4-ALK polmone

EGFRm 16%

EGFRwt 80% 

EML4-ALK 
4%

Terapia dei tumori solidi “personalizzata” biomarker-
ALK polmone



Terapia dei tumori solidi “personalizzata” biomarker
dipendente – BRAF melanoma

BRAFwt 40%

BRAFm  60% 

Terapia dei tumori solidi “personalizzata” biomarker-
BRAF melanoma



Conclusions

In order for personalized medicine to continue to

grow we need to stop searching for one drug to treat all

patients with a specific indication

Hundreds of genomic alterations have been recorded for

individual tumors, and our knowledge of these changes is
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individual tumors, and our knowledge of these changes is

growing

Personalized medicine needs to be integrated into clinical

practice, to enhance diagnosis, prognosis, and prediction of

disease. Molecular characteristics of tumors that have been

identified need to be added to a patient's clinical characteristics

In order for personalized medicine to continue to

grow we need to stop searching for one drug to treat all

patients with a specific indication

genomic alterations have been recorded for

individual tumors, and our knowledge of these changes isindividual tumors, and our knowledge of these changes is

Personalized medicine needs to be integrated into clinical

practice, to enhance diagnosis, prognosis, and prediction of

disease. Molecular characteristics of tumors that have been

identified need to be added to a patient's clinical characteristics



For cancer therapeutics this approach increases

efficiency and productivity

Over the next ten years, it has been estimated

personalized medicine will grow to 5%

Conclusions
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pharmaceuticals market

Several companies are already establishing diagnostic divisions

to identify new biomarkers and meet the related diagnostic

needs in-house by combining drug development with the

production of the related diagnostic test

For cancer therapeutics this approach increases

Over the next ten years, it has been estimated

personalized medicine will grow to 5%–10% of the entire

already establishing diagnostic divisions

to identify new biomarkers and meet the related diagnostic

house by combining drug development with the

related diagnostic test

Hoggart J Mol Diagn Ther 
2011



A new molecular classification of many cancers has evolved

based on chromosomal aberrations, gene mutations and

signaling pathway activation that underlie biologically unique

tumors that now need to be managed clinically in several

Conclusions
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tumors that now need to be managed clinically in several

different ways

classification of many cancers has evolved

based on chromosomal aberrations, gene mutations and

signaling pathway activation that underlie biologically unique

tumors that now need to be managed clinically in severaltumors that now need to be managed clinically in several

Kalia M Metabolism 2013



The central goal of biomarker-based personalized cancer

therapy is to make treatment decisions based on tumor

genotypes and genetic profiles

Matching targeted therapies against specific genetic aberrations

is an important step for personalized cancer therapy 

Conclusions
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is an important step for personalized cancer therapy 

Such an approach holds promise in ultimately improving

measurable clinical outcomes:

response rates, survival and safety

based personalized cancer

therapy is to make treatment decisions based on tumor

Matching targeted therapies against specific genetic aberrations

is an important step for personalized cancer therapy is an important step for personalized cancer therapy 

Such an approach holds promise in ultimately improving

response rates, survival and safety

Gandara DR Clin Lung Cancer 2012
Haber DA Cell 2011



Conclusions

41
Schilsky RL  Nature Reviews 2010



Patients with cancer are not all the same and

each person deserves nothing less than a

personalized approach to their care

Conclusions
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personalized approach to their care

Schilsky RL  Nature Reviews 2010

with cancer are not all the same and
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personalized approach to their care
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personalized approach to their care

Schilsky RL  Nature Reviews 2010



Thank You!
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