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The goals of biomarkers and their role in “personalized 

medicine”

• Identification of low risk patients (prognostic biomarkers)

• Identification of disease free and overall survival benefit 

from a specific treatment (predictive)



Walgren et al, JCO 2005

BENEFIT – TOXICITIES / RATIO





MOLECULAR TARGETED THERAPY

• None generally accepted definition

“In cancer treatment, substances that kill cancer 
cells by targeting key molecules involved in 

cancer cell growth”

National Cancer Institute, Dictionary of Cancer 
Term (www.cancer.gov)

• But substances targeted:
– Tumor micro-environment 

– Metastatic process

– Host immune response to cancer cells

are not targeted therapies?
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MODEL OF TARGETED THERAPY

• Target discovery-validation

– Target identification

– Target importance to initiate and/or sustain malignant phenotype

– Inhibition of the target – tumor regression

– Primary tumors analysis 

• Substance/molecule preparation and validation

– Confirmation of target inhibition in vitro and in vivo

– Early clinical/translational trials (phase 0/I studies)

• Surrogate markers

• Treatment interactions 

• Patients selection

• Registration trials



Examples of  Personalized Medicine in 

Oncology

1. Breast Cancer

HER-2 : trastuzumab 



HER2 and Transtuzumab story

The triumphal narrative of translational research

• HER2/neu was discovered in a rat model of chemically induced carcinogenesis

• Sequence resembled that of the normal cellular human gene

• HER2/neu when overexpressed transforms normal cells into cancer cells

• overexpression of the gene was found in a subset (20-25%) of human breast cancer

• overexpression was correlated with poor prognosis

• a novel antibody therapy that targets the overabundant HER2 protein was developed

• this antibody has redefined the natural history of the disease
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Her-2/Neu Testing

• Her-2/Neu [homology to epidermal growth factor 

receptor; neu  neuroblastoma]

•   Herceptin (Trastuzumab, Genentech, Roche) is an 

antibody against the extracellular domain of Her-

2/Neu protein

•   Patients with amplified Her-2/Neu gene respond     

better to Herceptin alone or Herceptin plus 

chemotherapy

•   FDA approved the test for predicting therapy with 

Herceptin

Slamon et al., N Engl J Med 2001;344:783-792Kuala Lumpur  Evi LianidouVilnius, Evi LianidouTirgu Mures, Evi Lianidou



Methods for Assessing Her-2/Neu 

Status

•  Immunohistochemistry for protein (Dako Hercep 

Test). FDA approved (high false-positive rate)

•   FISH analysis (gene amplification; GA)
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Resistance to Trastuzumab in Breast cancer, 

Pohlmann et al, 

Clin Cancer Research Focus, Dec 2009
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A, Receptor dimerization

is required for HER2 function
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B, Activation of

PI3K/Akt pathway is one of the most studied

processes involved with HER2 activation
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C. The RAS/Raf/MAPK signaling

cascade is also triggered by HER2 activation
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•C, trastuzumab Fab-related 

function results from its 

binding to domain IV of 

HER2.

HER2 indicates the human 

EGFR 2 (in purple). 

Pertuzumab, another anti-

HER2 humanized mAb, 

binds to an epitope present 

on domain II of HER2

Kuala Lumpur  Evi LianidouVilnius, Evi LianidouTirgu Mures, Evi Lianidou



D, trastuzumab Fc-related 

functions result from the binding 

of its Fc portion to other cells that 

express Fc receptors, such as 

immune cells, hepatocytes, and

endothelial cells. 

The Fc region of trastuzumab can 

bind to Fcγ receptor III (RIII) 

present on the surface of effector 

cells from the immune system and 

trigger

tumor cell death via ADCC
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PIK3CA mutations and 

Resistance to Trastuzumab
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PIK3CA

(Karakas B, et al. British Journal of Cancer, 94, 455-459, 2006)
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PIK3CA

Kuala Lumpur  Evi LianidouVilnius, Evi LianidouTirgu Mures, Evi Lianidou



PIK3CA hot spot mutations

(Samuels Y et al. Science, Vol 304, 554, 2004)
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(COSMIC database)

1624G>A (E542K)

1. 1633G>A (E545K)

2. 3140A>G (A3140G)

PIK3CA hot spot mutations
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Examples of  Personalized Medicine in 

Oncology  

2. NSCLC: EGFR mutations
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EGFR pathway

Lecturer/lecture

Pander et al, Drug discovery today, 2007
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EGFR mutations in NSCLC 

Most common mutations (almost 90%)

 Exon 19 deletions (E746_A750)

 Missense mutations, exons 18 and 21 (L858R) 
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EGFR Mutations

 29 somatic mutations in EGFR

 DNA samples isolated from fresh tissues, or FFPEs

 Patients with Non Small cell Lung cancer (NSCLC)

 EGFR mutations are related to therapy response in Tyrosine

Kinase Inhibitors, like gefinib (Iressa, Astra Zeneca) and erlotinib

(Tarceva, Roche),

 T790M mutation is correlated with resistance in Tyrosine Kinase

inhibitors

IPASS Trial , Mok et al, SATURN Trial Capuzzo et al

Evi LianidouTirgu Mures, Evi Lianidou



Lecturer/lecture

Evi LianidouTirgu Mures, Evi Lianidou



Lecturer/lecture
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Examples of  Personalized Medicine in 

Oncology  

3. NSCLC: EML4-ALK fusion gene 
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2007 Discovery

EML4–ALK fusion gene in NSCLC

Soda M et al Nature 448, 561-566 (2 August 2007)
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2010 inhibitor- clinical trial

EML4-ALK rearrangement in Non Small Cell Lung Cancer

Crizotinib: inhibitor

Before                 after 
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2011 FDA approval of the drug!!!

EML4-ALK gene fusion detection  (Companion Diagnostic test)

FDA approval at the same time!!!

• Crizotinib (Pfizer) is a new medicine that can have a dramatic impact in a small minority of lung 

cancer patients.

• 60% of patients on this drug were alive after two years, compared to 9% in historical controls

• EML4- ALK fusion: very rare 

• Only 5% of patients with non-small cell lung cancer have this rearrangement

• However, lung cancer is so common that this still represents some 9,000 people each year. 

• In one study of 136 patients, half of patients responded to the drug, based on scans of their tumors.

• In a second study, 61% of patients responded. Three patients saw their tumors disappear from the 

scans.

• Read more: 

• http://www.nejm.org/doi/full/10.1056/NEJMoa1006448

• http://www.forbes.com/sites/robertlangreth/2010/10/28/pfizer-drug-powers-cancer-treatment-

into-the-dna-age/

Evi LianidouTirgu Mures, Evi Lianidou

http://www.forbes.com/sites/robertlangreth/2010/10/28/pfizer-drug-powers-cancer-treatment-into-the-dna-age/


Clinical Activity of the Oral ALK Inhibitor, Crizotinib

(PF-02341066), in Patients with ALK-positive Non-small Cell 

Lung Cancer

Y Bang et al.
•Study aim

•This study set out to investigate the efficacy and safety of the oral 

anaplastic lymphoma kinase (ALK) inhibitor, crizotinib, in patients with 

ALK-positive NSCLC.

•Phase I

Kuala Lumpur  Evi LianidouCape Town  Evi LianidouEvi LianidouTirgu Mures, Evi Lianidou



Examples of  Personalized Medicine in 

Oncology

4. Metastatic colorectal cancer: 

K-RAS mutations
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KRAS

(V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog)

• KRAS acts as a molecular on/off 

switch

• KRAS binds to  GTP in the active 

state and possesses an intrinsic 

enzymatic activity which cleaves the 

terminal phosphate of the nucleotide 

converting it to GDP

• The rate of conversion is usually 

slow but can be sped up dramatically 

by an accessory protein of the 

GTPase activating protein (GAP) 

class, for example RasGAP

• Other members of the Ras family 

include: HRAS NRAS and RRAS 
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RAS mediated intracellular signal transduction 

pathways

Normanno, N. et al. (2009) Implications for KRAS status and EGFR-targeted therapies in metastatic 

CRC

Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2009.111
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Frequencies of hot spot and novel K-ras mutations in 

colorectal tumors
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K-RAS Mutation Testing
 Detection of 7 somatic mutations in codons 12 and 13 of k-ras oncogene in

DNA samples from patients with metastatic colorectal cancer

 Mutation detection sensitivity should be at the level of 1% in the presence

of wt DNA

 K-RAS mutation detection is important to identify patients with metastatic

colorectal cancer that do not respond to anti EGFR therapies like

cetuximab (Erbitux, Merck) & panitumumab (Vectibix, Amgen).

 K-RAS mutations should be tested before the administration of Erbitux

και Vectibix, according to most recent guidelines of FDA and European

Society of Pathology

1 Amado et al, JCO, Apr 2008,   Van Cutsem et al, JCO, May 2008
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K-RAS Mutations

> 97.0%of K-RAS  mutations are found in codons 12 and 13



Examples of  Personalized Medicine in 

Oncology  

5. Colorectal cancer (CRC): 

beyond kRAS mutations



EGFR signaling pathway and candidate predictive molecular markers for the activity of EGFR 
antibodies in CRC. Candidate predictive biomarkers that are also part of the EGFR signaling 

cascade are shown in pink.

Banck M S , Grothey A Clin Cancer Res 2009;15:7492-7501

©2009 by American Association for Cancer Research



Wong, R. et al. J Clin Oncol; 26:5668-5670 2008

BEYOND KRAS MUTATIONS



VASCULAR ENDOTHELIAL GROWTH FACTOR 

(VEGF)

• Key regulator of angiogenesis.

• Potent and specific mitogen for endothelial cells.

• Also known as Vascular Permeability Factor (VPF) based on its ability to 
induce vascular leakage.

• Potently inhibits the differentiation of dendritic cells.

• The human VEGF gene is located in chromosome 6p21.3 and is organized 
in 8 exons. 

• Alternative exon splicing of a single VEGF gene results in the formation of 
various isoforms.



Examples of  Personalized Medicine in 

Oncology

melanoma

6. BRAF mutations
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Melanoma

• is the fifth most common solid malignancy in the United States, 

affecting 76,000 individuals each year

• the survival rate between the stages of disease is decreasing

significantly

• most melanoma patients are cured after surgical excision of the

primary tumor, but 10-20% of patients progress to develop

metastatic disease

• new treatments have been recently developed, including targeted

therapies and immune modulators in patients with advanced disease

• risk factors: ultraviolet exposure, genetic predisposition,

immunosuppression



Melanoma metastatic process 

Zaidi MR et al. Journal of Investigative Dermatology 2008 128, 2381–2391



Melanoma Molecular Biomarkers (1)



Melanoma Molecular Biomarkers (2)

Tanaka R et al. J Surg Oncol. 2011 Sep;104(4):438-46 



Molecular Pathways of melanoma

Marti RM et al. Actas 
Dermosifiliogr.2012;103(7)
:579---590



RAS-RAF pathway

BRAF



BRAF gene

• 7q24

• 18 exons (190280 
bp)

• mRNA : 2,478 nt



BRAF mutations

(Davies et al, Nature, 2002)



BRAF Mutations

• BRAF Mutations
Frequency

– Melanoma 70%

– Papillary Thyroid Ca 

50%

– CRC 10%

• 50% in MSI-H

• <5% in MSS

• 96% of the cases V600E

Davies H et al Nature 2002
Weisenberger DJ  et al Nature Genomics 2006



Main BRAF mutations

(V600E 1796 T>A)

www.ncbi.nlm.nih.gov

Μεταλλάξεις στο μελάνωμα.

http://www.ncbi.nlm.nih.gov/


• BRAF is the most frequently mutated oncogene in melanoma 

• Selective BRAF inhibitors have produced tumor regression in the vast majority of 

patients with metastatic melanoma whose tumors harbor activating BRAF

mutations 

• Selective BRAF inhibitors are associated with the appearance of keratinocyte 

proliferations in patients; upregulation of the MAPK pathway in normal cells 

observed in vitro may explain this observation 

• Additional oncogenic events are associated with BRAF mutations and may provide 

rational additional targets for combination therapy 

• Preliminary evidence suggests that selective BRAF inhibitors may complement 

immunotherapy by upregulating antigen expression but without inhibiting T-cell 

function 

BRAF mutations and personalized medicine 



Targeted Therapy based on BRAF mutations

Melanoma : 

• PLX4032 (difluoropenylsulfonamine)

• BS590885(triarymidazole) (BRAF inhibitor)

Colorectal cancer: 

• BAY43-9006 (BRAF and CRAF inhibitor)

• ΜΕΚ inhibitors



BRAF mutations



Antoni Ribas & Keith T. Flaherty

Nature Reviews Clinical Oncology 8, 426-433 (July 2011)

Signal transduction through the MAP kinase pathway and the 

effect of BRAF inhibitors



BRAF mutations and melanoma 

molecular treatments



Metastatic Melanoma patient before and after 2 weeks of 

vemurafenib (BRAF inhibitor)  administration 

Flaherty et al, NEJM 2010



Inhibition of mutated, activated BRAF in metastatic 

melanoma

• The identification of somatic mutations in the gene encoding the serine-threonine 

protein kinase B-RAF (BRAF) in the majority of melanomas offers an opportunity 

to test oncogene-targeted therapy for this disease.

• Multicenter, phase 1, dose-escalation trial of PLX4032 (also known as RG7204)

• orally available inhibitor of mutated BRAF 

• Treatment of metastatic melanoma with PLX4032 in patients with tumors that 

carry the V600E BRAF mutation resulted in complete or partial tumor regression 

in the majority of patients 

• Flaherty KT et al, N Engl J Med. 2010 Aug 26;363(9):809-19



Vemurafenib: Phase III

Overall Survival 

Progression-free Survival

Chapman PB et al. N Engl J Med 2011;364:2507-16



Targeted Therapy based on BRAF mutations

Vemurafenib, (ZELBORAF):

FDA (17/8/2011 ) approval for patients with unresectable or metastatic melanoma

Evi Lianidou



Companion Diagnostics

BRAF inhibitor and BRAF V600E mutation detection

FDA approval at the same time!!!

• These days, it is often not enough for pharmaceutical companies simply to bring a drug to 

market.

• Regulators and insurers are also prodding the companies to develop tests to pinpoint which 

patients are most likely to benefit from a drug, thereby sparing other patients from needless 

side effects and expense.

• July 2011: The F.D.A. issued guidance to the industry on companion diagnostics, including its 

preference for having the test ready for approval at the same time as the drug. 

• Zelboraf, (Roche and Plexxikon), can produce remarkable improvements, but only for the 

roughly half of melanoma patients whose tumors have BRAFV600E  mutation. 

• The F.D.A. approved a test from Roche’s diagnostics division to detect that mutation.

Evi Lianidou

http://health.nytimes.com/health/guides/disease/melanoma/overview.html?inline=nyt-classifier


• http://www.cancer.gov/cancertopics/druginfo/fda-

vemurafenib

Targeted Therapy based on BRAF mutations

Vemurafenib, (ZELBORAF):

FDA (17/8/2011 ) approval for patients with unresectable or metastatic melanoma

Evi Lianidou

http://www.cancer.gov/cancertopics/druginfo/fda-vemurafenib


Predictive biomarker: BRAF V600E

Ascierto PA et al. J Transl Med. 2012 Jul 9;10:85



Examples of  Personalized Medicine in 

Oncology

7. melanoma

other molecular targets
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Therapeutic targets in melanoma

Nikolaou VA et al. J Invest Dermatol. 2012;132(3 Pt 2):854-63

Evi Lianidou



And then there were five: Immunotherapy!!!

Evi Lianidou



Immunotherapy in melanoma

Ipilimumab -Tremelimumab Nivolumab - Pembrolizumab

Ribas A et al. N Engl J Med. 2012;366(26):2517-9

Evi Lianidou



Nivolumab and Ipilimumab in Untreated 

Melanoma
Larkin J et al. N Engl J Med. 2015 May 31

Evi Lianidou



Nivolumab and Ipilimumab in Untreated 

Melanoma

• PD-L1 (+): the median progression-free survival was 14.0 months in 
the nivolumab-plus-ipilimumab group and in the nivolumab group and 
3.9 months in the ipilimumab group 

• PD-L1 (-): progression-free survival was longer with the combination 
therapy than with nivolumab alone (11.2 months vs. 5.3 months)

Intention-to-Treat Population

Larkin J et al. N Engl J Med. 2015 May 31

Evi Lianidou



Conclusions

• Understanding of the molecular 

mechanisms of cancer is important for 

cancer therapy

• Personalized medicine leads to improved 

performance of cancer drugs

• Collaboration of basic research and 

clinicians Lecturer/lecture

Evi Lianidou



Overview of resistance pathways to targeted therapies.

Ellis L M , Hicklin D J Clin Cancer Res 2009;15:7471-7478

©2009 by American Association for Cancer Research
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Which is the most appropriate diagnostic test that 

will predict the response to treatment of patients?

Evi Lianidou



Companion Diagnostic test (CDx)

Cheng S et al. N Biotechnol 2012, 29(6):682-8 
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paradigms of precision medicine in cancer



REDIFINE THE TARGET OF TARGETED THERAPIES

“Selection”

• Selection of the target

• Selection of the patients population

• Selection of the treatment intent Precision Medicine

Evi Lianidou


