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Our genome = the book of life!

Adapted from M Piccart



Grand Hôpital de Charleroi

DNA

A,C,G,T
Codons
Gene
Chromosome
Altered Genome!

English

Abcd…yz
Word
Phrase
Chapter
Different Book!

Cancer = disease of the genome!

Adapted from M Piccart
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1990’s…1980’s…

A new approach to drug 

development is required due to the 

substantial investments for drug 

maturity resulting in escalating 

costs simultaneously with a fall in 

new therapies approved by the 

Federal Drug Administration.  NAD 

trials offer an opportunity to 

modulate this problem and have 

often accurately predicted the 

results of larger trials;

Identifying predictors of response or 

resistance to therapies has been a 

great obstacle in moving towards 

personalized medicine. Biomarkers 

development and predictors of 

response are thought to be 

facilitated by NAD studies: however, 

the experience so far shows that the 

road to “success” might be longer 

than originally foreseen. 

Advancements in therapeutic drug 

development have resulted in a 

wealth of targeted agents in clinical 

trials. 

NAD trials offer great potential for 

translational research, particularly 

if the results of this research are 

shared early on, while valuable 

knowledge can be gained, several 

qualifying factors need to be 

considered when interpreting data 

from these trials or using a NAD 

study design including appropriate 

validation of the surrogate 

endpoints used and validation of the 

findings in larger prospective 

clinical trials.  As we move towards 

the era of personalized therapy, it is 

important that regulatory and 

government bodies recognize the 

supplementary worth neoadjuvant 

trials offer and encourage approving 

new therapies. 

2014…

Decoding the genome of the tumor will dramatically 

accelerate progress in cancer treatment

Adapted from M Piccart
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Sequencing 
(Illumina HiSeqTM 2000)

Fixed 
sample 
slides

DNA extraction, 
Library construction,

Hybrid capture 
(Agilent SureSelectTM)

Alterations of the Human genome

Adapted from M Piccart
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Alterations of the Human Cancer Genome

Meyerson Nat Rev Genet 2010
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Contribution of Genomics in 

Cancer Treatment

• New Tumour Classification 
• Adapted Targeted Therapy
• Tumour Resistance
• Tumour Heterogeneity
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Histologic Subtypes of NSCLC: US

Wahbah M, et al. Ann Diagn Pathol. 2007;11:89-96.American Cancer Society database. 

Decreasing Incidence of Squamous Cell Subtype Over Time

85% of lung cancers are NSCLC
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Cis/Gem vs Cis/Pem in Advanced NSCLC: 

OS by Histology

Scagliotti GV, et al. J Clin Oncol. 2008;26:3543-3551.

Adjusted HR: 1.23
(95% CI: 1.00-1.51)
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Potential “Druggable” Molecular Targets in 
AdenoCarcinoma NSCLC
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Changes in the Therapeutic Landscape of 

Stage IV Lung Cancer

Adeno LCC-NOS SqCC SCLC

EGFR mutants ALK ROS/RET

HER2

BRAF KRAS

KRAS
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Selection for Molecular Testing in NSCLC 

 All pts with an adenocarcinoma 

component should be tested

 Pure SCC diagnosis is appropriate for 

EGFR mutation and ALK testing in 

some clinical settings[1]

– Young, never, or light smoker

– Female gender

– East Asian ethnicity (EGFR mut 

testing)

 Primary tumors and metastatic lesions 

are equally suitable for testing[1]

– Discordance between mut status 

primary tumor and metastases 

uncommon for EGFR mut and ALK 

translocation (in previously 

untreated pts)[3]

Pack-Yrs[2] EGFR Mutation, % 95% CI

Never 52 48-56

1-5 34 25-43

6-10 34 26-44

11-15 18 11-26

16-25 11 7-16

26-50 8 6-11

51-75 9 5-13

> 75 4 2-8
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Contribution of Genomics in 

Cancer Treatment

• New Tumour Classification 
• Adapted Targeted Therapy
• Tumour Resistance
• Tumour Heterogeneity
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Targeted Therapy Focuses on Driver 

Gene Alterations: “Oncogenic Addiction”

Gefitinib[1,2] Erlotinib[3,4] Afatinib[5,6] Crizotinib[7-9]

Activity EGFR EGFR
EGFR

(ErbB family)
ALK, ROS1, MET

Target EGFR EGFR EGFR ALK

RR, % 60-80 50-80 ~ 60 ~ 60

PFS, mos 10-11 10-14 ~ 11 ~ 10

TRD, % 1~2 1~2 1.7 < 1

EGFR mutants ALK ROS/RET



Grand Hôpital de Charleroi

Molecular
target

1

Molecular 
target

2

Molecular 
target

3

Molecular 
target

4

Today’s 

suboptimal 

therapy

Tomorrow’s 

use

of several 

carefully 

selected 

targeted 

therapies
Adapted from M Piccart
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Johnson B, et al. ASCO 2013. Abstract 8019.

Lung Cancer Mutation Consortium: 

OS by Mutation and Treatment

Driver mutation + targeted therapy (n = 313; median OS: 3.5 yrs)

Driver mutation + no targeted therapy (n = 265; median OS: 2.4 yrs)

No driver mutation (n = 361; median OS: 2.1 yrs)
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Potential “Druggable” Molecular Targets in 
AdenoCarcinoma NSCLC
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Epidermal Growth Factor Receptor 

Mutations

- EGFR1 mutation in NSCLC

- Preferentially Adenocarcinoma

- Preferentially Woman

- Preferentially Asian population

- Preferentially Non Smoking 

- Highly sensitive to EGFR 

thyrosine kinase inhibitors 

(Gefitinib Iressa, Erlotinib Tarceva)

Lynch TJ, et al. N Engl J Med. 2004;350:2129-2139. Paez JG, et al. Science. 2004;304:1497-1500.
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Geoffrey R. Oxnard, MD at 2013 ASCO Annual Meeting

EGFR Mutant NSCLC
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Gefitinib vs Combination Chemotherapy: 

PFS

Maemondo M, et al. N Engl J Med. 2010;362:2380-2388.

Mos Since Randomization

Gefitinib: median PFS 10.8 mos 

Chemotherapy: median PFS 5.4 mos

HR: 0.30 (95% CI: 0.22-0.41; P < .001)
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Anti-EGFR inhibitors: Side Effect
(Iressa, Tarceva)

- Skin Toxicity

- Diarrhea

- Intertitial Pneumonitis

- Nausea and Vomiting

- Liver enzyme abnormalities
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Potential “Druggable” Molecular Targets in 
AdenoCarcinoma NSCLC
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EML4-ALK frequency:

~ 4% (64/1709)

Primarily in adenocarcinoma

More common in 
younger patients

More common in 
never-smokers

Soda M, et al. Nature. 2007;448:561-566. 

EML4-ALK Translocations in NSCLC

Basic WD

Kinase

EML4

EML4-ALK 
variant 1
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1

1 HELP 496 981
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Break-Apart FISH Assay for ALK

Fusion Genes

~ 250 kb ~ 300 kb

t(2;5) ALK gene breakpoint region

2p23 regionTelomere Centromere

3’ 5’

Potential ALK 
fusion partners:
 EML4
 KIF5B
 TFG

Sasaki T. et al . Eur J Cancer 2010;46:1773-1780. 
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Responses to Crizotinib in ALK + tumors
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Response to Crizotinib

Pre-Treatment Crizotinib x 12 weeks
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Crizotinib

(n = 173)

Chemotherapy

(n = 174)

Events, n (%) 100 (58) 127 (73)

Median, mos 7.7 3.0

HR (95% CI) 0.49 (0.37-0.64)

P value < .0001
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Shaw AT, et al. N Engl J Med. 2013;368:2385-2394.

Crizotinib vs Standard Chemotherapy in 

ALK+ NSCLC (PROFILE 1007): PFS in 2nd or 

3rd Line

173

174

93

49

38

15

11

4

2

1

0

0



Grand Hôpital de Charleroi

Solomon J, et al. N Engl J Med. 2014;371:2167-2177.

Crizotinib vs Standard Chemotherapy in 

First-Line in ALK+ NSCLC
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Crizotinib (Xalkori) : Side Effect

- Vision Problems (Blurred vision, double 

vision, sensitivity to light)

- Nausea, Vomiting, Diarrhea

- Edema

- Bradycardia

- Fatigue

- Dizziness

- Increase liver enzymes

- Rash…
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Contribution of Genomics in 

Cancer Treatment

• New Tumour Classification 
• Adapted Targeted Therapy
• Tumour Resistance
• Tumour Heterogeneity
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Observed Resistance 

Mechanisms

N = 37

T790M (total)

+ EGFR amp

+ beta-catenin

+ APC

21

4

2

1

MET amplification 2

PIK3CA 3

SCLC transformation 5

Epithelial-mesenchymal 

transition

2

No changes identified 8

Sequist LV, et al. Sci Trans Med. 2011;3:75ra26.

Repeat Biopsies for Pts With NSCLC 

and Acquired Resistance to EGFR inhibitors

T790M

(49%)

Unknown

mechanism

(30%)

With

EGFR

amp

MET

amp

(5%)

PIK3CA

(5%)

SCLC

transformation

(14%)
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AZD9291 in EGRF T790M Mutated NSCLC 

Resistant to EGFR inhibitors

Pasi A.J, et al. N Engl J Med. 2015;372; 18, 1689-1699.
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Ceritinib in ALK+ NSCLC: Best % Change 

From Baseline in Target Lesions

Other second-generation ALK 

inhibitors in development: 

 CH5424802 (alectinib)

 AP26113

 X-396

 ASP3026

 GSK 1838705

 CEP-28122

Shaw AT, et al. N Engl J Med. 2014;370:1189-1197.
Pts

Disease 

progression 

or death

ORR (CR + PR): 58%
Prior crizotinib: 56% 
Crizotinib naive: 62%
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Contribution of Genomics in 

Cancer Treatment

• New Tumour Classification 
• Adapted Targeted Therapy
• Tumour Resistance
• Tumour Heterogeneity
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Marusyk et al, Nature Reviews Cancer 12, 323-334 (May 2012)

Intra-Tumour heterogeneity
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Marusyk et al, Nature Reviews Cancer 12, 323-334 (May 2012)

Intra-Tumour heterogeneity
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Intra-Tumour and Metastasis heterogeneity

Gerlinger M et al. N Engl J Med 2012;366:883-892.
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Oncology for tomorrow

• Precison medecine
• Better understanding of tumour process
• New therapies

BUT

• Complexity of the tumor biology
• Until know reserved for selected Tumours
• New issues (Resistance, Tumor Heterogeneity…)
• Cost….


