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Personalization is everywhere



Any special 
treatment for me? 

Treatment 
protocol/guideline of 

this cancer is….. 



Definition of Personalized 
Medicine 
 Personalized Medicine (NCI) 

 A form of medicine that uses information about a 
person’s genes, proteins, and environment to 
prevent, diagnose, and treat disease. 

 In cancer, personalized medicine uses specific 
information about a person’s tumor to help 
diagnose, plan treatment, find out how well 
treatment is working, or make a prognosis. 



Outline 

 Why personalized medicine for cancer? 

 Current approach of personalized treatment 
for cancer 

 Future direction of personalized treatment 
for cancer 



WHY PERSONALIZED MEDICINE 
FOR CANCER?  



Clinical: Every patient is 
different

Different survival outcome even with the same stage or treatment  



Cancer is characterized by 

an accumulation of a 

number of genetic mutations 

Vogelstein B et al. Science 2013; 339; 1546-1558



High inter-patient heterogeneity 

Breast cancer as an example

Stephens PJ et al. Nature 2012; 486: 400-404



Liver cancer as an example

High inter-patient heterogeneity 

Guichard et al. Nature genetics 2012; 44: 694-698



Conventional chemotherapy 

Cytotoxic chemotherapy 
• Mechanism: non-specific cell killing 
via DNA damage 
 Side effects (e.g. hair loss, 
vomitting, mucositis, fever)



When we give chemotherapy 

Chemo: We don’t know who is going to respond….. 

Responder 
Non-responder



CURRENT APPROACH OF 
PERSONALIZED MEDICINE FOR 
CANCER 



Concept 1: driver mutation 

 Driver mutations vs. passenger mutations 

• Driver mutations (Mountains) 

• confers a selective growth 

advantage 

• Passenger mutations (Hills) 

• background mutations 

• not associated with growth 

advantage 

• related to age   



Hanahan et al Cell 2000

Genetic mutations linked to signaling pathways 



Sharma S V , Settleman J Genes Dev. 2007;21:3214-3231

© 2007 by Cold Spring Harbor Laboratory Press

Cancer cells addicted to a particular 
oncogene/pathway 



AIM

 If we can identify the ‘driver’ mutation

 AND if we can specifically target the ‘driver’ 
mutation 

We can induce significant treatment response 

We can predict the response and select 
patient for the right treatment 



Mechanism of targeted agents: 
Two Classes

Receptor  tyrosine kinase

P

PP

P
P

PP

P

Tyrosine Kinase

Inhibitor (small 

molecules) 

Ligand

Monoclonal 

Antibody 

Example: 
- Gefitinib
- Erlotinib
- Sorafenib

Examples: 
- Bevacizumab
- Trastuzumab



Gastrointestinal Stromal Tumor (GIST)
c-kit

• Before the era of targeted treatment, inoperable GIST has an extremely poor 

prognosis 

• Imatinib targeting the c-kit significantly prolongs the overall survival > 5 years.  



Lung Cancer as an example  

 Stage IIIb or IV disease Non-small cell lung 
cancer 

 Regardless of histology subtype (Squamous cell 
carcinoma, Adenocarcinoma, Large cell, BAL..)

 1st-line treatment: Doublet chemotherapy 
(platinum as the backbone) 

 Plateau of efficacy: median survival ~10 months, 
RR ~30% 



Epidermal Growth Factor Receptor 
(EGFR) in Lung cancer 

TKI 



Case 1 

Before Gefitinib After Gefitinib



Progression-free survival in EGFR mutation 
positive and negative patients

EGFR mutation positive EGFR mutation negative

Treatment by subgroup interaction test, p<0.0001

HR (95% CI) = 0.48 (0.36, 0.64) 

p<0.0001

No. events gefitinib,  97 (73.5%)

No. events C / P,  111 (86.0%)

Gefitinib (n=132)

Carboplatin / paclitaxel (n=129)

ITT population

Cox analysis with covariates

HR (95% CI) = 2.85 (2.05, 3.98)

p<0.0001

No. events gefitinib , 88 (96.7%)

No. events C / P, 70 (82.4%)

132 71 31 11 3 0
129 37 7 2 1 0
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Gefitinib (n=91)

Carboplatin / paclitaxel (n=85)

Months Months

Mok et al NEJM 361:947 2009



Non-small cell lung cancer

‘sensitive’ EGFR mutationWithout EGFR mutation 

1st line therapy:
Cytotoxic chemotherapy

Non-small cell lung cancer

- Adenocarcinoma 

- Non/light smoker 

EGFR mutation test

1st line therapy:
EGFR TKI 



Lung cancer driven by multiple somatic mutations

N=188 Tumors and 623 Genes in adenocarcinoma

Modified from L Ding et al. Nature 455, 1069-1075 (2008)
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Concept 2: Resistant Mechanism 

 Downstream activation of molecules can 
predict resistance to targeted treatment 
acting on upstream molecules 



Gene transcription

Cell cycle progression
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EGFR Signaling Cascade and K-ras

Akt

SOS

FOS Myc

P13K
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Cascade

EGFR dimer

Transcription

Factors

STAT

K-ras is a small G protein      
Self inactivating – from GDP to GTP state
Switched off by intrinsic GTPase activity
K-ras mutation leads to constitutive activation 

mediated through reduced GTPase activity

Inhibitors upstream may be ineffective



S3 lesion

S6 lesion S6 lesion

S6 lesion
S7 lesion

S3 lesion

KRAS: wild type; no mutant; treatment with anti-EGFR monoclonal antibody and 

chemotherapy 



Reassessment CT after Chemotherapy and targeted 
treatment 

Pre Post Pre Post

Pre PrePost Post



Pre Post

Reassessment CT 

PET CT showed only hypermetabolic lesion in S3  



Progress 
 Right hepatectomy and segment III wedge resection done (+ 

cholecystectomy)

 Patient remains disease-free for 5 years now 



FUTURE DIRECTION OF 
PERSONALIZED TREATMENT FOR 
CANCER 



Research Gap 

 Most of the time, more than one gene are 
involved 

 Not all cancer (e.g. liver cancer, pancreatic 
cancer, bone/soft tissue sarcoma) have 
identifiable ‘driver’ mutations. 



Next Generation sequencing 

Conventional sequencing

• Only large fragments of DNA 

500-900bp are analyzed 

• Preferred in the setting of 

known DNA mutations 

NGS

• High-throughput

• Larger volume at faster speed  

• Unknown mutations can be 

detected 

Shendure J et al. Nature biotechnology 2008; 26: 1135-1145



Sequencing the tumor before 
treatment 



Challenges 

 The same mutation may not have the same 
meaning in different cancer. 

 A lot of mutations (genetic lesions) are not 
druggable. 

 Mechanism other than genetic mutations 

 Epigenetic 

 Transcriptome changes 

A lot of translational and clinical 
works to do! 



Any special 
treatment for me? 

According to your tumor-
genetic information, we 

can offer treatment 
e.g…..




