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Outline

• Definition of Pharmacogenomics

• The application & benefits of 
pharmacogenomics

• EGRF testing in colorectal cancer

• Monitoring UGT1A1 for drug toxicity

• Drug selection using KRAS analysis

• PCR testing of BCR-ABL for drug selection 
and dosing



The Application of 
Pharmacogenomics

• Personalized (cohorts) drug therapy

• Identify response (lack of response) outliers

• Identify toxicity outliers

• Selection of drug therapy (biomarkers)

– EGFR use in colorectal cancer

– CML treatment management



The Benefits of Pharmacogenomics

• Avoid ‘unpredictable’ toxicity

• Increases chance of response

• Identify patients who will not respond

• Enhances appropriate drug/dose selection



EGFR Testing for Cetuximab use in 
MCRC Treatment

• Genetic profiling in colon cancer

• Epidermal growth factor receptor (EGFR) is 
expressed in up to 78% of colorectal patients

• Cetuximab is an anti - EGFR monoclonal 
antibody

• This drug was approved in the US for use in 
EGRG positive colorectal cancer patients



EGFR Testing for Cetuximab use in 
MCRC Treatment

• Subsequent data has supported responses in EGFR 
negative patients
– In 16 EGFR negative patients, 4 partial responses w ere 

seen (25% response rate)

• Response has been tied to the development and
severity of the skin rash
– In the CRYSTAL trial, for the 18% of patients with G r. 3/4 

skin toxicity, median DFS was 11.3 mo.  vs   5.4 mo . (for 
grade 0/1).

• Is EGFR testing necessary for cetuximab therapy 
now?

Chung KJ, J Clin Oncol. 2005;23:1803.
Van Cutsem E. Proc Am Soc Clin Oncol. 2007; 25:164S.







‘Unpredictable’ Toxicity Identification
Irinotecan’s Use in MCRC

• Genetic profiling in colon cancer
• Irinotecan metabolized by enzymes exhibiting polymo rphic 

activity
• Active metabolite SN-38 is glucuronidated (conjugat ed) to an 

inactive form by the UGT - 1A1 enzyme
• Polymorphisms of the UGT1A1 gene would thus affect t oxicity
• The genotypes UGT1A1*28/*1 are associated with the s evere 

irinotecan toxicity (ie., neutropenia & diarrhea)
• It is estimated that up to 19% of the population ma y have 

genetic defect
• Retrospective evaluation demonstrates this increase d toxicity
• In 2005, US-FDA approved an in vitro assay to detec t 2 genetic 

polymorphisms in the UGT1A1 gene

Innocenti F, et al. J clin Oncol. 2004;22:1382.



EGFR Pathway & KRAS Oncogene 
Predicting Drug Response in MCRC

• EGFR pathway is the entry way to multiple intracell ular signaling 
cascades

• KRAS oncogenes harbor activating mutations yielding  proteins 
with reduced GTPase activity, which are common in m any cancers

• When the KRAS gene is mutated, KRAS protein (p21 ra s) is active  
regardless of EGFR activation

• KRAS gene mutations are an early event and are foun d in roughly 
40% of CRC patients

• Patients with mutated KRAS (vs wild-type) have a mu ch lower 
response to the monoclonal antibodies, cetuximab & 
panitumumab

• Recently, ASCO released its first Provisional Clinic al Opinion 
recommending that all CRC patients, who are candida tes for anti-
EGFR MoAB tx, be tested for the KRAS mutation

Mendelsohn J, et al. Oncogene. 2000;19:6550
Khambata-Ford S, et al. J Clin Ocol. 2007;25:3230













Cost-Effectiveness of Cetuximab in 
MCRC

• For single- agent therapy, the life- years gained rang e 
from 1.7 to 2.0 years.  The median cost per treated  
patient was 34,256 - 45,764 Euros. This equates to:
– Cost per life-year ~ 205,536 - 323,040 Euros

• When combined with irinotecan, compared to best 
supportive care, the incremental QALY gained was ~ 
57,608 pounds

Norum J. J Chemother., 2006;16:532.

Tappenden P, et al. Health Tech Assess., 2007;11:1
Starling N. Br J Cancer. 2007;96:206



Monitoring Drug Use and Dosage 
Modification in CML

• Chronic myelogenous leukemia (CML) is a slow 
growing leukemia characterized by unregulated 
myeloid cell growth

• CML is caused by the chromosomal translocation 
t(9:22) referred to as the Philadelphia chromosome 
(Ph+) (BCR- ABL)
– Break point cluster (BCR) of chromosome 22

– ABL gene located on chromosome 9

• The resultant fusion protein deregulates tyrosine 
kinase activity

Faderi SA, et al. NEJM. 1999; 311:164





Monitoring Drug Use and Dosage 
Modification in CML

• CML is diagnosed by detecting the PH 1 chromosome in 
blood or marrow

• Disease & Treatment detection methods include:
– Routine cytogenetics (normal karyotyping)

– FISH

– BCR-ABL RT-PCR

– BCR-ABL Q-PCR

– BCR-ABL kinase domain mutation analysis

• Initial treatment includes oral tyrosine kinase inh ibitors
– Imatinib mesylate (Gleevac)

– 400 0 800mg PO daily





Monitoring Drug Use and Dosage 
Modification in CML

• Despite high cytogenetic complete response rates,
resistance to imatinib appear to occur in up to 34%  of 
patients over a 6 year period.

• Resistance has been linked to 38 known point 
mutations
– The T315I mutation confers resistance to all curren t TKI’s

• Newer TKI’s to treat CML (multi- targeted TKI’s)
– Dasatinib (Sprycell)

– Nilotinib (Tasigna)

• Guidelines currently recommend Q 3 month PCR 
monitoring for response and potential resistance

Kantarjian H. JNCCT 2008;6(Suppl2):S37
NCCN Guidelines. CML. V.1.2009.





QUESTIONS ?


