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 Somatic Mutations in the  Tyrosine 
Kinase Domain of EGFR

EGFR Mutations in Lung Cancer: Correlation with Clinical 
Response to Gefitinib Therapy.

Paez JG, Janne PA, Lee JC, Tracy S, Greulich H, Gabriel S, Herman P, Kaye FJ, Lindeman N, Boggon TJ, 
Naoki K, Sasaki H, Fujii Y, Eck MJ, Sellers WR, Johnson BE, Meyerson M.
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Tissue processing: direct DNA extraction 

Specific DNA amplification & sequencing

DNA extraction:
2. Tissue elution
3. Phenol-chloroform extraction
4. DNA easy tissue kit (Qiagen)
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Tissue processing: macrodissection 

Specific DNA amplification & sequencing

DNA extraction:
2. Tissue elution
3. Phenol-chloroform extraction
4. DNA easy tissue kit (Qiagen)
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DNA extraction and linear amplification

Specific DNA amplification & sequencing

Tissue processing: Laser capture microdissection 
(LCM) 
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EGFR alterations in gefitinib NSCLC  partial EGFR alterations in gefitinib NSCLC  partial 
responderresponder

Exon 21



  

EGFR mutations in resected NSCLC patients



  

10 studies, 2568 resected NSCLC

total             adenoca.            Asian              non-Asian



  

8 studies, 2295 resected NSCLC

female                male             non-smoker          smoker



  

Effect of HER1/EGFR mutations on
survival from surgery and from gefitinib

Number of patients at risk        Number of patients at risk
Mutation 91 87 47 4 Mutation 33 25 16
WT 145 129 71 9 WT 26 15 14



  

TRIBUTE: overall survival by treatment
and HER1/EGFR TK mutations status

Eberhart et al., EORTC-NCI-AACR, 2005

Median overall
survival

          TK mutation WT
Chemotherapy (CT) alone NA 11.7
TarcevaTM + CT             NA 9 .6 CT mutant

CT, WT
TarcevaTM, +CT mutant
TarcevaTM, +CT, WT

Months



  

Patients treated with EGFR TKIs and EGFR mutations



  

EGFR mutations and response to
EGFR TKIs; 13 reports, 499 patients

total                     responder            non-responder



  

Response to EGFR TKIs and K-ras mutations



  

HER1/EGFR gene mutations in
resected NSCLC

n=192 41 no mutations

59

EGFR
37 12

30

p53

K-ras

13



  

Overall survival by treatment versus
K-ras mutation status (TRIBUTE)

Months
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HER1/2 status in gefitinib NSCLC HER1/2 status in gefitinib NSCLC 
(non)responders(non)responders

EGFR1 (HER1) HER2/neu

diploidní

amplifikace



 

Combination of gene copy number (FISH), protein expression (IHC) and mutation analyses and outcome 
to gefitinib therapy 

Combinations Number  of 
Patients

Response Rate
(N/%)

Disease Control 
Rate (N/%)

Median Time to 
Progression (months)

Median Survival
(months)

FISH+/IHC+ 22 10/45.5 17/77.3 9.1 20.8

FISH+/IHC- 11 2/18.2 5/45.5 2.9 8.3

FISH-/IHC+ 36 2/5.6 15/41.7 3.2 10.9

FISH-/IHC- 29 0 3/10.3 2.3 4.5

P (any positive versus negative/negative) 0.009 <0.001 <0.001 0.015

FISH+/Mutation + 9 7/77.7 7/77.7 15.6 20.8

FISH+/Mutation- 18 4/22.2 10/55.5 5.3 9.3

FISH-/Mutation+ 6 1/16.6 2/33.3 2.1 3.2

FISH-/Mutation- 56 0 14/25.0 2.4 7.3

P (any positive versus negative/negative) <0.001 0.002 0.001 0.1

IHC+/Mutation+ 11 7/63.6 8/72.7 13.5 20.8

IHC+/Mutation- 37 3/8.1 17/45.9 3.6 11.4

IHC-/Mutation+ 4 1/25.0 1/25.0 2.1 2.9

IHC-/Mutation- 33 1/3.0 7/21.2 2.3 5.3

P (any positive versus negative/negative) 0.02 0.008 0.003 0.02

Cappuzzo F., et al. JNCI, 2005
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Molecular Analysis of the Epidermal Molecular Analysis of the Epidermal 
Growth Factor Receptor (EGFR) Gene Growth Factor Receptor (EGFR) Gene 

and protein expression in Patients and protein expression in Patients 
Treated with Erlotinib in National Treated with Erlotinib in National 

Cancer Institute of Canada Clinical Cancer Institute of Canada Clinical 
Trials Group (NCIC CTG) BR.21 Trials Group (NCIC CTG) BR.21 
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BR.21 Summary of Significant Clinical BR.21 Summary of Significant Clinical 
Predictors of ResponsePredictors of Response

13 %UNK       (23)
24.7 %
3.8 %
7.5 %

18.9 %
4.1 %

13.9 %
6.1 %

14.4 %

Erlotinib
(N = 427)

No          (93)
Yes        (311)
Other     (374)
Asian (53)
Other     (218)
Adeno   (209)
Male  (281)
Female  (146)

P value*

<0.001
Ever smoked

0.02
Ethnicity

<0.001
Histology

0.006
Gender        

* Significance between subgroup 



 

BR.21 Summary of Treatment Effect: BR.21 Summary of Treatment Effect: 
SurvivalSurvival

0.02

0.44

0.37

0.76

P*

0.6-1.10.8Female (256)

0.6-0.90.8Male (475)Gender

0.5-2.6

0.3-0.6

0.7-1.0

0.7-0.9

0.4-1.0

0.6-1.0

0.6-0.9

CI

1.1Unknown (40)

Never (146)

Ever (545)

Other (640)

Asian (91)

Other

Adeno (365)

Hazard 
ratio

0.4

0.9

0.8

0.6

0.8

0.7

Smoking 
History

Ethnicity

Histology

*P value for interaction between 
erlotinib and clinical variables



 

197Suitable for analysis

731In the entire trial

Number of 
Patients

EGFR Mutational Analysis of EGFR Mutational Analysis of 
the TK Domainthe TK Domain



 

8 (18%)Ex21- L858R mutation

24 (53%)Other mutations

13 (29%)Ex19 746-752 deletions

Mutations FoundMutations Found



 

Patient Characteristics Relating to Patient Characteristics Relating to 
Frequency of MutationsFrequency of Mutations

21 %165Other
0.03

50 %12Asian
21 %131Ever smoked**

42
111
66
82
95

No. of pts

NS
31 %Never smoked**

22 %Male
NS

24 %Female
16 %Non-adeno

0.05
28 %Adeno

P 
value*

Percent with 
mutation

*Significance between subgroup
**Smoking status unknown in 4 



 

15.8%
(6.1%, 39.6%)

7.4%
(3.5%, 15.4%)

Overall response 
rate (95% C.I.)

0.37

P value

1940Mutation

81137Wild type

No. evaluable 
for response

No. of 
pts

* Assessed by RECIST

Response* to Erlotinib Therapy for 
Patients with Mutation Results



 

Survival Benefit from Erlotinib Survival Benefit from Erlotinib in in 
Patients with Mutation ResultsPatients with Mutation Results

0.45

0.13

P*

0.97

P**

0.40-1.500.7740Mutant

0.49-1.100.73137Wild type

CIHRNo. of 
pts

*P value for subgroup compared to placebo
**P value for interaction



 

Survivals According to EGFR Survivals According to EGFR 
GenotypeGenotype

P value for interaction= 0.97



 

Are Other EGFR Parameters Are Other EGFR Parameters 
Prognostic?Prognostic?

• EGFR protein expression assessed 
by immunohistochemistry (IHC)

• EGFR gene copy number assessed 
by fluorescence in situ 
hybridization (FISH)



 

3.8%
(1.4%, 10.6%)

11.3%
(6.7, 18.9%)

8.9%
(6.6%, 12.0%)

Overall response 
rate(95% C.I.)

427731All pts

0.1

P value

80141IHC -

106184IHC +

No. evaluable 
for response

No. of 
pts

* Assessed by RECIST

Response* to Erlotinib Therapy Response* to Erlotinib Therapy 
for Patients with EGFR IHCfor Patients with EGFR IHC



 

Survival According to EGFR           Survival According to EGFR           
Protein ExpressionProtein Expression

P value for interaction = 0.25



 

20%
(9.4%, 40.7%)

2.4%
(0.6%, 12.9%)

Overall response 
rate(95% C.I.)

0.03

P value

2556High 
copy

4169Low 
copy

No. evaluable 
for response

No. of 
pts

* Assessed by RECIST

Response* to Erlotinib Therapy for Response* to Erlotinib Therapy for 
Patients with EGFR FISH ResultsPatients with EGFR FISH Results



 

Survival according to EGFR Survival according to EGFR 
gene copy numbergene copy number

P value for interaction = 0.10



 

ConclusionsConclusions
• Response rate to EGFR1 inhibitors was higher in patients with 

mutations, IHC+ tumors & high gene copy number.
• Mutations better predict response than survival benefit (10-

fold higher sensitivity of EGFR1 mutated tumors to EGFR1 
inhibitors). 

• Mutations better predict response to gefitinib (dose?).
• EGFR1 copy numbers with/without IHC predict response and 

possible survival benefit for both gefitinib and erlotinib. 
• K-ras mutations are negative predictors for response (exon 

12). 
• EGFR1 mutations are unique for NSCLC.
• Prediction of therapeutic benefit for EGFR1 inhibitors in 

NSCLC is comparable to trastuzumab in metastatis breast 
cancer. 

• EGFR1 amplification predicts also response to cetuximab 
(ASCO2005). 




