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Examples of Recent 

Development with Biomarkers 

ÅEGFR Inhibitors 

ÅIGFR Inhibitors 

ÅALK Inhibitors 



Normal Dysplasia with ASD 

Dysplasia without ASD Non-small cell carcinoma 

EGFR in Lung Carcinogenesis 



NSCLC RESPONDS to ZD1839 

& OSI-774 in Phase I & II Studies 

Therapy No. Pts. No. Resp(%) Duration 

Phase I 
ZD1839* 
 

99 10 (9.9%) 3-16+ 
5>10mo. 

Phase II 

OSI-774# 

56 6 (11%) 2-8+ 

    

 
 

Some responses were dramatic and lasted for a long time. 

These observations lead to huge enthusiasm and randomized 

phase III trials in combination with chemotherapy that were 

empirically based with no phase II data.  
 



Copyright © American Society of Clinical Oncology

Herbst, R. S. et al. J Clin Oncol; 23:5892-5899 2005 

Tribute Randomized Trial of 

Carbo/Taxol+/- Erlotinib 

No difference in survival was observed in this or 3 other large randomized trials 
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Positions of Mutations Detected in EGFR 
Tyrosine Kinase Domain in NSCLC 

747-750 

Activation  

loop 

L858 

G719 

TM K DFG Y Y Y Y 

Autophosphorylation Tyrosine kinase EGF ligand binding 

K R H DFG GXGXXG L L Y 

718 745 776 835 858 861 869 964 

18 19 20 21 22 23 24 

757-750 

Exon: 

Paez: 

Lynch: 

Pao: 

Tumor with point mutation (amino acid substitution) 

Tumor with in-frame deletion 

EGF = endothelial growth factor; TM = transmembrane.  

Adapted from: Pao et al. Proc Natl Acad Sci U S A. 2004;101:13306;  

Lynch et al. N Engl J Med. 2004;350:2129; Paez et al. Science. 2004;304:1497.   

719 858 



Preclinical Development 

ÅTest  a panel of lung cancer cell lines 

exposed to a new agent in varying 

concentrations to determine relationship 

between expression/activation of ligand 

and receptor and sensitivity. 

ÅTest activation by copy number, mutation, 

down stream activation markers. 

ÅExploratory analyses of gene expression 

signatures. 



EGFR TKI Cytotoxicity 
Investigators: Witta, Chan, Bunn, 

Geraci, Coldren, Minna 

 CCR 2005, Proc  

ASCO 2005 

Sensitive Resistant 

Resistant 

 

Sensitive 

 

Resistant 

 



EGFR TKI Cytotoxicity 
Investigators: Witta, Chan, Bunn, 

Geraci, Coldren, Minna 

References: CCR 2005, Proc  

ASCO 2005 
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Sensitive 



Gefitinib IC50 vs EGFR Gene Copy, 

Protein Expression & Mutation 

0.001

0.01

0.1

1

10

100

0 10 20 30 40 50

Median Fl Intensity

G
e
fi

ti
n

ib
 I
C

5
0
, 
u

M

Spearman CC: r=-0.21, p=0.92 

0.001

0.01

0.1

1

10

100

0 10 20 30 40 50

EGFR Gene Copy Number

G
e
f
it

in
ib

 I
C

5
0
, 
u

M

Spearman 

CC:r=-0.64, 

p=0.001 

0.001

0.01

0.1

1

10

100

G
ef

it
in

ib
 IC

50
, u

M

Wilcox Rank Sum Test p=0.057 

WT 

Exon 

19del          
Exon 

21 Exon 20  



Gandhi et al. PLoS ONE 2009 

EGFR TKI sensitivity in NSCLC cell lines  

correlates with mutational status 

 



Examples of Recent 

Development with Biomarkers 

ÅTest new agent and biomarker by 

randomization of marker positive 

and negative groups to new agent 

or standard therapy. 



IPASS Study: Prospective Clinical 

Selection/Retrospective Molecular Selection 

Gefitinib 

(250 mg / day) 

Carboplatin  

(AUC 5 or 6) / 

paclitaxel  

(200 mg / m2)  

3 weekly# 

1:1 randomisation  

          

 

 

Patients 
ÅChemonaïve 

ÅAge Ó18 years  

ÅAdenocarcinoma 
histology 

ÅNever or light ex-
smokers* 

ÅLife expectancy 
Ó12 weeks 

ÅPS 0-2 

ÅMeasurable stage IIIB / 
IV disease 

Primary 
Å Progression-free survival   (non-

inferiority) 

 

Secondary 
Å Objective response rate 

Å Overall survival  

Å Quality of life 

Å Disease-related symptoms  

Å Safety and tolerability 

 

 

Exploratory 
Å Biomarkers 

Å EGFR mutation 

Å EGFR-gene-copy number 

Å EGFR protein expression 

Å  

Endpoints 



Objective response rate in EGFR mutation  

positive and negative patients 

Gefitinib  

Carboplatin / paclitaxel 

 

EGFR M+ odds ratio (95% CI) = 2.75 

(1.65, 4.60), p=0.0001  

 

EGFR M- odds ratio (95% CI) = 0.04 

(0.01, 0.27), p=0.0013  

 

Overall 

response 

rate (%) 

(n=132) (n=129) (n=91) (n=85) 

Odds ratio >1 implies greater chance of response on gefitinib 

71.2% 

47.3% 

1.1% 

23.5% 



Comparison of PFS by mutation status  

within treatment arms 

Gefitinib, HR=0.19,  

95% CI 0.13, 0.26, p<0.0001 

No. events M+ = 97 (73.5%) 

No. events M- = 88 (96.7%) 

Carboplatin / paclitaxel, HR=0.78,  

95% CI 0.57, 1.06, p=0.1103 

No. events M+ = 111 (86.0%) 

No. events M- = 70 (82.4%) 
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Time from randomisation (months) 
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of PFS 

Gefitinib EGFR M+ (n=132) 

Gefitinib EGFR M- (n=91) 

Carboplatin / paclitaxel EGFR M+ (n=129) 

Carboplatin / paclitaxel EGFR M- (n=85) 

 

Treatment by subgroup interaction test, p<0.0001 



Quality of life and symptom improvement 

rates (EFQ population) 

p=0.0148 p<0.0001   p=0.3037 

 
EFQ, evaluable for quality of life; FACT-L, Functional Assessment of Cancer Therapy-Lung;  

TOI, Trial Outcome Index; LCS, Lung Cancer Subscale 

% patients with 

sustained 

clinically 

relevant 

improvement 

p-values from logistic regression with covariates 

Clinically relevant improvement pre-defined as 6-point improvement for FACT-L and TOI; 2-point improvement for LCS, 

maintained for at least 21 days  



IPASS - Overall Survival by EGFR 

Mutation Status 
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0 1 15 38 67 105 123 129 C / P 
0 0 5 13 25 44 69 91 
0 0 4 9 24 55 75 85 

HR (95% CI) = 0.78 (0.50, 1.20)  

No. events gefitinib,  38 (28.8%) 

No. events C / P,  43 (33.3%) 

Gefitinib (n=132) 

Carboplatin / paclitaxel (n=129) 

 

HR (95% CI) = 1.38 (0.92, 2.09) 

No. events gefitinib, 52 (57.1%) 

No. events C / P, 42 (49.4%) 
 

Gefitinib (n=91) 

Carboplatin / paclitaxel (n=85) 

 

EGFR mutation positive EGFR mutation negative 

Cox analysis with covariates 

HR <1 implies a lower risk of death on gefitinib  

ITT population 

Post-hoc analysis of overall survival by EGFR mutation status  

 

Fukuoka et al. Proc ASCO, 2009 

 



Gefitinib vs Carbo/Taxol in NEJSG Trial  
PFS and Overall Survival  

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



Carboplatin + 

paclitaxel d1 

for 4 cycles; 

erlotinib 150mg/d, 

d2-15 

N=71 

Phase 2 Study of Erlotinib vs 

intercalated erlotinib and CT in 1st Line 

        >80% of cases had EGFR 
testing completed within 
5 working days 

erlotinib 

150 mg/d 

N=72 

erlotinib 

150 mg/d 
PD 

PD 

Chemo naïve 

advanced NSCLC 

ECOG PS 0 - 2 

no prior EGFR inhibitor 

EGFR IHC/FISH+ 

N=143 

R
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O
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Z
E 

Stratification 

# of positive EGFR tests 

Performance status (0/1 v 2) 

Extent of disease (IIIB v IV) 

Smoking status (current v former v never) 

Do IPASS results hold for  
other clinical features & 
Erlotinib? 



Efficacy by EGFR Mutation 



Preclinical Development 

ÅTest  a panel of lung cancer cell lines with 

a variety of concentrations to determine 

relationship between expression/activation 

of ligand and receptor and sensitivity. 

ÅTest activation by copy number, mutation, 

down stream activation markers. 

ÅExploratory analyses of gene 

expression signatures. 



Resistant vs Sensitive NSCLC cell lines 

Red spots: HG U133A data from  

John Minna (UTSW) 

Green spots: Our resistant cell lines  

Blue spots: Our sensitive cell lines 

 

Resistant Sensitive 
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Survival of NSCLC Patients According to 

E-Cadherin Expression 

Bremnes et al., JCO 20, 2002 

Tissue 

Microarray; 

Path core 

NSCLC Patient Survival 

CIC & Informatics Cores 

E-cad ++ 

E-cad- 

E-cad+ 

Tissue Bank/Biomarker Core 



Resistant vs Sensitive NSCLC cell lines 

Resistant Sensitive 

Witta S, et al Can 

Res, 2006 



FGF2 expression in NSCLC cells lines 



FGFR1 and FGFR2 mRNA expression in NSCLC cell lines 



Inhibition of basal ERK phosphorylation by 

TKIs in NSCLC cell lines 

pERK 

ERK1 

ERK2 

0 .03 .1 .3 1 3 

HCC4006 H322c H226 H1703 
0 .03 .1 .3 1 3 0 .03 .1 .3 1 3 0 .03 .1 .3 1 3 

0 .03 0.1 0.3 1 Gefitinib, mM 

pERK 

ERK1 

ERK2 

0 .03 0.1 0.3 1 0 .03 0.1 0.3 1 0 .03 0.1 0.3 1 

RO4383596, mM 


