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Predictive and Prognostic Factors 

A prognostic factor is a baseline 
patient or tumour characteristic 
that identifies a better outcome 
regardless of treatment 

A predictive factor is a baseline 
patient or tumour characteristic 
that identifies a better outcome 
from treatment (response or 
survival) 



Differential Treatment Response 

Saying that a treatment “works” differently 
in a particular subgroup is, in statistical 
terms, saying there is treatment by 
subgroup “interaction”  

Quantitative interaction:  the relative 
treatment effect is in the same direction, 
but of different magnitude in the 2 groups  

Qualitative interaction:  the relative 
treatment effect is in opposite directions in 
the 2 groups  

 

 



Potential Predictors of 

Response to EGFR Inhibitors 

EGFR Protein               Proteomics 

EGFR Copy Number          Plasma Ligands 

EGFR Mutations       E-cad, Vimentin  

KRAS Mutations                               SNPs 

EGFR Resistance Mutations         MET 



EGFR Copy Number                         

The Placebo-Controlled 

Trials 

 

BR.21 

ISEL 

SATURN 

 



               Interaction: p =0.04 Qualitative 

ISEL Trial: Overall Survival by 

EGFR Gene Copy Number 
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BR.21: Overall Survival According to                           

Updated EGFR Copy Number 

EGFR FISH Low Copy 
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Interaction P value = 0.12 

Significant in multivariate analysis Quantitative 

P=0.35 

Hazard ratio, 0.80 

(95% CI, 0.49-1.29) 

P=0.004 

Hazard ratio, 0.43 

(95% CI, 0.23-0.78) 

Zhu et al. J Clin Oncol, 2008 



SATURN: PFS According to             

EGFR Copy Number 

Brugger et al. Proc ASCO, 2009 

No significant interaction, but only quantitative difference 



EGFR Copy Number 

Chemotherapy Trials 

INTEREST 

IPASS 



INTEREST: PFS by EGFR COPY 
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HR (95% CI) = 1.30  (0.93, 1.83) p=0.1229 HR (95% CI) = 0.84  (0.59, 1.19) p=0.3343 

Douillard et al. J Clin Oncol, 2010 

OS HR 1.09 (0.78 to 1.51)  p =0.62 OS HR 0.93 ( 0.68 to 1.26)  p = 0.64 

Interaction p-values ns 

Qualitative 



IPASS: PFS by EGFR COPY 

High EGFR-gene-copy number Low EGFR-gene-copy number 

Treatment by EGFR-gene-copy interaction p=0.044   

Qualitative interaction 

 

HR = 0.66 (0.50, 0.88)  

 

p=0.0050 

 

Gefitinib (n=124) 

Carboplatin/paclitaxel (n=125) 

 

 

 

HR = 1.24 (0.87, 1.76) 

 

 p=0.2368 

 
 

Gefitinib (n=81) 

Carboplatin/paclitaxel (n=76) 
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The Big Question 

Why do patients who almost never have 

mutations derive a survival benefit from 

EGFR TKIs (compared to no therapy)? 

 Is it due to high EGFR copy number? 



HR (95% CI) = 3.85 (2.09, 7.09)  

No. events gefitinib, 26 (100%) 

No. events C/P, 24 (82.8%) 

Gefitinib (n=26) 

C/P (n=29) 

ISEL PFS by EGFR Mutation Status 

For FISH Positive Patients 

FISH+ and M+ 
FISH+ and M- 

Time from randomization (months) 

HR (95% CI) = 0.48 (0.34, 0.67)  

No. events gefitinib, 70 (72.9%) 

No. events C/P, 79 (84.0%) 

Gefitinib (n=96) 

C/P (n=94) 
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HR<1 implies a lower risk of progression on gefitinib 
Mok et al. Proc IASLC, 2009 



Learning Points 

When comparing EGFR TKI to placebo, 

EGFR Copy is a significant predictor of 

outcome. 

 It may also be a predictor of PFS benefit 

in trials comparing EGFR TKI to 

chemotherapy 

Cross-over confounds OS analyses in 

all recent studies 



Summary 

Although perhaps more powerful than 
EGFR protein expression, EGFR copy 
number cannot be recommended as  

selection tool for EGFR inhibitor therapy 



EGFR Mutations                           

The Strongest Predictors 

   



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 

 

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 



Characteristics of NSCLC patients 

harbouring EGFR gene mutations 

Females 

Adenocarcinoma 

Asian 

Non-smokers 



Eberhard et al  

Marks et al.  

Sasaki et al  

Kosaka et al 

EGFR Mutations Are Prognostic 



EGFR Mutations                            

The Placebo-Controlled 

Trials  

BR.21 

ISEL 

SATURN 

 



BR.21 Updated Overall Survival 

According to EGFR Mutation Status 

P=0.12 

Hazard ratio, 0.55 

(95% CI, 0.25-1.19) 

P=0.09 

Hazard ratio, 0.74 

(95% CI, 0.52-1.05) 

Interaction P value = 0.47 

Quantitative not qualitative interaction     
Zhu et al. J Clin Oncol, 2008 

 HR 0.55, p=0.12 HR 0.74, p=0.09 



HR=0.10 (0.04–0.25) 
Log-rank p<0.0001 

SATURN: PFS in                                            

EGFR Mutation +ve Tumors* 
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*60% censored 
Cappuzzo  et al. Proc ASCO, 2009 



SATURN Overall Survival Subgroup 

Analyses for EGFR IHC & EGFR Mutations 

All 

 

EGFR IHC+ 

EGFR IHC- 

 

*EGFR mutation+ 

 EGFR wild-type 

0.4 0.6 0.8 1.0 1.2 

Favours 

erlotinib 

Favours 

placebo 
HR 

1.6 1.4 1.8 2.0 

 HR (95% CI) n 

 0.81 (0.70–0.95) 889 

  

  0.77 (0.64–0.93) 621 

 0.91 (0.59–1.38) 121 

 

 0.83 (0.34–2.02)   49 

 0.77 (0.61–0.97) 388 

* 67% of patients with EGFR mutation+ disease in the 

placebo arm received a second-line EGFR TKI Cappuzzo et al. Proc IASLC, 2009 



SATURN: PFS in                                   

EGFR Wild-Type Tumors 
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Cappuzzo  et al. Proc ASCO, 2009 



SATURN Overall Survival in Patients 

With EGFR Wild-Type Tumours 

 0 3 6 9 12 15 18 21 24 27 30 33 36 

1.0 

0.8 

0.6 

0.4 

0.2 

0 

Time (months) 

O
S

 p
ro

b
a

b
il

it
y
  

Erlotinib (wild-type) n=199 

Placebo (wild-type) n=189 

HR=0.77 (0.61–0.97) 
Log-rank p=0.0243 

10.2 11.3 

Cappuzzo et al. Proc IASLC, 2009 



Learning Points 

When a targeted therapy is available on 

the market, cross-over will confound 

survival results. 

The true effect can, therefore only be 

assessed with PFS as the end-point. 



EGFR Mutation 

Chemotherapy Trials 

INTEREST                            

IPASS                                     

First-SIGNAL 



INTEREST: PFS by                                  

EGFR Mutation Status 

EGFR mutation positive 

Cox analysis with covariates 
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HR = 1.24 (0.94, 1.64) p = 0.135 

Median PFS (mo): gefitinib 1.7, docetaxel 2.6 

HR = 0.16 (0.05, 0.49) p = 0.0012 

Median PFS (mo): gefitinib 7.0, docetaxel 4.1 

Douillard et al. J Clin Oncol, J Clin Oncol, 2010 



INTEREST: Overall Survival by                                  

EGFR Mutation Status 

EGFR mutation positive 

EGFR mutation status by treatment interaction p-value 0.5885 
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Cox analysis without covariates 

HR  = 1.02 (0.78, 1.33) p = 0.9131 

Median survival (mo): gefitinib 6.4, docetaxel 6.0 

HR = 0.83 (0.41, 1.67) p = 0.6043 

Median survival (mo): gefitinib 14.2, docetaxel 16.6 

Douillard et al. J Clin Oncol, in press, 2009 



IPASS: Progression-Free Survival in EGFR 

Mutation Positive and Negative Patients 
EGFR mutation positive EGFR mutation negative 

Treatment by subgroup interaction test, p<0.0001 

Qualitative interaction 

HR = 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) 

 

HR  = 2.85 (2.05, 3.98) 
 p<0.0001 

No. events gefitinib , 88 (96.7%) 

No. events C / P, 70 (82.4%) 
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Fukuoka et al. Proc ASCO, 2009 



First-SIGNAL: PFS by EGFR 

Mutation Status  

EGFR mutation Positive  

Gefitinib  vs.  GP 
EGFR mutation Negative  

Gefitinib  vs.  GP 

Gefitinib GP  

N 

Event  

26 

25 (96%) 

16 

14 (88%) 

Median  8.4 m 6.7 m 

HR= 0.613 (0.308, 1.221)     

P=0.084 

  

Gefitinib GP  

N 

Event  

27 

27 (100%) 

27 

27 (100%) 

Median 2.1 m 6.4 m 

  HR = 1.517 (0.880, 2.615)      
   P=0.071  

Lee et al. Proc IASLC WCLC, 2009 



IPASS - Overall Survival by EGFR 

Mutation Status 
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HR = 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 = 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 

 



First-SIGNAL:  

OS by EGFR Mutation Status 

Gefitinib GP  

N 

Event  

26 

16 (62%) 

16 

9 (56%) 

Median 30.6 m 26.5 m 

HR= 0.823 (0.352, 1.922) 

P= 0.648 (by log rank test) 

 

Gefitinib GP  

N 

Event  

27 

14 (52%) 

27 

14 (52%) 

Median 18.4 m 23.3 m 

HR= 1.199 (0.5700, 2.521) 

P= 0.632 (by log rank test) 

 

EGFR mutation Positive  

Gefitinib  vs.  GP 

EGFR mutation Negative  

Gefitinib  vs.  GP 

Lee et al. Proc IASLC WCLC, 2009 



My Interpretation 

For first-line treatment, I do NOT think 

we should be selecting patients for 

EGFR therapy based on clinical 

characteristics 

OS (immature) IPASS HR 1.38 

OS First-SIGNAL HR 1.2 

We should NOT be willing to accept a 

20+% increase in the risk of death 



Predictors of                                   

Lack Of Response                                   

to  

EGFR Inhibitors 

  Dr. Janne will present this topic 



ARQ 197-209: Erlotinib +/- ARQ 197  

 Randomized, Placebo-controlled, Double-blind 
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Erlotinib 150 mg PO QD 

+ Placebo 

28-day cycle 

Erlotinib 150 mg PO QD 

+ ARQ 197 360 mg PO BID  

28-day cycle 

Endpoints                     

• 1° PFS 

• 2° ORR, OS 

• Subset analyses 

• Crossover: ORR 

NSCLC 
• Inoperable locally 

adv/ metastatic dz. 

• ≥1 prior chemo  

(no prior EGFR TKI) 

• 33 sites in 6 countries 

 

• Study accrual over 11 months (10/08-9/09)  

 

• Randomization stratified by prognostic factors 

incl. sex, age, smoking, histology, performance 

status, prior therapy and best response, and 

geography (U.S. vs. ex-U.S.) 

Schiller 

PD 



ARQ 197-209: Overall Survival  

 

 Schiller et al. Proc ASCO, 2010 

• HR=0.88 (95% CI: 0.60, 1.3); p=0.50 

• Adjusted HR=0.88 (95% CI: 0.6, 1.3); p=0.52* 

Erlotinib + ARQ 197: 36.6 wks 

(n=84) 

Erlotinib + Placebo: 29.4 wks 

(n=83) 
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* Cox regression model 



5.0 2.0 

ARQ 197-209: PFS in Histologic 

and Molecular Subgroups 

38 

ARQ197/erlotinib Placebo/erlotinib 

 

Unadjusted HR (95% CI) N Median PFS (95% CI, weeks)  

Squamous Cell 26 / 24 13.7 (8.0‒18.1) 8.4 (7.9‒21.0) 

Non-Squamous Cell 58 / 59 18.9 (15.0‒31.1) 9.7 (8.0‒16.0) 

c-MET FISH >4 19 / 18 15.4 (8.1‒24.4) 15.3 (7.1‒16.3) 

c-MET FISH >5 8 / 11 24.1 (16.3‒NE) 15.6 (7.9‒31.4) 

EGFR mutant 6 / 11 24.1 (8.0‒32.1) 21.0 (8.1‒36.0) 

EGFR wt 51 / 48 13.7 (8.1‒18.1) 8.1 (7.9‒9.9) 

KRAS mutant 10 / 5 9.7 (7.9‒NE) 4.3 (1.1‒8.0) 

KRAS wt 49 / 45 15.4 (8.1‒18.1) 9.9 (8.0‒16.0) 

1.0 0 

Favors  

ARQ 197/Erlotinib 

Favors  

Erlotinib/placebo 

HR=0.70 

HR=0.18 

0.5 1.5 

HR=1.01 

HR=1.23 

HR=0.45 

HR=0.71 

HR=1.05 

HR=0.71 

Schiller et al. Proc ASCO, 2010 



5.0 2.0 

ARQ 197-209: PFS in Histologic 

and Molecular Subgroups 

39 

ARQ197/erlotinib Placebo/erlotinib 

 

Unadjusted HR (95% CI) N Median PFS (95% CI, weeks)  

Squamous Cell 26 / 24 13.7 (8.0‒18.1) 8.4 (7.9‒21.0) 

Non-Squamous Cell 58 / 59 18.9 (15.0‒31.1) 9.7 (8.0‒16.0) 

c-MET FISH >4 19 / 18 15.4 (8.1‒24.4) 15.3 (7.1‒16.3) 

c-MET FISH >5 8 / 11 24.1 (16.3‒NE) 15.6 (7.9‒31.4) 

EGFR mutant 6 / 11 24.1 (8.0‒32.1) 21.0 (8.1‒36.0) 

EGFR wt 51 / 48 13.7 (8.1‒18.1) 8.1 (7.9‒9.9) 

KRAS mutant 10 / 5 9.7 (7.9‒NE) 4.3 (1.1‒8.0) 

KRAS wt 49 / 45 15.4 (8.1‒18.1) 9.9 (8.0‒16.0) 

1.0 0 

Favors  

ARQ 197/Erlotinib 

Favors  

Erlotinib/placebo 

HR=0.70 

HR=0.18 

0.5 1.5 

HR=1.01 

HR=1.23 

HR=0.45 

HR=0.71 

HR=1.05 

HR=0.71 

Schiller et al. Proc ASCO, 2010 

25% 

15% 

<20% 



The Holy Grail 

A Predictive Blood Test 

 

Proteomics (VeristratTM) 

Circulating Ligands 

Mutation Analysis in Peripheral Blood 



 

 

Proteomic Profile* in Patients 

Treated with Gefitinib 

Taguchi et al. J Natl Cancer Inst, 2007 

P = 0.0128 

      Italian Cohort                 Japanese Cohort 

*Veristrat TM 



Proteomic Profile Predictive or Prognostic? 
NSCLC patients treated with second-line chemotherapy (no EGFR TKI) 

(Vienna Ludovini, Vanesa Gregorc) 

n = 32 patients 



 

 

 

 

Median OS  95% CI 

 Good 10.5 m 9.1 – 11.4 

Poor 4.0 m 2.5 – 5.2 

Hazard ratio =  0.37 (0.28 – 0.48) 

P = < 0.0001 

Median OS  95% CI 

Good 6.6 m 4.4 – 8.2 

Poor 3.1 m 2.2 – 3.7 

Hazard ratio =  0.44 (0.31 – 0.63) 

P = < 0.0001 

…… proteomics Good 

    ___ proteomics Poor 

OS:  Patients on Placebo N=144   
 

……  proteomics Good 

    ___  proteomics Poor 

OS:  Patients on Erlotinib N=292 
 

Carbone et al. Proc IASLC/ESMO, Geneva, 2010 



 

 

 

 

Median OS  95% CI 

Erlotinib 10.5 m 9.1 – 11.4 

Placebo 6.6 m 4.4 – 8.2 

Hazard ratio =  0.63 (0.47 – 0.85) 

P = 0.002 

Median OS 95% CI 

Erlotinib 4.0 m 2.5 – 5.2 

Placebo 3.1 m 2.2 – 3.7 

Hazard ratio =  0.77 (0.55 – 1.06) 

P =  0.107 

…….  erlotinib 
  ___   placebo 

…….  erlotinib 

  ___   placebo 

OS:  Proteomics Signature Poor 
N=170 

OS:  Proteomics Signature Good 
N=266 

Interaction p value = 0.48           Carbone et al. Proc IASLC/ESMO, Geneva, 2010 

 



Good (%) Poor (%) Total 

PD 76 (41.5%) 80 (73.4%) 156 

SD 89 (48.6%) 28 (25.7%) 117 

PR/CR 18 (9.8%) 1 (0.9%) 19 

DCR 107 (58.5%) 29 (26.6%) 136 

Total 183 109 292 

ORR P = 0.002, DCR P = 0.0001 

Carbone et al. Proc IASLC/ESMO, Geneva, 2010 



Learning Points 

Predictive marker studies must 

have proper control arms!!!! 

Single arm studies can only demonstrate 

predictors of response, not PFS or OS 

The proteomic signature was predictive of 

ORR in the treated arm in BR.21. 

 

 



Learning Points (2) 

 The proteomic signature does not identify a 

patient population that derives a differentially 

greater survival benefit from EGFR TKI therapy.  

 Both groups benefit, and the difference in relative 

benefit is not significant (HRs 0.63 and 0.77) 

 The absolute magnitude of the survival benefit 

was greater (4 vs 1 mo median) in the “proteomic 

good” cohort, but this was driven by the 

favourable prognostic features of that cohort 

 



Circulating Ligands 

                   TGF-α  

             Amphiregulin 



Prognostic Significance of 

Amphiregulin and TGF- a in BR.21 

           Amphiregulin  
OS: HR 1.88  (CI 1.34-2.64)  

Log rank p=0.0002 
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                  TGF - a  
OS: HR 0.93  (CI 0.61-1.42)  

Log rank p=0.74 

Prognostic 



Predictive Significance of 

Amphiregulin in BR.21 
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Log rank p=0.0004 

High (≥10) amphiregulin  
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Predictive Significance of            

TGF- a in BR.21 

24 
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Significant qualitative Interaction (p= 0.04) 



Is Rash Good, Bad or Just Ugly? 

   GOOD??              BAD??                 UGLY?? 



Correlation of Rash with Outcome 

Lung: Wacker Clin Cancer Res, 2007 

Pancreas: Moore JCO, 2007                 

Head & neck: Perez-Soler JCO, 2005 

  Lung 

Head & Neck 

Pancreas 

http://clincancerres.aacrjournals.org/content/13/13/3913/F1.large.jpg
http://jco.ascopubs.org/content/vol23/issue22/images/large/zlj0220524170004.jpeg
http://jco.ascopubs.org/content/vol25/issue15/images/large/zlj0150759650003.jpeg


Winston Churchill 

To what was 

Winston Churchill 

referring when he 

used the phrase                      

“A Riddle, 

Wrapped in a 

Mystery, Inside 

an Enigma”?? 

http://upload.wikimedia.org/wikipedia/commons/3/35/Churchill_portrait_NYP_45063.jpg


Winston Churchill 

To what was 

Winston Churchill 

referring when he 

used the phrase                      

“A Riddle, 

Wrapped in a 

Mystery, Inside an 

Enigma”?? 

Russia 


