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Statistical QI 
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Only 6 

How many groups do I need 
to divide my dataset into 
before being odds-on of 

showing an effect reversal? 

Senn, Statistical Issues in drug development  

If the treatment effect is identical per 
group and equal to the hypothesised 

treatment effect H1.  Oh, and 
assuming equal n per group & trial 

has 80% power 



Assuming 50% were male 

Byar, SIM, 1985, 255-63 

Statistical QI 
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If instead of powering for a 10 unit 
treatment effect , I powered for 10 unit 

difference in treatment effect between males 
and females, how much bigger is the trial? 
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Subgroups – what we can be certain 
of! 
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I told you so! 

Oh I didn’t tell 
anyone 

beforehand 



We have a serious false+ve problem 

But why would all patients have the same 
benefit and risk ?? 
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We also have a serious false-ve problem 



How best to learn 
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A common oversight 
Importance of trial design  - predictive vs. prognostic 
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Prognostic Biomarker identified 



A good design  -  
olaparib 2nd line gastric cancer  

 

Screening 
Determine 
ATM status 

ATM-positive  
( n=60) 

Randomise 
1:1 

Olaparib/ 
Paclitaxel 

Placebo/  
Paclitaxel 

ATM-negative 
(n=60) 

Randomise 
1:1 

Olaparib/  
Paclitaxel 

Placebo/  
Paclitaxel 

Recruitment to ATM positive arm was closed once 60 ATM positive patients had been randomised. 
  

J Clin Oncol 31, 2013 (suppl; abstr 4013) 



Interpreting the unexpected in Phase II 
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Is this real?? Taurus star sign! 



*Simon, SIM 2002 2909-16.   
Related non-bayesian approach by Senn in Chapter 9 Statistical Issues in Drug Development  

Creating a structured approach to interpretation 

• Pre-specify how likely there is to be a treatment-by-subgroup interaction 
of given size 
 

•  Use a bayesian approach to quantify likely over-estimation of effect* 

 
• Extends following basic result for normal data 

– Prior ~ N(µ,τ2) , Likelihood ~ N(δ,σ2)  - in this case µ = 0 
and τ2 is pre-specified. 

– Posterior  
• mean = (σ2/{σ2+τ2}).µ  +  (τ2/{τ2+σ2}). δ 
• Variance = τ2σ2/{σ2+τ2} 

 

Incorporating strength of prior evidence 

10 



An example – strength of belief reflected in results 

Pre-specify chance of interaction 

 

• Do not interpret literally but use to give a guide of likely effect shrinkage 
– Based on conversation had prior to unblinding 

 

2.5% probability of interaction* 
Female bayes = 0.67Female + 0.33male    
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* Probability HRfem/HRmale =0.67  

60% probability of interaction* 
Female bayes = 0.96Female + 0.04male    
 



Confirming benefit 

Normally uncertainty left 

12 



Best to spread bets – vandetanib NSCLC 
Gender-by-trt interaction replicated in PII 

No clear scientific rationale 

Trial 006 

Trial 007 

PIII interaction disappears but α reserved for overall test 

J Clin Oncol 25:4270-4277. 2007 
J Clin Oncol 26:5407-5415. 2008 

Lancet Oncol 11:619-626 2010 



One pivotal trial to define subgroup population 
for the other 
  Hypothesised from prior PII data 
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20xx 20xx 20xx 
1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 

PIII Study1 

PIII Study2 

Amend SAP and alpha spending  
in Study2 if evidence  

of predictive subgroup 
 from Study 1 



Learn and confirm? 
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Subgroups 
explored amongst 

first n1 patients 
followed to T 

All patients and follow-up 
included in overall test 

at α1 

Adaptive signature design 
Learn and confirm within the same design 
 

16 

n1 

n1+n2 

time T 

Freidlin & Simon, Clin Cancer Res 2005;11(21) 2005 

Subgroup hypotheses 
tested amongst n2 patients 

at α2 
 
 

α1+ α2 = α 
 



Adaptive sub-population design 
Pre-defined hypothesis available 

Flexibly define Stage 2 popn = overall, subgroup or both - or stop for futility 

17 
Jenkins M, Stone A, Jennison C. Pharm. Statistics 2011 4 347-356 
 



Re-learning 

The licensing decision 

18 



What happens in the licensing decision 

Therefore do not need to be absolutely perfect in definition of 
subgroup in PII or use to-be-marketed diagnostic (samples 
stored) 
 

 Need to do well enough to increase the chance of +ve trial 
and data will determine indication 19 

Indication is data driven, in context of +ve trial, and popn may not match either 
pre-defined popn 

Further subgroup analyses performed 

Conclude there is a group of patients where the drug is active 

Is the trial +ve – in either full or subgroup?  
Yes 



Science, replication and pre-specification 
Olaparib BRCA+ve ovarian cancer 
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Study 41 Study 19 

Interaction p=0.03 Interaction p=0.01 

The Lancet Oncology , Volume 15 , Issue 8 , 852 – 861, 2014 
The Lancet Oncology , Volume 16 , Issue 1 , 87 – 97, 2015 
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/OncologicDrugsAdvisoryCommittee/UCM402209.pdf 



Gefitinib case study 
Biomarker emerges during clinical 

development. 
Eventual approval in locally-advanced or 

metastatic NSCLC patients with 
activating mutations of EGFR-TK 



Phase II efficacy in all-comers NSCLC  
Efficacy 
parameter 
(95% CI) 

IDEAL 1 
(RoW) 
250 mg 
n=103 

IDEAL 1 
(RoW) 
500 mg 
n=105 

IDEAL 2 
(US) 

250 mg 
n=102 

IDEAL 2 
(US) 

500 mg 
n=114 

ORR (%) 18.4 
(11.5-27.3) 

19.0 
(12.1-27.9) 

11.8 
(6.2-19.7) 

8.8 
(4.3-15.5) 

Disease control rate 
(%) 

54.4 
(44.3-64.2) 

51.4 
(41.5-61.3) 

42.2 
(32.4 –52.3) 

36.0 
(27.2-45.5) 

PFS (months) 2.7 
(2.0-2.8) 

2.8 
(1.9-3.8) 

1.9 
(1.8-2.8) 

2.0 
(1.6-2.2) 

Median OS (months) 7.6 
(5.3-10.1) 

8.0 
(6.7-9.9) 

6.5 
(4.8-8.0) 

5.9 
(4.6-7.2) 

1-year survival 
(%) 

35 
(25-44) 

29 
(20-38) 

29  
(19-38) 

24  
(14-34) 

CI, confidence interval; RoW, rest of world;  
PFS, progression-free survival; ORR, objective response rate                        
OS, overall survival 

Fukuoka M et al. J Clin Oncol 2003; 21: 2237-2246. 
Kris MG et al. JAMA 2003; 290: 2149-2158. 



All comers, chemo combination: 
 PIII no survival benefit  

Proportion 
surviving 

0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

Survival time (months) 
0 8 20 24 16 12 4 

642 11 1536 464 898 1093 At risk: 

 500 mg/day 
 250 mg/day 
Placebo Placebo 

500 mg 
9.9 
0.43 

 
 
 

250 mg 
9.9 
0.41 

 

Placebo 
Median survival (months) 
1-year survival rate 
 
Global ordered log-rank; p=0.4560 

10.9 
0.44 

J Clin Oncol  2004; 22: 777-784 
Similar result shown in 2nd PIII  J Clin Oncol  2004; 22:  785-794 



All comers, monotherapy (ISEL):  
primary analysis of survival data p>0.05 

0 2 4 6 8 10 12 14 16 

Time (months) 

Patients at risk:  1692 1347 877 485 252 104 31 

 
Median, months 
1-year survival, % 
Log-rank HR 0.89; 95% CI 0.77, 1.02; p=0.087 
Cox analysis, p=0.030   

Gefitinib 
5.6 
27 

Placebo 
5.1 
21 

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 Proportion 
surviving 

Gefitinib 
Placebo 

Median follow-up: 7 months (range 3-15); 58% deaths 

Lancet 2005; 366: 1527-1537 HR, hazard ratio 



Intriguing findings emerged for certain 
patient characteristics 

Gefitinib 
Placebo 

Pr
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0 2 4 6 8 10 12 14 16 
0.0 

1.0 

0.8 
0.6 

0.4 
0.2 

0 2 4 6 8 10 12 14 16 

Time (months) 

Never smoked (n=375) Ever smoked (n=1317) 
HR 0.92; 95% CI 0.79, 1.06 

p=0.242 
HR 0.67; 95% CI 0.49, 0.92 

p=0.012 
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0.0 

1.0 

0.8 
0.6 

0.4 
0.2 

0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 

Asian origin (n=342) Non-Asian origin (n=1350) 
HR 0.92; 95% CI 0.80, 1.07  

p=0.294 
HR 0.66; 95% CI 0.48, 0.91 

p=0.010 

Cox regression analysis J Thorac Oncol 2006; 1: 847-855 

Interaction test p=0.047 

Interaction test p=0.043 



2004: the identification of EGFR 
mutations in lung cancers 

Science 2004 

N Engl J Med 2004 



Gene-copy number as a predictor for 
gefitinib sensitivity 



Subsequent analysis by gene-copy 
number 

J Clin Oncol 2006; 24: 5034-5042. 

Time (months) 

0.0 

N=256, Events=157 
Cox HR=1.16 (0.81, 1.64) 

p=0.42  

Low EGFR-gene-copy number 

0.2 

0.4 

0.6 

0.8 

1.0 

0 2 4 6 8 10 12 14 16 

Proportion 
surviving 

Interaction test: p=0.04 
Time (months) 

0.0 

N=114, Events=68 
Cox HR=0.61 (0.36, 1.04) 

p=0.07  

High EGFR-gene-copy number 

0.2 

0.4 

0.6 

0.8 

1.0 

0 2 4 6 8 10 12 14 16 

Gefitinib 
Placebo 

Gefitinib 
Placebo 



Monotherapy selected population  
(Asian, never/light-ex smoker, adeno):  

IPASS study, PFS in ITT population 

609 
453 (74.4%) 

608 
497 (81.7%) 

N 
Events 

HR (95% CI) = 0.741 (0.651, 0.845) p<0.001 

Gefitinib 
 

Primary Cox analysis with covariates 
HR <1 implies a lower risk of progression on gefitinib 
C / P, carboplatin / paclitaxel 

Carboplatin / 
paclitaxel 

C / P 
Gefitinib 

Median PFS (months) 
4 months progression-free 
6 months progression-free 
12 months progression-free 

5.7 
61% 
48% 
25% 

5.8 
74% 
48% 
7% 

609 212 76 24 5 0 
608 118 22 3 1 0 

363 
412 

0 4 8 12 16 20 24 Months 
0.0 

0.2 

0.4 

0.6 

0.8 

1.0 Probability 
of PFS 

Patients at risk: 

N Engl J Med 2009; 361: 947-957 



IPASS: PFS by EGFR mutation  
status – pre-planned 20 analysis 

EGFRM+, HR(gef:chem)=0.48,  
95% CI 0.36, 0.64, 
 
EGFRM-, HR(gef:chem) = 2.85,  
95% CI 2.05, 3.98 
 

0 4 8 12 16 20 24 

Time from randomisation (months) 

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 Probability 
of PFS 

Gefitinib EGFR M+ (n=132) 
Gefitinib EGFR M- (n=91) 
Carboplatin / paclitaxel EGFR M+ (n=129) 
Carboplatin / paclitaxel EGFR M- (n=85) 
 

Primary Cox analysis with covariates 
HR <1 implies a lower risk of progression  
M+, mutation positive; M-, mutation negative 
 
 
 
 

N Engl J Med 2009; 361: 947-957 



Potential biomarkers – hugely correlated 
which one drives efficacy? 

N=329 with known biomarker 
status for all 3 biomarkers 

Negative for all  
3 biomarkers 

 n=31 

High EGFR-gene-
copy number  

n=198  

Positive for 
all 3 

biomarkers 

n=132 

25 
51 

13 

28 

15 
34 

EGFR protein 
expression 

positive  

n=242  

EGFR 
mutation-positive 

n=209  

 Mok et al WCLC 2009 
 

Further analyses, e.g. In gene copy number +ve but EGFR M-ve, showed that 
efficacy driven by EGFRM status  



Replication across studies for EGFR M+ 
– pivotal to licensing decision 

Response Rate PFS: HR (95% CI) 
IPASS n=261 71% v 47% 0.48 (0.36, 0.64) 
INTEREST n=44 42% v 21% 0.16 (0.05, 0.49) 
ISEL n=26 37% v 0% NC too few events 

Eur Respir Rev 2010; 19: 117, 186–196 

N  refer to patients with evaluable sample 



Conclusions 

• Statistician has a key role to play 

– Technical 

– Influence 

 

• Continued area of active research 

 

• So we can better serve patients 

33 



EGFR and gefitinib milestones 
1960s 

Cohen’s discovery of 
epidermal growth factor 
(EGF) in mice in 1962 

pioneers major 
progress in cell 

growth/differentiation 
research.   

1980s 
Mendelsohn 

proposes 
EGFR as 
anticancer 

target 

1983 
First anti-

EGFR 
agents 
(mAbs) 

1990s 
First clinical trial of 
anti-EGFR agent 

(mAb) confirms MOA 

1994 
Discovery of 
new class of 

EGFR-TKIs by 
AstraZeneca 

1997 
First clinical trials 
confirm MOA of 

IRESSA.  First ever 
publication AACR 

1998 
Favourable tolerability 

and unprecedented 
responses in Phase I 
trials, reported at NCI-

EORTC-AACR, 2001 
 Phase II IDEAL data 

presented  at AACR-NCI-
EORTC, 

2002 
July: Japan approval 

August: INTACT studies show no added 
benefit of adding IRESSA to standard 1st 
line doublet chemotherapy for NSCLC 

2003 
May: US 
approval 

2004 
April: EGFR-TK mutations clarify the mechanism 

for some of the dramatic responses produced  

December: ISEL data demonstrate no survival 
advantage over BSC in overall population, though 

subgroups show benefit 

  

2005 
ISEL biomarker analysis suggests FISH+ 

patients more likely to benefit from 
IRESSA 

US license restricted following ISEL 
 

2007 
 

INTEREST study showed 
Non inferiority against 

Docetaxel 
 

1977 
Identification 

of EGF 
receptor by 

Cohen 

1975 
Isolation of human 
EGF/urogastrone 
from human urine 

by Cohen 
(Vanderbilt Univ.) 
and Gregory (ICI) 

1980 
Demonstration 
that EGFR has 
intrinsic kinase 

activity 

1984  

Human 
EGFR 

cloned and 
sequenced 

Late 1980s 
Accumulating evidence that EGFR 

is associated with tumour 
progression and that EGFR kinase 
activity can be inhibited in vitro by 

small molecules 

1990  

Project ‘TKI’ initiated  to 
identify a clinically 

useful, small molecule 
inhibitor of class I (ErbB) 
receptor tyrosine kinases 

2009 
                                      

EU Approval  for  
advanced NSCLC with 

activating EGFR 
mutations 

2008 
 

 A landmark study in 
NSCLC IPASS showed a 

superiority versus 
doublet chemotherapy in 
EGFR mutation positive 
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