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Heath-Chiozzi M, Trends Mol Med 2001.

Immunotherapy for NSCLC

Why do we need a Methodology speech?

Percentage of patients for 

whom drugs are ineffective



Hazard Ratio, Medians, other, who cares if…

Old, Toxic, 

Standard

New, Safe, 

Targeted

Immunotherapy for NSCLC

‘Comments’ upon Methodology



• Hazard Ratio (HR) 

– Which model for survival analysis?

– HR: Principles, Assumptions and Limitations

• Curves’ Models

– Median survivals and Late rates

– ‘Adjusted’ Data

• ‘Visual’ Maturity

• ‘Tricks’ to enlarge HRs……..

• Correlation & Surrogates

• Implications for clinical trials’ design

• The ‘Two-Fingers’ Rule i.e. the ‘quantity’ or ……

Immunotherapy for NSCLC

‘Comments’ upon Methodology



Hazard Ratio (HR)

• When HR is adopted, it is 

assumed that:
– Difference between groups 

was proportional; 

– Graphically the K-M survival 

curves displayed a constant 

distance apart. 

• HR BECOMES 

MEANINGLESS WHEN 

THIS ASSUMPTION OF 

PROPORTIONALITY IS 

NOT MET!!!!!!

[Ref. Brody, T. (2011). Clinical Trials: Study Design, Endpoints and Biomarkers, Drug 

Safety, and FDA and ICH Guidelines]



Curves’ Crossing

Source: Mok et al, NEJM 2009Overall population



Curves’ Crossing… anymore

Source: Mok et al, NEJM 2009EGFR-Mutant
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Pilotto S et al, TLCR 2015 

(x) difference in median survival; 

(y) 12-month difference in survival rate. 

Typical survival curves (Kaplan-Meier 

model) observed in clinical trials

Early Stop for

Futility YES YES NO

Correlation 

with late 

benefit
YES NO NO

Immunotherapy for NSCLC

‘Comments’ upon Methodology: CURVES



Mitsudomi, Lancet Oncol 2011

Maemondo, NEJM 2010

Zhou, Lancet Oncol 2011

Rosell, Lancet Oncol 2012

Gefitinib Erlotinib

EGFR TKIs versus chemotherapy 

as 1st-line therapy for EGFR mutant 



Shaw A et al [PROFILE 007] NEJM 2012



Sparano JA et al, JCO 1993

HR or Medians? Curves’ Shapes

Is that a modern issue?

Baietta E et al, JCO 1994

IL-2 + IFN-a vs. IL-2
DTIC+rIFN (9mU) vs. DTIC+rIFN

(3mU) vs. DTIC+rIFN



Robert et al NEJM 2011

Events on the 

‘right’ side
• Late ‘rates’ better than HRs

• Absolute differences at

specific time-points

• NNT



Reckamp K et al, WCLC 2015

CheckMate 017: Updated OS Data



Minimum F.U. for 12-month OS rate, 13.2 

months; for 18-month OS rate, 17.1 months

CheckMate 057: Updated OS Data

Horn L, et al, ECC 2015



CheckMate 017: Updated PFS Data

Reckamp K et al, WCLC 2015



CheckMate 057: PFS Data

Borgheai H et al, NEJM 2015



Paz-Ares L et al, ASCO 2015

CheckMate 057: OS According to PD-L1

HR 0.59 HR 0.43 HR 0.40

HR 0.90 HR 1.01 HR 1.00
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• Thus, patients should be considered:

– Uncensored:

• Subjects who are observed until they reach the 

endpoint of interest (i.e. recurrence or death).

– Censored :

• Those patients who survived beyond the end of the 

follow-up or who are lost to follow-up at some 

point.

– Censoring: the loss of subjects from a study before 

the events of interest has occurred.

Cancer Survival Analysis

Source: AJCC Cancer Staging Manual, 7th Edition 2010; 

Everitt BS, Medical Statistics from A to Z, Ed. 2003 



Immunotherapy for NSCLC

‘Comments’ upon Methodology: MATURITY

• HR 0.37

• Majority of Censored WITHIN

6 months (Left Side)

• Majority of Censored in the 

Experimental Arm

• HR 0.76

• Majority of Censored AFTER

12 months (Right Side)

• Majority of Censored in the 

Experimental Arm

Data Cut-Off: Dec 2010 Data Cut-Off: Feb 2012



377 events

‘Formally’ Negative

Albain K et al, JCO 2008

• Designed for HR 0.75 (for PFS and OS), power 80%

• First Analysis: p=0.028 (PFS) and p=0.03 (OS) BUT power 75%

– Nevertheless, FDA Fast Track APPROVAL (2004)

• Finally, FDA requires only OS (HR 0.75), censoring rate <30% (<158 

censored)

Gemcitabine 

for Advanced  

Breast Cancer

Data Maturity: CRUCIAL FOR:

AGENCIES’ APPROVAL



Adjuvant 

Paclitaxel for 

Breast Cancer 

Data Maturity: CRUCIAL FOR:

DRUGS’ MARKETING

Giordano S et al, JNCI 2006Positive OS

Negative OS



• ASCO 1996

– 2 mo. OS in favor of 

Carbo-Taxol

• 9 yrs later

– No differences!!

Carbo-Taxol for NSCLC

Belani C et al, Ann Oncol 2006

Data Maturity: CRUCIAL FOR:

DEFINITION OF STANDARDS & 

CONTROL ARMS
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– HR: Principles, Assumptions and Limitations

• Curves’ Models

– Median survivals and Late rates

– ‘Adjusted’ Data

• ‘Visual’ Maturity

• ‘Tricks’ to enlarge HRs……..

• Correlation & Surrogates

• Implications for clinical trials’ design

• The ‘Two-Fingers’ Rule i.e. the ‘quantity’ or ……

Immunotherapy for NSCLC

‘Comments’ upon Methodology





Larger HR……but no significant interaction 

according to Histology!

Sandler A et al, JTO 2010

‘Seeking’ for a Larger benefit

Subgroup Analysis
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What if this model?

Crossover between treatment 

groups allowed!

MODIFIED - Booth CM, et al, JCO 2011

Large PFS
Possible OS 

Impact

Immunotherapy for NSCLC

‘Comments’ upon Methodology: CORRELATION





‘Combining’ LUX-Lung 3 + 6: Overall Survival

[Common EGFR mutation population]

Yanj J et al, Lancet Oncol 2015



[Prospective RCTs with EGFR-TKIs]

Cross-Over Rates

N = 115 N = 86 N = 87 N = 82 N = 230 N = 241 N = 419

Modified from West J, ASCO 2014

GEFITINIB ERLOTINIB AFATINIB



Impact of cross-over 

on correlation between PFS and OS
Trials of targeted agents in advanced NSCLC

Hotta K et al, Lung Cancer 2010



Same PFS OS Impact

What if this model?

Crossover between treatment 

groups not allowed!

MODIFIED - Booth CM, et al, JCO 2011

Immunotherapy for NSCLC

‘Comments’ upon Methodology: CORRELATION



Same disease [RCC], same OS benefit, same NEJM issue!

Motzer R et al, NEJM 2015Choueiri T et al, NEJM 2015

HR 0.58
HR 0.88

HR 0.67
HR 0.73
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– HR: Principles, Assumptions and Limitations

• Curves’ Models

– Median survivals and Late rates

– ‘Adjusted’ Data

• ‘Visual’ Maturity

• ‘Tricks’ to enlarge HRs……..

• Correlation & Surrogates

• Implications for clinical trials’ design

• The ‘Two-Fingers’ Rule i.e. the ‘quantity’ or ……

Immunotherapy for NSCLC

‘Comments’ upon Methodology



How much PFS gain do we need to 

impact upon OS?



Pilotto S et al, TLCR 2015 

Immunotherapy for NSCLC

‘Comments’ upon Methodology: 

PERSPECTIVES for Clinical Trial Design



• Hazard Ratio (HR) 

– Which model for survival analysis?

– HR: Principles, Assumptions and Limitations

• Curves’ Models

– Median survivals and Late rates

– ‘Adjusted’ Data

• ‘Visual’ Maturity

• ‘Tricks’ to enlarge HRs……..

• Correlation & Surrogates

• Implications for clinical trials’ design

• The ‘Two-Fingers’ Rule i.e. the ‘quantity’ or ……

Immunotherapy for NSCLC

‘Comments’ upon Methodology



Zhou et al [OPTIMAL], Lancet Oncol 2011Hodi et al, NEJM 2010

The ‘Two-Fingers’ Rule
• Clinically Meaningful Data if ‘at least’ two 

fingers separates curves!



Thatcher N et al, Lancet Oncol 2015

HR or Median? Curves’ Shapes

What if statistically significant but……..



Courtesy of Besse B, ESMO 2014



Meyerhardt T et al, JCO 2012Deng DY et al, Ann Oncol 2014

Median OS 12.5 vs. 28.4 months 

(p<0.0001)

Targeted Therapy Performance in the ‘Real World’

Trials’ Ineligible Pts vs. Eligible

(all receiving targeted agents)

Addition of Bevacizumab to 

FOLFOX, ‘Registry’ Context



Key-Concepts for Clinical Trials

What do we assess in clinical trials?

• Activity:

– ability of the treatment to induce modifications of the 

disease thanks to which it is assumed that the patient 

may have a benefit [Phase II]

• Efficacy:

– ability of the treatment to induce a clinical benefit in 

patients who are administered in an experimental 

context [Phase III]

• Effectiveness:

– ability of a treatment to be effective in a non-

experimental, concrete and coincident with the 

clinical practice [are Phase IV, ‘Real World’ Data]



Key Elements of Quality Health 

Care Delivery

• Safety

• Effectiveness

• Cost

• Patient centeredness

• Timeliness

• Efficiency

• Equity

ASCO [Value in Cancer Care Task Force] JCO 2015

• Readily measured, 

ascertainable from high-

quality medical evidence, 

and central to the mission 

of the clinical oncologist. 

• Not as easily measured 

and are only rarely 

reported as outcomes of 

clinical trials. 



Ellis LM et al, JCO 2014

Recommended Targets for 

Meaningful Clinical Trial Goals

On the basis of HR and 

Medians, and correlation 

between PFS and OS!!!!



To establish the concept of minimum clinically meaningful outcome (mCMO) of

treatment in advanced solid tumors, to establish its threshold and evaluate how 

many superiority trials of new antineoplastic agents pass this threshold.

Sobrero A et al, CCR 2014



Schnipper LE, et al, JCO 2015



Cherny NI, et al, Ann Oncol 2015



Conclusions

• Immunotherapy (given the peculiar mechanism) requires a specific 

methodology for trial design and data analysis:

– HR and Medians may not entirely capture the benefit of such drugs.

– Converserly, outcome differences as landmark analysis (either as 

absolute of relative measurements) seem more appropriate.

• The choice of the ‘best’ way to capture outcome differences is of 

paramount importance, given the end-point confers ‘quality’ to the 

evidence

• Health care steps forward require minimal standards to be satisfied

– The QUALITY of the evidence, should be weighted with the 

QUANTITY of the benefit

• Health care comparative effectiveness research is moving towards 

assigning ‘values’, taking into account (at least) as a objective way as 

possible, safety and costs as well.



Varmus H, Science 2013


