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The	CA184-024	trial		

R	

502	metasta>c	melamoma	

Placebo	+	dacarbazine	Ipilimumab	+	dacarbazine	

252	250	

Robert	et	al.	NEJM	2011	
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OS	results	in	the	CA184-024	trial		

Pcb	 252	 160	 89	 64	 44	 37	 26	 7	 			0	

Ipi	 250	 181	 114	 85	 68	 57	 41	 10	 			0	



Outline	
		

	

•  The	procedure	of	generalized	pairwise	
comparisons	

•  A	pa>ent-oriented	measure	of	treatment	benefit	

•  Applica>on	on	immuno-oncology	trials	
•  Simula>on	study	
•  Illustra>on	on	an	ipilimumab	trial	
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Methods	–	Pairwise	comparisons	

Let xi  be the outcome of 	
i th	subject in T  (i  = 1. … . n )


R


Control (C )
Treatment (T )


Let yj  be the outcome of 	
j th	subject in C (j  = 1. … . m )


Yj 	Xi 	

favors T 

(favorable)	

favors C 

(unfavorable)	

pairwise

comparison	

Neutral or Uninformative	
6	

Buyse	M.	stat	in	med	2010	



Methods	–	DefiniQon	of	thresholds	

	CouQnuous	outcome	

7	Buyse.	stat	in	med	2010	
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Methods	–	Standard	procedure	for	pairwise	scoring	












	in	named	«net	benefit»	
	

An	empirical	distribu>on	of					can	be	obtained	by	permuta>on	
	
	

8	Buyse.	stat	in	med	2010	
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Some	notaQons	
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�	 

Favorable
 Unfavorable Neutral 

Favorable
 Uninforma>ve	 Uninforma>ve	

Uninforma>ve	 Unfavorable Uninforma>ve	

Uninforma>ve	 Uninforma>ve	 Uninforma>ve	

Buyse M. Stat in med, 2010  

The	standard	procedure	to	include	Qme-to-
event’	outcome	
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The	standard	procedure	to	include	Qme-to-event	outcome	

Gehan. Biometrika, 1965 



Based	on	the	Kaplan-Meier	es>mate	of	the	survival	
func>on	

𝕡[( ​ 𝑥↓𝑖↑0 > ​𝑦↓𝑗↑0 )�(​ 𝑥↓𝑖↑0 > ​ 
𝑥↓𝑖↑ )]= ​​​𝑆 ↓𝑇𝑡𝑡 (​𝑦↓𝑗 )/​​𝑆 ↓𝑇𝑡𝑡 ( ​𝑥↓𝑖 ) = ​
0,5/0,8 		

The	extended	procedure	taking	into	account		
‘non-informaQve’	pairs	
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Péron J et al, SMMR 2016 
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Treatment	group	
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𝕡[( ​ 𝑥↓𝑖↑0 > ​𝑦↓𝑗↑0 )�(​ 𝑥↓𝑖↑0 > ​ 𝑥↓𝑖↑ ),(​ 𝑦↓𝑗↑0 > ​ 𝑦↓𝑗↑ )]=−∑𝑡> ​𝑦↓𝑗 ↑∞▒​​​𝑆 ↓𝑇𝑡𝑡 (𝑡)/​​𝑆 
↓𝑇𝑡𝑡 (​𝑥↓𝑖 )​​𝑆 ↓𝐶𝑡𝑟𝑙 (​𝑦↓𝑗 ) ∙(​​𝑆 ↓𝐶𝑡𝑟𝑙 (​𝑡↑+ )− ​​𝑆 ↓𝐶𝑡𝑟𝑙 (​𝑡↑− )) 	
	

Efron, Berkeley Symp, 1967 
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The	extended	procedure	taking	into	account		
‘non-informaQve’	pairs	

benefit	is	then:																																										



•  Reduc>on	of	the	Bias	of	in	the	presence	of	censored	
observa>ons	
–  Correc>on	available	

•  Increased	power	of	the	permuta>on	test	compared	to	
standard	procedure	
–  Propor>onal	hazards	and	administra>ve	censoring	<	67%	(B	Efron,	Stanford	

Univ,	1967)	

–  Late	treatment	effect	
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Achievements	of	the	extended	procedure	

(propor>onal	hazards)	

Péron J et al, SMMR 2016 



Outline	
		

	

•  The	procedure	of	generalized	pairwise	
comparisons	

•  A	pa>ent-oriented	measure	of	treatment	benefit	

•  Applica>on	on	immuno-oncology	trials	
•  Simula>on	study	
•  Illustra>on	on	an	ipilimumab	trial	
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Probability	for	a	random	pa>ent	in	the	Treatment	group	to	have	a	
‘beder	outcome’	than	a	random	pa>ent	in	the	Control	group	…	

	

Δ	=	ℙ(𝑿>𝒀)−ℙ(𝑌>𝑋)	

The	net	benefit	

Buyse M. Stat in med, 2010	

Treatement	group	 Control	group	
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Δ	=	ℙ(𝑋>𝑌)−ℙ(𝒀>𝑿)	

Buyse M. Stat in med, 2010	

Treatement	group	 Control	group	

…minus	the	opposite	probability.	

	

The	net	benefit	
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Δ	=	ℙ(𝑋>𝑌)−ℙ(𝑌>𝑋)	

ℙ(𝒀=𝑿)	
	

Buyse M. Stat in med, 2010	

Treatement	group	 Control	group	

The	net	benefit	
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The	net	survival	benefit	
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Péron et al, JAMA oncology, 2016 
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Péron et al, JAMA oncology, 2016 

The	net	survival	benefit	
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Opposite	
hazards	

Péron et al, JAMA oncology, 2016 
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Outline	
		

	

•  The	procedure	of	generalized	pairwise	
comparisons	

•  A	pa>ent-oriented	measure	of	treatment	benefit	

•  Applica>on	on	immuno-oncology	trials	
•  Simula>on	study	
•  Illustra>on	on	an	ipilimumab	trial	
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SimulaQon	study	-	Design	

	

•  ObjecQve:	To	assess	the	power	of	tests	based	on	generalized	
pairwise	comparisons	for	delayed	treatment	effect	

•  Simula>on	of	M	=	1000	datasets	with	N	=	200	pa>ents		
–  One	>me-to-event	outcome	
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Scenario	1	:	Propor>onal	
hazards	

Scenario	2	:	Late	
treatment	effect	

SimulaQon	study	-	Design	
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•  Administra>ve	censoring	propor>on	
–  Uniform	distribu>on	
–  Between	0%	and	20%	

•  For	each	simulated	dataset	
–  Es>ma>on	of	the	net	survival	benefit	of	at	least	τ	months	[0	to	42	

months]		(extended	procedure)				
–  Test	of	the	null	hypothesis	(Permuta>on	test,	Log-Rank	test)	
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SimulaQon	study	-	Design	
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ProporQonal	Hazards	-	POWER	



28	

Delayed	treatment	effect	-	POWER	



		
When	a	long-term	survival	benefit	is	expected		

(an>cancer	immune	therapy)	

	
The	net	survival	benefit	is:	

–  Arguably	more	relevant	than	tradi>onal	methods	è	focus	on	long	
term	survival	differences	

–  More	powerful	than	tradi>onal	method		

29	

Conclusions	of	the	simulaQon	study	



Outline	
		

	

•  The	procedure	of	generalized	pairwise	
comparisons	

•  A	pa>ent-oriented	measure	of	treatment	benefit	

•  Applica>on	on	immuno-oncology	trials	
•  Simula>on	study	
•  Illustra>on	on	an	ipilimumab	trial	
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The	net	survival	benefit	in	the	CA184-024	trial		

R	

502	metasta>c	melamoma	

Placebo	+	dacarbazine	Ipilimumab	+	dacarbazine	

252	250	

Robert	et	al.	NEJM	2011	
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OS	results	in	the	CA184-024	trial		

Pcb	 252	 160	 89	 64	 44	 37	 26	 7	 			0	

Ipi	 250	 181	 114	 85	 68	 57	 41	 10	 			0	
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OS	results	in	the	CA184-024	trial		
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OS	results	in	the	CA184-024	trial		

Δ(12)	=	11.5%	(95%CI	=	3.5%-19.4%;	P=0.0045)		

Δ(0)	=	12.5%	(95%CI	=	2.1%-23.0%;	P=0.018)		

Log	rank	P	=	0.0054	
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PFS	results	in	the	CA184-024	trial		

Pcb	 252	 52	 20	 13	 2	 1	 			0	 			0	 			0	

Ipi	 250	 70	 40	 25	 6	 2	 			0	 			0	 			0	
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PFS	results	in	the	CA184-024	trial		
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PFS	results	in	the	CA184-024	trial		

Δ(12)	=	7.6%	(95%CI	=	1.5%-13.8%;	P=0.015)	

Δ(0)	=	9.3%	(95%CI	=	-1.0%-19.6%;	P=0.076)		

Log	rank	P	=	0.022	



A	package	R						
•  Available	on	CRAN	(“BuyseTest”)	
•  Available	on	github	(“hdps://github.com/
bozenne/BuyseTest”)	
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Sobware	implementaQon	



The	net	benefit	
–  Is	equivalent	to	standard	non-parametric	tests	in	
simple	cases	

–  Is	meaningful	and	paQent-relevant	
–  Can	focus	on	long-term	survival	differences	
– Allows	mulQcriteria	analysis	
– May	have	beder	power	than	the	logrank	test	(e.g.		for	
delayed	treatment	effect)	

–  Is	OK	when	hazards	are	not	proporQonals	
–  Is	available	

39	

Conclusions	



Thank you 
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Methods – Definition of priority 
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Simulation study - Design 

 

•  Objective: To compare the standard and the extended 
procedures of generalized pairwise comparison 

•  Simulation of M = 1000 datasets of with N = 200 patients  
–  One time-to-event outcome 

–  Threshold 𝜏 = 0 months 

 



HR HR HR 
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•  Survival time: exponential distributions 

 

Scenario 1 : 
Proportional hazards 

Scenario 2 : Late 
treatment effect 

Scenario 3 : early 
treatment effect 

Simulation study - Design 
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•  Several treatment effect sizes 

–  Hazard ratio {0,5;0,7;1} 

•  Administrative censoring proportion 
–  Uniform distribution 
–  Between 0% and 70% 

 

Simulation study - Design 
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•  For each simulated dataset 
–  Estimation of the net chance of a better outcome (standard and extended 

procedure) 
–  Test of the null hypothesis (Permutation test, Log-Rank test) 

•  Endpoints 
–  Bias 
–  Power 
–  Type 1 error 

 

Simulation study - Design 



HR = 0,5 

HR = 0,7 
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Scenario 1 – Proportional hazards 

Péron, et al. SMMR 2016 



HR = 0,5 

HR = 0,7 
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Scenario 1 – Proportional hazards 

Péron, et al. SMMR 2016 
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An explanation for this bias? 
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C𝐞𝐧𝐬𝐨𝐫𝐢𝐧𝐠​ 𝒚↓𝒋  E𝐯𝐞𝐧𝐭​ 𝒙↓𝒊  

Standard procedure: U𝐧𝐢𝐧𝐟𝐨𝐫𝐦𝐚𝐭𝐢𝐯𝐞 ​→𝑝↓𝑖𝑗 =0  

U𝐧𝐢𝐧𝐟𝐨𝐫𝐦𝐚𝐭𝐢𝐯𝐞 𝐚𝐥𝐬𝐨​→𝑝↓𝑖𝑗 =0  

Treatment group 

Control group 
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A correction for this bias 

HR=0,5 

Mean bias 

Censoring rate 

Péron, et al. SMMR 2016 



HR = 0,5 

HR = 0,7 
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Scenario 1 – Proportional hazards 

Censoring rate 

Péron, et al. SMMR 2016 
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Scenario 2 et 3 – Non Proportional hazards 

Censoring rate Censoring rate 

P
ow

er
 

Early treatment effect Late treatment effect 

Type 1 error rate ≈ 5% 

Péron, et al. SMMR 2016 


