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• Capture all clinically relevant events

• Be easy to measure

• Provide little opportunity for ascertainment bias

• Be observed as early as possible

• Be observed in as many patients as possible

• Be statistically sensitive

The ideal endpoint
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Does the ideal endpoint exist?

Ease of 
measurement

Time of 
measurement

Potential
for bias

Statistical
power

Clinical 
relevance

Overall
survival     
Quality of 
life     
Time to 
progression     
Response
rate     
Biomarker     
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Overall survival (OS)

Overall survival

Quality of life

Progression/disease-free survival

Time to tumor progression

Objective response rate (i.e., CR + PR)

Others (duration of response, clinical benefit rate)
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• A surrogate endpoint/biomarker is intended to 

substitute for a clinical endpoint. 

• An endpoint that is merely correlated to a clinical

endpoint may not be a good surrogate for it.

• A surrogate endpoint is expected to predict treatment

effect (benefit, harm, or lack thereof) on the clinical

endpoint. 

Surrogate endpoint

Biomarkers Definition Working Group, Clin Pharmacol Ther 2001; 69:89. 5



Surrogate endpoints are needed (mostly) to 

1. reduce development time (using surrogates that are 
observed earlier)

2. increase statistical power (using surrogates that are 
more commonly observed and/or more sensitive to 
treatment effects) 

Need for surrogate endpoints

Burzykowski, Molenberghs & Buyse. The Evaluation of Surrogate Endpoints. Springer, 2005. 6



META-ANALYSIS OF SEVERAL TRIALS:

Buyse et al. criteria of surrogacy (2000):

1. Surrogate has an effect on true endpoint

(individual-level surrogacy)

2. Treatment effect on true endpoint can be predicted

from treatment effect on surrogate biomarker

(trial-level surrogacy)

Surrogate validation 

Buyse et al, Biostatistics 2000; 1:49. 7



Surrogate validation 

Buyse et al, Biostatistics 2000; 1:49. 

S T

Surrogate

and true

endpoint

must be

correlated

Trt

8



Surrogate validation 

Buyse et al, Biostatistics 2000; 1:49. 

S T

Surrogate

and true

endpoint

must be

correlated

Trt

Effects of 

treatment

on surrogate

and on

true endpoint

must be

correlated
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Surrogate validation 

S T

Surrogate

and true

endpoint

must be

correlated

Trt

Effects of 

treatment

on surrogate

and on

true endpoint

must be

correlated

This can be 

shown in a 

single trial
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Surrogate validation 

S T

Surrogate

and true

endpoint

must be

correlated

Trt

Effects of 

treatment

on surrogate

and on

true endpoint

must be

correlated

This requires 

several trials
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Surrogate validation: an example 

Cortazar et al., Lancet 2014; 356:373. 

pCRNeo-adjuvant 

chemotherapies
EFS

Association 

between 

response 

and 

EFS

Correlation 

between 

pCR 

odds

ratio

and 

EFS 

hazard 

ratio
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Association between pCR and OS

Cortazar et al., Lancet 2014; 356:373. 13



Lack of association between
treatment effects on pCR and OS

Cortazar et al., Lancet 2014; 356:373. 

R²trial = 0.03
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• Patient heterogeneity

• Treatment heterogeneity

• Other sources of heterogeneity

• Small absolute treatment effects (except in NOAH) 

Potential explanations…

Cortazar et al., Lancet 2014; 356:373. 

…for lack of association between treatment effects on 
pCR and OS:
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A biological explanation?

Carey and Winer, N Engl J Med 2016;375:83. 16



Gastric cancer
DFS (PFS) and OS

Oba et al, JNCI 2013; 5:1600
Paoletti et al, JNCI 2013; 5:1608.

DFS  

(PFS)
Chemotherapies

Overall 

survival

Association 

between 

DFS (PFS) 

and 

OS

Correlation 

between 

DFS (PFS)

hazard

ratio

and 

OS 

hazard 

ratio
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• Localized gastric cancer:

– 14 randomized trials

– Patient-level data (treatment/DFS/OS) on 3,288 pts

– 5 validation trials (2 with patient-level data)

• Advanced gastric cancer:

– 20 randomized trials

– Patient-level data (treatment/PFS/OS) on 4,069 pts

– 12 validation trials with summary data

Gastric cancer
DFS (PFS) and OS

Oba et al, JNCI 2013; 5:1600
Paoletti et al, JNCI 2013; 5:1608. 18



Localized gastric cancer
DFS and OS

Oba et al, JNCI 2013; 5:1600
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Trial-level R2: 0.96



Advanced gastric cancer
PFS and OS

Paoletti et al, JNCI 2013; 5:1608.
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The “Surrogate Threshold Effect” is the treatment effect 

on the surrogate that would predict a statistically 

significant treatment effect on the true endpoint.

Instead of testing a treatment effect on the true 

endpoint, a trial could test if the treatment effect on 

the surrogate exceeds STE.

Surrogate threshold effect (STE)

Burzykowski and Buyse, Pharmaceutical Stat 2015; 5:173. 21



Localized gastric cancer
DFS and OS

Oba et al, JNCI 2013; 5:1600
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Localized gastric cancer
DFS and OS

Buyse et al, Biometrical J 2016; 58:104. 23



Advanced gastric cancer
PFS and OS

Paoletti et al, JNCI 2013; 5:1608.

.6
.8

1
1

.2
1

.4

T
re

a
tm

e
n

t 
e

ff
e

ct
 o

n
 o

ve
ra

ll 
su

rv
iv

a
l (

H
R

)

.56
.6 .7 .8 .9 1 1.1 1.2

Treatment effect on progression-free survival (HR)

Observed

Predicted

95% Prediction limit

Trial-level R2: 0.61

STE: HRPFS = 0.56

24



Advanced gastric cancer
PFS and OS

Buyse et al, Biometrical J 2016; 58:104. 25



• Individual-level surrogacy establishes that the 
surrogate and the clinical endpoints are correlated 
useful for patient management

• Trial-level surrogacy establishes that the treatment 
effects on the surrogate and the clinical endpoints are 
correlated 
useful to assess new treatments

• For normally distributed data, these two levels are 
mathematically independent of each other
evidence on both levels is required

Surrogacy at two “levels” 
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• Treatment changes over time may affect the 
associations between endpoints

• In advanced colorectal cancer (CRC), 5-FU was the 
only sufficiently active agent until the early 90s

• Irinotecan and oxaliplatin were introduced and 
improved outcomes when combined with 5-FU

• Since 2004, monoclonal antibodies (e.g., 
bevacizumab and cetuximab) further improved 
outcomes

Evolution of surrogacy 
within a given setting
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Surrogacy of PFS for OS in CRC

Buyse et al, J Clin Oncol 2007;25:5218.
Shi et al, J Clin Oncol 2015;33:22.

Trial-level R2: 0.74 or 0.99

5-FU era 5-FU plus newer agents

Trial-level R2: 0.46
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Current status

29Ciani et al, Int J Technol Assess Health Care 2014; 30:312.

Conclusions: Not in all solid tumors the treatment-level association 
between PFS/TTP and OS has been investigated. According to IQWiG’s
framework, only PFS achieved acceptable evidence of surrogacy in  
metastatic colorectal and ovarian cancer treated with cytotoxic agents. 



Recent developments

30Vandenberghe et al, Stat Methods Med Res 2017; Jan 1:962280217702179.



• What do patients expect from treatment?

• What do physicians want to accomplish with 
treatment?

1. Cure

2. Extension of survival

3. Maintenance or improvement of quality of life

Therapeutic objectives
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• Patients’ perspectives are different from those of the 
well person, and often those of the health-care 
professional

• When asked, patients tend to accept toxicity in 
exchange for relatively small health benefits

• In most surveys, patients have given more 
importance to survival than well people and health-
care professionals

Current evidence

Matsuyama R, et al. JCO 2006;24:3490-6 32



What is ‘survival’?

Saad and Buyse, JCO 2012;30:1750 33



Problems with OS

Saad and Buyse, Ann Oncol 2016;27:373
Solomon, et al, N Engl J Med 2014;371:2167

Patients PFS events

Deaths

PFS        
HR=0.75
380 events

OS 
HR=0.86

1,380 events
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OS with immunotherapy

Agent Indication Gain in OS Gain in PS

Ipilimumab Melanoma, 2L Yes Yes

Melanoma, 1L Yes Yes

Nivolumab Renal cell, 2L Yes No

Melanoma, 2L Yes Yes

NSCLC, 2L Yes No

H&N, 2L Yes No

Gastric/GEJ, 3L Yes Yes

Pembrolizumab NSCLC, 2L Yes No

NSCLC, 1L Yes Yes

Urothelial, 2L Yes No

Selected phase III trials of CPIs as single agents
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Ongoing Attempts in I-O

36
Flaherty et al, Lancet Oncol 2014; 15: 297–304
Petrelli et al, Medicine (2016) 95:26(e3997)

Various treatments, including I-O CPIs

Only melanoma



Ongoing Attempts in I-O

37
Ritchie et al, ESMO 2017, #1158

Various indications



• Considering OS as the ‘true’ endpoint…

• A limited number of studies have been 
conducted thus far

• In general, DFS performs better than PFS as 
a surrogate for OS

• Surrogacy is context-dependent, and may 
change as treatments evolve

• Validation is best done using individual 
patient data

• The added contribution of causal methods to 
association methods is being assessed

Conclusions


