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Definitions

Clinical endpoint: a characteristic or variable that reflects
how a patient feels, functions, or survives

Biomarker: objectively measured and evaluated indicator
of normal biological processes, pathogenic processes, or
pharmacologic responses to a therapeutic intervention

Surrogate endpoint: a biomarker that is intended to
substitute for a clinical endpoint

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

Statistical validation of
surrogate endpoints

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




Important implications

A prediction model is needed
* not in the approaches by Prentice (1989), Freedman et al. (1992), ...

Validity of a surrogate = quality of prediction

Model extrapolated to a new treatment (mechanism)
 validation across a range of classes of treatments

» a“leap of faith”; biological argumentation in addition to the statistical

A Meta-analytic approach

First-stage: a joint model: Error Structure:
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Second stage: a linear model for trial-specific effects:
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Ref: Buyse et al, Biostatistics 2000;1:49.




Prediction of treatment effect:
several trials
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Validation of surrogate endpoints:
the meta-analytic approach

Based on a two-stage model

a joint model for individual observations on

surrogate and true endpoints

« (individual-level) association between endpoints

- (trial-specific) effects of treatment on surrogate/true

endpoint
a linear model for the trial-specific

treatment effects

- R2__=1: surrogate “valid at the trial-level”

Ref: Buyse et al, Biostatistics 2000;1:49; Burzykowski, Molenberghs, Buyse (2005), Springer 8




Is it feasible?

The approach requires replicated trials
» previous trials with the surrogate and true endpoints observed

« for various classes of treatments

Need strong, consistent relationships between changes in
surrogate and true endpoint

 at both individual patient level and group level

Models for various combinations of endpoints needed

» continuous binary, categorical, survival, longitudinal ...

Examples in oncology: candidate
surrogates for overall survival

Colorectal ca: tumor response, DFS, PFS
« Buyse et al., Lancet 2000; Sargent et al., JCO 2005; Buyse et al., JCO 2007,
Stat Meth Med Res 2008; Burzykowski et al., Lifetime Data Analysis 2008
Metastatic prostate ca: PSA
* Collette et al., JCO 2005

Metastatic breast ca: response, disease control, TTP, PFS
« Burzykowski et al., JCO 2008

Locally advanced head & neck ca: LRC and EFS
* Michiels et al., Lancet Oncology 2009

Curatively resected stomach ca: DFS (?)

* GASTRIC, ASCO Meeting 2009, abstract 4517
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Colorectal cancer

Sargent et al., JCO 2005
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Buyse et al., JCO 2007
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Fig 2. Disease-free survival (DFS) versus overall survival {OS) hazard ratios

(HR) by trial.

Fig 4. Correlation between treatment effects on progression-free and on overall
survival in historical trials (circles), in irinotecan trials (squares), and in oxaliplatin
trial (diamond). A logarithmic scale is used for both axes. Symbol size is
proportional to the number of patients. HR, hazard ratio; EU, European Union.
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Head and neck cancer (Michiels et al., 2009)
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Sample correlation may be biased

Treatment effects are estimated

K = (estimation error variance) / (treatment effects variance)
« reliability ratio

Pastimation = COrr(estimation error for a, and )

IRrial peﬁti mation

R i) J(Hl](lﬂj

Ks Ky

Ref:  Schaalje & Butts, Biometrics 1993;49:1262
Burzykowski, Molenberghs, Buyse (2005), Chap. 11, 13

Example: sample correlation & rare events
For a rare event, k; can be large even for large trials. Then

|Rri al + pesti mation ~ pesti mation
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If ks small, we get an estimate of Oygimations NOt Of Ryiy
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Correlation adjusted for estimation error (1)
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Fix 1sg, Tst, Tr7 @t the estimated values

Estimate d,, d,, dy,,
* SAS: PROC MIXED with PARMS statement

Ref:  Burzykowski, Molenberghs, Buyse (2005), Chap. 11,
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Correlation adjusted for estimation error (2)

Consider a measurement error model:

B =V, tna + &, <ti~N(O’0-<‘)
2 )

~ | = +

B, B) \wy

Estimate )y, )4, 0; by the method of moments
Use the estimates to compute R?;,

Ref:  Burzykowski, Molenberghs, Buyse (2005), Chap. 11
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Computing the adjusted correlation: issue

If within-trial (estimation) variability is larger than the
between-trial variability, computation of the adjusted
correlation is difficult

° nhon-convergence issues

Between-trial variability of treatment effects is needed

 in contrast to the “usual’ meta-analysis

Center-level validation problematic
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Advanced Colorectal Cancer:
PFS as Surrogate for Survival

13 trials, 4,352 pts

10 “historical” trials: SFU+LV vs. 5FU alone (1744 pts.) or
with raltitrexed (1345 pts.)

3 “validation” trials (1263 pts.)
¢ S5FU+LV vs. 5FU+LV+CPT11 (2 trials, 843 pts.)
e BFU+LV vs. 5FU+LV+oxaliplatin (1 trial, 420 pts.)

Ref:

MAGIC, J Clin Oncol 2004;22:3766; Cunningham et al, Ann Oncol 1996;7:961; Pazdur et al, Proc ASCO
1997;16:abstr 801; Cocconi et al, J Clin Oncol 1998;16:2943

Douillard et al, Lancet 2000;355:1041; Saltz et al, NEJM 1997;343:905
de Gramont et al, J Clin Oncol 2000;18:2938
Buyse et al, JCO 2007;25;5218
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Advanced colorectal cancer

Treatment effects: Hougaard copula, Weibull model

Fig 4. Correlation between treatment effects on progression-free and on overall
survival in historical trials (circles), in irinotecan trials (squares), and in oxaliplatin
trial (diamond). A logarithmic scale is used for both axes. Symbol size is
proportional to the number of patients. HR, hazard ratio; EU, European Union.
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Advanced colorectal trial

Analysis unadjusted for the estimation error:
R, =0.962 SE=0.023), R%ia = 0.926
IN(HR og) = 0.012+ 0.823x IN(HR po)

Analysis adjusted for the estimation error:

R,. = 0.989 (SE=0.025), R%a = 0.978
IN(HR os) = =0.003+ 0.807 % IN(HR 1)
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Meta-analysis-based validation of surrogate endpoints differs

Conclusions

from the “classic” meta-analysis

Simple regression/sample correlation may be prone to bias

Bivariate outcome

Focus on association between the treatment effects

Broader trial-inclusion criteria (various classes of treatments)
Random treatment effects assumed

Between-trial heterogeneity necessary

« adjustment for the estimation error needed

more efficient methods to be developed
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