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Surrogate endpoint needs to be validated

• Overall survival (OS): gold standard primary efficacy endpoint in 
oncology randomized controlled trials (RCTs)

• But often requires prolonged follow-up and a substantial number 
of patients and OS is likely influenced by subsequent lines of 
therapies

• If using surrogate endpoint, it needs to be associated with the 
disease and treatment

• “a drug-induced effect on the surrogate predicts the desired 
effect on the clinical outcome of interest” using robust statistical 
methods

• Important to note that surrogate endpoint may be valid for a 
particular indication, not for all cancers



• Meta-analysis of RCTs is a widely used approach for 
surrogacy evaluation in oncology

• ReSEEM guidelines and recommendations will 
improve the quality in reporting and facilitate the 
interpretation and reproducibility of metaanalytics
surrogacy evaluation



Two-stage meta-analytic approach for 
surrogacy evaluation

• Stage 1 demonstration of strong correlation between the

• surrogate and definitive endpoints 
(“outcome surrogacy”)

• Stage 2 demonstration of correlation of treatment effects on 
both endpoints 

(“trial-level or effect surrogacy”)



Meta-analysis for surrogacy endpoints

• Individual patient data (IPD) meta-analysis
• Enables the standardization of methods across IPD sets 

and robust analysis at both the patient and trial levels

• Time and resource intensive

• Aggregate data (AD)



Eligible studies

• Evaluated surrogate 
endpoints using meta-
analyses of RCTs in 
oncology

• published in English as full 
text

Excluded studies

• if surrogacy analyses were 
based on a single RCT, 
observed retrospective 
studies, or single-arm phase 
I/II studies

• commentaries, reviews, 
and studies not focusing on 
surrogacy

Search PubMed database: No restriction on start date up to Aug 2017



Using IPD 27%, AD 73%

Localized disease 19%: 
• DFS as surrogate endpoint  87%

Advanced/metastatic disease 
81%

• PFS or TTP 83%
• Tumor response 46%

OS definitive endpoint 

Colorectal (17 studies), breast (15 studies), and lung cancers (14 studies)





Two-stage meta-analytic approach for surrogacy evaluation

• Stage 1 demonstration of strong correlation between the surrogate and 
definitive endpoints: OS (“outcome surrogacy”)

IPD
• Copula model to estimate individual-level correlation coefficient for failure-time endpoints
• Correlation between binary surrogate (tumor response) and time-to-event endpoint: 

Cox regression expressed as HR, log-rank test 

AD
• Correlation between endpoints on estimated summary metrics with trial and treatment 

arm as the analysis unit: linear regression Pearson, Spearman, or Kendall’s tau

• Stage 2 demonstration of correlation of treatment effects on both 
endpoints (“trial-level or effect surrogacy”)
• Pearson, Spearman

• R2 confidence interval

• Surrogate threshold effect (STE)



Results of surrogacy analysis

1. Patient level responder analysis

• Spearman rank correlation coefficient 

• assess individual-level associations between PFS and OS 
considering the individual patient data from all the clinical 
trials

• patient-level responder analysis was performed to compare 
PFS and OS between responders and non-responders 
irrespective of the treatment assignment using the pooled 
data set



Clin Cancer Res 2018; 24(10); 2268–75



Patient-level responder analysis

• Kaplan–Meier plots for OS (A) and 
PFS (B) for the responders and non-
responders in the experimental and 
control arms

• The responders had longer survival 
times compared with non-responders 

[HR 0.14, 95% CI 0.12–0.16],

irrespective of treatment group. 

• Similarly, the responders had longer 
PFS 

[HR 0.12, 95% CI 0.11–0.14]



Results of surrogacy analysis

2. Trial-level analysis: defined at the population level 

evaluates the ability of a surrogate endpoint to predict 
the effect of treatment on the true endpoint

• Associations between treatment effect based on ORR, 
PFS, and OS were evaluated using weighted linear 
regression model with weights equal to the sample size 
of each randomized comparison

• The treatment effects based on PFS and OS were 
measured by the log of HR estimated using unstratified 
Cox proportional hazards model with treatment as the 
covariate



Trial-level analysis

• The coefficient of determination (R2) value 

computed from the weighted linear regression model:  
strength of association between PFS and OS

• R2 close to 1: perfect surrogate endpoint

• R2 =0: no association between the surrogate endpoint and 
the true benefit endpoint



Trial level association

• R2= 0.13

• R2= 0.127

This suggests that, although responders lived 
longer without disease progression and death, 
both PFS and ORR are not good surrogate 
endpoints for OS



Trial-level surrogacy

Surrogate threshold effect (STE)

• The minimum treatment effect on the surrogate 
necessary to predict a non-zero effect on the 
definitive endpoint

• Using the 95% prediction limits of the regression line



Reporting Sensitivity, Subgroup Analyses

• To assure robust results

• Use of various cutoffs for follow-up times

• Exclusion of certain trials

• Use of alternative endpoint definitions

• Use of alternative weights
• Statistical models for analysis



Recommendations for reporting of meta-
analytic surrogacy evaluation

• Study design and data collection

• Protocol and registration

• Eligibility criteria

• Information sources

• Search 

• Study selection

• Data collection process
• Risk of bias within studies/across studies

Follow PRISMA and 
PRISMA-IPD statement



Recommendations for reporting of meta-analytic 
surrogacy evaluation





Recommendations for the future

1. Develop protocol for surrogacy evaluation

2. Sufficient reporting on trial selection

3. Sufficient reporting of characteristics of the included RCTs

4. Adequately define endpoints for surrogacy evaluation

5. Comprehensive reporting of surrogacy analysis
methods and results

6. Validation and sensitivity analysis



Difference of meta-analysis for surrogacy 
evaluation from other meta-analyses

Meta-analysis

• Aim for the pooled treatment effects

Meta-analysis for surrogacy evaluation

• targets broader treatment classes

• more mixed study population

• multiple surrogate candidates



1. Develop protocol for surrogacy evaluation

• Help investigators to choose appropriate candidate 
surrogates, generate hypotheses in the context of disease, 
and define a priori the threshold of correlation

• R2 > 0.7  used as a conventional degree of correlation to 
define surrogacy in oncology

• Define subgroup and sensitivity analyses as a priori in the 
protocol and justify them in the context of disease



2. Sufficient reporting on trial selection

• Only about 50% of potential eligible studies were ultimately 
included in even the most rigorous meta-analyses for trial-level 
surrogacy evaluation

• Surrogacy evaluation requires outcome and treatment effect 
data for multiple endpoints, and not all eligible trials can 
provide such complete data needed for evaluation

• Some AD meta-analyses can include only RCTs that reported both PFS 
and OS hazard ratios

• Excluded trials that did not report PFS and OS hazard ratios were more 
likely to have negative treatment effects on these endpoints



2. Sufficient reporting on trial selection

• A simulation study demonstrated that surrogacy 
estimation via regression models is more accurate and 
precise in the settings of 
• larger number of trials
• low rate of censoring
• wide range of treatment effects

(i.e, including both positive and negative trials)

• When one or more factors deviate from the “optimal” 
scenarios, regression tends to underestimate the 
definitive surrogacy with increased variability



2. Sufficient reporting on trial selection

• A wide range of treatment effects across included trials 
improves performance of the regression model and the 
magnitude of R2

(because variance of the regression coefficient is inversely 
proportional to the spread of the predictor variable)

• Heterogeneity of treatment effects (i.e, including both 
positive and negative trials) is an advantage rather than a 
drawback in a meta-analysis aimed at surrogate validation

• Quantification of heterogeneity may not apply to meta-
analytic surrogacy evaluation



2. Sufficient reporting on trial selection

• Use of non-extensive sets of trials might be less 
concern (compared with other meta-analyses) as long 
as the included trials reflect the expected range of 
heterogeneity of treatment effects

• Study selection process: broad and clear

• To reduce potential bias due to trial selection, reasons 
for trial exclusion should be reported 

• Comparison of trial characteristics and range of 
treatment effects across trials between included and 
excluded eligible trials provide valuable information for 
trial representation and generalization



3. Sufficient reporting of characteristics of the included RCTs

• Important to report patient characteristics for the 
included trials (e.g, class of therapy, enrollment period, 
follow-up duration, patient characteristics: age and 
tumor staging), important prognostic factors with 
respect to disease evolution and potentially affect 
treatment options, post-progression survival), and 
cause of death

• Surrogacy results can be appropriately interpreted only 
if the study population is well characterized

• As the strength of surrogacy may vary according to 
certain trial-level or patient characteristics, subgroup 
analysis is an important strategy to explore the 
heterogeneity



3. Sufficient reporting of characteristics of the included RCTs

• For time-to-event endpoints (DFS and PFS), 
• follow-up duration 

• numbers of events

1. Determine the precision of point and interval estimates

2. Help to choose appropriate weights for the weighted 
regression analysis in the presence of unbalanced follow-up 
across trials

• Unfortunately, in most studies authors only reported sample 
sizes of included RCTs and performed linear regression weighted 
on trial sample size without considering study follow-up duration



4. Adequately define endpoints for surrogacy evaluation

Definition of endpoint

IPD meta-analyses

• important to define endpoints accurately, with 
details on trial-specific disease assessment criteria 
and schedule

AD meta-analyses using the protocol definition

• efforts need to be made to assess and report 
variability in definition of endpoint



5. Comprehensive reporting of surrogacy analysis
methods and results

• Applying different copula models to the same dataset can 
lead to different conclusions about the nature and 
strength of association of 2 endpoints
• Reporting of copula model-based individual level and trial-level 

correlation, based on goodness-of-fit or correlation coefficient 
(Spearman’s rho vs Kendall’s tau) should be transparent

• For studies that correlate DFS or PFS rates with OS rates 
at specific timepoint using linear regression, important to 
justify the timepoint selection in the context of disease
• Point estimate of R2 (prediction interval or 95%CI )
• Regression coefficient (95%CI)



5. Comprehensive reporting of surrogacy 
analysis methods and results

• Regression analysis 

• sensitive to outliers and 
influential points
• Trial-level association

• graphing data (e.g,  bubble plots and 
residual plots) along with numerical 
statistical metrics



6. Validation and sensitivity analysis

Validation

• Assess the prediction accuracy of a 
surrogate model

• Identify potential influential outlier that 
greatly affects the slope of the 
regression line

• External dataset: IPD, AD from other 
trials

Sensitivity and subgroup analysis

• provide further reassurance that the 
results are robust

• If large proportion of endpoint (time-to-
metastasis surrogate for cancer-specific 
survival) was censored due to non-cancer 
deaths

“sensitivity analysis by using cumulative 
incidence estimates of endpoints and 
subdistribution treatment effect hazard ratio 
estimates from competing risk model”



Summary

• IPD meta-analyses are preferred because these allows harmonizing the 
endpoint, estimating patient-level correlation, applying the copula 
model-based approach for trial-level correlation, and conducting more 
comprehensive subgroup and sensitivity analyses

• AD meta-analyses may provide some preliminary evidence before IPD. 

It can serve for validation purposes if a plausible surrogate has been 

confirmed from a subset of trials with IPD

• A surrogate endpoint is considered to be validated for use in phase III 
clinical trials when there is a strong association at both individual and 
trial levels



Thank you 


