
Surrogate endpoints in regulatory use: How many are actually statistically valid?

Wang Pok Lo1, Oriana Ciani2,3, Steff Lewis4, Hannah Ensor4, Christopher Weir4

1 Centre for Population Health Sciences, Usher Institute, University of Edinburgh, Edinburgh, GB
2 Institute of Health Research, University of Exeter Medical School, Exeter, GB
3 Center for Research on Health and Social Care Management, SDA Bocconi School of Management, Milan, IT
4 Edinburgh Clinical Trials Unit, Usher Institute, University of Edinburgh, Edinburgh, GB

• A surrogate endpoint is an endpoint that is used in clinical trials as a 
substitute for a direct measure of how a patient feels, functions, or 
survives1.

• Advantages of using surrogates include shortened trial duration (by 
measuring the endpoint earlier) and thus faster approval of drugs. 

• Surrogate endpoints should ideally be validated.
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Methodology

We searched five electronic databases between April 1989 and August 2021, 
and we included 1,528 articles for full-text screening. In the area of respiratory 
diseases, 44 articles were included and first results are presented in Table 2.

Discussion: Systematic Review and Ways Going Forward
• This review will be the first to assess the status of surrogate endpoints across all therapeutic areas. We illustrated above a small snapshot of this 

in the context of respiratory diseases.
• On the whole, generalisability was difficult to achieve, and statistical rankings for many respiratory studies were not applicable due to the use of 

statistical methods other than correlation. The highest level of validity was not reached for any of the respiratory surrogates.
• There is a need for further validation studies to assess surrogate endpoints that are accepted by regulatory authorities.

Table 2. Heatmap of surrogate endpoints that are accepted by FDA or EMA. Colour-coded on a scale from 0-3 based on statistical and clinical evidence.
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Objective: 

To conduct a systematic review across all therapeutic areas which
1. presents the status of validated surrogate endpoints; and
2. identifies non-validated surrogate endpoints that are currently 

in use by the FDA and EMA regulators.

Records identified: 28,692
Embase + Scopus + PubMed + 

Web of Science + Cochrane Library

Duplicates removed: 9,788

Records screened: 18,904

Records included: 2,554
→ Any regulatory approved surrogate, or any non-approved, non-

prognostic surrogate measured against a clinical endpoint: 1,528
→ Non-regulatory approved, prognostic: 1,026

Second reviewer: 1,891 (10%)
>90% initial agreement
Eventual full consensus

Figure 1. PRISMA flow diagram of number of articles in each phase of the
systematic review.
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Case Study: Surrogate Endpoints Accepted by FDA/EMA in Respiratory Disease Settings

Validation of a Surrogate
A surrogate is valid if we can statistically 
show that arrow A can accurately and 
reliably predict arrow B.BA

? measures the strength of this 
association between treatment effects 
(e.g. using correlation).

Use of Surrogate Endpoints by Regulators
• The US Food and Drug Administration (FDA) has an online Table 

of Surrogate Endpoints2 that lists accepted surrogate endpoints to 
accelerate drug approval by disease area.

• The European Medicines Agency (EMA) publishes an assessment 
report for each approved drug from which we can identify the 
surrogate endpoints used.
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To illustrate some results from this review, Table 2 below presents the level of validity of FDA/EMA-accepted surrogate endpoints in respiratory diseases.
• Each sub-column represents one study (e.g. meta-analysis or RCT). We use three different frameworks3,4,5 to rank each component of validation.
• For each surrogate, we then pool the results from each sub-column to obtain an overall rank, which is shown in the second row.
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