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Evidence to inform regulatory, funding, and clinical decisions about health interventions 

should come from well-conducted clinical trials. Despite the challenges associated to their 

design, conduct and generalizability, randomised controlled trials (RCTs) are typically 

considered as the studies providing the least biased estimates of treatment effects [1].  

The selection of outcomes to be evaluated in RCTs and what specific measures to use for them 

– the trial endpoints – is a complex yet pivotal step in the process. Outcomes should allow to 

reasonably monitor the trial objectives and provide meaningful information for the different 

stakeholders and evidence-based decision-making at different levels [2].  

For instance, in an RCT evaluating a robot-assisted vs video-assisted thoracic surgery in the 

early-stage lung cancer, the clinicians might prioritise overall or disease-free survival, whilst 

the patients might be highly interested in the effect of treatment on their functional status or 

health-related quality of life. Both concepts are typically measured through patient-reported 

outcome measures (PROMs), which can be either generic (e.g., EQ-5D-5L [3]) or condition-

specific (e.g., EORTC QLQ-LC29 [4]). Healthcare managers and policymakers might look for 

information on the cost-effectiveness profile of the experimental approach, or the budget 

impact expected from its implementation within 3 to 5 years [5]. 

The different needs and perspectives represented by these groups make usually necessary to 

collect multiple endpoints in trials, which are categorised as primary, secondary or 

exploratory. The primary endpoint in an RCT informs the sample size calculation. It is 

recognised as the basis to assess the comparative efficacy/effectiveness of an experimental 

intervention vs the alternative. Secondary endpoints generally complement the results of the 

trial on the primary endpoint with additional elements that may relate to other facets of 

effectiveness, further mechanisms of action, or safety. Exploratory endpoints, when 

introduced, may cover very rare outcomes or outcomes that may be relevant to test novel 

hypotheses [2]. 

There is a common definition initially proposed by the National Institutes of Health in the 

United States and frequently used in the research community for primary outcomes relevant 

for patients and patient care, i.e., characteristics or variables that reflect how patients feel, 

function or how long they survive [6]. In the drive towards faster patient access to innovation, 

surrogate endpoints have been increasingly adopted as biomarkers (i.e., objective indicators 

of a biological or pathogenic process) to substitute and predict for how a person feels, 

functions, or how long she survives. Surrogate endpoints observed in cardiovascular or 
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thoracic trials are the time to chest drain removal [7], sinus rhythm restoration [8], graft 

patency [9] or percentage change in computed tomography pleural fluid volume [10] (Table 

1). As these examples reveal, surrogate endpoints could be laboratory or instrumental 

measures, imaging findings, or physiological measures. 

Results from surrogate endpoints generally accrue more quickly than from patient-centred 

outcomes, thus allowing for clinical trials with shorter follow-up periods and smaller sample 

sizes. In cardiovascular disease, for example, a trial powered on a surrogate primary endpoint, 

such as carotid artery intima-media thickness, might involve a few hundred patients followed 

up for weeks or months, whereas the same trial powered on cardiovascular mortality or major 

cardiovascular morbidity might require thousands of patients followed up for years [11]. 

Reducing trial sample size and duration means that trials are less expensive, which make 

surrogate endpoints attractive to manufacturers and research sponsors. Despite the potential 

appeal of surrogates, their use remains controversial because they may not capture the full 

benefit-risk profile of an intervention. For example, Schneider and colleagues have recently 

considered as unreliable the identification of irreversible myocardial injury in cardiac surgery 

based only on biomarker release (troponin I and T and creatine kinase myocardial band) [12]. 

In addition, superiority on a surrogate endpoint may not translate into benefits for patients, 

or if it did, the health care system may not judge the benefits to be a good value for money. 

Ridker and Torres observed, after reviewing 324 consecutive cardiovascular trials, that 

surrogate primary endpoints were more likely to be associated to positive treatment effects 

(77 of 115 trials; 67%) than trials that reported final patient-relevant primary outcomes (113 

of 209 trials; 54%, p = 0.02)  [13]. In this respect, we have previously shown that trials using 

surrogate primary outcomes are more likely to report larger treatment effects (adjusted ratio 

of odds ratio: 1.46, 95% confidence interval = 1.05 – 2.04, p = 0.03) than trials reporting final 

patient-relevant primary outcomes and this overestimation is not explained by differences in 

the risk of bias or characteristics of these trials (such as blinding or outcome attrition) [14]. As 

well as exaggerating treatment effects, this can lead to overestimation of the cost-

effectiveness of treatments. 

Therefore, surrogate endpoints magnify the uncertainty around the interpretation of 

treatment effects observed in clinical trials and their meaning in terms of true patient benefit; 

hence, their adoption is only helpful if they are validated predictors of patient-relevant 

outcomes [15]. A valid surrogate endpoint is such that the effect of the intervention on it 
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reliably predicts the effect of the intervention on the patient-centred outcome. Several 

statistical approaches have been developed to establish this link, the most common requiring 

to perform a regression-based analysis within the context of a meta-analysis of (preferably 

patient-level data) from several RCTs that have measured both for the surrogate and the final 

patient-relevant outcome of interest [16].  

Evidence around the validity of a putative surrogate endpoint should inform the trial protocol 

design, conduct, reporting and interpretation of trial findings. However, there exist no 

consensus guidelines specific for the reporting of trials and protocols with a surrogate primary 

endpoint. Hence, reporting standards often lack transparency, thus potentially encouraging 

misleading interpretation of trials findings. In 2010, a review of a sample of published 

randomised clinical trials revealed that one in five used a surrogate as a primary outcome. Of 

these trials, 57% clearly reported that the primary outcome was a surrogate. Only 35% also 

discussed the validity of the surrogate measure [17]. The authors concluded that better 

reporting on surrogate endpoints is urgently needed to limit unwarranted conclusions and 

uncritical acceptance of new treatments based on inappropriate documentation and the use 

of surrogate measures. 

In January 2022, we launched a Medical Research Council (MRC) funded project to develop 

CONSORT (Consolidated Standards of Reporting Trials) and SPIRIT (Standard Protocol Items: 

Recommendations for Interventional Trials) extensions for RCTs with a primary surrogate 

endpoint (‘SPIRIT-SURROGATE’ and ‘CONSORT-SURROGATE’). These extensions are important. 

Incomplete, unclear, or inaccurate reporting of trial design, conduct and analysis can hinder 

interpretability, lead to erroneous conclusions about the long-term safety and efficacy of 

interventions and impact on decisions relying on those poorly reported research findings. 

Development of the extensions will closely follow the Enhancing Quality and Transparency of 

Health Research (EQUATOR) methodology [18]. To make this process inclusive and increase 

the acceptability and usefulness of these tools for the wide research community, we would 

like to invite various stakeholders, clinicians and surgeons, particularly those with an interest 

or experience in using surrogate endpoints in cardio-thoracic trials, to contribute to the e-

Delphi in preparation that will be launched in fall 2022. Project progress and updates are 

available at https://www.gla.ac.uk/spirit-consort-surrogate.  

Improved reporting of surrogate endpoint-based trials should enable more effective scrutiny 

and interpretation of evidence by the end-users of trial findings and more efficient use of 

https://www.gla.ac.uk/spirit-consort-surrogate
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resources dedicated to clinical research.  
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Surrogate endpoint Final patient-relevant endpoint that is 

substituted and predicted for  

Time to chest drain removal [7] Length of hospital stay 

Sinus rhythm restoration [8] Overall survival 

Graft patency [9] Major cardiovascular events 

Percentage change in computed 

tomography pleural fluid volume [10] 

Readmission for heart failure 

Table 1. Example of surrogate endpoints used in cardiothoracic randomised controlled trials 

and the patient-relevant endpoints they are intended to substitute and predict for.  
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