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Abstract 

Background: Opinions differ about the extent to which intervention research should and 

can directly assess the main patient-important health outcomes, what role surrogate 

endpoints can play, and which requirements should then apply to the scientific 

underpinning of clinical and policy decisions. 

Method: In a commentary we elaborate on this and provide guidance for dealing with 

related dilemmas. 

Conclusions: Ethical, methodological and practical reasons for decision making based on 

surrogate endpoints can be that (1) reaching the intended patient-important health 

outcome would take too long to await direct RCT-based evidence, (2) experimental 

conditions have limited sustainability over time; and (3) the plausibility of an 

intervention's clinical efficacy, given the already available evidence regarding surrogate 

endpoints, goes beyond equipoise.  

Given an expected increase of interventions with a long term patient-important 

health outcome perspective, dealing with surrogate endpoints will remain an important 

challenge.  

Appropriately dealing with a surrogate endpoint includes (1) the assessment of its 

predictive value for the intended patient-important outcome, where GRADE guidelines 

for assessing ‘indirectness’ and ‘causal chain analysis’ can be helpful; (2) transparency of 

(absence of) evidence; (3) adequately updating the ‘knowledge mosaic’; (4) weighing 

different perspectives and values, and (5) 

monitoring whether adjustments need to be made. 

The remaining level of uncertainty must be balanced against the urgency of clinical or 

societal decision making and the disadvantages of postponing this. 

Criteria for using surrogate endpoints are suggested. Patients, citizens and policy 

makers can be involved in agreeing upon these criteria. 
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Introduction 
Evidence-based medicine (EBM) generally requires that interventions, before being implemented, 

have been proven to benefit health. Does this mean that we should in principle discourage the use of 

surrogate outcome endpoints (biomarkers or physical signs that are used as a substitute for a 

patient-important outcome) and only use patient-important health outcomes such as mortality, 

clinically manifest morbidity, disability, and health-related quality of life? Or would this hinder the 

improvement and progress of healthcare? In addressing these questions, opinions differ about the 

extent to which intervention research should and can directly assess the main patient-important 

health outcomes, and about what role surrogate endpoints can play.1,2,3,4 Linked to this is the 

question which requirements should apply in this regard to the scientific underpinning of clinical and 

policy decisions about healthcare intervention. In this commentary, we further elaborate on this and 

provide guidance for dealing with related dilemmas. 

Achieving final health outcomes may take too long 
For many morbidity patterns and intervention types, the follow-up time required for allowing the 

final health outcome of interest to occur is long. For example, vaccinating girls against human 

papillomavirus (HPV) reduces the occurrence of cervical intraepithelial neoplasia grade 2+ after some 

years,5 while effects on cervical cancer incidence and survival can only be expected after decades. 

Population screening may detect risk groups and abnormalities at an early stage, but evaluating its 

impact regarding mortality and overdiagnosis needs much longer follow-up.6,7 Primary care and 

occupational health interventions can favourably influence cardiometabolic disease risk profiles,8 

physical exertion9 and smoking10 after one year follow-up, but effects on morbidity and mortality can 

only be observed on the long term. And general practice-focused interventions can directly improve 

quality of care, such as antibiotic prescribing,11 but how this will affect the health of the practice 

population, also in terms of antibiotic resistance, can only be measured after years. 

 

In situations of demonstrated intermediate effects like those just mentioned, awaiting direct 

RCTbased evidence regarding effects on morbidity and mortality before making healthcare or policy 

decisions can be difficult and even controversial. On the one hand professionals, politicians and 

industry can exert pressure to introduce an intervention in practice, pointing to promising effects on 

intermediate outcomes without health improvement being directly observed in a trial. On the other 

hand, it is ethically debatable to postpone decisions about introducing an intervention for years or 

even decades after such effects are shown. 

 

In such cases, responsible practitioners and policy makers cannot escape from weighing the risk of 

introducing a favourable intervention too late or not at all, thereby missing potential health gain via 

better prevention and care, against the risk of introducing that intervention ‘false-positively’, that is, 

ultimately without a positive health impact or having even a negative impact via adverse effects, 

overdiagnosis or resource waste. But this balancing act should be scientifically well informed, and 

linked to systematic surveillance, long term evaluation, and correction when necessary.12 

Experimental conditions 

Experimental conditions have limited sustainability over time 
A practical-methodological problem is that sustaining an experimental setting – including the 

contrast between the intervention and the non-intervention or usual care condition - over a very 

long time is difficult or even impossible. Acceptance of an intervention given promising intermediate 

outcomes (as happened with HPV vaccination) will make the study contrast untenable. Emerging new 

technologies can even make it outdated, as policy makers, practitioners, and researchers will lose 

interest in the long-term outcome of a ‘former generation technology’, and patient organisations 
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request implementation of the more innovative interventions. This can lead to collapse of a longterm 

running study. Theoretically, a study can be continued while adding a parallel study evaluating a new 

technology, but a study on ‘old technology' when new technology is available is clinically and 

ethically questionable. But even a completely new study, focused on the most innovative technology, 

will after some time itself be confronted with challenges related to even more advanced technology. 

So, in dynamic fields like these, the best achievable strategy may be continuous evaluation after 

introduction based on acceptable surrogate results.8 

Plausibility beyond equipoise 
Also in the evaluation of interventions with shorter term final health outcomes, already available 

evidence on intermediate outcomes can be a complicating factor. An example is influenza 

vaccination. While RCT results have shown that vaccination of the elderly can reduce the incidence of 

influenza with about 50%,13 direct RCT-based evidence on the reduction of influenza-related 

complications (severe morbidity and mortality) is not available. But if it is considered plausible that 

reduction of influenza incidence will also lead to reduction of the incidence of its complications, 

would then a new placebo-controlled trial with severe complications as primary outcome be 

justified?14 In our view, respecting the principle of equipoise, such a new, necessarily huge trial is 

ethically debatable if it would withhold many people an intervention halving the incidence of a 

disorder that can have severe complications.15 

Society must deal with surrogate endpoints every day 
Outside the health domain societal decision making based on surrogate outcomes is the rule rather 

than the exception. That does not mean that RCT-based policy making should not be pursued and 

applied much more in other domains,16 but there are many cases in which awaiting (direct) evidence 

on final outcomes of interest before acting would last too long, be infeasible or even impossible. 

Examples are: evaluating school achievements as assumed predictor of professional career success; 

reduction of carbon dioxide emissions in the expectation that this will positively affect climate 

change and survival of mankind; and tightening up governmental supervision to improve banks’ 

behaviour, in order to prevent new economic crises. Clearly, society accepts decision making based 

on surrogate outcomes if there is no reasonable alternative. 

The challenge 
In the medical and healthcare domain we expect many innovative interventions with a long term 

patient-important health outcome perspective, such as new vaccines against cancer and 

degenerative disorders,17 molecular genetic screening methods,18,19 and internet-based behavioural 

interventions.20 This will be accompanied with an increase of potentially relevant surrogate 

endpoints along presumed or plausible causal pathways, in combination with the aforementioned 

obstacles to always conducting huge and long-term trials focused on patient-important health 

outcomes. 

In view of these expectations, while fully RCT-based evidence focused on the intended 

patientimportant health outcome is preferable where possible, we should not reject the use of 

surrogate endpoints when these are the best we can get and if we want to avoid stagnation of 

healthcare, scientific and technological and progress. How to deal with surrogate outcomes in 

research and practice is an increasingly relevant challenge. 

Guidance 
For addressing this challenge, there is not one perfect, universally applicable approach. We need 

well-tailored, evidence-informed decision making, using the intended patient-important health 
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outcome where possible, but appropriately dealing with uncertainty where using surrogate 

outcomes is unavoidable. In support of the latter, we propose the following guidance. 

Predictive value 

The key question is how predictive a surrogate endpoint is for the intended health outcome of 

interest. The ‘gold standard’ procedure to clarify this is relating the surrogate to the intended 

patient-important outcome.21,22 But if fully reaching the latter in one and the same study is 

impossible or infeasible, indirect estimations must be applied. In cases such as stopping smoking as a 

predictor of better health9 this is associated with less uncertainty and outcome misclassification than 

in other cases such as early detection of an abnormality or disorder as a predictor of mortality 

reduction.6 And using precancerous lesions as surrogate endpoints is likely to be better than just 

using blood test results. 

In other words, surrogate endpoints are not homogeneous: some are (much) better than others, and 

often this is a matter of judgement as well as empirical evidence. In dealing with this type of 

‘indirectness’ the GRADE guidelines can be helpful by rating down the quality of the evidence, 

generally by one or even two levels, when a surrogate endpoint has been used. Biomedical and 

clinical knowledge of the condition under study can be supportive in assessing how close the 

surrogate endpoints are to the putative causal pathway, and thereby in determining the degree of 

rating down.23 Also, causal chain analysis to depict a causal chain of events, as is becoming 

increasingly common in systematic reviews of complex interventions, can help with explicitly 

identifying and evaluating the role of specific surrogate endpoins.24 

 

The remaining level of uncertainty must then be balanced against the urgency of clinical or societal 

decision making and the disadvantages of postponing this. 

Transparency of (absence of) evidence 

To accomplish this balancing act in the best possible way, scientists (in planning research), 

practitioners (in making healthcare decisions), and policy makers (in taking their responsibilities) 

must be transparently provided with all relevant (indirect) evidence and uncertainties regarding the 

intervention’s potential impact on final health outcomes. This should include what is known, not 

(yet) known and assumed about the association between the surrogate endpoint and the final 

patient-important health outcome, the predictive value of the first as to the latter, and what experts 

consider plausible expectations. In this context, systematic processes of expert judgment25 must be 

applied, independent of commercial and non-commercial interests. In support of this, advanced 

statistical methods26 and systems to rate the quality and validity of surrogate outcomes can be 

helpful.23 

The knowledge mosaic 

To properly assess the predictive value of the surrogate for the intended outcome in the absence of 

direct evidence, much insight is needed into the entire ‘knowledge mosaic’ of biology, 

pathophysiology, clinical phenomena and, where relevant, psychosocial mechanisms. Updating this 

predictive value, given new research, requires integrating the new knowledge pieces in the larger 

mosaic. It is not always necessary – if feasible at all - to carry out a new RCT every time a new mosaic 

piece comes up.27 For example, if a more accurate breast screening test becomes available, its impact 

on the intended patient-important outcome can be assessed by substituting the outdated by the new 

accuracy data and connecting the latter to the current knowledge of effectiveness of early breast 

cancer treatment, using clinical decision analysis.28 
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Weighing different perspectives and values 

In situations of uncertainty, in addition to expert judgment, the perspectives of patients, the public, 

policy makers and politicians should weigh heavily, especially when different values may lead to 

different conclusions.29,30 In this context it makes a difference whether individual decisions (for 5 

example, the decision whether or not to be vaccinated against HPV) or collective decisions (such as 

making vaccination mandatory in view of herd immunity) are at stake.31 In the latter case a 

democratic majority decision must be taken, requiring that the public is optimally informed. When 

individual freedom of decision can be in conflict with collective interests, it is crucial to separate the 

roles of those who are responsible for producing evidence, those who advise individual subjects, and 

those who independently advise on general guidelines or policies. 

Monitoring 

Given inherent uncertainties, results after decisions based on surrogate endpoints must be carefully 

monitored to see whether one is on the right track or whether adjustments need to be made. This 

can be supported by interim analyses, and repeated review and scientific advice. This is, for example, 

the policy in the Netherlands regarding HPV vaccination.8 Instead of fearing such critical evaluations 

because these may contradict the primary decisions, policy makers should invest in them as 

cornerstones of good policy practice given uncertainties. 

Agreeing upon criteria 

Criteria for using surrogate endpoints, given the state of knowledge on their predictive values, can 

help as a basis for urgent decision making in the temporary or permanent absence of sufficient final 

patient-important endpoint data. Patients, citizens and policy makers can be involved in agreeing 

upon these criteria, which should cover: 
 

– the urgency of taking a clinical or policy decision about the intervention to be evaluated; 

– the impossibility or infeasibility of measuring the final patient-important health outcome, 

given the relevant time window, methodological limitations and ethical considerations; 

– the biological and clinical plausibility of the proposed surrogate endpoint; 

– a maximally evidence-based, credible assessment of its predictive value, an assessment of 

residual uncertainties left including a GRADE assessment of the quality of the evidence, with a 

motivation as to whether this is sufficient for making a decision; 

– transparent weighting of the arguments for and against using the proposed surrogate 

endpoint from a scientific, clinical and societal perspective; 

– a solid method for monitoring, evaluation and adaptation if needed; 

 

If agreed criteria are not met, it is important to report that clearly too, in order to avoid misuse of 

surrogate endpoints such as unjustified limitation of endpoint measurements to cheap laboratory 

tests or using irrelevant short-term effects. Moreover, such reporting can stimulate research to 

collect better – and preferably direct - evidence about endpoints where necessary and possible. 

Conclusion: cooperation of science, practice and society 
The all-embracing question is which position science, healthcare practice and society must choose 

regarding decision making on (introducing) interventions when direct evidence on the intended 

patient-important health outcomes is lacking. Do we set the strict requirement of direct RCT-based 

evidence on such final outcomes in all cases, also when we know that such evidence is unlikely or 

even impossible to be completely available when clinical or policy decisions are required? Or do we 

make scientific, professional and societal agreements about what is considered the best possible and 

minimally required evidence, keeping a close eye on post-decision developments, and using all 

opportunities to learn and adapt? We believe that, in a context of ever-faster knowledge 
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development and societal decision making, the latter approach is best for continuously improving 

prevention and care, and for health care progress and innovation. For achieving this, appropriate 

guiding principles and good cooperation between science, practice and society are paramount. 
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