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KEY CONCEPTS IN CLINICAL EPIDEMIOLOGY

Surrogate endpoints: a key concept in clinical epidemiology
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Abstract

Surrogate endpoints are biomarkers or intermediate outcomes that are used as substitutes for clinical outcomes of interest, often to expe-
dite research or decision-making. In contrast, patient-important (or patient-centered) outcomes are health outcomes that are of direct rele-
vance and importance to patients themselves; clinical trials may have measured the impact of the intervention on other endpoints related to,
but different from, those of primary importance to patients. This article aims to elaborate on the use and understanding of surrogate end-
points. There should be a well-understood and scientifically grounded relationship between the surrogate (replacement) and the patient-
important (target) endpoint it is intended to represent. It should be biologically plausible that changes in the surrogate will consistently
and predictably reflect changes in the patient-important endpoint. The surrogate endpoint should show a threshold effect, meaning that
a specific change (or state) in the surrogate with an intervention (relative to the comparator) is associated with a predictable (change in
the) patient-important outcome. This helps establish a meaningful cutoff or target for the treatment effect on the surrogate endpoint. While
surrogate endpoints offer advantages in certain situations, it is important to remember that their use requires careful validation to ensure
they reliably predict the true clinical outcome. The validity of “‘surrogate endpoints” should be supported by robust scientific evidence and
rigorous evaluation before these can be considered and labeled as surrogate endpoints. © 2023 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Keywords: Surrogate outcomes; Randomized controlled trials; Clinical epidemiology; Indirectness; Outcome measures; Endpoints

1. Background making [1,2]. In various contexts, the terms "outcome"
and "endpoint" are used interchangeably. While an outcome
broadly refers to any result or consequence of a particular
action (e.g., intervention) in a clinical study, an endpoint re-
fers to a specific measurable variable used to assess the suc-
cess or effectiveness of a clinical trial. As an example, the
choice of primary endpoint when designing a trial is
crucial; it serves as the primary focus of the study’s sample
size, analysis, and interpretation. The results related to the
primary endpoint are pivotal in the assessment of whether
the treatment effect compared to the control is both statis-
tically significant and clinically meaningful. The distinction
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Contemporary research emphasizes the perspective and
experiences of the patient themselves, focusing on out-
comes that are meaningful and important to individuals in
terms of their health and daily life. Clinical evidence should
preferably come from research that directly compares the
interventions of interest, applied to the relevant popula-
tion(s), and should measure outcomes important to patients,
clinicians, and policymakers to be useful for decision-
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measured the impact of the intervention on other endpoints
related to, but different from, those of primary importance
to patients. Examples include the use of biomarkers and in-
termediate outcomes to assess the apparent efficacy or
effectiveness instead of applying a directly applicable
patient-important outcome [3]. When used for this purpose,
biomarkers and intermediate outcomes potentially become
surrogate endpoints. Surrogate endpoints can be defined
as successful biomarkers or intermediate outcomes that
are used as substitutes for clinical outcomes of interest,
often to expedite research or decision-making. Thus, surro-
gate endpoints are not themselves necessarily important to
patients but rather act as substitutes for the “real deal” in
the presumption that changes in the surrogate also reflect
changes in an outcome important to patients [4]. While sur-
rogate endpoints might appear degraded as they contrast
with the “what is really important,” they are frequently
used in medical research and clinical trials when the
patient-important outcome may be impractical, time-
consuming, costly, or ethically challenging [5].

2. Validity of a surrogate endpoint

Attempts to systematically assess definitions and success
of surrogate endpoints in trials have been narrative in nature
and restricted to specific clinical/health areas; there is no
published comprehensive guidance for reporting surrogate
endpoints as primary outcomes [5]. The credibility of a sur-
rogate endpoint in research refers to its ability to predict or
substitute for a clinical outcome of interest. The credibility
depends on whether it meets certain criteria. The validity of
a surrogate endpoint is often assessed based on variations of
the following characteristics [4,6]:

e Biologic plausibility: There should be a well-
understood and scientifically grounded relationship
between the surrogate (replacement) and the clinical
(target) endpoint it is intended to substitute. It should
be biologically plausible that changes in the surrogate
will consistently and predictably reflect changes in
the clinical endpoint.

e Epidemiologic evidence: Empirical evidence from
observational studies or previous clinical trials should
support the relationship between the surrogate (sub-
stitute) and the clinical (patient-important) outcome.
Multiple studies conducted across different popula-
tions or settings should consistently demonstrate a
strong association between the surrogate (the inde-
pendent variable [X]) and clinical (dependent variable
[Y]) outcome. If the intervention leads to changes in
the surrogate endpoint and these changes are consis-
tently associated with changes in the clinical
outcome, it provides evidence of a causal relationship
between the intervention, the surrogate endpoint, and
the clinical outcome.

e Analytical validation: Statistical analyses should be
conducted to assess the strength and consistency of
the relationship between the surrogate endpoint and
the clinical outcome. These analyses include correla-
tion coefficients, regression models, or other statisti-
cal methods to quantify the association. Establishing
causal inference between a surrogate endpoint (X)
and a clinical outcome (Y) involves a combination
of experimental design, statistical analysis, and a
solid understanding of the underlying biological
mechanisms.

o Surrogate threshold effect: The surrogate endpoint
should show a threshold effect, meaning that a spe-
cific change in the surrogate is associated with a pre-
dictable change (or state) in the clinical outcome.
This helps establish a meaningful cutoff or target
for the surrogate endpoint.

Although not explicitly mentioned, the Bradford Hill
criteria (for causation) can be relevant in evaluating the
strength of evidence for a surrogate endpoint. While consis-
tency and specificity may not be explicitly named criteria
for evaluating surrogate endpoints, other aspects such as
validity, reliability, and responsiveness are commonly
considered. The focus is on understanding the ability of
the surrogate endpoint to accurately represent changes in
the true clinical outcome and whether this relationship
holds across different scenarios. For example, criteria such
as biological plausibility, consistency, and strength of asso-
ciation are directly applicable when evaluating whether
changes in a surrogate endpoint reliably predict changes
in a clinical outcome. Ensuring that surrogate markers are
sensitive to treatment effects obviously enhances their util-
ity as valid substitutes for true clinical outcomes in various
research and clinical settings. If a surrogate endpoint sat-
isfies all these criteria, it may be considered a valid and use-
ful substitute in clinical trials. If, on the other hand, the
surrogate endpoint lacks a clear biological basis or shows
inconsistency in its association with the clinical outcome,
its validity may be questioned.

Rigorous and systematic evaluation of proposed surro-
gate endpoints is crucial for making informed decisions
about the efficacy and safety of interventions in medical
research and practice. Just like in any causal inference sce-
nario, researchers need to consider potential confounding
variables that could affect both the surrogate and the clin-
ical outcome. If there are uncontrolled confounders, the
observed relationship between the surrogate (X) and the
clinical outcome (Y) might not be solely due to the inter-
vention but could be influenced by these other confounding
factors. Accordingly, evidence should preferably be synthe-
sized (e.g., via meta-regression analysis) addressing the
question if the evidence from randomized trials consistently
shows that improvement in the surrogate endpoint has
consistently led to improvement in the (patient-important)
target outcome.
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3. Example

A frequently used example of a successful surrogate
endpoint is in the field of cardiovascular disease. In this
context, low-density lipoprotein (LDL) cholesterol is a
biomarker used as a surrogate endpoint for cardiovascular
morbidity when assessing the efficacy of cholesterol-
lowering medications (e.g., statin therapy). Biological plau-
sibility: There is a well-established understanding of the
relationship between elevated LDL cholesterol levels and
the risk of cardiovascular events, such as heart attacks
and strokes (i.e., lipids and lipoproteins are involved in
atherosclerosis). Lowering LDL cholesterol levels is known
to reduce the risk of these events. Epidemiological studies
have consistently shown that lowering LDL cholesterol
levels leads to a reduction in the risk of cardiovascular
events. Changes in LDL cholesterol levels predict changes
in the occurrence of clinical endpoints like heart attacks
and strokes. Multiple clinical trials and observational
studies across diverse populations have demonstrated that
the reduction in LDL cholesterol levels achieved on
different pharmacological agents (usually) translates into
a lower risk of cardiovascular events. Over the years,
numerous clinical trials have validated the use of LDL
cholesterol reduction as a predictor of reduced cardiovascu-
lar risk. Trials have shown that a successful reduction in
LDL cholesterol levels (e.g., 1 mmol/L) is directly associ-
ated with significant reductions in cardiovascular events.
Cardiovascular events are critical clinical outcomes with
substantial implications for patients’ health and quality of
life; reducing the risk of heart attacks and strokes is a
meaningful clinical goal.

While direct assessment of cardiovascular events re-
quires long-term follow-up and large sample sizes,
measuring LDL cholesterol levels is a more feasible and
shorter-term approach to assessing treatment effects [7].
LDL cholesterol reduction to prevent major adverse cardio-
vascular events (MACE) varies depending on the patient
population, baseline risk factors, and the specific guidelines
being followed. For instance, individuals with moderate
risk factors for cardiovascular disease might be advised to
achieve an LDL cholesterol level between 70 and
100 mg/dL (1.8—2.6 mmol/L). Clinical trials evaluating
statins have reported relative risk reductions in the range
of approximately 20—50% for MACE. Although these fig-
ures are controversial, this means that, on average, individ-
uals taking statins could have up to 50% lower risk of
experiencing a cardiovascular event compared to those
not taking statins.

4. Pointers

Surrogate endpoints are biomarkers or intermediate out-
comes that are used as substitutes for clinical outcomes of
interest, often to expedite research or decision-making. As

depicted in Table 1, the use of surrogate endpoints (both in
individual trials and in decision-making) requires careful
consideration to ensure that they reliably predict the desired
clinical outcome (i.e., the patient-important outcome
cannot just be implied). The scientific and medical commu-
nity continuously evaluates and refines the use of surrogate
endpoints based on accumulating evidence and experience.
Regulatory agencies such as the US Food and Drug Admin-
istration should be encouraged to assess the validity of sur-
rogate endpoints according to standardized frameworks to
determine their acceptance for evaluating the efficacy and
safety of new medical interventions.

The Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) Working Group is a
widely recognized international collaboration of re-
searchers and methodologists who have developed a frame-
work for evaluating the quality of evidence and making
recommendations in healthcare via rigorous systematic re-
views, clinical guidelines, and health technology assess-
ments. The GRADE Working Group has provided
pragmatic guidance on the appropriate use of surrogate out-
comes in evidence synthesis and guideline development.
The GRADE approach recognizes that surrogate outcomes
may be seen as a necessity and thus employed as major out-
comes or maybe even as the primary endpoint in individual
trials or as intermediate outcomes in a causal pathway be-
tween the intervention and the patient-relevant clinical out-
comes [8].

While surrogate endpoints offer advantages in certain
situations, it is important to remember that their use

Table 1. Points to consider when interpreting evidence from a
surrogate endpoint.

Indirectness

If the relationship between the surrogate and the clinical (patient-
important) outcome is not well-established or is uncertain, it can
lead to indirectness in the evidence (less certainty with the
apparent findings).

Lack of validation

If there is a lack of analytical validation studies demonstrating the
credibility of the surrogate endpoint (X) in predicting clinical
outcomes (Y), the quality of evidence might be rated down due to
uncertainty.

Magnitude of effect

If the treatment effect on the surrogate endpoint is substantial but
the effect on the clinical outcome is uncertain or smaller, this will
reduce our certainty in the apparent findings.

Risk benefit balance

If using the surrogate endpoint as a basis for decision-making could
lead to potential harm or inappropriate treatment decisions, a
guideline panel is more likely to provide a conditional (weak)
recommendation.

Uncertainty

The use of surrogate endpoints will introduce additional uncertainty
into the evidence. If there is significant uncertainty regarding the
relationship between the surrogate and clinical outcomes, the
quality of evidence might be rated as less credible.
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requires careful validation to ensure they reliably predict
the true clinical outcome. The use of biomarkers or inter-
mediate outcomes as a replacement for clinical endpoints
should be supported by robust scientific evidence and
rigorous evaluation before a claim of surrogate endpoints
can be made.
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