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Summary
Background Interventional trials that evaluate treatment effects using surrogate endpoints have become increasingly
common. This paper describes four linked empirical studies and the development of a framework for defining,
interpreting and reporting surrogate endpoints in trials.

Methods As part of developing the CONSORT (Consolidated Standards of Reporting Trials) and SPIRIT (Standard
Protocol Items: Recommendations for Interventional Trials) extensions for randomised trials reporting surrogate
endpoints, we undertook a scoping review, e-Delphi study, consensus meeting, and a web survey to examine current
definitions and stakeholder (including clinicians, trial investigators, patients and public partners, journal editors, and
health technology experts) interpretations of surrogate endpoints as primary outcome measures in trials.

Findings Current surrogate endpoint definitional frameworks are inconsistent and unclear. Surrogate endpoints are
used in trials as a substitute of the treatment effects of an intervention on the target outcome(s) of ultimate interest,
events measuring how patients feel, function, or survive. Traditionally the consideration of surrogate endpoints in
trials has focused on biomarkers (e.g., HDL cholesterol, blood pressure, tumour response), especially in the medical
product regulatory setting. Nevertheless, the concept of surrogacy in trials is potentially broader. Intermediate out-
comes that include a measure of function or symptoms (e.g., angina frequency, exercise tolerance) can also be used as
substitute for target outcomes (e.g., all-cause mortality)—thereby acting as surrogate endpoints. However, we found a
lack of consensus among stakeholders on accepting and interpreting intermediate outcomes in trials as surrogate
endpoints or target outcomes. In our assessment, patients and health technology assessment experts appeared
more likely to consider intermediate outcomes to be surrogate endpoints than clinicians and regulators.

Interpretation There is an urgent need for better understanding and reporting on the use of surrogate endpoints,
especially in the setting of interventional trials. We provide a framework for the definition of surrogate endpoints
(biomarkers and intermediate outcomes) and target outcomes in trials to improve future reporting and aid stake-
holders’ interpretation and use of trial surrogate endpoint evidence.

Funding SPIRIT-SURROGATE/CONSORT-SURROGATE project is Medical Research Council Better Research Better
Health (MR/V038400/1) funded.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
The recent accelerated approval by the US Food and
Drug Administration (FDA) of two biologics for the
treatment of early Alzheimer’s disease (aducanumab
and lecanemab), with a third under review (donana-
mab), has brought back into sharp focus the controversy
over the use of surrogate endpointsaq in informing
healthcare decision-making. Evidence from placebo-
aqOther descriptive terms used with surrogate include ‘outcome’;
‘marker’; ‘measure’; ‘observation’; ‘parameter’. Surrogate endpoints also
referred to as ‘early’, ‘replacement’, ‘proxy’, ‘substitute’ endpoints/out-
comes/measures/markers.1
controlled randomised controlled trials (RCTs)
showing an effect on reduction in amyloid plaque pro-
tein in the brain was deemed as sufficient evidence for
their marketing authorisation, despite mixed findings of
their effects on cognitive impairment.2–5

In the case of this example, the trial endpoint of
amyloid load (assessed by magnetic resonance imaging)
is a biomarker, i.e., ‘a defined characteristic that is
measured as an indicator of normal biological pro-
cesses, pathogenic processes, or responses to an expo-
sure or intervention’.6 Over the last three decades,
biomarkers have become widely accepted by global
regulators as surrogate endpoints, substituting for
treatment effects on the trial target outcomes of interest,
www.thelancet.com Vol 65 November, 2023
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Research in context

Evidence before this study
Over the last three decades, an increasing proportion of
medical products have been approved by global regulators
based on interventional trials using validated biomarkers (e.g.,
LDL cholesterol, blood pressure, tumour response) as a
surrogate endpoint in place of the treatment effect on target
outcome of interest (e.g., all-cause mortality). There has been
less consideration, however, of the wider use of ‘intermediate
outcomes’ that can include measures of function or
symptoms (e.g., angina frequency, exercise tolerance)–as
potential surrogate endpoints in trials. As a result, current
definitions, and interpretational frameworks for surrogate
endpoints in trials may either be lacking or be too narrow.

Added value of this study
This study presents an analysis examining current definitions
and an assessment of how stakeholders (including clinicians,
trial investigators, patients and public partners, journal

editors, and health technology experts) interpret trial
endpoints as surrogates or target outcomes. Based on these
findings, we provide a framework that extends the definition
and interpretation of surrogate endpoints in trials beyond
biomarkers to include intermediate outcomes.

Implications of all the available evidence
The focus of surrogate endpoint use in trials has traditionally
been directed by regulatory bodies such as the US Food and
Drug administration (FDA) and European Medicines Agency
(EMA). However, given the importance of trial findings to
clinical practice and policy, the paradigm and importance of
surrogate endpoints extends beyond the regulatory setting to
patients, clinicians, payers, and other stakeholders. In the
future, the design and interpretation of surrogate endpoints
in trials need more attention on their broader definition,
reporting, interpretation, and relation to target outcomes.

Articles
measuring how patients feel, function, or survive.7–9 In
contrast, the RCTs of aducanumab and lecanemab pri-
mary endpoint of cognitive impairment (assessed using
the Clinical Dementia Rating-Sum of Boxes (CDR-
SB)10), can be directly perceived by and has potential
value for patients, clinicians, and other stakeholders—a
trial target outcome. This primary endpoint can also be
considered an intermediate outcome, substituting for
longer-term target outcomes, such as Alzheimer’s dis-
ease, irreversible disability requiring institutionalised
care and/or premature death. Measuring effects on
longer-term target outcomes would require trials of
much longer follow up, larger sample size, and higher
costs. Thus, the trials’ use of cognitive function as an
intermediate outcome can be interpreted as a surrogate
endpoint, too.11–13 Dependent on the definition used, it is
estimated that between 20 and 80 percent of published
trials use surrogate endpoints as primary outcomes, the
most common areas of application being cardiovascular
disease, cancer, and infectious disease.1,14,15

Reporting of healthcare interventional trials, and
appropriate application of their findings to inform
practice and policy, centrally depend on clarification as
to how biomarkers and intermediate outcomes are
defined and interpreted as a surrogate endpoint or target
outcome. As part of a UK Medical Research Council-
funded project to develop the CONSORT (Consoli-
dated Standards of Reporting Trials) and SPIRIT
(Standard Protocol Items: Recommendations for Inter-
ventional Trials) extensions for RCT protocols and final
reports using surrogate endpoints, we undertook four
linked empirical studies to examine the definition and
interpretation of surrogate endpoints in trials.16,17 This
included a scoping review of current surrogate endpoint
www.thelancet.com Vol 65 November, 2023
definitions, rated for their acceptability and clarity as
part of an e-Delphi study, and assessment in a hybrid
consensus meeting with an extension of the e-Delphi
study to gauge how a sample of international stake-
holders (including clinicians, trial investigators, patients
and public partners, journal editors, and health tech-
nology experts) approached the judgment of interme-
diate outcomes in RCTs as a surrogate endpoints or
target outcomes. We present a summary of these
empirical studies and, using their findings, propose a
definitional framework to inform the better reporting of
trials using surrogate endpoints and to aid stakeholders’
(including patients, clinicians, regulators, and payers) in
their interpretation of surrogate endpoint evidence.
Methods
The methods for developing SPIRIT and CONSORT
extensions for RCTs that use a surrogate endpoint as a
primary endpoint were guided by the EQUATOR
(Enhancing the QUAlity and Transparency Of health
Research) Network’s recommended steps for developing
health research reporting guidelines26 and are previously
reported elsewhere.16,17 The project received ethical
approval from the University of Glasgow College of
Medical, Veterinary, and Life Sciences Ethics Commit-
tee (Project No: 200210151). Methodology of our four
linked empirical studies focusing on surrogate endpoint
definitions and their interpretation in trials are sum-
marised in the box below.

Scoping and targeted reviews
Details of scoping review methods are reported in detail
elsewhere.1 In summary, literature was identified using
3
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Prompt Methodological decisions and rationale

At start of the project, the SPIRIT|CONSORT-SURROGATE project team identifies the
need to have a comprehensive definition of surrogate endpoints

Inclusion of a research question to explore how surrogate endpoints are defined in the scoping
review

Scoping review identifies different definitions in the literature Inclusion of rating of definitions in two rounds of e-Delphi survey

Consensus in two definitions and lack of consensus in four other definitions rated in
e-Delphi survey

Inclusion of a session to discuss definitions in the consensus meeting

Difficulty in deciding whether intermediate outcomes of recent trials, identified in the
targeted review, are surrogate endpoints or target outcomes

Discussion and categorisation of six intermediate outcomes as surrogate endpoints or target
outcomes in the consensus meeting

Lack of consensus on the best definition of surrogate endpoints and categorisation of
intermediate outcomes as surrogate endpoints/target outcomes in the consensus meeting

Extension of exercise to categorise the six intermediates as either surrogate endpoint/target
outcomes to participants of a e-Delphi survey.

Lack of consensus in categorisation of intermediate outcomes in the web survey Based on all evidence gathered, conceptualisation of a framework for surrogate endpoint
definition (see Fig. 3) and criteria in interpreting intermediate outcomes as surrogate
endpoints or target outcomes (see Table 3)
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electronic bibliographic databases (Excerpta Medica
Database [EMBASE], Medical Literature Analysis and
Retrieval System Online [MEDLINE], Cochrane Meth-
odology Register) up to March 1st, 2022; Google and
targeted website searches (e.g., US FDA) up to May
27th, 2022; hand searching of reference lists of included
records; and solicitation from experts including the core
project team (OC, PD, AMM, RST, AEY or CJW). Full
texts were screened independently by two reviewers
(OC, PD, AMM, or RST) on their consideration of lim-
itations and acceptability of surrogate endpoints and
reference to surrogate definitions recorded.

We also undertook a targeted review to identify
RCTs that have used surrogate endpoints as primary
outcomes. MEDLINE through PubMed was searched
for RCT full reports and protocols published from
January 2017 to June 2022 in six high-impact general
medical journals (Annals of Internal Medicine, BMJ,
Journal of the American Medical Association, New
England Journal of Medicine, Lancet, and PLoS
Medicine) and two journals that commonly publish
protocols: BMJ Open and Trials. The reports and
protocols were exported to Covidence and screened
for using a surrogate endpoint as a primary outcome
by two reviewers (OC, PD, AMM, or RST). Publica-
tions identified by the targeted review were used to
inform our selection of RCTs with intermediate
outcomes.

e-Delphi study
The primary objective of our e-Delphi study was to
obtain consensus on SPIRIT and CONSORT extension
items informed by the scoping review. Given the lack
of consensus on surrogate endpoint definitions iden-
tified by our scoping literature review, we elected to
include a selection of definitions to be rated as part of
our e-Delphi study. The study was conducted online
using DelphiManager software (version 5.0), main-
tained by the COMET (Core Outcome Measures in
Effectiveness Trials) initiative, www.comet-initiative.
org/delphimanager/. A range of stakeholders were
invited to participate including clinicians, trial in-
vestigators and methodologists, patient and public
involvement (PPI) partners, health technology assess-
ment experts, funding panel members, and journal
editors. We included use purposive and snowball
(nonprobability) sampling) to identify participants.24

Identification strategies included: 1) professional con-
tacts known to the research team; 2) relevant profes-
sional bodies and networks; 3) relevant conferences
and meetings; 4) authors of records included in the
scoping and targeted reviews; 5) a call for participants
on the project website and social media pages; and 6)
asking registered participants to share the link with
other people, networks or organisations that would be
interested in participating. Participant inclusion
criteria were: 1) expertise in surrogate endpoints
(through authored literature) or self-reported interest
and basic understanding of the concept of surrogacy; 2)
registered interest, in English (although international
participation was sought), to participate during the
allocated period. We had no exclusion criteria. Two
rounds of e-Delphi process (round 1: 24th August
2022–10th October 2022; round 2: 31st October
2022–11th December 2022) were used to achieve
consensus on our SPIRIT and CONSORT extension
items.

Two definitions were added to the four definitions
identified by the scoping review. First, given involve-
ment in its development and publication by project
team members (OC & RST), the surrogate endpoint
definition by Ciani (2017) was added.11,12 The Ciani
definition was considered important as it comes from
the health technology assessment community perspec-
tive in contrast to the other definitions that focus on the
regulatory perspective. Second, during round 1, one of
the respondents drew our attention to the recently
completed Banff 2022 workshop.25 The Banff definition
was therefore also added to round 2.

e-Delphi survey participants rated each definitions
comprehensiveness (completeness, inclusivity, and
clarity) using a 9-point Likert scale. We used the
www.thelancet.com Vol 65 November, 2023
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following consensus thresholds for definition accep-
tance: consensus on comprehensiveness: ≥70% partic-
ipants scoring 7–9 and <15% participants scoring 1–3;
consensus on lack of comprehensiveness: ≥70% par-
ticipants scoring 1–3 and <15% of participants scoring
7–9; no consensus: failure to achieve both the above.
Participants could provide free text comments alongside
on their rating of each definition.

Consensus meeting
The overarching aim of the consensus meeting was to
ratify SPIRIT and CONSORT extension items that
reached consensus during the e-Delphi study and allow
discussion of items that did not reach consensus. The
meeting closely followed the EQUATOR Network
guidance on conducting consensus meetings and
included the 13 project team members and 20 purpo-
sively selected stakeholders (see Acknowledgements).26

The project team selected participants from those who
completed e-Delphi round 2 and expressed their interest
based on their availability to attend and the need to
ensure international and multidisciplinary representa-
tion of participants. The meeting was conducted over
two consecutive half-days (13th & 14th March 2023) as a
hybrid meeting, some participants present physically
and others joining virtually through an online video
conference link. A specific session of the consensus
meeting agenda included a session on surrogate defi-
nitions based on data identified by the scoping review
and e-Delphi study.

To gauge how stakeholders judge endpoints, we asked
consensus meeting participants to rate six published
RCTs (chosen from our scoping and targeted review
described above) with a primary outcome that could be
plausibly perceived as an intermediate outcome (see e-
Appendix Table 1). Participants were asked to consider
whether they judged each endpoint as a surrogate
endpoint (response options were ‘Yes’, ‘No’, or ‘Uncer-
tain’) and voting collected (using www.mentimeter.com).
To inform their decision-making, we provided links to
published RCT protocols or reports and provided with a
summary of reasons for and against considering each
endpoint as a surrogate endpoint.

Briefly, these six primary outcomes (as stated by the
trial authors) were:

1) “Surgical site infections (SSI) within 30 days after
surgery. SSIs are classified as being superficial,
deep and/or organ–space infection on the basis of
validated and well-defined criteria developed by the
Centers for Disease Control and Prevention.”27

2) “Continuous smoking abstinence rate (abstinence
from conventional/combustible cigarettes during
the last 4 weeks (weeks 9–12) of the treatment
period of 3 months.”28

3) “Difference in body mass index z-scores between
arms at 15 and 30 months.”29
www.thelancet.com Vol 65 November, 2023
4) “Duration of severe symptoms. Each symptom was
scored using a six-point Likert scale, and symptoms
scoring 5 or 6 were considered as severe.30

5) “Spontaneous vaginal birth.”31

6) “Disability at 90 days, evaluated by the distribution
of scores on the modified Rankin scale.”32

A web-based survey exploring how and when to
categorise intermediate outcomes in RCTs as
surrogate endpoints
Following the consensus meeting, we repeated the ex-
ercise of judging the definitions of intermediate out-
comes as surrogates (4th April–5th May 2023) as
described above by contacting individuals who partici-
pated in the e-Delphi study or initially registered interest
to participate in the e-Delphi.

Patient and public involvement (PPI)
There was extensive PPI in all research activities
described above. A PPI (DS) partner was a member of
our original funding application for the CONSORT-
SPIRIT surrogate project and took on the PPI lead
role as a Programme Management Group member.
Nineteen additional PPI partners were invited to take
part in the e-Delphi survey. To facilitate their partici-
pation, we undertook a 2-h web-based briefing/learning
workshop on surrogate outcomes in trials. Members of
the PPI group participated individually in the e-Delphi
process, with four participating in the 2-day Consensus
meeting.

Data analysis, synthesis, and presentation
The numerical results of the empirical studies were
summarised quantitatively (e.g., medians, interquartile
range (IQR), counts and frequencies) and tabulated or
presented graphically. Free text comments received by
participants are presented to illustrate key concepts.

Role of funding
The research was funded as part of development of
SPIRIT and CONSORT extensions has been funded by
the UK Medical Research Council (grant number MR/
V038400/1). Gary Collins was supported by Cancer
Research UK (programme grant: C49297/A27294). Jane
Blazeby was supported by the NIHR Bristol Biomedical
Research centre. Sylwia Bujkiewicz was supported by
UK Medical Research Council (MR/T025166/1) and
Leicester NIHR Biomedical Research Centre. Alain
Amstutz receives his salary from the Research Fund
Junior Researchers of the University of Basel. Robin
Christensen wants to acknowledge that Section for
Biostatistics and Evidence-Based Research, the Parker
Institute, Bispebjerg and Frederiksberg Hospital is
supported by a core grant. CDCMF receives research
productivity fellowships from the Oak Foundation
(OCAY-18-774-OFIL) national council for scientific and
technological development (CNPq/Brazil–Grant: 08516/
5
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Source (year) Defini

Prentice (1989)33 A resp
of no
is also
on the

Temple (1999)34 A labo
therap
end po
functio
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NIH Biomarkers
Definitions
Working Group
(2001)35

A biom
endpo
clinica
epidem
scienti

BEST (2016)6 An en
a direc
A surr
primar
predic
therap

Ciani et al.
(2017)11

A biom
a patie
morbi
reliabl
therap

Banff Workshop
(2022)25

An en
basis f
endpo

NIH: National Institutes of H

Table 1: Surrogate endpo
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2021-4). The funders had no role in study design; in the
collection, analysis, and interpretation of data; in the
writing of the report; and in the decision to submit the
review for publication.
Results
Surrogate endpoint definition: scoping review
Details of the scoping review article identification pro-
cess are reported elsewhere.1 The four existing surrogate
definitions that were most cited (with ≥2 citations)
across 32 publications identified by the scoping review
were those of: Prentice (1989), Temple (1999), National
Institutes of Health (NIH) Biomarkers Definitions
Working Group (2001), Biomarkers, Endpoints, and
other Tools (BEST) (2016) (see Table 1).6,33,34,36

Three of the four definitions emphasise the notion
that a surrogate endpoint is used to substitute and
predict another outcome. However, what was predicted
and/or substituted for (i.e., the target outcome)
differed according to definitions: “clinical endpoint”,
“direct measure of how a patient feels, functions or
survives”, or “patient or participant relevant final
tion Scoping
review
citations

e-Delphi rating

Median
(IQR)

% of
score

1–3

onse variable for which a test of the null hypothesis
relationship to the treatment groups under comparison
a valid test of the corresponding null hypothesis based
true endpoint.

6 (19%)
records

5 (3, 6) 29.6

ratory measurement or physical sign that is used in
eutic trials as a substitute for a clinically meaningful
int that is a direct measure of how a patient feels,
ns, or survives and is expected to predict the effect
therapy

10 (31%) 7 (5, 7) 11.6

arker that is intended to substitute for a clinical
int. A surrogate endpoint is expected to predict
l benefit (or harm or lack of benefit or harm) based on
iologic, therapeutic, pathophysiologic, or other
fic evidence.

12 (38%) 7 (6,7) 11.0

dpoint that is used in clinical trials as a substitute for
t measure of how a patient feels; functions; or survives.
ogate endpoint does not measure the clinical benefit of
y interest in and of itself; but rather is expected to
t that clinical benefit or harm based on epidemiologic;
eutic; pathophysiologic; or other scientific evidence.

3 (9%) 8 (7, 9) 0.6

arker or intermediate outcome used to substitute for
nt or participant relevant final outcome (i.e., severe
dity; health related quality of life or mortality) and
y predicts benefit or harm based on epidemiologic;
eutic; pathophysiologic; or other scientific evidence

Not
applicablea

8 (7, 8) 2.3

dpoint replacing a clinical endpoint that constitutes a
or reliably predicting a treatment effect on the clinical
int in a defined context of use.

Not
applicablea

7 (5.5, 8) 7.8

ealth; BEST: Biomarkers, Endpoints, and other Tool. aNot identified in the scoping review

int definitions identified by scoping review and e-Delphi rating.
outcome”. The Prentice definition was entirely statis-
tical in its focus.

Surrogate endpoint definition: e-delphi study
A total of 219 individuals registered for the e-Delphi
study, of whom 212 were deemed eligible, with 195
rating items in Round 1 and 176 in Round 2. A sum-
mary of participants who participated in the two rounds
is detailed in e-Appendix Tables 2–5.

Two of the definitions reached a consensus, i.e.,
BEST (2016) and Ciani et al. (2017). A summary of the
free text comments provided by participants for the
definitions is given in Table 1 (see e-Appendix for
details).

A key attribute of the NIH, BEST, and Ciani defi-
nitions identified by Delphi participants was their in-
clusion of the requirement for surrogate endpoint
validation, i.e., the surrogate endpoint accurately pre-
dicts treatment effects on the target outcome of inter-
est: “reliably predicts benefit or harm based on
epidemiologic; therapeutic; pathophysiologic; or other
scientific evidence”. An additional attribute identified
by the Ciani definition was the explicit recognition that
Summary of free-text comments

rating
s

4–6 7–9

58.6 11.7 Complex and statistical definition with limited usability in trial
design—see comments of Definition 3 in Appendix.

31.4 57.0 Not inclusive as a surrogate endpoint extends beyond
laboratory measurements and signs and their use is beyond
therapeutic trials—see comments of Definition 2 in Appendix

31.8 57.2 Not inclusive as surrogate endpoints extend beyond
biomarkers and clinical benefit measured could still be a
surrogate endpoint—see comments of Definition 1 in Appendix

7.0 92.4 A comprehensive definition although use of ‘predict’ implies a
validated surrogate endpoint—see comments of Definition 4 in
Appendix

14.0 83.6 Support for inclusion of intermediate outcome in definition;
however, there is limited understanding of ‘intermediate
outcome’; not all trials seek to evaluate interventions based on
severe morbidity, health related quality of life or death; and
‘predict’ implies a validated surrogate endpoint—see comments
of Definition 5 in Appendix

33.5 58.7 No comments received

; Bold highlighted; consensus reached; Italic highlighted: consensus not reached.

www.thelancet.com Vol 65 November, 2023

www.thelancet.com/digital-health


Articles
intermediate outcomes (as well as biomarkers) be
considered as surrogate endpoints. Whilst positively
rated in the e-Delphi study, participant free-text com-
ments indicated that: 1) further development and
clarification of the definitions were needed e.g., the
need for a validated surrogate endpoint to reliably
predict treatment effects on a final patient-relevant
(target) outcome; and 2) the need for plain language
explanations of terms such as ‘intermediate outcome’
and ‘biomarker’.

Consensus meeting and web-based survey
exploring how and when to categorise
intermediate outcomes in RCTs as surrogate
endpoints
During the consensus meeting, as part of the session on
surrogate endpoint definition, we asked participants to
judge whether each of the six primary outcomes used in
recent trial protocols or reports are surrogate or not. The
live meeting voting indicated mixed views about the
endpoints presented, and no consensus was reached
based on the thresholds that we had prespecified, i.e.,
none of the intermediate outcomes was considered a
surrogate by more than 70% of attendees or considered
a target outcome by less than 15% (see Table 2). After
repeating the exercise with the participants in our e-
Delphi study, out of 80 valid responses, we observed
consensus on surgical site infections and spontaneous
vaginal birth being target outcomes. Even in those cases,
participants mentioned in free-text comments that the
Center for Disease Control (CDC) definition of surgical
site infection includes a composite measure of signs and
symptoms and only one part of the component is
perceived directly by patient-, and that the target out-
comes are longer length of hospital stay, readmission
and mortality for surgical site infection, or recovery
time, pain, health-related quality of life for both the
mother and the baby in the case of spontaneous vaginal
birth (see e-Appendix Table 6). The web-survey had no
consensus for the other four potential intermediate
outcomes (see Fig. 1).

There was variation across stakeholders based on
their primary professional role, with clinicians and
regulators more likely to consider intermediate out-
comes as target outcomes, in contrast to PPI
Do you consider this a surrogate endpoint? No (%)

Surgical site infection 44%

Smoking cessation 24%

Childhood obesity 36%

Severity of symptoms 63%

Spontaneous vaginal birth 61%

Rankin Scale 50%

Table 2: Classification of intermediate outcomes as surrogate endpoints dur
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contributors and health technology assessment experts
who considered them as surrogate endpoints (see
Fig. 2).

Based on consensus meeting discussions, free-text
comments from the web survey, and our reflections,
we identified four criteria for classifying intermediate
outcomes as surrogate or target endpoints: 1) type of
measurement; 2) whether the outcome is perceived by
patients (patient reported) or represents health benefits
per se; 3) intervention intent or trial hypothesis; and 4)
association with target outcomes. Table 3 summarises
these criteria along with counterarguments or further
considerations for each. We illustrate these criteria us-
ing obesity as an intermediate outcome. Use of these
criteria results in different conditionally dependent
conclusions on an endpoint being a surrogate or a target
outcome. For example, the measurement criterion
posits that obesity can be a target outcome if a valid
patient-reported outcome (PRO) instrument is used
(e.g., obesity-related quality of life instrument35) and a
surrogate endpoint if body mass index (BMI) is used.
Discussion
Evidence for the benefits and harms of interventions
should come from high-quality RCTs that directly assess
treatment effects on a target outcome of interest to
patients, clinicians, and other stakeholders, such as all-
cause mortality.37 Evaluating effects on such target
outcomes can require trials with large sample sizes,
long follow-up times, and high costs. While accepting
treatment effects on a biomarker as a replacement for a
target outcome has become increasingly commonplace
in the regulatory setting,7–9 there has been much less
consideration for the use and implications of interme-
diate outcomes as surrogate endpoints in the wider
context of healthcare interventional trials.11–13 As part of
the development of the SPIRIT and CONSORT exten-
sions for the reporting of RCTs with a primary surrogate
endpoint,16 we undertook four linked empirical studies
(a scoping review, e-Delphi study, consensus meeting,
and a web survey) to inform the development of a
definitional framework for the improved design,
reporting, and interpretation of trials using surrogate
endpoints.
Yes (%) Uncertain (%)

30% 26%

72% 4%

46% 18%

19% 19%

25% 14%

42% 8%

ing the consensus meeting (28 participants).

7

www.thelancet.com/digital-health


Fig. 1: Classification of intermediate outcomes as surrogate endpoints by participants in the web-survey (80 participants). Solid lines
indicate 70% and 15% frequency according to criteria for consensus. Rankin Scale was collapsed to ‘yes’ for the following response categories:
symptoms, symptoms and mild disability, and symptoms and all forms of disability. See e-Appendix Table 1 for details of the 6 intermediate
outcomes assessed in web-survey.
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Our e-Delphi study showed good support for the
2016 BEST (Biomarkers, Endpoints, and other Tools)
definition from the NIH-FDA Working Group that
biomarkers (e.g., brain amyloid plaque protein, blood
pressure, tumour response) can act as surrogate end-
points in interventional trials by acting as a substitute
and predictor of treatment effects on target outcome(s)
for how a patient feels, functions, and survives.6 The
BEST definition reflects regulatory practice over the last
three decades, as more than half of recent new drug and
biologic approvals by US FDA, European Medicine
Agency (EMA), Pharmaceuticals and Medical Devices
Agency in Japan are based on trial evidence of treatment
effects on a biomarker endpoint as an acceptable
Fig. 2: Classification of intermediate outcomes as surrogate endpoi
frequency of “No” across the whole sample. Trial experts include trial inve
details of the 6 intermediate outcomes assessed in e-survey.
surrogate endpoint.7–9 Support of this definition did not
reach consensus thresholds in our consensus meeting.
Furthermore, both our scoping review and e-Delphi
study demonstrated an increasing recognition that this
surrogate endpoint definitional framework needs to be
extended to capture a broader definition that includes
intermediate outcomes in certain contexts.

Intermediate outcomes are typically measured more
proximally in time to the target outcome(s) and may
have potential direct relevance to patients, clinicians,
and other stakeholders. However, as with biomarkers, a
common underlying surrogacy rationale for intermedi-
ate outcomes in intervention trials is that they act as a
substitute and predictor of treatment effects on a target
nts by professional role (80 participants). *Dashed line indicates
stigators, methodologists, and managers. See e-Appendix Table 1 for
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Criteria Type of measurement Outcome is perceived/has health
benefits

Intervention intent or hypothesis Association with target outcome(s)

Explanation
▪ Considers a target outcome as what

an individual feels, functions, or how
long they survive.

▪ When an outcome is directly reported
by individual, e.g., a patient reported
outcome measure, it can be
considered a target outcome.

▪ When outcome is indirectly assessed
or inferred from a measure, e.g., signs
and clinician assessed scales, it can be
considered a surrogate endpoint

▪ If outcome is perceived (e.g., felt,
reported by) by individual, then it is
not considered a surrogate outcome.

▪ If the outcome has any benefits
including short-term health and non-
health benefits, then it could be
considered target outcome.

▪ Consideration of whether an outcome
is a surrogate endpoint based on
whether the trial aimed at using an
outcome as a replacement or
predictor of a target outcome(s).

▪ Outcomes that have strong
association with target outcomes are
validated surrogate endpoints.a

▪ In health technology assessment, the
target outcome is often ultimately an
assessment of quality adjusted life
years (QALYs).

Counter
arguments or
further
considerations on
criteria

▪ Duration of measurement is
important: patient reported outcomes
for a short period should be
considered a surrogate endpoint for
the outcome at longer duration.

▪ Death is not patient reported yet a
definitive target outcome.

▪ A patient reported outcome measure
that is not validated can be regarded
as a surrogate endpoint.

▪ Consideration of perception of in the
surrogate endpoint/target outcome
categorisation assumes only
biomarkers (which are not perceived)
to be the only surrogate endpoint.

▪ Being perceived by individual can be
considered lack of outcome blinding.

▪ Duration of health benefits is
important: short-term benefits can be
surrogates for longer term benefits.

▪ Explicit recognition of target
outcomes rarely happens in trial
hypothesis statements.

▪ Target outcomes are not always the
only important outcomes for
stakeholders.

Application of the four criteria to the intermediate outcome of obesity/weight loss measures

Argument Obesity measured using validated
patient reported outcome would be
considered a target outcome. If inferred
from anthropometric measures, such as
body mass index, then consider as a
surrogate endpoint.

Most people can feel weight gain/loss
and participants can enrol for weight
loss interventions for non-health
outcomes including body attractiveness
and preventing a wardrobe change
hence a trial using weight loss as primary
outcome has used target outcome.

View of obesity as a disease means that
trials that evaluating management of
obesity can be regarded as using a target
outcome.

Evaluation of weight loss interventions
often judged on how well they result in
health benefit (e.g., QALYs) based on
impact on various diseases and
conditions contributed to by obesity.

Counterargument Patient reported outcomes in the short
term could be considered surrogate
endpoints for target outcomes such as
severe morbidity and death.

Weight gain/loss is still a surrogate
endpoint that is not blinded.
Furthermore, even with non-health
outcomes duration of weight loss is
important: sustained weight loss/control
would be the target to see benefits in
body attractiveness.

Obesity is a global health and health
system challenge due to its association
with many diseases and complications
and hence weight loss is a surrogate
endpoint for these other health impacts.

Obesity-related diseases and
complications are not the only
considerations for people who engage in
weight loss.

aFor details of surrogate validation methodology see.8,18–23

Table 3: Criteria in considering a trial intermediate outcome as a surrogate endpoint or target outcome.

Articles
outcome. For example, in the public health trial setting,
a primary endpoint of body mass index (BMI) for dietary
and physical activity promotion interventions in chil-
dren could be interpreted as an intermediate outcome
and surrogate endpoint for health improvement,
including morbidity and mortality associated with the
risk of future development of cardiometabolic disease.38

Importantly, our web survey showed a lack of consensus
across stakeholders (including patients, clinicians, re-
searchers, and health technology assessment experts) on
acceptance of whether intermediate outcomes used as
primary outcomes were surrogate endpoints or target
outcomes. Patients and health technology assessment
experts appeared more likely to consider intermediate
outcomes as surrogate endpoints, whereas this was less
likely for clinicians and regulators.

Based on this study’s findings we propose a frame-
work for the broader definition and interpretation of
surrogate endpoints in interventional trials (see Fig. 3)
along with criteria that can aid stakeholders to decide on
www.thelancet.com Vol 65 November, 2023
whether trial endpoints are surrogate endpoints or
target outcomes (see Table 3). Teams designing
healthcare trials may find these criteria helpful in
considering the choice of their primary outcome(s).
Misalignment in what is regarded as a surrogate
endpoint or target outcome between different stake-
holders may result in suboptimal utilisation of trial
findings to inform clinical decision making and
healthcare policy, leading to unrealistic expectations
among patients and clinicians and wastage of research.39

Trial teams should consider what criteria allow for
achieving the trial objective and lead to optimal use of
trial findings by other researchers. Additionally,
considering what is a surrogate endpoint, or a target
outcome could benefit from consultation with stake-
holders including regulators, health technology assess-
ment experts, clinicians, patients, and the wider public.

Few previously published studies have sought to
formally assess stakeholders’ views on the use of sur-
rogate endpoints.40,41 Schievink et al. conducted an
9
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Fig. 3: Proposed framework for the definition and interpretation of surrogate endpoints in interventional trials.
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online questionnaire survey in 74 stakeholders
(including representatives from drug regulators, health
technology assessment agencies, drug industry, and
academia) to assess their perception of the acceptability
of surrogate endpoints.40 The study authors reported
that the survey respondents generally supported the use
of surrogate endpoints in drug approval; however there
was a recommendation for prioritising surrogates sup-
ported by formal scientific evidence of their validation
for treatment effects on outcomes. In contrast to the
current study, this previous survey was restricted to only
one specific clinical area (cardiorenal disease) and only
considered biomarkers (e.g., blood pressure, glycosy-
lated haemoglobin/HbA1c). Another interview-based
study with different stakeholder representatives (i.e.,
healthcare professionals, payers or representatives of
health technology assessment bodies, regulators, statis-
ticians, health economists, health technology manufac-
turers, journal editors), in accord with the findings of
the current study, reported a wide variation in the
acceptance of the use of surrogate endpoints across the
different stakeholder groups.41

To our knowledge, our study represents the most
comprehensive analysis of definitional frameworks for
using surrogate endpoints in the context of interven-
tional trials. However, we acknowledge our four linked
studies each have limitations. Our scoping review
excluded literature published in languages other than
English albeit we included documents in English from
regions where the primary language is not English
(Europe, Asia, and South America). Consistent with
previous surveys of surrogate trials, we chose six ma-
jor general medical journals for our targeted review
because they are likely to widely used in clinical and
policy decision making.14 We searched these journals
over the last 5-year period (2017–2022) in order to
reflect contemporary trial practice. However, the
experience of these journals of the use of surrogate
endpoints in trials may not reflect that of discipline
specific journals oriented to a particular specialty.
Whilst we sought to recruit a wide range of partici-
pants to our e-Delphi, surveys, and consensus meeting
with members of the wider public, clinicians, re-
searchers from academia and healthcare industry,
regulators, and health technology assessment experts,
our sample was not a random one with participants
responding to various expressions of interest that we
posted and advertised. We therefore cannot claim our
study samples are fully representative of either these
stakeholder groups individually or the wider stake-
holder community. Relatedly, and despite our best
efforts, the sample size of some the stakeholder sub-
groups was relatively small; therefore, caution is
needed in comparing our results across these sub-
group populations. Our survey of intermediate out-
comes was limited to a sample of only six trials and
may, again, lack generalisability.

The judicious use of surrogate endpoints in inter-
ventional trials provides an important opportunity to
expedite access to new innovative treatments for
www.thelancet.com Vol 65 November, 2023
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conditions of high unmet health need, such as early
Alzheimer’s disease, where the outcomes of ultimate
interest for patients, families, clinicians, and policy
makers are difficult to collect (e.g., due to longer follow-
up and larger sample size requirements). Furthermore,
surrogate endpoints in small feasibility and pilot trials
can provide early signals of biological activity to guide
the design and investment in a fully powered rando-
mised trial to examine impacts on a target endpoint(s).42

However, a societal consequence of this reliance on
surrogate endpoints is the increase of the uncertainty of
intervention’s ‘true value’ (including clinical efficacy/
effectiveness, safety, and cost-effectiveness). Observed
changes in a surrogate endpoint may fail to reliably
predict the efficacy of an intervention in terms of its
actual impact on patient relevant target outcomes. A
meta-epidemiological study has shown that the treat-
ment effects from RCTs with surrogate primary end-
points on average overpredict effects by more than 40%
compared with trials based on primary final patient-
relevant endpoints, such as mortality.43 More concern-
ing, improvement in a surrogate endpoint may not be
related to the harms associated with a therapy.44 For
example, the diabetes drug rosiglitazone, approved by
the US FDA and EMA in 1999/2000 based on phase I-
III clinical trials showing improved levels of blood
glucose and HbA1c (surrogate endpoints) was later
withdrawn in 2010 when found to increase risk for heart
failure hospitalisation and myocardial infarction.45 To
minimise such uncertainty, it has been widely recom-
mended that trials are limited to validated surrogate
endpoints where there is statistical evidence that the
treatment effect on the surrogate endpoint is strongly
predictive of the treatment effect on the target/final
participant-relevant outcome(s) including safety.8,18

Methods for the statistical validation of surrogates and
examples of multidimensional frameworks evaluating
the level of evidence for surrogate endpoint validity are
described elsewhere.19–23

In conclusion, our results have important implica-
tions for the future use of surrogate endpoints in the
design, interpretation, and reporting of interventional
trials. Determining what is (and what is not) a surrogate
endpoint can be challenging and dependent on the
framing within trials. We therefore propose a defini-
tional framework that extends the scope of surrogate
endpoints in interventional trials from a focus on only
biomarkers (‘the traditional drug regulatory perspec-
tive’) to include intermediate outcomes in certain con-
texts that include measures of function or symptoms.
This framework will directly inform the SPIRIT and
CONSORT extensions for the reporting of trials using
surrogate outcomes currently in development.14 It pro-
vides a decision tool to help those involved in the design,
reporting, and interpretation of trials to weigh up their
judgement of trial evidence based on surrogate
endpoints.
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