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The use of a surrogate endpoint to
replace a primary outcome relevant to
patients in a clinical trial may allow
faster approval of a novel treatment,
but at the cost of increased uncertainty
about treatment benefit. This risk may
be amplified if the surrogate endpoint
was inadequately or inappropriately
evaluated against the patient relevant
outcome. Many components of this
evaluation currently lack consensus,
including the most important non-
statistical factors, the choice of
statistical method, and whether
numerical thresholds should be used.
This paper presents a consensus
based, multi-stakeholder framework
(REASSurE: Recommendations for
Evaluating A Single Surrogate
Endpoint) containing a list of
mandatory and recommended items
for surrogate endpoint evaluation, with
guidance on how to assess each item.

SUMMARY POINTS

Surrogate endpoint evaluation assesses the extent to which a candidate
surrogate endpoint can replace a patient relevant outcome in a clinical trial such
that the efficacy of a treatment can be adequately captured using the surrogate

There is currently no consensus on the most important non-statistical factors
in surrogate endpoint evaluation, the most appropriate statistical method

of surrogate evaluation, or whether numerical thresholds should be used to
determine the validity of a candidate surrogate endpoint

The consensus based, multi-stakeholder framework (REASSurE) in this article
presents a list of mandatory and recommended items for evaluation, both
statistical and non-statistical, and provides guidance on how to assess whether
a candidate surrogate endpoint satisfies each item

Statisticians, trials methodologists, regulators, health technology assessment
agencies, payers, and clinicians could use the REASSurE framework to
holistically evaluate a candidate surrogate endpoint
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Statisticians, trials methodologists,
regulators, health technology
assessment agencies, payers, and
clinicians could use the REASSurk
framework to achieve a holistic
evaluation of a candidate surrogate
endpoint, which is vital to ensure that
the use of the surrogate endpointis an
appropriate decision.

Surrogate endpoints are often used in lieu of patient
relevant outcomes to shorten the duration of clinical
trials.’” This decision results from the tension between
efficiency and uncertainty in drug development. While
the use of a surrogate endpoint may lead to faster
approval of a treatment, there is an inherent risk that
such a treatment may not provide adequate benefit to
patients if a patient relevant outcome had been used to
assess its efficacy.”

This risk may be alleviated if there is adequate
evidence that the effect of the treatment on the
surrogate endpoint reliably predicts the effect of
the treatment on the patient relevant outcome.’ >
Conversely, the risk may be increased if there is a lack
of evidence, or evidence of poor predictive ability of the
surrogate endpoint. Assessment of this risk is part of
surrogate endpoint evaluation.®”’

This assessment ultimately matters to the patient;
for instance, it is within the principles of informed
consent that a patient planning to participate in a
clinical trial fully understands the risk of participation,
and the use of an inadequately assessed surrogate
endpoint would increase this risk. As such, Manyara
et al® further discussed the importance of patient and
public involvement in the choice of endpoints during
trial design. More generally, such involvement allows
patients and the public to provide new perspectives
on a specific research goal, which in turn may allow
researchers to develop a deeper understanding of the
opportunities, risks, and evidence base surrounding
the goal (as concluded in an online workshop hosted
by the Health Research Board Trials Methodology
Research Network, Ireland, on 24 April 2025).

The statistical aspect of surrogate endpoint
evaluation quantifies the predictive ability of a
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surrogate endpoint. Many statistical methods for this
purpose have been proposed since the pioneering
method developed by Prentice,® which have given rise
to many statistical metrics including the proportion of
treatment effect explained’® '!; joint analyses of the
individual level association between the surrogate
endpoint and patient relevant outcome, and the trial
level correlation between treatment effects on the
surrogate endpoint and patient relevant outcome %
trial level association alone!’; surrogate threshold
effect'®; causal effect predictiveness based on principal
stratification'’; individual causal association'®; and
sample size multiplier and true endpoint advantage.'’
No consensus currently exists on which statistical
method is best or most appropriate, or whether the
predictive ability is adequate if a statistical metric of
the surrogate endpoint surpasses a certain numerical
threshold.
A key concept in the statistical aspect of surrogate
evaluation is the difference between:
¢ the prognostic association between the surrogate
endpoint and the patient relevant outcome (at the
level of the individual patient), termed individual
level surrogacy (or synonymously, patient level
surrogacy),'® and
e the association between the treatment effect on
the surrogate endpoint and the treatment effect
on the patient relevant outcome, termed trial level
surrogacy.'®
Box 1 summarises the definitions of a surrogate
endpoint, a clinical endpoint (termed patient relevant
outcome prior to this point, and used henceforth),
individual level analysis, and trial level analysis.
Many other non-statistical aspects also contribute to
surrogate endpoint evaluation. The specific biological,
clinical, or epidemiological contextin which a surrogate
endpoint is used may influence the quantity and/or
quality of evidence that can be reasonably obtained,
thereby affecting the statistical aspect of surrogate
evaluation." Unfortunately, consensus is lacking to
date on the prioritisation of non-statistical factors for

Box 1: Definitions

Surrogate endpoint

An endpointthatis used in clinical trials as a substitute for a direct measure of how

a patient feels; functions; or survives. A surrogate endpoint does not measure the
clinical benefit of primary interest in and of itself; but rather is expected to predict that
clinical benefit orharm based on epidemiological, therapeutic, pathophysiological, or
other scientific evidence.?®

Clinical endpoint (synonymously termed patient relevant outcome)
A characteristic or variable that reflects how a patient feels, functions, or survives.?
Individual level analysis

A statistical analysis estimating the prognostic association between the surrogate
endpointand the clinical endpoint.

Trial level analysis

A statistical analysis estimating the association between the treatment effect on the
surrogate endpoint and the treatment effect on the clinical endpoint.

consideration. These issues can be summarised by the
following three questions:

e Issue 1: Which non-statistical factors are most
important in surrogate evaluation?

e Issue 2: Should numerical thresholds be used to
determine the validity of a surrogate?

¢ Issue 3: Which statistical method(s) is/are optimal
to assess the validity of a surrogate?

Several surrogate evaluation frameworks have been
published in the past 15 years. Three notable examples
include:

e a three level hierarchy of evidence,' which
provides a broad classification of levels of
evidence from biological plausibility to trial level
analysis;

e the Institute for Quality and Efficiency in
Health Care (IQWiG) guidelines,?® which use
correlation and the surrogate threshold effect
to statistically evaluate a surrogate endpoint (in
addition to providing correlation thresholds),
and additionally propose criteria to assess the
reliability of evidence; and

e the Biomarker-Surrogacy Evaluation Schema,®!
which comprises four domains (study design,
target outcome, statistical evaluation,
generalisability) and also provides correlation
thresholds.

However, none of these established frameworks deals
with all three issues. The REASSurE (Recommendations
for Evaluating A Single Surrogate Endpoint) project
aimed to address all three issues in the form of a new
consensus based surrogate evaluation framework
that can guide stakeholders to evaluate a surrogate
endpoint holistically, accounting for both non-
statistical and statistical considerations.

Development of the REASSurE framework

The REASSurE framework was developed in four stages:
(stage 1) a two round online Delphi survey containing
items addressing issues 1-3; (stage 2) an international
online consensus meeting; (stage 3) piloting of the draft
framework; and (stage 4) finalisation of the framework.
Five stakeholder groups were targeted in this project:
statisticians, trials methodologists, regulators, health
technology assessment (HTA) experts, and clinicians.
Stakeholders were recruited through emails to
personal contacts of WPL, a LinkedIn dissemination
post by WPL, and organisations representing each
group, including: Statisticians in the Pharmaceutical
Industry; International Drug Development Institute;
American Statistical Association; Society for Clinical
Trials; JISC AllStat mailing list; speakers in the
2022 Banff workshop (on statistical challenges in
the identification, validation, and use of surrogate
markers);*? Trials Methodology Research Partnership
Outcomes Working Group; Outcome Measures in
Rheumatology Surrogate Outcomes Working Group;
US Food and Drug Administration Centre for Drug
Evaluation and Research; European Medicines Agency;
National Cancer Institute in the National Institutes
of Health; ISPOR Task Force (Surrogate Endpoint
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Table 1 | Delphi survey and consensus meeting participation numbers by stakeholder group

Health technology

Total No of participants Trials methodologists Regulators assessment experts Clinicians
Delphi 62 8 14 14
Round 1
Delphi Round 2 45 3
Consensus meeting 18 (excluding chair and facilitator) 13 3 3 3

Counts could overlap because participants may belong to more than one stakeholder group.

Statistical Assessment for HTA Decision Making);
Association of Physicians of Great Britain and Northern
Ireland; UK Clinical Research Collaboration. The
protocol for this project, including the development of
the first round of the Delphi survey, is available in the
supplementary materials.

The initial set of items for the Delphi survey
were sourced from the three surrogate evaluation
frameworks listed above,'®?! in addition to items
or themes from three multi-stakeholder, consensus
based studies on approaches to evaluate surrogate
endpoints.”>?° Full details are contained in the
protocol (see supplementary materials).

Table 1 provides a breakdown of participant numbers
by stakeholder group in (stage 1) each round of the
Delphi survey, and (stage 2) the consensus meeting.
In stage 1, consensus on a survey item was reached if
at least 75% of participants selected the same option.
Survey sections that required consensus were:

e Section 1 (Definitions): options “yes,” “no,” and

“don’t know”;

e Section 2 (Context of use): options “important”
(subdivided into “very important” and
“important”), “somewhat important,” “not
important” (subdivided into “not very important”
and “not important at all”), and “don’t know”;

e Section 3 (Statistical thresholds): options “yes,
both R? and STEP,” “yes, only for R%,” “yes, only
for STEP,” “no,” and “don’t know” (in this case,
the 75% threshold was assessed by combining the
first and second options for R?, and combining the
first and third options for STEP);

e Section 5 (Interpretation and implementation of
statistical methods): either with each option being
a selected statistical method, or with options
“yes,” “no,” and “don’t know.”

The threshold of 75% is consistent with common
practice in consensus studies, where Diamond et al*®
found that the “most common definition for consensus
was percent agreement (25 studies), with 75% being
the median threshold to define consensus.”?® All
further details regarding rounds 1 and 2, including a
full breakdown of votes of each survey item, and free
text responses, are available in the supplementary
materials.

In stage 2, after the results of round 2 (levels of
consensus of each survey item and themes of free
text responses) were collated, the lead researcher
proposed a first version of the REASSurE framework for
discussion in an online consensus meeting involving
selected round 2 participants. A document was sent

thebmj | BMJ2026;394:100618 | doi: 10.1136/bmj-2026-100618

to consensus meeting delegates (in advance of the
meeting), of which a redacted form is available in
the supplementary materials. The meeting was held
on 26 April 2024 on Microsoft Teams and lasted 3
hours. The meeting involved one chair, one facilitator,
and 18 delegates across six continents (four from
North America, one from South America, 10 from
Europe, one from Africa, one from Asia, and one
from Oceania). Consensus on a framework item was
assessed using three options: “include in framework”
(item is mandatory), “append to framework” (item is
recommended), and “exclude from framework” (item
is removed). The consensus threshold was set at 75%,
where an item would be included if at least 75% of the
votes were “include”, and an item would be appended
if at least 75% of the votes were either “include” or
“append.” Voting was conducted using version 3 of the
Online Surveys platform (https://app.onlinesurveys.
jisc.ac.uk/login).

A revised version of the REASSurE framework was
developed after analysing the results of the consensus
meeting (key revisions presented in the supplementary
materials). This version was then piloted (led by CJT-H),
implementing the framework within an HTA to assess
the validity of metastasis-free survival as a surrogate
for overall survival in non-metastatic, castration
resistant, prostate cancer. The pilot testing session
involved one moderator, two co-leads, and five session
stakeholders, with the stakeholders participating in
the voting and feedback components of the meeting.
The final evaluations using the framework aligned
with the conclusion by the HTA experts of the lack
of support for validity of metastasis-free survival as
a surrogate. The feedback obtained from the session
(key revisions presented in supplementary materials)
was used to inform further revision of the framework.

The framework was then finalised, following
feedback from consensus meeting delegates on the
revised version. The final version is reported in this
article: the framework, presented in the form of a table
of items; and an explanation and elaboration section
that describes the requirements of each item in greater
detail.

The REASSurE tabulated framework (table 2)
provides guidelines to arbitrating whether a surrogate
endpoint is acceptable for use in the development
of drugs and medical devices, and/or the health
technology assessment of drugs and medical devices.
Justifications of decisions should be based, at
minimum, on the items presented and their associated
grades where applicable. As the weights assigned
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Table 2 | REASSurE tabulated framework: recommendations for evaluating a single surrogate endpoint

Item
Domain or item No Subitem

Domain 0: Context of use

Grade

Treatment 0.1a State the indication and study population of the treatment

Not applicable

0.1b State the class of the treatment

Not applicable

0.1c State the line of the treatment

Not applicable

Endpoints 0.2a State the surrogate endpoint Not applicablet
0.2b State the clinical endpoint Not applicablet
Phase 0.3 State the clinical trial phase in which the surrogate Not applicable

endpoint may be used

Domain 1: Practical motivation

Disease prevalence* 1.1 Disease prevalence* Rare; or common
Clinical need* 1.2 Clinical need* Urgent or unmet; or neither
Time saved 1.3 Time saved using the surrogate endpoint rather than the ~ Worthwhile; not worthwhile; or undetermined

clinical endpoint relative to the increase in uncertainty in
the predicted treatment effect on the clinical endpoint

Other resources saved* 1.4 Resources saved using the surrogate endpoint rather than
the clinical endpoint relative to the increase in uncertainty
in the predicted treatment effect on the clinical endpoint*

Worthwhile; not worthwhile; or undetermined

Domain 2: Clinical and biological evidence

Meta-analysest 2.1a Quantity

Multiple; single; or none

2.1b Quality (risk of bias) of each meta-analysis

Guidance on risk of bias assessment#

2.1c Sample size (number of trials in each meta-analysis)

Not applicablet

2.1d Individual level association between the surrogate and
clinical endpoints*

Consistency of association across all meta-analyses: high; moderate; low; or not
applicable. State all numerical values and metrics.f See also domain 3 for guidance.

2.1e Trial level association between the treatment effect on the
surrogate endpoint and the treatment effect on the clinical
endpoint

Consistency of association across all meta-analyses: high; moderate; low; or
not applicable. State all numerical values and metrics. See also domain 3 for
guidance.

Meta-analyses: Overall conclusion

Favours the surrogate endpoint; against the surrogate endpoint; uncertain; or no
meta-analysis

Randomised controlled 2.2a Quantity

Multiple; single; or none

trialst 2.2b  Quality (risk of bias) of each trial

Guidance on risk of bias assessmentt

2.2¢c Sample size (number of participants in each trial)

Not applicable®

2.2d Individual level association between the surrogate and
clinical endpoints*

Consistency of association across all meta-analyses: high; moderate; low; or
not applicable. State all numerical values and metrics.# See also domain 3 for
guidance.

2.2e Trial level association between the treatment effect on the
surrogate endpoint and the treatment effect on the clinical
endpoint

Consistency of association across all meta-analyses: high; moderate; low; or
not applicable. State all numerical values and metrics.# See also domain 3 for
guidance.

Randomised controlled trials: Overall conclusion

Favours the surrogate endpoint; against the surrogate endpoint; uncertain; or no
randomised controlled trials

Observational studies*  2.3a Quantity

Multiple; single; none

2.3b Quality (risk of bias) of each study

Guidance on risk of bias assessment#

2.3c Sample size (number of participants in each study)

Not applicable®

2.3d Individual level association between the surrogate and
clinical endpoints*

Consistency of association across all meta-analyses: high; moderate; low; or
not applicable. State all numerical values and metrics.# See also domain 3 for
guidance.

2.3e Study level association between the treatment effect on
the surrogate endpoint and the treatment effect on the
clinical endpoint

Consistency of association across all meta-analyses: high; moderate; low; or
not applicable. State all numerical values and metrics.# See also domain 3 for
guidance.

Observational studies: Overall conclusion

Favours the surrogate endpoint; against the surrogate endpoint; uncertain; or no
observational studies

Biological plausibility 2.4 Suggested biological plausibility factorst

Good; fair; or limited understanding

Clinical plausibility 2.5a Causality: Surrogate endpoint in relation to the disease
process towards the clinical endpoint

Lies directly on the causal pathway; lies on at least one, but not all, of many
causal pathways; well correlated with, but does not lie on, a causal pathway; or
causal pathways unknown or uncertain

2.5b Suggested clinical plausibility factors* #

Not applicable

Generalisability 2.6a Treatment classes

Multiple other treatment classes; one other treatment class; or no generalisability

2.6b Risk populations

Multiple other risk populations; one other risk population; or no generalisability

Domain 3: Statistical methods

Individual level analysis* 3.1 Choice of methods

Not applicablet

Trial level analysis 32a R’

Not applicablet

3.2b Surrogate threshold effect*

Not applicablet

3.2¢c Choice of methods

Not applicablef

Thresholding* 3.3 R2*

Not applicablet

Overall grades to assign: Is this surrogate endpoint acceptable for use in the development of the drug or medical device, and/or health technology assessment of the drug or
medical device? No set of overall grades is proposed due to the importance and flexibility of context. However, any answers to the questions above must be justified with a

comprehensive synthesis of evidence from each of domains 0, 1, 2, and 3.

All items without a footnote symbol are mandatory. REASSurE=Recommendations for Evaluating A Single Surrogate Endpoint.

*Non-mandatory items or subitems.
tAt a minimum, either item 2.1 or 2.2 is mandatory.
$See explanation and elaboration section below.
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to the domains and synthesised items are context
dependent, no holistic scoring procedure is proposed.
Where relevant, qualitative grades are assigned to
subitems. As each domain assesses different facets
of evidence, using this framework in its entirety is a
multi-stakeholder task.

Explanation and elaboration of the REASSurE
framework

The detailed descriptions of framework subitems,
their requirements, and limitations must be read and
considered alongside the tabulated framework (table
2), which cross references this material. REASSurE
is intended to be applied in the context of drugs and
medical device development only. The tabulated
framework applies only when the final endpoint is a
clinical endpoint.

Domain 0: Context of use

The items in this domain provide the context of use:
the characteristics of the treatment being evaluated,
the clinical trial endpoints used, and the phase of the
clinical trial that the surrogate endpoint is proposed to
be used in. These items are based on the definition of
context of use stated within the FDA (US Food and Drug
Administration) Biomarker Qualification Programme.
In REASSurE, the term “biomarker” in the definition
below is replaced by “surrogate endpoint.” The FDA
programme states: “The [context of use] is a concise
description of the biomarker’s specified use in drug
development . . . Note that a drug development use
may also include descriptive information such as the
patient population, disease or disease stage or model
system; stage of drug development; and/or mechanism
of action of the therapeutic intervention.”?’

In REASSurE, we adopt the BEST (Biomarkers,
Endpoints, and other Tools) definition of a surrogate
endpoint and the NIH (US National Institutes of
Health) definition of a clinical endpoint. These
definitions are stated below. BEST states: “An endpoint
that is used in clinical trials as a substitute for a
direct measure of how a patient feels; functions; or
survives. A surrogate endpoint does not measure
the clinical benefit of primary interest in and of
itself; but rather is expected to predict that clinical
benefit or harm based on epidemiologic; therapeutic;
pathophysiologic; or other scientific evidence.”?®
NIH states: “A characteristic or variable that reflects
how a patient feels, functions, or survives.””’ The
time and/or frequency of measurement of both the
surrogate and clinical endpoints must be clearly stated
in 0.2 endpoints. Only the clinical endpoint that the
surrogate endpoint is being evaluated against should
be stated in subitem 0.2b.

Case study 1

In the phase 3 randomised trial PROTECT, Heerspink
et al’® investigated the efficacy of sparsentan—“a
novel, non-immunosuppressive, single-molecule, dual
endothelin and angiotensin receptor antagonist” in
“adults with IgA nephropathy who continue to have

thelbmj | BMJ2026;394:100618 | doi: 10.1136/bmj-2026-100618
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persistent proteinuria despite receiving maximised
treatment with angiotensin-converting enzyme (ACE)
inhibitors or angiotensin receptor blockers (ARBs).”
As such, sparsentan was evaluated as a first-in-class,>*
second line therapy.

In PROTECT, the surrogate endpoint was the primary
endpoint of “change from baseline in urine protein-
creatinine ratio based on a 24-h urine sample at
week 36.”%° The clinical endpoint was “kidney failure
(confirmed 40% eGFR reduction, end-stage kidney
disease, or all-cause mortality) . . . up to 110 weeks
from randomisation.”®? The justification was that
the “primary and confirmatory endpoints of the trial,
proteinuria reduction and rate of decline in estimated
glomerular filtration rate (eGFR), respectively, were
selected on the basis of emerging evidence supporting
these endpoints as surrogates for kidney failure,>33>"3°

Papapetropoulos et al*® reported that sparsentan
was approved by the FDA under accelerated approval,
based on evidence from PROTECT as the pivotal
trial. Sparsentan was approved for the following
therapeutic use: “proteinuria in adults with primary
immunoglobulin A nephropathy at risk of rapid
disease progression.”>®

Domain 1: Practical motivation
This domain provides guidance on assessing the
practical motivation to use a surrogate endpoint.

Item 1.1: Disease prevalence

This item may be considered in surrogate evaluation,
because disease rarity may be a rationale for using a
surrogate endpoint. Rare diseases often have unique or
distinct characteristics compared to common diseases.
If this item is considered, these characteristics must be
accounted for when holistically evaluating biological
evidence. In this framework, rarity is determined
solely by prevalence. There is no universal prevalence
threshold for a disease to be considered rare; for
instance, in the UK, a disease is rare if its prevalence
is less than 1 in 2000,>” whereas in the USA, a disease
is rare if fewer than 200 000 people are affected.’® As
such, the geographical region to which the decision
to use a surrogate endpoint based on this framework
would apply (eg, regional, national, or continental
agencies) should be used to determine the prevalence
of a disease, and to select the appropriate prevalence
threshold. There are also conditions for which regional,
national, or continental consensus papers recommend
the use of disease incidence to assess rarity, rather than
disease prevalence. For example, in the EU, the Joint
Action on Rare Cancers by consensus recommended
that “the best criterion for a definition of rare cancers
is incidence, rather than prevalence,”*® with the
incidence threshold being fewer than six in 100 000 per
year.*® For these conditions, incidence should be used
corresponding to the relevant geographical region.

Case study 2
Amyotrophic lateral sclerosis is a “rare, serious, and
life-threatening disease that causes muscle weakness
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and death due to respiratory failure” with an estimated
prevalence of “around 16,000 cases overall” in the
United States.“* This estimated prevalence is consistent
with that reported by Mehta et al*! In 2023, the FDA
approved tofersen “for the treatment of amyotrophic
lateral sclerosis in adults who have a mutation in
the superoxide dismutase 1 (SOD1) gene” under the
accelerated pathway.*’> The surrogate endpoint of
change in plasma neurofilament light chain was used
in the pivotal trial®® that was in turn accepted as a
reasonably likely surrogate endpoint by the FDA.** 44
In this case, the grade is “rare.”

Item 1.2: Clinical need

This item may be considered in surrogate evaluation,
because clinical need may be a rationale to use a
surrogate endpoint. If this item is considered, the risk-
benefit trade-off must be evaluated. The cost of not
considering a surrogate endpoint may outweigh the
risks if clinical need is urgent or unmet, even if the
biological, clinical, or statistical performance of the
surrogate may not be as strong as desired. However,
urgent or unmet clinical need does not necessarily
imply that a surrogate endpoint should be accepted
regardless of other biological, clinical or statistical
considerations. This item is not mutually exclusive
to item 1.1 (disease prevalence). For instance, the
decision to use a surrogate endpoint in the context
of a rare disease with unmet need, despite limited
evidence, may be more favourable than that without
unmet need (items 1.1 and 1.2). Consulting patients
and the public as part of assessing whether clinical
need is urgent or unmet in a given context may also
be valuable.

Continuation of case study 2

“Before FDA [US Food and Drug Administration]
approval of tofersen, there were no approved
therapies specifically for the treatment of SOD1-ALS
[amyotrophic lateral sclerosis (ALS) due to the SOD1
gene mutation]. Most available treatments for ALS
are intended to relieve symptoms such as cramps and
spasticity and improve the patient’s quality of life. The
three FDA-approved treatments for ALS: (1) riluzole,
(2) edaravone, and (3) sodium phenylbutyrate with
taurursodiol, do not effectively treat SOD1-ALS, with
most patients experiencing continued progression of
their disease resulting in respiratory failure and death.
Therefore, there was a significant unmet medical need
for effective treatments for this familial form of ALS.”*°
In this case, the grade is considered to be “unmet.”

Case study 3

In the context of kidney transplantation therapies,
Naesens et al*® supported the use of the conditional
marketing authorisation (CMA) pathway by the
European Medicines Agency: “Late graft failure (loss of
graft function >1 year post transplant) is a condition
with unmet medical need. Therefore, CMA should be
considered for interventions that demonstrate potential
benefits. Late graft failure is a seriously debilitating,

RESEARCH METHODS AND REPORTING

life-threatening disease for which no specific preventive
or treatment options are available. CMA of therapies
aimed at preventing late graft failure could be based
on trials that show benefit on a validated surrogate
endpoint for graft failure.” Furthermore, “graft failure
is a highly relevant hard endpoint in clinical studies,
but it is a late endpoint. This hampers the feasibility of
using graft failure as an endpoint in clinical trials that
aim at improving late graft failure rates. Surrogates
for late graft failure are therefore needed but require
robust definitions.”*® Naesens et al*® discussed the
appropriateness of several such candidate surrogates.
In this case, the grade is considered to be “unmet.”

Item 1.3: Time saved

This item must be considered in surrogate evaluation,
as a trade-off for the increased uncertainty by using a
surrogate endpoint. This item refers to the time saved
by using the surrogate endpoint rather than the clinical
endpoint in a clinical trial. Even though the increase
in uncertainty must first be determined statistically
using domain 3, this item is placed here owing to its
contribution in the practical assessment of a surrogate
endpoint.

Case study 4

In a meta-analysis, Saad et al”’ evaluated “disease-
free survival as a surrogate for overall survival in
patients with HER2-positive, early breast cancer in
trials of adjuvant trastuzumab for up to 1 year.” The
Kaplan-Meier curves (fig 1S in the supplementary
appendix of Saad et al*’) demonstrated that reaching
80% probability of survival required a follow-up
time of around 72 months as measured by disease-
free survival, compared to around 162 months for
overall survival. Therefore, the follow-up time could
be shortened by around 7.5 years using disease-free
survival as a surrogate in this context.

In terms of increase in uncertainty, Saad et a
reported that “[platient-level associations between
disease-free and overall survival were strong (r.=0.90
[95% CI 0.89 [to] 0.90]). Trial-level associations gave
rise to values of R* of 0.75 (95% CI 0.50 [to] 1.00) for
the full set.” Therefore, with substantial time saved
and reasonable associations at the individual level and
trial level, the grade is considered to be “worthwhile.”

147

147

Item 1.4: Other resources saved

This item may be considered in surrogate evaluation.
This item refers to resources saved (other than time)
by using the surrogate endpoint rather than the
clinical endpoint to obtain initial approval of the
drug or medical device. Resources saved may include
functionality saved (from a patient’s perspective) and
costs saved (such as trial costs, or costs a patient may
incur for clinical care). Evidence of a favourable trade-
off may include quantitative modelling procedures
such as economic evaluation of cost effectiveness or
cost utility. Details on the conduct of cost effectiveness
analyses are beyond the scope of this framework, and
thus no case study is included here.
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Domain 2: Clinical and biological evidence

Clinical evidence is based on human epidemiological
or clinical studies. Both the variety and quantity of
evidence should be considered. Evidence from at least
one meta-analysis of several randomised controlled
trialsisimportant. Onelarge, high quality observational
study is preferable to several observational studies
with small sizes and poor quality.

Item: 2.1 Meta-analyses

At minimum, either this item or 2.2 (Randomised
controlled trials) must be considered in surrogate
evaluation.

Item 2.1a: Quantity

Classify the number of meta-analyses of randomised
controlled trials as multiple (more than one), single, or
none. Meta-analyses of observational studies are not
considered in this framework. If the number is none,
move to item 2.2 (Randomised controlled trials).

Item 2.1b: Quality

The ROBIS* (Risk of Bias in Systematic Reviews)
and ROB-ME” (Risk of Bias due to Missing Evidence)
assessment tools may be used where a more formal risk
of bias assessment is desired.

Item 2.1c: Sample size

For each meta-analysis, state the number of
randomised controlled trials and the total sample size.
Characteristics described in items 0.1 (Treatment) or
2.4 (Biological plausibility) may justify a subgroup
analysis by trial.

Item 2.1d: Individual level association

If individual level association is available, state all
numerical values and metrics of individual level
association (together with confidence or credible
intervals). The metric, in addition to its value, is
important as different metrics give rise to different
statistical interpretations. If individual level
association(s) are available in more than one meta-
analysis, evaluate the consistency of the numerical
values of association as high, moderate, or low.
For further details, see item 3.1 (Individual level
analysis).

Item 2.1e: Trial level association

State all numerical values and metrics of trial level
association (together with confidence or credible
intervals). The metric, in addition to its value, is
important as different metrics give rise to different
statistical interpretations. If trial level association(s)
are available in more than one meta-analysis, evaluate
the consistency of the numerical values of association
as high, moderate, or low. For further details, see item
3.2 (Trial level analysis).

Case study 5
Cabrit et al’® conducted a meta-analysis of individual
patient data that evaluated disease-free survival as a
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surrogate endpoint for overall survival in oesophageal
cancer:

e 2.l1a: The quantity is single.

e 2.1b: Details of the systematic review on which
the meta-analysis was based can be found in
Faron et al.>*

e 2.1c: “In total, individual data of 4518 patients
from 22 trials was analysed (46 patients in the
smallest trial and 802 in the largest).”*°

e 2.1d: Kendall’s [0 was used as the individual level
metric. Across all patients, the values of Kendall’s
0 were 0.75 (0.74 to 0.76), 0.77 (0.75 to 0.84),
and 0.70 (0.69 to 0.72) using an unadjusted
Clayton copula, an unadjusted Plackett copula,
and a Poisson model respectively. Parentheses
contain 95% confidence intervals. Cabrit et al*®
further computed Kendall’s O in three subgroup
analyses. Because only one meta-analysis was
available, the consistency grade is considered to
be “not applicable.”

e 2.1e: Trial level R* and the surrogate threshold
effect were used as trial level metrics. Across all
patients, the values of R? were 0.95 (0.89 to 0.99),
0.95 (0.89 t0 0.99), and 0.98 (0.90 to 1.00) using
an unadjusted Clayton copula, an unadjusted
Plackett copula, and a Poisson model, respectively.
Parentheses contain 95% confidence intervals.
Across all patients, the surrogate threshold effect
was 0.86 in all three models. Only one meta-
analysis was available, so the consistency grade
is “not applicable.”

e Overall conclusion: Based on this meta-analysis
alone, the grade is “favours the surrogate
endpoint.”

Case study 6

Baechle et al’? conducted an aggregate data meta-
analysis evaluating glycated haemoglobin (HbA1lc) as
a surrogate endpoint for all cause mortality in type 2
diabetes mellitus.

e 2.l1a: The quantity is single.

e 2.1b: Details of the systematic review on which
the meta-analysis was based, including risk of
bias assessment, can be found in Palmer et al.”>

e 2.1c: “For the final analysis, we were able to use
346 pairs (i.e., with information on the treatment
effect for HbA1c as well as for all-cause mortality)
of effect estimates from 205 single trials. Follow-
up information could be included for 20 pairs
from 13 trials. The 346 pairs of effect estimates
were informed by 361 deaths from 122,245
observations”.>

e 2.1d: No individual patient data were analysed,
so no individual level associations were available
to report. The consistency grade is therefore “not
applicable.”

e 2.1e: The slope and intercept (derived from
weighted linear regression), and Pearson’s
correlation coefficient were used as trial level
metrics, following the Daniels and Hughes®
criteria. When risk differences were used to

'saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq palosalold
"1U0220¢g BISIBAIUN T 920Z 1970100 T UO /W0 [WwQg mmm//:sdly Wwoly papeojumod ‘920z 1aquwaidas 6z U0 8T900T-9202-[Wd/9ETT 0T Sk paysiignd isily (NG


https://www.bmj.com/

measure treatment effect, the slope, intercept
and correlation coefficient were -0.031% (95%
confidence interval -0.179% to 0.117%), 0.036%
(-0.076% to 0.148%), and -0.089 (-0.232 to
0.060), respectively. When logarithmic relative
risks were used to measure treatment effect,
the slope, intercept, and correlation coefficient
were 0.129 (-0.043 to 0.302), 0.022 (-0.125 to
0.170), and -0.010 (-0.145 to 0.134), respectively.
Only one meta-analysis was available, so the
consistency grade is “not applicable.”

e Overall conclusion: Based on this meta-analysis
alone, the grade is “against the surrogate endpoint.”

Item 2.2: Randomised controlled trials
At minimum, either this item or item 2.1 (Meta-
analyses) must be considered in surrogate evaluation.

Item 2.2a: Quantity

Classify the number of randomised controlled trials
as multiple (more than one), single, or none. If none,
move to item 2.3 (Observational studies). Use item
2.1 (Meta-analyses) for any randomised controlled
trials already analysed in a meta-analysis, to avoid
duplication of evidence. The quantity should be the
number of randomised controlled trials that have not
been analysed in a meta-analysis. For example, if six
randomised controlled trials were obtained, of which
five were analysed in a meta-analysis and detailed in
item 2.1 (Meta-analyses), the quantity of randomised
controlled trials listed in item 2.2 (Randomised
controlled trials) would be “single.”

Item 2.2b: Quality

For each trial, quality factors to consider may include
study design (including assessment of adequate power)
and the reporting of study results. The Cochrane RoB 2
(Risk of Bias 2)** assessment tool may be used where a
more formal risk of bias assessment is desired.

Item: 2.2c: Sample size

For each trial, state the number of participants.
Additionally, state the number of units of analysis if it
is different to the number of participants.

Item 2.2d: Individual level association

If individual level association is available, state all
numerical values and metrics of individual level
association (together with confidence or credible
intervals). The metric, in addition to its value, is
important because different metrics give rise to
different statistical interpretations. If individual
level association(s) are available in more than one
randomised controlled trial, evaluate the consistency
of the numerical values of association as high,
moderate, or low. For further details, see item 3.1
(Individual level analysis).

Item 2.2e: Trial level association
State all numerical values and metrics of trial level
association (together with confidence or credible
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intervals). The metric, in addition to its value, is
important because different metrics give rise to different
statistical interpretations. The grades for consistency
apply only (1) when a trial level association is a single
trial metric and is available in more than one trial; or
(2) if only one trial is available, a trial level association
is a multi-trial metric where centres within the trial
are used to represent the component trials. In these
instances, evaluate the consistency of the values of this
metric as high, moderate or low. Otherwise, grading is
unnecessary. For further details, see item 3.2 (Trial
level analysis).

Case study 7

D’Amico et al>® evaluated PSA end (level of prostate
specific antigen immediately after treatment) >0.5
ng/mL and PSA nadir (lowest level of PSA reached
after treatment) >0.5 ng/mL as candidate surrogate
endpoints for prostate cancer specific mortality in
localised or locally advanced prostate cancer. In this
case study, only the evaluation of PSA end >0.5 ng/mL
will be illustrated.

e 2.2a: The quantity is multiple.

e 2.2b: Two randomised controlled trials were
analysed: DFCI°® and TROG.?” Both trials had at
least 80% power. Participants were randomised
using a permuted blocks randomisation algorithm
in DFCI, whereas participants were randomised
by minimisation in TROG. Even though the results
of DFCI showed equal allocation, this was not
stated in the methodology.’® In TROG, “an initial
randomisation ratio of 2:1:1 was adjusted once it
was clear that targets would be reached, to ensure
equal final numbers of patients in each group.””
Both trials were open label. A more complete risk
of bias assessment may be carried out using the
Cochrane RoB 2 (Risk of Bias 2)** assessment tool.

e 2.2c: The DFCI and TROG trials randomised 206
and 537 participants, respectively.

e 2.2d: Hazard ratios were used as the individual
level metrics. In the DFCl trial, the hazard ratio was
4.35 (95% confidence interval 1.46 to 12.94) in
the univariable analysis, and the adjusted hazard
ratio was 2.76 (1.20 to 6.31) in the multivariable
analysis. In the TROG trial, the hazard ratio was
3.22(1.92to 5.41) in the univariable analysis, and
the adjusted hazard ratio was 2.60 (1.46 to 4.63)
in the multivariable analysis. The consistency
grade is therefore “high” across the two trials.

e 2.2e: The proportion of treatment effect explained
(PTE) and partial proportion of variation explained
(pPVE) were used as trial level metrics. In the DFCI
trial, the PTE was 0.75 (95% confidence interval
0.48 to 1.19) and the pPVE was 0.0016 (0 to
0.0100). In the TROG trial, the PTE was 0.81 (0.49
to 1.33) and the pPVE was 0.0016 (0 to 0.0140).
For both the PTE and pPVE, the consistency grade
is therefore “high” across the two trials.

e OQverall conclusion: Based on these two trials, the
grade is “favours the surrogate endpoint.”
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Item 2.3: Observational studies

e Features of these studies may be considered in
surrogate evaluation:

e Jtem 2.3a: Quantity. Classify the number of
observational studies as multiple (more than
one), single, or none.

e Item 2.3b: Quality. For each study, quality
factors to consider may include study design
and the reporting of study results. The OSQE>®
(Observational ~ Study Quality Evaluation)
assessment tool may be used where a more formal
risk of bias assessment is desired.

e Item 2.3c: Sample size. For each study, state the
number of participants. Additionally, state the
number of units of analysis if it is different to the
number of participants.

e Item 2.3d: Individual level association. State all
numerical values and metrics of individual level
association (together with confidence or credible
intervals). The metric, in addition to its value, is
important because different metrics give rise to
different statistical interpretations. If individual
level association(s) are available in more than
one observational study, evaluate the consistency
of the numerical values of association as high,
moderate, or low. For further details, see item 3.1
(Individual level analysis).

e Item 2.3e: Study level association. Note that
study level is the terminological equivalent to
trial level for observational studies. If study level
association is available, state all numerical values
and metrics of study level association (together
with confidence or credible intervals). The metric,
in addition to its value, is important because
different metrics give rise to different statistical
interpretations. The grades for consistency apply
only when a study level association is a single
study metric that is available from more than one
study. In this instance, evaluate the consistency
of the values of this metric as high, moderate, or
low, otherwise the grades may be ignored. A study
level association computed from observational
non-randomised study data is insufficient for
surrogate evaluation, because evidence from non-
randomised studies is insufficient to fully assess
the treatment effect on the surrogate endpoint or
the clinical endpoint. For further details, see item
3.2 (Trial level analysis).

Case study 8

Bonati et al’° conducted a prospective observational
study evaluating mean fat fraction (MFF) of thigh
muscle, measured by quantitative muscle MRI (qMRI)
as a surrogate endpoint for motor function measure
(MFM) in Duchenne muscular dystrophy (DMD).

¢ 2.3a: The quantity is single.

e 2.3b: The OSQE*® was used for quality assessment.
Because the study protocol of Bonati et al*’ was
based on Fischmann et al,*® the earlier article
was also used to assess quality. The results are
presented in the supplementary materials, where
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an aggregate score of 8 was determined from 16
questions (1 point per question). Areas where
points were lost included insufficient information
on inclusion/exclusion criteria and participant
background characteristics, a short observational
period (which Bonati et al*® noted as a limitation),
and missing data. As a result, this study was not
considered to be of “high quality.”

e 2.3c: “Twenty patients with genetically confirmed
DMD who participated in a transversal study on
muscle MRI were re-enrolled for this additional
longitudinal evaluation.”>’

e 2.3d: Pearson’s product moment correlation
coefficient (r) was used as the individual level
metric to assess the association between MFF
and MFM. Across all thigh muscles, the values of
r at baseline and at 1 year follow-up were -0.917
(P<0.01) and -0.907 (P<0.01), respectively. Across
all thigh muscles, the value of r between the
annual change of MFF and the annual change of
MFMwas -0.713 (P<0.01). Bonati et al*° computed
further values of r by subdividing the MFF of thigh
muscles into that of quadriceps, hamstrings,
and adductors. Because only one observational
study was available, the consistency grade is “not
applicable.”

e 2.3e: Study level metrics were absent as no
treatment was investigated, and thus the
consistency grade is “not applicable.”

e Overall conclusion: Based on this observational
study alone, the grade is “uncertain.”

Biological evidence refers to the biological or
epidemiological considerations that do not require
conduct of, or results of, human epidemiological or
clinical studies. The following item provides guidance
on assessing the biological background behind the use
of a surrogate endpoint.

2.4 Biological plausibility

This item must be considered in surrogate evaluation.
Well established biological plausibility forms
an important part of the justification for use of a
surrogate endpoint. Biological factors to consider may
include the treatment mechanism of action; disease
pathogenesis; the temporal nature of the surrogate
endpoint on the biological path; treatment responses
from credible animal models; and the biological
relationship between the surrogate and clinical
endpoints.®* This list is not intended to be exhaustive,
because plausibility always depends on the context
of use. This item is not mutually exclusive to items
1.1 (Disease prevalence) and 1.2 (Clinical need). For
instance, biological plausibility is irrelevant without
clinical need (items 2.4 and 1.2), and it may not always
be possible to obtain the same depth of understanding
of the pathogenesis of a rare disease compared to that
of a more common disease (items 2.4 and 1.1).

Case study 9
HIV replicates in infected CD4+ cells, which

subsequently die because of immune responses such

9

'saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq palosalold
"1U0220¢g BISIBAIUN T 920Z 1970100 T UO /W0 [WwQg mmm//:sdly Wwoly papeojumod ‘920z 1aquwaidas 6z U0 8T900T-9202-[Wd/9ETT 0T Sk paysiignd isily (NG


https://www.bmj.com/

RESEARCH METHODS AND REPORTING

10

as apoptosis and pyroptosis.®? This increase in plasma
HIV RNA leads to immunosuppression through the
gradual depletion of CD4+ cells, which eventually
leads to death due to opportunistic infections.®* Plasma
HIV RNA is therefore a natural choice of surrogate
endpoint for HIV disease progression. Nucleoside
reverse transcriptase inhibitors such as zidovudine
inhibit HIV replication,®* and the action of zidovudine
on suppressing HIV infection has been demonstrated
in a mouse model.®* The grade is therefore “good
understanding.”

Case study 10

The Cardiac Arrhythmia Suppression Trial (CAST)
evaluated the effect of class Ic anti-arrhythmics
encainide and flecainide in patients with left
ventricular dysfunction following a myocardial
infarction. The surrogate endpoint was suppression
of ventricular ectopy, and the clinical endpoint was
“death or cardiac arrest with resuscitation, either
of which was due to arrhythmia.”®® Even though the
anti-arrhythmics successfully suppressed ventricular
ectopy, more deaths were reported in the treatment
group compared to placebo—an example of the
surrogate paradox.®’ The CAST investigators concluded
that the “mechanisms underlying the excess mortality
during treatment with encainide or flecainide remain
unknown.”®® This example illustrates the risks of using
a surrogate endpoint as the primary endpoint when the
treatment mechanism of action is poorly understood,
so the grade for biological plausibility was therefore
“limited understanding.”

Item 2.5 Clinical plausibility

Items 2.5 (Clinical plausibility) and 2.6
(Generalisability) should be assessed based on clinical
evidence; that is, human epidemiological or clinical
studies.

e Item 2.5a: Causality. This item must be considered
in surrogate evaluation. This item assesses the
position of the surrogate endpoint in relation
to the disease progression towards the clinical
endpoint.

e Item 2.5b: Other. Clinical plausibility depends on
context, and theaboveitem 2.5a (Causality) may not
be exhaustive. Other items of clinical plausibility to
consider may include safety (whether there is a low
or high risk of adverse events).

Case study 11

This case study illustrates item 2.5a (Causality) only.
Blette et al®® conducted a meta-analysis and mediation
analysis of individual patient data that evaluated
low risk status as a surrogate endpoint for clinical
worsening in pulmonary arterial hypertension. In
mediation analysis, a larger indirect effect and smaller
direct effect between the treatment and clinical
endpoint are preferable because they imply that
most of the treatment effect has been mediated by
the surrogate endpoint. Blette et al®® found from the
mediation analysis that “attainment of low-risk status

was not a strong mediator for the effect of treatment
on time to clinical worsening for any of the risk
scores, with proportionally small and only marginally
significant indirect treatment effects. The proportions
of the effects mediated through the risk scores were at
best modest, ranging from 0.07 to 0.13.” As a result, it
is reasonable to suggest the causality grade be “causal
pathways unknown or uncertain.”

2.6 Generalisability

This item must be considered in surrogate evaluation,
because evidence supporting the use of the surrogate
endpoint (from items 2.1 (Meta-analyses), 2.2
(Randomised controlled trials), and 2.3 (Observational
studies)) that is generalisable to a) different treatment
classes and/or b) different risk populations is both
important and desirable. This item may be considered
in tandem with items 1.1 (Disease prevalence), 1.2
(Clinical need), and 2.4 (Biological plausibility). For
instance, such evidence is of particular importance in
the context of urgent clinical need while lacking direct
evidence within a given target population as part of the
treatment indication. To quantitatively assess levels
of generalisability, bayesian methods are emerging
regarding sharing information about surrogate
relationships across treatment classes,®® treatments,’®
and indications.”*

Case study 12

Lassere et al*! evaluated blood pressure as a surrogate
endpoint for stroke prevention through a systematic
review of randomised trials. Table 1 of Lassere et al’s
article®® presented evidence from 18 randomised
controlled trials, with treatments spanning diuretics,
beta Dblockers, angiotensin converting enzyme
inhibitors, calcium channel blockers and angiotensin
receptor blockers. In addition, Lassere et al’!
commented that “under assumptions of minimal
uncertainty (reliability coefficient 0.9), systolic blood
pressure reduction is a B+ surrogate endpoint for
stroke prevention as there is good statistical evidence
from multiple (n=17) randomised controlled trials,
of irreversible morbidity (stroke), across different
drug class mechanisms (at least 5) and clinical risk
populations (gender, age, ethnicity and primary/
secondary prevention).”

e 2.6a: The grade is therefore “multiple other
treatment classes,” however, a subgroup analysis
would further confirm this.

e 2.6b: The grade is therefore “multiple other risk
populations,” however, a subgroup analysis
would further confirm this.

Domain 3: Statistical methods

This domain provides guidance on the types of
statistical analysis to conduct and report for surrogate
evaluation.

Item 3.1: Individual level analysis
This item may be considered in surrogate evaluation.

An individual level method of analysis investigates
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the association between the surrogate and clinical
endpoints within each treatment arm, and may
also consider estimation of causal parameters that
measure how the surrogate links to treatment efficacy
against the clinical endpoint. Individual patient data
from randomised controlled trials may not always be
available, owing to data sharing issues. Real world
data can be used equally well to assess the prognostic
ability of the surrogate endpoint, but they are generally
inadequate to estimate causal individual level
treatment effects, because of the lack of randomisation
to eliminate confounding in treatment choices. A
strong individual level association between the
surrogate and clinical endpoints does not necessarily
imply that a positive treatment effect on the surrogate
endpoint will yield a positive treatment effect on the
clinical endpoint.'® 7 Examples of individual level
methods of analysis are provided by Ensor et al”> and
Weir and Taylor.”*

Item 3.2: Trial level analysis

This item must be considered in surrogate evaluation.
In particular, trial level analysis from randomised
trials or their meta-analysis is mandatory in surrogate
evaluation. A trial level method of analysis investigates
the association between the treatment effects on the
surrogate endpoint and the treatment effects on the
clinical endpoint.

Item 3.2a: R?

This item must be considered in surrogate evaluation.
A trial level R*> must be presented; however, the
methods for deriving this metric are not prescribed. An
R? value might not be the only statistical metric used to
conclude the validity of a surrogate endpoint.

Item 3.2b: Surrogate threshold effect

The surrogate threshold effect'® is used to apply
surrogate endpoints in a new trial. The existence
of surrogate threshold effects may be considered in
surrogate evaluation. Mathematically, the surrogate
threshold effect exists only when the trial level R? value
is sufficiently high. When R? is too low, its confidence
intervals are too wide to define any surrogate threshold
effect. In future, there may be alternative metrics
developed that measure a similar concept, in which
case this item would also apply to these metrics.

Item 3.2c: Further guidance

It is recommended to use methods that account for
uncertainty in treatment effects on both the surrogate
endpoint and the clinical endpoint. Further, it is
recommended to conduct a sensitivity analysis to test
the flexibility of any inherent model based assumptions
such as normality. Statistical methodological review
articles such as those by Ensor et al,”> Weir and
Taylor,”* Elliott”® and National Institute for Health and
Care Excellence’® provide a wide range of trial level
methods of analysis. Regarding the mention of credible
intervals in items 2.1e and 2.2e (Trial level association)
and item 2.3e (Study level association), examples of
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bayesian methods of surrogate endpoint evaluation
can be found in Daniels and Hughes,'® Bujkiewicz et
al,”” Bujkiewicz et al,”® and Wheaton et al.””

Item 3.3: R thresholding

This item may be considered in surrogate evaluation. If
thresholds are considered as a criterion for statistical
validity, consider the two following points: lack of
generalisability, where thresholds do not generalise
across therapeutic areas; and limitations of use,
where thresholds must not be applied in practice
without further consideration of the wider package of
statistical evidence that may be available. Declaring
that R? is sufficiently large to recommend use of the
surrogate endpoint depends on the context. Declaring
that R? is sufficiently small to recommend not using
the surrogate endpoint may be acceptable with less
context. While thresholds may provide guidance, they
are, importantly, not informed by the consequences of
inappropriately declaring either a sufficiently large or
sufficiently small R? value.

Conclusion
In conclusion, REASSurE fully resolves issues 1 and 2,
and partly resolves issue 3.

Issue 1: Which non-statistical factors are most
important in surrogate evaluation?

Mandatory factors are a favourable trade-off between
time saved versus increased uncertainty, biological
plausibility, either evidence from randomised
controlled trial(s) or evidence from a meta-analysis,
clinical plausibility, and generalisability of a candidate
surrogate endpoint. The time-uncertainty trade-off is a
qualitative comparison between the reduction in trial
duration by using the surrogate endpoint as the primary
endpoint, and the statistical association between
the surrogate and clinical endpoints. The larger the
reduction in the trial duration from using a surrogate
endpoint, the sooner the results of the trial can reach
new patients; and the weaker the association between
the surrogate and clinical endpoints, manifested
in wider 95% confidence or credible intervals for
predicting the effect of the surrogate endpoint on the
clinical endpoint. What makes a substantial reduction
in duration can be guided by both the magnitude of the
reduction rate and its clinical significance that may in
turn be informed by patients’ opinions. What makes a
substantial association is also subjective, especially as
no numerical thresholds are offered (discussed in issue
2 below). Weighing the favourability of this trade-off
between earlier results and less precise predictions
depends on the application.

Recommended, non-mandatory factors to consider
are disease prevalence, clinical need, a favourable
trade-off between resources saved (other than
time) versus increased uncertainty, and evidence
from observational studies. If disease prevalence
is considered in the context of a rare disease, the
relaxation of criteria for accepting a candidate
surrogate endpoint may depend on clinical urgency

1
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(extent of morbidity and/or mortality), and the
practical extent to which biological plausibility and/or
clinical evidence can be established, in light of the fact
that realistic sample sizes may be too small to conduct
high quality, randomised controlled trials.

If clinical need is considered, concluding the
urgency or unmet nature of this need may depend on
the speed of disease progression to mortality or high
morbidity in patient groups, and the lack of treatments
or insufficiently efficacious treatments approved to
counteract this progression. In the context of high
unmet clinical need, the relaxation of criteria for
accepting a candidate surrogate endpoint may depend
on the factors described above for rare diseases,
together with time or resources saved and any evidence
of generalisability across populations or indications
that may support or oppose the use of the surrogate
in those patient subgroups with high unmet need that
lack direct evidence.

The framework provides no general formula for
setting the minimum level of plausibility, evidence,
or generalisability (as a function of disease
prevalence or clinical need) at which a surrogate
can be accepted. The decision to accept or reject a
candidate surrogate endpoint in light of mitigating
factors such as disease rarity or urgent need must be
considered on a case-by-case basis, and a decision
must be reached by consensus of all the relevant
stakeholder groups.

Issue 2: Should numerical thresholds be used to
determine the validity of a surrogate?

Thresholding was only considered (but not made
mandatory) in the context of R metrics for surrogacy;
that is, the squared correlation between the treatment
effect on the surrogate endpoint and the treatment
effect on the patient relevant (clinical) outcome. This
resolution departs from the IQWiG guidelines®® and
the Biomarker-Surrogacy Evaluation Schema,*! where
in both frameworks, thresholding was a mandatory
component of surrogate evaluation. The reassurance
that a candidate surrogate endpoint surpassing a
certain threshold can bring is acknowledged, but the
dangers of thresholding should not be understated.
The acceptability of thresholding depends on the
context. If thresholds are used, they should not be
used alone for decision making.

Therefore, REASSurE does not prescribe a fixed
minimum value of any surrogacy metric that is required
for surrogate acceptance. Recommending such a
value would likely be at odds with the non-statistical
components that the framework attempts to harmonise,
particularly because the quantitative performance of
a surrogate endpoint would likely depend on many
factors within its contextual environment described
in domains 0, 1, and 2. However, in future, it may
be useful to explore the extent to which evidence of
statistical generalisability across patient subgroups,
indications, or treatments can inform acceptable
values of surrogacy metrics in the context of a different
patient subgroup, indication, or treatment.

RESEARCH METHODS AND REPORTING

The items of individual level and trial level
associations in domain 2 involve stating both the point
estimate of each association value and its confidence
or credible interval, because the confidence or credible
interval may enhance or weaken the evidence conveyed
by the point estimate. For instance, an extreme
point estimate may markedly hint at weak or strong
surrogacy, but too wide a confidence interval would
lead to an inconclusive result. As with thresholding,
REASSurE does not prescribe fixed numerical values
of dispersion that is required for conclusive evidence,
because this again depends on contextual factors that
may in turn influence pragmatic sample sizes.

It remains unexplored whether the statistical
evaluation of a surrogate endpoint should primarily be
based on the point estimate, or the lower bound of its
corresponding confidence interval. Among the existing
surrogacy evaluation frameworks, only the IQWiG
guidelines®® mandate assessment of the lower bound
to demonstrate statistical validity, and in specific
scenarios, further check whether the entire confidence
interval lies above the surrogate threshold effect. These
proposals were not discussed during the consensus
meeting, so this is an area of potential refinement of
the framework in future studies.

Issue 3: Which statistical method(s) is/are optimal
to assess the validity of a surrogate?

No consensus was reached on the optimality of a
statistical method. However, trial level analysis
was agreed to be a mandatory item in surrogate
evaluation, with individual level analysis being a
recommended (non-mandatory) item. The latter result
(that individual level analysis is not a mandatory item)
is a consequence of two factors: barriers to sharing
individual patient data, such as data becoming
unavailable, lack of intellectual property rights (from
the researcher’s perspective®’), or lack of public trust
(from the patient’s perspective®'); and the fact that a
strong individual level association need not imply a
strong trial level association. For a trial level analysis,
trial level correlation was agreed to be a mandatory item
in surrogate evaluation, with the surrogate threshold
effect being a recommended (non-mandatory) item.

Ideally, trial level analyses should also be conducted

using individual patient data, not only for data
accuracy reasons such as data integrity verification,
data completeness or measurement error adjustments,
but also for the following data analysis reasons:

e some statistical models that provide trial level
metrics cannot be based solely on aggregate
data,'? so their use would be unnecessarily ruled
out;

e the same surrogate endpoint used across multiple
randomised trials may be defined and measured
differently in each trial, which cannot be
statistically accounted for by standardisation in
aggregate analyses; and

e aggregate data are insufficient to perform
(sensitivity) analyses within patient subsets or
treatment subsets.

doi: 10.1136/bm;j-2026-100618 | BMJ 2026;394:€100618 | thebmj
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As a result, these limitations and potential biases must
be borne in mind when evaluating surrogate evidence
based on trial level aggregate analyses; for instance,
in the context of a therapeutic area in which there
is a lack of standardisation of endpoint definitions.
Nonetheless, REASSurE does not mandate the use
of individual patient data in recognition of current
barriers to access described above, nor conversely
delineate the sufficiency of an aggregate data analysis.

Discrepancies between the strengths of individual
level surrogacy and trial level surrogacy are not
unusual. Reasonable/high individual level surrogacy
coupled with low trial level surrogacy is a common
combination, and is often why candidate surrogate
endpoints fail to progress to validity. Explanations
and examples are described in Baker and Kramer,”?
and Buyse et al.'"® Because the framework research
question (Is this surrogate endpoint acceptable for
(1) use in the development of the drug or medical
device, and/or (2) health technology assessment of
the drug or medical device?) is focused on predicting
treatment efficacy, trial level surrogacy (association
between treatment effects) is therefore more important
than individual level surrogacy (individual prognosis).
The case of low individual level surrogacy coupled
with reasonable or high trial level surrogacy may be
due to existence of alternative causal pathways to the
clinical endpoint (so prognosis based on surrogate
evidence is unreliable), while the treatment operates
primarily on the path of the surrogate endpoint. If the
treatment is approved based on this evidence, it is
vital to communicate to patients that the effect of the
treatment can be predicted well using their surrogate
measurements collectively, but individually, having
a better surrogate value does not necessarily mean a
better outcome, nor conversely.

The REASSwrE framework provides a comprehensive
and structured approach to surrogate endpoint

evaluation, accounting for statistical and non-statistical
aspects that are of importance to multiple stakeholder
groups. Itislinked to the SPIRIT-Surrogate® and CONSORT-
Surrogate®? extension checklists for the reporting of
surrogate endpoints in randomised trials. As such,
surrogate evaluation using REASSurE would support the
completion of SPIRIT/CONSORT-Surrogate for new trials.
Table 3 outlines the areas of overlap between the SPIRIT/
CONSORT-Surrogate checklists and REASSurE.

The Delphi survey formed the backbone of each
domain of REASSurE. From table 1, statisticians
formed the majority of participants (59.7%) in round
1, with a relative under-representation of clinicians,
health technology assessment experts, and regulators.
In the spirit of the concluding message of Piedbois
and Miller Croswell,® this project has helped bridge
the gap in communication between statisticians and
clinicians on the topic of surrogate evaluation, since its
results accounted for the opinions of both stakeholder
groups. However, even though clinicians were
included, the imbalance in stakeholder representation
suggests that the results may be less generalisable to
the overall views of the clinical community, which
might have been mitigated through an improved
recruitment strategy targeting more clinician groups.
In round 2, the overall retention rate was 73% (45/62),
although it was variable by stakeholder group: 81%
of statisticians and trials methodologists (30/37 and
21/26, respectively), and 64% of health technology
assessment experts and clinicians (9/14 in each group)
were retained, compared to 38% (3/8) of regulators.
During the project, measures were taken to mitigate
the dropout rate by ensuring that the survey was not
too long or tedious; and sending a maximum of three
reminder emails across both rounds. Nonetheless, this
imbalance suggests that the items in REASSurE may be
skewed in favour of the views of statisticians and trials
methodologists, with more uncertainty about the true

Table 3 | Overlap between SPIRIT/CONSORT-Surrogate and REASSurE
SPIRIT-Surrogate CONSORT-Surrogate

item No item No Item statement Links to REASSurE

8.1 1b.1,2.1 State (a) that the primary outcome is a surrogate endpoint, and Covered by item 0.2 (Endpoints)
(b) the target outcome(s) whose intervention effect is being
substituted for.

12.1 6a.1 State the practical or scientific reason(s) for using a surrogate Covered by domain 1 and item 2.4 (Biological plausibility)
endpoint as a primary outcome.

12.3 6a.2 Justification for selected surrogate endpoint: (a) evidence (or lack  Covered by domain 2 and domain 3
thereof) of surrogate endpoint validation; and (b) evidence (or lack
thereof) of validity being specific to the context used (eg,
intervention, disease, population).

14.1 7.1 Clarify if the sample size will be estimated to demonstrate that a Not covered, but linked to item 3.2b (Surrogate threshold
minimum effect on the surrogate endpoint would be predictive of a effect)
benefit on the target outcome(s).

22.1 22.2 Comment on whether the trial design (including sample size Partly covered by item 2.5 (Clinical plausibility); in particular,
and follow-up period), given the use of a surrogate endpoint, “Other items of clinical plausibility to consider may include
adequately captures the potential harms of the intervention being  safety (whether there is a low or high risk of adverse events).”
tested.

31c1 26.2 If surrogate and target outcome data will be collected in the Not covered, but linked to item 3.1 (Individual level analysis);

trial, state the open access arrangements for the data for future

secondary research.

in particular, “It should be noted that individual patient data
from randomised controlled trials may not always be available
due to data sharing issues.”

SPIRIT=Standard Protocol Items: Recommendations for Interventional Trials; CONSORT=Consolidated Standards of Reporting Trials; REASSurE=Recommendations for Evaluating A Single

Surrogate Endpoint.

thelbmj | BMJ2026;394:100618 | doi: 10.1136/bmj-2026-100618
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range of opinions from regulatory representatives. It
will therefore be a useful task to match REASSurE with
surrogate evaluation procedures of regulatory agencies
across different countries, from which any similarities
and differences could be collaboratively discussed.

The consensus meeting gave rise to the finalised set
of items of REASSurE, agreed on by 18 stakeholders.
While the participation had strong geographical
coverage, the stakeholder groups were limited to those
targeted in the Delphi survey. A broader approach
to recruiting survey participants, such as through
established organisations for patients, patient
advocates, manufacturers, or pharmaceutical industry
representatives, would likely increase the robustness
of the framework items and their explanation and
elaboration sections. In particular, patients and/
or their advocates may have unique insights into
what truly constitutes unmet clinical need based
on their lived experiences, together with what time
or resources saved could mean for them in practice.
Manufacturers and pharmaceutical representatives
could offer methodologies to assess costs saved, which
was the only section of the framework that was out
of scope for a case study. The initial design of this
project also included a component on patient and
public involvement, in which focus groups would be
organised online involving patients and clinicians to
share their views on the use and safety of surrogate
endpoints, by way of the nominal group technique.
This component was designed to be separate from this
consensus project, as a majority of the survey questions
concerned niche statistical issues, and thus the survey
may not have been as readily accessible to patients.
This component ultimately did not materialise due
to shortage of time, so launching this patient-centric
project in the near future would aptly complement
the findings in REASSurE, especially those related to
issue 1.

The REASSurE framework itself is limited by its
ability to only evaluate a single surrogate endpoint.
In recent years, substantial progress has been made
on developing statistical methodologies to evaluate
multiple surrogate endpoints against a single clinical
endpoint,®®” with the idea that a collection of
surrogate endpoints may together statistically perform
better than a single surrogate endpoint. The evaluation
of multiple surrogate endpoints may follow practices
different to the recommendations in REASSurE; for
instance, multiple surrogacy may affect how the items
2.4 (Biological plausibility) and 2.5a (Causality) in
table 2 are defined or graded. No consensus based
frameworks exist on multiple surrogacy evaluation to
our knowledge. Developing extensions to REASSurE,
such as REASSurE-Multiple for multiple surrogate
evaluation, may be a natural next step. Furthermore,
as the framework was developed by experts across six
continents, producing translated versions of REASSurE
would further facilitate global efforts to rigorously
evaluate candidate surrogate endpoints.

Assessment of the items of REASSurE requires
several fields of expertise. We therefore recommend

that researchers use the REASSurE framework in
collaboration with all relevant stakeholder groups
(recently alternatively termed as interest holder
groups®®) to ensure a well informed, holistic evaluation
of a candidate surrogate endpoint before deciding
whether to apply it as the primary endpoint of a clinical
trial.
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