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Standard guidelines have been systematically developed and are
commonly used to guide the completeness and quality of protocols
(Standard Protocol Items: Recommendations for Interventional Trials
[SPIRIT])! and final reports (Consolidated Standards of Reporting
Trials [CONSORT])* of randomised controlled trials (RCTs). These
guidelines have been updated and improved based on experts’
consensus, and are widely endorsed for randomised trials,'~
including those conducted in the physiotherapy field.*° Recently,
a framework that extends the definition and interpretation of
surrogate endpoints in trials was developed, comprising the
SPIRIT-Surrogate extension checklist® and the CONSORT-Surrogate
extension checklist.” These checklists guide researchers, including
those in physiotherapy, with the minimum requirements for protocol
development and reporting randomised trials where surrogate
endpoints are used as primary outcomes.®’ This Editorial aims to
disseminate these frameworks and extension checklists in the
physiotherapy field.

According to the Physiotherapy Evidence Database (PEDro), over
46,000 randomised trials have been conducted and published in
various subdisciplines of physiotherapy, including cardiothoracics,
continence/pelvic health, ergonomics/occupational health, geron-
tology, musculoskeletal, neurology, oncology, orthopaedics, paediat-
rics and sports.*®~!! The results of these trials have helped
physiotherapists to manage patients with the evidence-based prac-
tice approach.'>!® Carefully designed, conducted and reported rand-
omised trials are key to measuring intervention efficacy, thereby
contributing to evidence-based care.”*'

In recent decades, a growing interest in healthcare outcomes that
matter to patients — such as body weight, muscle injury, pain, global
muscle strength, function, satisfaction and health-related quality of
life - has been observed.>'4~'® These outcomes are commonly known
as patient-relevant outcomes and have become common in trials as
primary outcomes (or primary endpoints)*'“~'® (ie, the most important
outcome, which is considered in the sample size calculation and in
drawing the main conclusions).!* However, measuring the effects of
physiotherapy interventions on these outcomes can be challenging.

The first challenge that researchers face in using patient-relevant
outcomes in trials is how to measure them adequately. In 2005, the
COnsensus-based Standards for the Selection of Health Measurement
Instruments (COSMIN) initiative was founded by an international
multidisciplinary team of researchers, which caused an improvement
in the development and evaluation of outcome measurement in-
struments, mainly patient-reported outcome measures (PROMs)."
This advancement allowed researchers to use valid, reliable and
responsive PROMs in their trials.

https://doi.org/10.1016/j.jphys.2024.11.013

The second challenge is using this type of outcome as a primary
outcome in randomised trials. PROMs commonly require a larger
sample size and longer study duration to allow the research ques-
tions to be adequately powered and addressed.”* Unfortunately,
many trials of physiotherapy interventions have insufficient power,
mainly due to small sample sizes and/or short periods of follow-up.
Authors commonly emphasise secondary results instead of correctly
addressing the main research of a randomised trial.!"°

Evaluating the effects of an intervention on PROMs with adequate
internal validity and power can face important barriers, such as high
research costs.>'* A possible solution is the use of surrogate end-
points (biomarker or intermediate outcomes), which are a substitute
for target outcomes of interest in trials. A surrogate endpoint does not
measure the clinical benefit of primary interest; rather, it is expected
to predict that clinical benefit or harm based on epidemiological,
therapeutic, pathophysiological or other scientific evidence. Surro-
gate endpoints are used to improve trial efficiency by reducing the
sample size and shortening the duration of follow-up, thereby
lowering the overall research costs;> these reductions, in some cases,
may influence trial feasibility.>"*> When a target outcome requires
long follow-up, which is common in rare diseases, it is ethically
feasible to use surrogate endpoints as a primary outcome in trials.”>
Furthermore, surrogate endpoints in small feasibility and pilot trials
can guide the design and investment in a fully powered randomised
trial planned to verify the effect of the intervention on the target
outcome.’

Randomised trials that evaluate treatment effects using surro-
gate endpoints in physiotherapy have been developed and pub-
lished.>*?> As observed in other fields,> surrogate endpoints in
physiotherapy trials have traditionally focused on biomarkers, such
as carotid intima-media thickness, which is a surrogate endpoint of
generalised atherosclerosis.”® In addition, intermediate outcomes
related to measures of symptoms (which can sometimes be regar-
ded as surrogate endpoints) and function (which can be considered
target outcome)® have also been used in physiotherapy, such as
exercise capacity.” Exercise capacity can be measured directly by a
cardiorespiratory assessment of peak oxygen uptake (VOjpeax) OT
indirectly by a submaximal test, such as the 6-minute walk test.”®
Exercise capacity has been used as a surrogate outcome for mor-
tality, hospitalisation and health-related quality of life,> which are
the final patient-relevant outcomes. On the other hand, exercise
capacity can be also a target outcome if it is something that in-
terferes with activities of daily living, especially if the patient re-
ports his/her perception of effort, as assessed by the Borg Scale.”’
Four criteria were established by the recently published
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framework for classifying an intermediate outcome as a surrogate or
a target endpoint: type of measurement; whether the outcome is
patient-reported or represents health benefits; intention of the
intervention or hypothesis of the trial; and association with the
target outcome.” Researchers must apply those criteria for the cor-
rect use of intermediate outcomes.’

Despite the advantages provided by surrogate endpoints, they in-
crease the uncertainty of the true value of the intervention. In this
context, it is important to ensure that the observed changes in a sur-
rogate endpoint are sufficiently reliable to predict the efficacy of the
intervention in the patient-relevant target outcome. It is therefore
recommended that the use of surrogate endpoints in randomised trials
be limited to those that have been validated. Several levels of evidence
must be provided for a surrogate endpoint to be considered valid:
biological or clinical plausibility of the relationship between the sur-
rogate endpoint and the target outcome (Level 3); consistent associa-
tion between the surrogate endpoint and the target outcome, provided
by a series of observational or epidemiological studies (Level 2); and
association between the treatment effect on the surrogate endpoint and
the treatment effect on the target outcome, preferably provided by a
meta-analysis of randomised trials (Level 1).2*® Therefore, the highest
level of evidence is recommended for the use of a surrogate endpoint in
trials: evidence of a strong association between the intervention effect
on the surrogate endpoint and the intervention effect on the patient-
relevant target outcome.>%"?8

Let us consider our example of whether exercise capacity, as a
surrogate outcome measured by the gold standard approach
(maximal or symptom-limited test that provides the value of
VOapear) OF by indirect submaximal test®> with adequate criterion-
validity with the gold standard approach (the 6-minute walk
test),?® is valid for mortality, hospitalisation and health-related
quality of life in heart failure for exercise rehabilitation in-
terventions. Exercise capacity is the maximum amount of physical
exertion that a person can sustain®® and the relationship between
exercise and mortality, disease and health has long been recog-
nised®! (Level 3). Epidemiological studies have shown that an in-
crease in VOzpeax Of 3.5 ml/kg/min (1.0 metabolic equivalent)
corresponds to a risk reduction in mortality in individuals with
cardiovascular disease of 12%, including individuals with heart
failure®' (Level 2). A meta-analysis of 31 randomised trials of
exercise-based cardiac rehabilitation compared with no exercise
control (involving 4,784 participants with heart failure) showed a
low level of association between improvements in exercise ca-
pacity (VOzpeax Or 6-minute walk test) and mortality and hospi-
talisation. In the same meta-analysis, a moderate association
between exercise capacity and health-related quality of life was
found. Therefore, exercise capacity, measured directly (VO3peak) OF
indirectly (6-minute walk test), has poor validity as a surrogate
outcome for mortality and hospitalisation and a moderate validity
as a surrogate outcome for health-related quality of life in people
with heart failure submitted to exercise-based cardiac rehabilita-
tion (Level 1).>° Therefore, this scientific evidence supports the
use of exercise capacity as a surrogate outcome for health-related
quality of life in trials with a similar intervention and
population.®

Unfortunately, researchers commonly use surrogate outcomes
that are invalid for predicting the effect in the patient-relevant
outcome.”>? According to a previous review, less than half of the
included randomised trials that used a surrogate outcome as the
primary outcome discussed its validity to predict the effect of the
intervention in the patient-relevant outcomes. The use of surrogate
outcomes that are invalid can be misleading and result in the
implementation of harmful interventions.*> For example, in rheu-
matology, the biomarker serum urate (SU) has traditionally been used
and recommended by The Outcome Measures in Rheumatology
(OMERACT) Gout Working Group as a surrogate outcome. Gout is a
common inflammatory arthritis that manifests as episodes of intense
swelling, joint pain and disability. In studies involving participants
with gout, SU was used as a substitute for clinically meaningful and
patient-relevant outcomes such as reduction in the number of

flares,*>** functional disability and health-related quality of life.>>
However, there is limited evidence that changes in SU or achieving
target SU (reduction of SU to < 6 mg/dl) are associated with changes
in patient-relevant outcomes in gout. In 2018, a meta-regression
analysis that was performed with data from 10 RCTs did not
confirm an association between SU and gout flare, except in studies
with longer duration. The authors pointed out the biological plausi-
bility of the relationship between the SU and the management of
gout, but highlighted that SU did not reach the required level of ev-
idence to be considered a surrogate outcome of patient-relevant
outcomes in gout.>* In 2021, the OMERACT Gout Working Group
published a critical review aimed at outlining the potential of SU to
be a surrogate outcome and the challenges for confirming the validity
of SU as a surrogate in gout trials,>®> even for flare, which is the
most investigated patient-relevant outcome. The role of SU as a
surrogate of other patient-relevant outcomes in gout (such as pain,
functional disability and health-related quality of life) is even less
clear.*?

Some commonly investigated outcomes in the physiotherapy
field, such as grip strength and inflammatory biomarkers, have the
potential to be surrogate endpoints for many patient-relevant out-
comes. Grip strength has been identified as a potential surrogate
endpoint for global muscle strength in myopathy, motor neuron
disease® and stroke,*® as well as for all-cause mortality in the healthy
population.®” It is considered an important and reliable biomarker of
health, considering its consistent association in explaining function,
fracture susceptibility, nutritional deficiency, cognitive decline,
depression and overall quality of life,*®>° mainly in the elderly pop-
ulation.>® Therefore, it was recommended to routinely assess grip
strength in clinical practice throughout the lifespan.*®>° In chronic
pain, inflammatory biomarkers have been associated with a decrease
in pain, fatigue, physical function and disability, and an increase in
mental health and health-related quality of life in subjects with
chronic low back pain, knee osteoarthritis, fibromyalgia and chronic
fatigue syndrome.'® However, to be used as surrogate outcomes in
future RCTs, the validity of grip strength and inflammatory bio-
markers as surrogates for these patient-centred outcomes must be
carefully investigated for each health condition as well as for each
patient-relevant outcome. Evidence of a strong association between
the intervention effect on the surrogate endpoint and the interven-
tion effect on the patient-relevant target outcome (Level 1 of evi-
dence) is recommended.®”?%>2 Unfortunately, this was not observed
for grip strength or for inflammatory biomarkers for the previously
mentioned health conditions and patient-relevant outcomes.

Validation of surrogate outcomes is challenging. Two solutions
were proposed to aid in surrogate validation: planning to collect data
on both surrogate and target outcomes in future randomised trials,
even in a subset of the sample, and making the data freely accessible
for future validation. Finally, it is important to point out that the
validity of surrogate endpoints is context-specific. If a surrogate
endpoint has been validated for one patient-relevant outcome or for
one health condition, it is not automatically valid for other patient-
relevant outcomes or other health conditions.*?

Aiming to improve the identification and definition of surrogate
endpoints as well as the planning, design and reporting of trials that
use surrogate endpoints, a definitional framework was recently pro-
posed for surrogate endpoints,® and frameworks that extend the
definition and interpretation of surrogate endpoints in trials were
developed: the SPIRIT-Surrogate extension checklist® and the
CONSORT-Surrogate extension checklist.” The development of the
checklists followed the EQUATOR (Enhancing the QUAlity and
Transparency Of health Research) guidelines.*’ In summary, the
SPIRIT-Surrogate extension includes nine items modified from the
SPIRIT 2013 checklist® and the CONSORT-Surrogate extension in-
cludes nine items modified from the CONSORT 2010 checklist and
two new items’ (Table 1). The items include explicit mention of using
surrogate endpoints, providing evidence (or lack thereof) of surrogate
endpoint validation, informing trial participants on the use of sur-
rogate endpoints, and interpretation of findings in the context of
using a surrogate endpoint.



Table 1

Editorial

Summary of the SPIRIT- and CONSORT-Surrogate extension items.>’

Main section of SPIRIT or CONSORT

Surrogate extension item

Checklist to which the
extension item applies

Abstract/Trial summary

la. State a) that the primary outcome is a surrogate endpoint, and b) the target outcome(s)

whose intervention effect is being substituted for.

SPIRIT-Surrogate
CONSORT-Surrogate

Introduction/Background/Objectives

1b. State a) that the primary outcome is a surrogate endpoint, and b) the target outcome(s)

whose intervention effect is being substituted for.

SPIRIT-Surrogate
CONSORT-Surrogate

Outcomes

2. State the practical or scientific reason(s) for using a surrogate endpoint as a primary outcome.

SPIRIT-Surrogate
CONSORT-Surrogate

. State what other surrogate endpoints were considered and why the current one(s) were chosen.

SPIRIT-Surrogate

. Justification for selected surrogate endpoint:

a) evidence (or lack thereof) of surrogate endpoint validation and b) evidence (or lack thereof)
of validity being specific to the context used (eg, intervention, disease, population).

SPIRIT-Surrogate
CONSORT-Surrogate

Sample size

. Clarify if the sample size will be/was estimated to demonstrate that a minimum effect on the

surrogate endpoint would be predictive of a benefit on the target outcome(s).

SPIRIT-Surrogate
CONSORT-Surrogate

Ethics/Patient and public engagement

. State whether and how trial participants will be/were engaged and informed before enrolment,

and that the trial was designed to evaluate an intervention’s effect using a surrogate endpoint.

SPIRIT-Surrogate
CONSORT-Surrogate

Results/Outcomes and estimation

. If the primary outcome is a composite outcome that includes a surrogate endpoint, report the

CONSORT-Surrogate

intervention effect on all components.

Harms/Discussion 8. Comment on whether the trial design (including sample size and follow-up period), given the
use of a surrogate endpoint, adequately captures the potential harms of the intervention being tested.

SPIRIT-Surrogate
CONSORT-Surrogate

Statistical methods/Discussion 9. State what the plans are to conduct subsequent analyses/studies to verify current findings

on the target outcome(s).

SPIRIT-Surrogate
CONSORT-Surrogate

Discussion/Interpretation

10. Interpretation of findings of the trial in the context of using a surrogate primary endpoint,

CONSORT-Surrogate

including its known validity for intervention effects on the target outcome and the
potential benefit-risk assessments of the tested intervention for participants.

Dissemination/Data access

11. If surrogate and target outcome data will be/were collected in the trial, state the open access
arrangements for the data for future secondary research.

SPIRIT-Surrogate
CONSORT-Surrogate

Extensions should be used along with the main SPIRIT and CONSORT checklists. Extensions are applicable to all intervention trials using surrogate endpoints (based on any
definition) as primary outcome(s). However, items could be relevant to report in non-randomised trials, observational studies and other studies using surrogate endpoints.
Items can be combined or reported in different sections to the ones suggested in the extension. The specific item sections are recommendations and not requirements.
CONSORT = Consolidated Standards of Reporting Trials, SPIRIT = Standard Protocol Items: Recommendations for Interventional Trials.

Researchers, editors and reviewers should embrace a common
definitional framework for surrogate endpoints® and then endorse
those extensions®’ to provide clinicians and stakeholders with research
results related to outcomes that are of interest and relevance to trial
participants, patients, clinicians and other stakeholders.>®” Adherence
to these extensions will enhance trial feasibility, transparency, inter-
pretation, reporting and overall value, thus improving evidence-based
practice and benefiting care provided by physiotherapists.
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