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Summary
The judicious use of surrogate endpoints as substitutes for patient relevant target outcomes can substantially reduce 
the size and duration of clinical trials, thereby driving down research and development costs and driving faster 
patient access to innovative therapies. Whilst increasingly used by regulators over the last two decades, health 
technology assessment (HTA) agencies and payers have been more sceptical in acceptance of surrogates in their 
reimbursement decisions. Central to acceptance is scientific validation and demonstration of the association in the 
treatment effect on the surrogate endpoint and target outcome. This review summarises the validity and utility of 
glomerular filtration rate (GFR) slope as a ‘first in class’ surrogate with robust evidence of a strong treatment effect 
association (i.e., R2 trial of 97%) with clinically meaningful kidney target outcomes including dialysis and kidney 
transplantation. Given the likely continued challenges in the use of surrogate endpoints in future healthcare policy 
making, we conclude this review with the opportunities for stakeholders–healthcare industry, regulators and payers, 
clinicians and trialists, and patients and the public–to leverage the future appropriate use of surrogates.
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Introduction
Chronic kidney disease (CKD) presents a significant 
burden to global healthcare systems. CKD affects 
approximately 10–15% of the global adult population, 
with an increasing prevalence due to factors such as 
diabetes, hypertension, obesity and aging populations.2 

CKD is projected to become the fifth leading cause of 
death worldwide by 2040.3 The costs of treatment, 

including dialysis, kidney transplantation, and lost 
productivity are substantial with an estimated world
wide CKD-related cost in 2019 at over US$1 trillion.4 

Timely access to evidence-based treatments is crucial 
for alleviating the future burden of CKD.

Access to healthcare treatments should ideally be 
based on appropriately designed, conducted, analysed 
and reported randomised controlled trials (RCTs) that 
directly measure patient relevant final target outcomes, 
such as overall survival, severe morbidity, or health- 
related quality of life. However, surrogate endpoints 
are increasingly used as trial primary endpoints to 
accelerate regulatory approval and patient access to new 
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therapies by substituting for direct target outcomes.5 

With faster accrual, surrogate endpoints can offer the 
advantages to patients, clinicians, and researchers of 
reducing the duration, size, and total cost of trials for 
chronic diseases like CKD where the definitive impact 
of a new treatment on a target outcome can be difficult 
to assess due to the slow progression of the disease.6

Kidney failure requiring replacement therapy (i.e., 
dialysis or a kidney transplant) is a serious but relatively 
rare consequence of CKD that occurs after many years in 
most patients.7 Glomerular filtration rate (GFR) slope, a 
biomarker reflecting of changes in kidney function over 
time, has gained recent attention as a validated surrogate 
endpoint for CKD therapies with very strong evidence of 
its prediction of long-term patient-relevant kidney failure 
outcomes.8 The United States Food and Drug Agency 
(FDA) and the European Medicines Agency (EMA) have 
recently approved GFR slope as an acceptable primary 
endpoint for trials of CKD therapies.9

Beyond licensing approval, most advanced health
care systems impose an additional regulatory 
requirement–health technology assessment (HTA)– 
which must be met before therapies are funded. HTA 
seeks to assess the broader health value of new thera
pies, informing healthcare payers whether the therapy 
should be reimbursed, be that through a public funding 
or a social insurance system.10 Alongside the licensing 
requirements of efficacy and safety, HTA agencies 
typically require the additional evidentiary criteria of 
comparative effectiveness (i.e., does the therapy provide 
sufficient health benefit over the longer term compared 
to standard of care?) and incremental cost-effectiveness 
(i.e., does this benefit relative to the cost of therapy 
represent good value for money?).10

Whilst surrogate endpoints can play a key role in 
both the licensing and HTA/reimbursement settings, 
in contrast to regulators such as the FDA and EMA, 
HTA agencies and payers have traditionally been more 
cautious in their access decisions around new treat
ments with clinical trials based on surrogate endpoints 
rather than target outcomes.2

Reliance on surrogate endpoints may result in inac
curate value assessment due to systematic overestimation 
of clinical benefit and cost-effectiveness, leading to new 
treatments initially gaining market access but later being 
either rejected or granted only limited reimbursement 
and coverage by HTA bodies.2 This highlights the need 
for appropriate methods for surrogate validation to 
minimise uncertainty related to their use.

Given the wide diffusion of surrogates as primary 
endpoints in clinical trials, this position paper seeks to 
provide scientific and policy direction for the appropriate 
use of surrogate endpoints to inform funding decisions 
and timely access for new treatments in the manage
ment of CKD. The paper is organised into four sub
sections. First, we present a framework for the definition 
and trial-based evaluation of surrogate endpoints, with 

emphasis on the importance of statistical validation. 
Second, we discuss how HTA agencies currently 
approach the use of surrogates in their reimbursement 
decision-making with illustration related to recent new 
treatments for CKD. Third, we provide an overview of 
the validation evidence that supports GFR slope as a 
surrogate for kidney failure in the management of CKD. 
Finally, we offer recommendations for the future use of 
surrogate endpoints to inform HTA evaluation and ac
cess to future new CKD treatments.

Validation of surrogate endpoints
Based on concepts developed in the literature over the 
last two decades,10,11 ‘the Ciani framework’ for surrogate 
endpoints has become widely accepted by the interna
tional HTA community.12–15 This framework proposes 
three levels of evidence in the evaluation or ‘validation’ 
of a surrogate endpoint (see Table 1)–biological plau
sibility for an outcome to be a good surrogate endpoint 
for clinical benefit (level 3)–association between the 
surrogate endpoint and the target outcome at the indi
vidual level based on observational evidence or trial data 
(level 2)–‘individual level surrogacy’; and association 
between the treatment effect of the surrogate and the 
target outcome based on RCT data (level 1)–‘trial level 
surrogacy’. Level 1 evidence or trial level surrogacy is 
considered the most important in HTA decision- 
making. Demonstration of level 1 evidence is typically 
based on meta-analytic methods and requires data from 
RCTs that have assessed both the surrogate endpoint 
and target outcome.

The strength of the association based on the trial 
level effects of treatment on the surrogate and target 
outcome is quantified using metrics including the co
efficient of determination (R2 trial), Spearman’s corre
lation coefficient (ρ), or Kendall’s tau.12,16 Individual 
participant/patient data (IPD) meta-analysis remains 
the optimal approach to surrogacy evaluation as it en
ables the standardisation of statistical methods across 
IPD sets and robust analysis at both the patient and trial 
levels, i.e., allowing assessment of level 1 and 2 evi
dence of surrogacy. However, as IPD is often not 
available, with the appropriate statistical methodology, 
surrogate validation can be based on meta-analyses of 
published aggregate trial level data. Statistical exten
sions to meta-analysis have been developed to ensure 
robust evaluation of surrogate endpoints that include 
multivariate and Bayesian methods.17,18 Surrogate 
endpoint evaluation using meta-analysis be conducted 
according to the recent ‘reporting of surrogate endpoint 
evaluation using meta-analyses’ (ReSEEM) guidelines.19

In addition to evidence of a strong statistical asso
ciation between the surrogate endpoint and patient 
relevant outcome, the HTA process may also require 
quantification of the predictive effect on change on the 
target outcome to enable estimation of a therapy’s 
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cost-effectiveness (e.g., cost per quality adjusted life year 
(QALY)) based on the observed effect of the treatment on 
the surrogate. An increasingly reported metric is the 
surrogate threshold effect (STE), which is the magnitude 
of treatment effect on the surrogate that would predict a 
significant treatment effect on the target outcome.20 A 
schematic of the process for handling surrogate end
points in licensing and HTA is shown in Fig. 1 and 
example of this process shown in Supplementary eFig. 1.

Caution is needed in extrapolating the evidence 
surrogate endpoint validation. For example, low density 
lipoprotein (LDL)-cholesterol has been shown to be a 
valid surrogate endpoint for cardiovascular related 
mortality statins it appears to be less predictive for other 
classes of lipid lowering therapies such as fibrates.21 

Surrogate validation should therefore be based on 
RCTs with the appropriate range of populations, in
terventions, comparators and outcomes (“PICO”) 
reflective of the specific HTA decision problem.

Current policy and practice of HTA agencies on 
use of surrogate endpoints
The use of surrogates was originally conceived in the 
limited context of specific drug approval circumstances 
(e.g., US FDA’s accelerated approval programme) to 

enable earlier licensing for therapies to treat serious 
conditions and addressing a major unmet medical 
need. One of the earliest examples was the acceptance 
of RCT evidence showing increases in CD4 counts 
(surrogate endpoint) for improvements in overall sur
vival resulting in approval of the first wave of antiviral 
drug treatments for acquired immunodeficiency syn
drome (AIDS). Since that time, the use of surrogate 
endpoints in drug approval has grown considerably. In 
2018, the US FDA publicly released an ‘Adult Surrogate 
Endpoint Table’ of more than 100 surrogate endpoints 
that may be used as primary endpoints in clinical trials 
that form the basis of traditional or accelerated approval 
of new drugs or biologics and are “reasonably likely to 
predict clinical benefit”.22 Whilst, in principle, a surro
gate endpoint must be fully validated to be used in lieu 
of the target outcome for full approval, recent reviews 
have shown that over 50% of all drug and biologic ap
provals by FDA and EMA are based on surrogate 
endpoints.5,23

The FDA surrogate table currently lists GFR and 
serum creatinine for traditional approvals for treat
ments targeting “CKD secondary to multiple etiol
ogies”. In September 2023, EMA published their 
opinion that GFR slope can be “used as a validated 
surrogate endpoint for CKD progression in RCTs for 

Definition Source of evidence Statistical metrics

Level 3 Biological plausibility Clinical data and understanding of disease (surrogate endpoint lies on the disease pathway 
with final patient relevant outcome)

Not applicable

Level 2 Observational association Epidemiological studies and/or clinical trials demonstrating the relationship between surrogate 
endpoint and target patient relevant outcome

Correlation between surrogate endpoint and 
target patient relevant outcome

Level 1 Interventional/treatment 
effect association

Randomised controlled trial(s)a demonstrating association between the treatment change in 
surrogate endpoint and target patient relevant outcomeb

Trial level R2 

Spearman’s correlation 
Surrogate threshold effect (STE)

aIndividual participant or trial level meta-analysis of multiple randomised controlled trial or single large randomised controlled trial with surrogate-final outcome association assessed by trial site.
bEvidence should be randomised controlled trials from same disease indication, line of therapy, class of treatment/intervention and comparator therapy that surrogate endpoint is applied. If 
extrapolating from different disease indication, line of therapy, class of treatment/intervention and comparator therapy then evidence may not qualify as level 1. Adapted from.11 

Table 1: HTA framework for evaluation of surrogate endpoints.

Fig. 1: Schematic framework of the use of surrogate endpoints in licensing and HTA.
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standard marketing authorization and indication 
extension approvals”.24 Other endpoints in CKD, 
including early change in albuminuria have also been 
proposed but are not currently approved as valid sur
rogates by either FDA or EMA.9

Whilst regulatory bodies are primarily concerned 
with weighing the balance of efficacy versus safety of 
new therapy, HTA agencies (or ‘payers’) seek to assess 
the wider value of treatments to the healthcare system 
to inform their decision to fund access/coverage. HTA 
value typically focuses on considerations of comparative 
effectiveness (clinical benefit of a therapy relative to 
current standard of care) and the economic conse
quences of the introduction of a new treatment, 
alongside other factors such as equity, severity of dis
ease, or unmet need. Metrics of ‘value’ can vary 
considerably across different HTA agencies and coun
tries from the formal assessment of cost effectiveness 
(e.g., incremental cost per QALY) to more clinical 
assessment of benefit (e.g., ‘Service Médical Rendu’, 
SMR) that are in turn used to negotiate the acceptance 
of a new drug/intervention and its costs.25,26

An analysis across nine leading HTA agencies pub
lished in 2021 found that of 291 HTA reports, 61 relied 
on surrogate endpoints.11 The handling of surrogate 
endpoint evidence was found to vary greatly across HTA 
agencies, with inconsistent consideration of the level of 
evidence and statistical validation. As a result, the au
thors called for international harmonisation in the eval
uation of surrogate endpoints across HTA agencies.11 

Based on these recommendations, an international 
consortia (UK National Institute for Health and Care 
Excellence (NICE), Canadian Drug Agency, US Institute 
for Clinical and Economic Review and Rubix Health, 
Australian Department of Health and Aged Care, 
Colombian Institute for Technology Assessment in 
Health, and Dutch National Health Care Institute (ZIN)) 
recently came together and published a report in early 
2025 offering guidance on best practice for using sur
rogate endpoints in health economic models to guide 
HTA decisions.27 The 3-level HTA framework described 
above is central to this guidance.

As part of this review, a contemporary analysis of the 
use of surrogate endpoints by selected HTA agencies in 
France, Belgium, Germany, Italy, Spain, and UK was 
undertaken (see Supplementary eTable 1). It was found 
that there was a broad consistency, irrespective of 
country, that HTA agencies prefer the use of trial evi
dence based on target outcomes. Furthermore, surro
gate endpoints should only be considered when target 
outcome data are not available, or their evidence is 
limited (e.g., immature clinical trial data on overall 
survival). NICE (UK), Spanish Agency of Medicines and 
Medical Devices (AEMPS), German Institute for Qual
ity and Efficiency in Health Care (IQWiG), and French 
Authority for Health (HAS) all state that their grounds 
for acceptance of surrogate endpoints depend on a 

requirement of scientific validation. However, consis
tent with previous analyses, there was considerable 
variation in practice with only two agencies providing 
specification of their scientific requirements for surro
gate validation. G-BA/IQWiG (Germany) will consider 
surrogate endpoints if they have been validated with 
appropriate statistical methods (as detailed in the pre
vious section).28 If the surrogate endpoint is neither 
validated nor accepted by the consideration of a STE, 
the results can be presented but are not regarded as 
proof of added benefit by the G-BA. Similarly, NICE’s 
Decision Support Unit provide methodological guid
ance on the process for validating a surrogate endpoint 
the meta-analytic approach to surrogate endpoint eval
uation and data requirements.17 Importantly, there is no 
current international consensus across the HTA com
munity on the minimum threshold level for the estab
lishment of a ‘sufficient’ association between the 
treatment effect on a surrogate endpoint and target 
outcome. However, IQWiG and the EuNetHTA guid
ance on outcomes28–30 (one of the methods documents 
underpinning the new EU HTA Regulation for a single 
joint clinical assessment (JCA) process across European 
Commission countries) state a correlation of ≥0.85 
(equivalent to an R2 trial of ≥0.72) to represent a “high” 
association and to consider the precision in the pre
dictions of the target outcome in their acceptance of a 
surrogate.

Evidence base for the validity of surrogate 
endpoints in CKD
Historically, drug development for CKD has focused on 
patients with later stages of disease as they are at high 
risk of CKD progression. This is in part because the 
commonly used patient-relevant final or ‘target’ out
comes in clinical trials occur only after a prolonged 
disease course that may extend 10–20 years,2,7 a time
frame that is not feasible for trials of early CKD. 
Implementing treatments in the early stages of CKD 
could have a greater impact on delaying the time to 
progression to kidney failure and reducing the risk of 
progression than interventions applied at later stages of 
disease. As discussed above, surrogate endpoints can be 
used earlier in the CKD process and with smaller 
sample size and shorter follow-up duration.

Kidney Disease Improving Global Outcomes 
(KDIGO) define CKD as an abnormality of kidney 
structure or function, present for a minimum of 3 
months with implications for health.31 This can include 
an estimated GFR < 60 ml/min per 1.73 m2 or other 
marker of kidney damage, which is most commonly, 
elevated albuminuria. Thus, GFR and urine albumin
uria have been extensively evaluated as candidate sur
rogate endpoints because they are the most widely used 
biomarkers in CKD.8,9 The urine albumin concentration 
is often divided by the urine creatinine concentration to 
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account for variations in urine dilution between in
dividuals. This is a central reason for the recommen
dation to use it measured as urine albumin to 
creatinine ratio in a spot urine, to detect and stage CKD. 
In specific disease, total protein or urine albumin 
assessed using 24-h urine collections are also used. 
Here on in, we will continue to use the general term 
urine albumin (or albuminuria) to refer to all of the 
variations.

Over the past two decades, the Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI) have 
led the evaluation of the validity of changes in GFR and 
albuminuria as surrogate endpoints for clinical trials in 
CKD.8,9 Level 3 evidence (biological plausibility) for GFR 
decline as an endpoint of CKD progression is very 
strong. Change in GFR over time is the definition for 
the progression and remission of kidney disease– 
patients cannot reach kidney failure in the absence of 
a decline in GFR. Albuminuria is generally caused by 
increased permeability of the glomerular capillary wall 
to macromolecules. Experimental studies showed that 
increased tubular exposure to albumin promotes acti
vation of inflammatory mediators causing tubulo- 
interstitial injury and further kidney damage. Albu
minuria would not be expected to be a surrogate across 
all CKD etiologies. Unlike GFR, its use would require 
understanding that the specific disease affects albu
minuria and that the intervention is expected to impact 
its change.

For GFR, there is strong scientific evidence to 
support surrogacy at both level 1 and level 2. CKD-EPI 
has provided evidence for validation of surrogate 
endpoints using meta-analyses of IPD to evaluate both 
the epidemiological associations between changes in 
GFR to subsequent development of end stage kidney 
disease requiring kidney replacement therapy (KRT), 
and trial level analyses examining the association of 
treatment effects on the surrogate endpoints to kidney 
failure, using Bayesian mixed-effects meta-regression 
analyses.8,32,33

In meta-analyses of IPD from 66 RCTs, treatment 
effects on the mean changes in GFR and time to 
thresholds of GFR decline of 30–40% are strongly 
associated with treatment effects on the clinical 
endpoint, most commonly defined by the composite 
outcome of KRT, doubling of serum creatinine or GFR 
< 15 ml/min per 1.73 m2.8,33 Many interventions in GFR 
cause an immediate change in GFR that is different 
from the longer-term chronic phase.34 Thus, changes in 
GFR trajectories can be expressed as total change from 
baseline or change in the chronic phase.35 There was 
strong agreement between the treatment effects on the 
3-year total slope and on the clinical endpoint with an 
R2 trial of 0.97 (95% Bayesian credible interval (BCI): 
0.82–1.00) (Fig. 2 and Supplementary eTable 2).8,34 The 
slope of the meta-regression line is −0.35 (95% 
BCI: −0.42 to −0.29) per mL/min per 1.73 m2/year), 

indicating that a 0.75 ml/min per 1.73 m2/year greater 
beneficial effect of the treatment on the total GFR slope 
is associated with an average 23.0% lower hazard ratio 
for the clinical end point (95% BCI 20.0%–27.0%). The 
intercept of the meta-regression is −0.04 (95% 
BCI: −0.09 to 0.01), indicating that in the absence of a 
treatment effect on the 3-year total slope, the average 
treatment effect on the clinical endpoint is likely to be 
small (i.e., 95% probability for the hazard ratio to be 
between 0.91 and 1.01). The strength of this trial-level 
association indicates a uniquely strong surrogate 
endpoint and is considerably stronger than other sur
rogate endpoints that are regularly used in other fields, 
such as oncology (e.g., progression free survival for 
overall survival) and cardiovascular disease (e.g., sys
tolic blood pressure for stroke and cardiovascular 
mortality). Furthermore, this association was consistent 
across disease and by severity of CKD as defined by 
baseline level of GFR, albuminuria and rate of pro
gression in the study’s control arm.8,34,35,37

For the chronic GFR slope, analysis showed an R2 

trial of 0.55 (95% BCI: 0.25–0.77) (Fig. 2). The slope of 
the meta-regression line differs substantially from 0, 
at −0.33 (95% BCI: −0.46 to −0.20) indicating that a 
0.75 ml/min per 1.73 m2 per year greater beneficial 
treatment effect on the total GFR slope is associated 
with an average 21.9% lower hazard for the clinical end 
point (95% BCI: 13.9%–29.2%). That the intercept of 
the regression line is nearly 0.00 (−0.01, 95% BCI −0.10 
to 0.10) indicates low risk of a false negative conclusion 
of the absence of a treatment effect on the clinical 
endpoint when there is no treatment effect on chronic 
slope (i.e., 95% probability for hazard ratio to be be
tween 0.90 and 1.11).

Results were also consistent for a stricter definition 
of the target outcome as KRT or GFR < 15 ml/min per 
1.73 m2 (Table 1). For the total slope, compared to the 
analysis of the primary clinical endpoint the median R2 

decreased from 0.97 (0.82, 1.00) to 0.92 (0.56, 0.99). For 
the chronic slope, the median R2 increased from 0.55 
(0.25, 0.77) to 0.87 (0.64, 0.97), although BCIs for the 
secondary clinical endpoint were wider than for the 
clinical endpoint, indicating reduced precision.

For albuminuria, like GFR, both higher levels of 
baseline and increases in albuminuria were also asso
ciated with faster progression of CKD.38 In trial level 
analyses using IPD of participants with baseline albu
min to creatinine levels of 30 mg/g or higher, treatment 
effects on mean change in albuminuria over 6 and 12 
months had moderately strong associations with treat
ment effects on KRT with R2 of 0.69 (95% CI: 0.08– 
0.98).39 The trial level associations were consistent 
across subgroups of disease cause, including CKD not 
otherwise stated, diabetes or IgA nephropathy.40

These scientifically validated GFR based endpoints 
have been accepted by regulatory agencies including 
qualification of GFR decline as a surrogate endpoint by 

Review

www.thelancet.com Vol 88 October, 2025 5



EMA applied in numerous RCTs. They are being used 
in numerous trials, including as an endpoint to support 
full approval.24,40 In IgA nephropathy, changes in albu
minuria are being used as an endpoint for conditional 
approval along the accelerated approval pathway with 
GFR slope used as the confirmatory endpoint.40 

Changes in albuminuria are also being used in phase 
2 and dose-finding studies to demonstrate proof of 
concept in prevalent CKD, as a bridging biomarker to 
translate the obtained efficacy evidence of a therapy 
from one population to another and is currently under 
review as full approval endpoint in focal segmental 
glomerulosclerosis.41

Together, these data provide strong level 1 evidence 
to support the use of change in GFR in RCTs for 
evaluating of therapies aimed at improving CKD pro
gression. However, GFR slope might not be appropriate 
for all studies. Selection of the right endpoint for a 
future study requires consideration of the unique as
pects of the clinical trial including phase, specific pop
ulation, treatment, and design. Indeed, even the clinical 
endpoint could result in false conclusions about treat
ment benefit if applied in the wrong settings, such as 
too short a trial or in a population that is not expected to 
reach the endpoint over the duration of the trial but 
nevertheless has progressive CKD.7 Albuminuria can 
similarly provide a validated surrogate, but the 

advantage over GFR slope is generally seen for very 
short studies.42 Additionally, the use of GFR slope and 
albuminuria allows for the inclusion of all participants 
in a study, including those who may not progress to the 
clinical endpoint within the time-period of the trial.

Recent HTA assessment of new CKD 
treatments
To illustrate how HTA agencies approach their evi
dence review for new treatments for CKD, we consid
ered the case study of sodium-glucose cotransporter-2 
(SGLT-2) inhibitors—empagliflozin and dapagliflozin 
(see Supplementary eTable 3). Regulatory approval of 
both drugs are based on the RCTs of EMPA-KIDNEY36 

and DAPA-CKD39 both with a primary endpoint of 
progression of kidney disease (defined as end-stage 
kidney disease i.e., a sustained decrease in eGFR to 
<10 ml per minute per 1.73 m2, a sustained decrease in 
eGFR of ≥40% from baseline, or death from renal 
causes) or death from cardiovascular causes or sus
tained decline in the estimated GFR of ≥50%, end- 
stage kidney disease, or death from renal or cardiovas
cular causes respectively.

As discussed above, a key element of HTA evalua
tion is demonstration of cost-effectiveness. Decision 
analytic models have been published for both 

Fig. 2: Trial level analyses for the association between treatment effects on GFR slope and target outcome of kidney failure with 
replacement therapy. Shown in each plot is the relationship between estimated treatment effects on the target outcome (kidney failure with 
replacement therapy (KFRT), GFR < 15 mL/min per 1.73 m2 or doubling of serum creatinine), as indicated on the vertical axis, with the 
estimated treatment effects on the GFR slope, as indicated on the horizontal axis. Treatment effects on GFR slope are expressed as mean 
differences for the treatment minus control groups and are expressed in mL/min per 1.73 m2/year. Treatment effects on the clinical endpoint 
are expressed as hazard ratios. Each circle is a separate intervention with the size of the circle proportional to the number of events. The colors 
of each circle indicate intervention type. The black line is the line of regression through the studies. The blue lines are the 95% pointwise 
Bayesian confidence band. The associations between the treatment effects were modeled using Bayesian meta-regression within R using the 
RStan package.36 The pink dashed lines are the 95% pointwise Bayesian prediction bands computed from the model. RASB, renin angiotensin 
system blockers; CCB, calcium channel blocker; BP, blood pressure; DPP-4, Dipeptidyl peptidase 4; GLP-1, Glucagon-like peptide-1, RMSE, Root 
mean square error; SGLT2, Sodium glucose cotransporter.
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empagliflozin and dapagliflozin showing their cost- 
effectiveness in addition to current standard therapy.43,44 

Based on the outcome findings from the DAPA-CKD 
trial, McEwan et al. showed dapagliflozin compared to 
placebo and standard of care had incremental cost- 
effectiveness ratios of US$8280, US$17,623, and US 
$11,687 per QALY in the UK, Germany, and Spain, 
respectively, indicating cost-effectiveness at their country 
willingness-to-pay thresholds (i.e., UK: US$27,510 per 
QALY; Germany and Spain: US$35,503 per QALY).43 

Over a 50-year time horizon in the UK setting, the ana
lyses of Ramos et al. reported that empagliflozin plus 
standard care resulted in an incremental gain in life 
years (+1.04) and QALYs (+0.84), while decreasing per- 
patient costs by £6,019, well below the willingness to 
pay (WTP)’ threshold used in the UK of £20,000/ 
QALY.44

Between 2021 and 2024, UK HTA bodies (NICE and 
Scottish Medicines Consortium (SMC)), HAS, IQwiG/ 
G-BA, RedATS/AEMPS, and AIFA evaluated SGLT-2 
inhibitors for CKD. Their approval recommendation 
and their consideration of trial evidence base are 
detailed in Supplementary eTable 3. Empagliflozin and 
dapagliflozin were recommended for funding by all 
agencies. Interestingly, agencies noted that whilst the 
treatment effect on a composite/multiple primary 
endpoint was predominated by a decline in GFR, the 
drug effects of the clinical components of the clinical 
outcome were also supportive.

Whilst this case study is limited to only SGLT-2 in
hibitors for CKD and the formal assessment by only a 
small number of HTA agencies, it does indicate when 
part of a multiple outcome including CVD events and 
renal mortality, improvement in the endpoint of GFR 
decline can be acceptable to support coverage decisions 
for new treatments for CKD.

Future challenges and opportunities
In this paper we have presented: (1) that scientifically 
validated surrogate endpoints can substantially improve 
the feasibility and costs of clinical trials with shorter 
follow up in smaller populations, (2) surrogate end
points offer ethical benefits of potentially reduced risk 
of harms in trials to participants and faster access to 
beneficial new therapies in broader populations, (3) 
GFR slope is a ‘first in class’ surrogate endpoint with 
robust data supporting of very strong treatment effect 
association with final outcomes in CKD; and (4) clinical 
trial data demonstrating superiority on GFR slope has 
underpinned the reimbursement of SGLT-2 inhibitors 
for CKD by a number of international HTA agencies.

However, we also highlight that the acceptance of 
surrogate endpoints in CKD (and other clinical and 
public health areas) in the approval and reimbursement 
of future therapies pose challenges, especially for HTA. 
We therefore close this paper by considering the 

opportunities for stakeholders–healthcare industry, 
regulators and payers, clinicians and trialists, and pa
tients and the public–to address these challenges and 
thereby leverage the appropriate use of surrogate end
points in future healthcare policy making (see Table 2).

Healthcare industry
The incorporation of surrogate endpoints in clinical 
trials provide a prime opportunity for the healthcare 
industry to mitigate their rising tide of R&D costs. 
However, industry face the risks of regulatory accep
tance of surrogates and late-stage trial failure of a sur
rogate that does not correlate with target outcomes. 
Nevertheless, early scientific advice and parallel evi
dence development are two key opportunities for in
dustry to mitigate the risks of using surrogate 
endpoints. Early scientific advice is a formal process 
through which the healthcare manufacturers can con
sult with regulators to seek feedback on planned evi
dence generation strategies.45 Pay for service models of 
early advice available include National HTA scientific 
advice (e.g., NICE in the UK, G-BA in Germany, HAS 
in France) or parallel consultations with regulators and 
HTAs, joint EMA–HTA advice. Furthermore, the new 
EU HTA regulation enacted in January 2025, for a joint 
clinical assessment process, offers an opportunity for 
advice across HTA agencies of member states.28 

Although non-binding, early advice provides industry 
the opportunity check their clinical trial PICO, and 
where relevant, and decide whether the choice of sur
rogate primary endpoints is appropriate from a regu
latory/reimbursement perspective. Second, alongside 
the design and conduct of their pivotal clinical trial(s), 
industry need to initiate a parallel process of evidence 
development to underpin the scientific validity of the 
surrogate endpoint (see above) so that this can be 
incorporated into their submission dossier with regu
lators and HTA.

Regulators and HTA
Whilst the FDA and EMA have a long tradition of 
approving pharmaceuticals and biologics based on 
surrogate endpoints, HTA agencies and payers have 
been more cautious in their acceptance. The case study 
of GFR slope in CKD shows that it is possible to achieve 
levels of scientific validation that can substantially 
mitigate the uncertainty of HTA agencies in their 
acceptance of a surrogate endpoint in their reimburse
ment decision. A future more balanced consideration of 
surrogate endpoints requires greater transparency as to 
the scientific requirements of individual HTA agencies 
as well as the establishment of international HTA 
standards for consideration of surrogate endpoints. 
Although challenging, such standards need to address 
the minimum strength of association (and precision of 
this association) between the treatment effects 
measured using surrogate and final outcomes 
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necessary to establish surrogacy.14,15 As outlined earlier, 
validation of a surrogate end point is rather a ‘chicken- 
and-egg problem’, in that it requires evidence of the 
relation between the surrogate and the target outcome. 
However, as the target outcome for a specific new 
treatment will not yet be available–and hence the sur
rogate is used as replacement—previous trials of treat
ment in same class are often used to provide that 
evidence. Moving forward, there is a unique opportu
nity for regulators and HTA to link their licensing and 
reimbursement decisions, based on surrogate end
points to a conditional decision, that incentivises 
extension of follow-up to accrue the relevant evidence 
on target outcomes to inform a later and more defini
tive decision.15

Clinicians and trialists
Clinicians can be concerned with the relevance of sur
rogate endpoints to their individual patient decisions 
because a treatment may improve a surrogate without 
improving, or even worsening, the target patient rele
vant outcome(s). Educational strategies are therefore 
needed to improve the knowledge and understanding of 
clinicians on appropriate use of surrogates to their 
medical practice. The Journal American Medical Asso
ciation (JAMA) ‘Users Guide to the Medical Literature’ 
online textbook chapter on surrogate endpoints is 
excellent example of such an educational resource.46 

Clinical professional and clinical trial communities 
need to collaborate on the future appropriate selection 
and validation of surrogate endpoints. An exemplar is 
the CKD-Epidemiology Clinical Trials (CKD-EPI-CT) 
consortium that spun out of CKD-EPI initiative estab
lished in 2003 ‘to address fundamental questions in 
CKD epidemiology using individual patient data and 
rigorous methods in clinical chemistry and statistics to 

create useful tools for research, patient care, and public 
health’. Supported by funding from National Kidney 
Foundation and industry sponsors, CKD-EPI-CT coor
dinated the trial level meta-analysis of the statistical 
validation of GFR slope and its subsequent publication.8

There have been calls to improve the standards of 
reporting RCTs that use a primary surrogate endpoint.47 

A review of trials published in high impact general 
medica journals in 2005 and 2006 found that 17% (107/ 
626) used a surrogate primary endpoint but only a third 
discussed whether the surrogate was validated.48 The 
recently published SPIRIT-Surrogate and CONSORT- 
Surrogate extensions of the Recommendations for 
Interventional Trials (SPIRIT) and the Consolidated 
Standards of Reporting Trials (CONSORT) provide 
checklists for the reporting protocols and trial reports 
for trials using a surrogate endpoint as a primary 
outcome.49,50 Clinical trial groups are increasingly 
developing core outcome sets within their specific 
clinical areas to provide standardisation and harmo
nisation of outcome reporting in trials by identifying 
outcomes perceived to be fundamental for decision 
making within a specific area.51 To inform future trial 
design and their appropriate selection of primary and 
secondary outcome, core outcomes sets need to first 
carefully review if their included outcomes are surro
gates, and if so, focus on the inclusion of validated 
surrogate endpoints.

Patients and the public
A key challenge for patients and the public is their 
understanding of what surrogates mean and the related 
risks of being misled about their treatment effects and 
whether these translate into real benefits in terms of 
target outcome—be that the judgment around the 
relative benefit and harm of new treatment at an 

Stakeholder Challenges Opportunities

Healthcare 
industry

- Regulatory uncertainty around acceptance of surrogate endpoints
- Risk of late-stage trial failure if surrogate does not correlate with hard outcomes

- Seek early scientific advice with regulators/HTA to align trial design including 
the proposed use of surrogate endpoints

- Invest early in parallel process of evidence generation to demonstrate 
surrogate endpoint validity

Regulators & 
HTA

- Ensuring surrogate endpoints are clinically meaningful and predictive of long-term 
benefit

- Variability in current international HTA standards

- Provide transparent guidance for consideration of surrogate endpoints
- Promote harmonisation of international standards across HTA agencies
- Support models of approval and reimbursement to facilitate collection of 

confirmatory evidence on long-term target outcomes
Clinicians & 
trialists

- Whilst clinicians rely on surrogates in their practice, concern over clinical relevance 
of trials using surrogate endpoints

- Need for consensus on standard endpoints
- Lack of familiarity with regulatory requirements

- Involve of clinical professional communities in validation of surrogate 
endpoints

- Better reporting of clinical trials using surrogate endpoints
- Promote inclusion of validated surrogate endpoints in core outcome sets
- Provision of education around appropriate use of surrogates

Patients & the 
Public

- Lack of understanding of what surrogate endpoints mean
- Risk of being misled about treatment benefits
- Mistrust if endpoints don’t translate to real-world benefit

- Improve communication about the meaning and limitations of surrogate 
endpoints

- Involve patient advocacy groups in trial design
- Ensure transparency about evidence linking surrogate to target outcome

Table 2: Future use of surrogate endpoints in trials and decision making: challenges and opportunities.
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individual or population level. The last decade has seen 
a sea-change in the recognition of the importance of 
patient and public involvement and engagement (PPIE) 
in the process of research.52 Formal PPIE representa
tion on the trial management and related oversight 
committees is now common practice in many trials and 
requirement of research funders. A key benefit is the 
opportunity to include patients and the public alongside 
clinicians and researchers in deciding aspects of the 
trial design including the primary outcome and trade 
off in the choice of surrogate endpoint versus final 
outcome. As well as involvement in individual trials, the 
development of recently published SPIRIT-Surrogate 
and CONSORT-Surrogate reporting extensions 
included PPIE partners, alongside trialists, clinicians, 
and journal editors. A SPIRIT-Surrogate extension 
patient-facing reporting item for protocols is to: “state 
whether and how trial participants will be engaged and 
informed before enrolment that the trial was designed 
to evaluate an intervention’s effect using a surrogate 
endpoint”.49

Conclusion
The appropriate use of validated surrogate endpoints 
can significantly reduce clinical trial costs and accel
erate patient access to new therapies. Despite wide
spread use by regulators, HTA agencies and payers 
remain cautious in adopting surrogates for reim
bursement decisions. Scientific validation, demon
strated by strong treatment effect associations, is 
essential for the acceptance of surrogates in clinical 
practice. GFR slope in CKD is a ‘first in class’ exem
plar of a validated surrogate. The review highlights 
how stakeholders can address challenges and promote 
the effective use of surrogate endpoints in future 
healthcare policymaking.

Contributors
RST conceptualised this review article. RST, HH, LI were involved in 
writing and reviewing drafts; MB, OC, BD, DG, JCJM, SS, MT-B were 

involved in the review and editing of the drafts; all authors read and 
approved the final version of the manuscript and were involved in the de
cision to submit. RST was responsible for the decision to submit the 
manuscript.

Declaration of interests
RST reports research grant from UK Medical Research Council (MRC) 
funding for the SPIRIT/CONSORT-Surrogate extension development 
(grant reference MR/V038400/1).

HJLH reports consultancy for Alexion, AstraZeneca, Alnylum, 
Amgen, Bayer, Boehringer Ingelheim, Dimerix, Eli-Lilly, Janssen R&D, 
Novartis, NovoNordisk, Roche, and Travere Therapeutics (payments to 
employer). He has received research support from AstraZeneca, 
Boehringer Ingelheim, Bayer, Janssen and NovoNordisk (payments to 
employer).

MB reports limited honoraria for occasional advisory roles (Astra
Zeneca, Boehringer-Ingelheim) and in-company teaching (Novartis), as 
well as research support from AstraZeneca, always ensuring the 
absence of conflicts of interest.

OC reports research grant from UK Medical Research Council 
(MRC) funding for the SPIRIT/CONSORT-Surrogate extension devel
opment (grant reference MR/V038400/1).

BD reports he has received over the last 5 years personal 
compensation for board participation, speaking fees and research 
support from Abbott, MSD, Cemka, Cerba Research, Novo-Nordisk, 
Sanofi Winthrop Industry, Eli Lilly, Janssen, Astra Zeneca and 
Continuum + company.

DG reports no conflicts of interest.
JCJ reports receiving fees for his participation as a speaker or 

member of advisory boards for the companies Astellas, AstraZeneca, 
Baxter, Bayer, Boehringer-Ingelheim, GSK, CSL Vifor, Pfizer, Pierre 
Fabre, Travere. Similarly, Federación Nacional de Asociaciones ALCER 
has received grants for projects under his direction from the companies 
Astellas, AstraZeneca, Baxter, BMS, Boehringer-Ingelheim, CSL, Vifor, 
Fresenius Medical Care, GSK, Hansa Biopharma, Ipsen Pharma, MSD, 
Novartis, Novo Nordisk, Palex, and Pfizer.

SS reports honoraria for advisory boards/speaker fees from Astra
Zeneca, Bayer, Boehringer-Ingelheim, CSL Vifor, Chiesi, Menarini, 
NovoNordisk, Novartis, GSK, Sobi Purespring, Inozyme, Amicus, 
Santhera, Stada; research support from AstraZeneca, Amgen, Novartis, 
CSL Vifor, J&J and Sanofi-Genzyme.

MTB reports limited honoraria for occasional advisory roles 
(AstraZeneca, Boehringer-Ingelheim) and in-company teaching 
(Novartis), as well as research support from AstraZeneca, always 
ensuring the absence of conflicts of interest.

LAI reports research grants from the NIH and NKF. She is a 
consultant for Alexion, AstraZeneca, Dimerix (payments to employer). 
Novartis, Novo Nordisk, Roche, and Travere Therapeutics (payments to 
employer). She has received research support from Alexion, Chinnocks, 
Novartis, Otsuka (payments to employer).

Acknowledgements
Our sincere thanks to Juan Jose Garcia Sanchez and Justin Little at Astra 
Zeneca for their comments on drafts of this paper. This idea of this paper 
was inspired as part AstraZeneca RESET CKD initiative. Astra Zeneca 
have agreed to fund any article processing fees. RST undertook the 
writing of this paper a University of Glasgow member of staff.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi. 
org/10.1016/j.eclinm.2025.103465.

References
1 Manyara AM, Davies P, Stewart D, et al. Definitions, acceptability, 

limitations, and guidance in the use and reporting of surrogate end 
points in trials: a scoping review. J Clin Epidemiol. 2023;160:83–99.

2 Francis A, Harhay MN, Ong ACM, et al. Chronic kidney disease 
and the global public health agenda: an international consensus. 
Nat Rev Nephrol. 2024;20:473–485.

Search strategy and selection criteria

Data for this review were based on a previous scoping 
literature review of the use of surrogate endpoints in 
clinical trials and health policy that undertook searches of a 
number of bibliographic databases (EMBASE, MEDLINE, 
Cochrane Methodology Register) using search terms 
including “surrogate end points”, “guidelines”, and “trials” 
for articles published in English from inception to May 
2022.1 Searches were updated (January 2025) in 
combination with the term “chronic kidney disease” and 
supplemented with targeted searches of national health 
technology assessment agency websites and the references 
of key relevant articles known to the authors.

Review

www.thelancet.com Vol 88 October, 2025 9



3 GBD Chronic Kidney Disease Collaboration. Global, regional, and 
national burden of chronic kidney disease, 1990-2017: a systematic 
analysis for the Global Burden of Disease Study 2017. Lancet. 
2020;395:709–733.

4 Jha V, Al-Ghamdi SMG, Li G, et al. Global economic burden 
associated with chronic kidney disease: a pragmatic review of 
medical costs for the inside CKD research programme. Adv Ther. 
2023;40:4405–4420.

5 Zhang AD, Puthumana J, Downing NS, Shah ND, Krumholz HM, 
Ross JS. Assessment of clinical trials supporting US Food and 
Drug Administration approval of novel therapeutic agents, 1995- 
2017. JAMA Netw Open. 2020;3:e203284.

6 Ciani O, Manyara AM, Davies P, et al. A framework for the defi
nition and interpretation of the use of surrogate endpoints in 
interventional trials. eClinicalMedicine. 2023;65:102283.

7 Lees JS, Mark PB. GFR slope as a surrogate marker for future 
kidney failure. Nat Rev Nephrol. 2023;19:625–626.

8 Inker LA, Collier W, Greene T, et al. A meta-analysis of GFR slope 
as a surrogate endpoint for kidney failure. Nat Med. 2023;29:1867– 
1876.

9 Levey AS, Gansevoort RT, Coresh J, et al. Change in albuminuria 
and GFR as end points for clinical trials in early stages of CKD: a 
scientific workshop sponsored by the National Kidney Founda
tion in collaboration with the US Food and Drug Administration 
and European Medicines Agency. Am J Kidney Dis. 2020;75:84– 
104.

10 Banta D, Jonsson E. History of HTA: introduction. Int J Technol 
Assess Health Care. 2009;25(Suppl 1):1–6.

11 Ciani O, Grigore B, Blommestein H, et al. Validity of surrogate 
endpoints and their impact on coverage recommendations: a 
retrospective analysis across international Health Technology 
Assessment agencies. Med Decis Mak. 2021;4:439–452.

12 Buyse M, Molenberghs G, Burzykowski T, Renard D, Geys H. The 
validation of surrogate endpoints in meta-analyses of randomized 
experiments. Biostatistics. 2020;1:49–68.

13 Taylor RS, Elston J. The use of surrogate outcomes in model-based 
cost-effectiveness analyses: a survey of UK Health Technology 
Assessment reports. Health Technol Assess. 2009;13:1–50.

14 Ciani O, Buyse M, Drummond M, Rasi G, Saad ED, Taylor RS. 
Use of surrogate end points in healthcare policy: a proposal for 
adoption of a validation framework. Nat Rev Drug Discov. 
2016;15:516.

15 Ciani O, Buyse M, Drummond M, Rasi G, Saad ED, Taylor RS. 
Time to review the role of surrogate end points in health policy: 
state of the art and the way forward. Value Health. 2017;20:487– 
495.

16 Weir CJ, Taylor RS. Informed decision-making: statistical 
methodology for surrogacy evaluation and its role in licensing 
and reimbursement assessments. Pharm Stat. 2022;21:740– 
756.

17 Bujkiewicz S, Achana F, Papanikos T, Riley R, Abrams K. NICE 
DSU technical support document 20: multivariate meta-analysis of 
summary data for combining treatment effects on correlated outcomes 
and evaluating surrogate endpoints; 2019. Available from: https:// 
www.sheffield.ac.uk/nice-dsu.

18 Singh J, Anwer S, Palmer S, et al. Multi-indication evidence syn
thesis in oncology health technology assessment: meta-analysis 
methods and their application to a case study of Bevacizumab. 
Med Decis Mak. 2025;45:17–33.

19 Xie W, Halabi S, Tierney JF, et al. A systematic review and 
recommendation for reporting of surrogate endpoint evaluation 
using meta-analyses. JNCI Cancer Spectr. 2019;3:pkz002.

20 Burzykowski T, Buyse M. Surrogate threshold effect: an alternative 
measure for meta-analytic surrogate endpoint validation. Pharm 
Stat. 2006;5:173–186.

21 Christensen R, Ciani O, Manyara AM, Taylor RS. Low-density li
poprotein cholesterol is not a successful surrogate endpoint: au
thor’s reply. J Clin Epidemiol. 2024;171:111389.

22 US Food and Drug Administration. Table of surrogate endpoints 
that were the basis of drug approval or licensure. Available from: 
https://www.fda.gov/drugs/development-resources/surrogate- 
endpoint-resources-drug-and-biologic-development.

23 Wallach JD, Yoon S, Doernberg H, et al. Associations between 
surrogate markers and clinical outcomes for nononcologic chronic 
disease treatments. JAMA. 2024;331:1646–1654.

24 EMA. Qualification opinion for GFR slope as a surrogate endpoint in 
RCT for CKD; 2023. Available from: https://www.ema.europa.eu/ 

en/documents/scientific-guideline/draft-qualification-opinion-gfr- 
slope-surrogate-endpoint-rct-ckd_en.pdf.

25 Kergall P, Autin E, Guillon M, Clément V. Coverage and pricing 
recommendations of the French National Health Authority for 
innovative drugs: a retrospective analysis from 2014 to 2020. Value 
Health. 2021;24:1784–1791.

26 Caro JJ, Brazier JE, Karnon J, et al. Determining value in health 
technology assessment: stay the course or tack away? Pharmacoe
conomics. 2019;37:293–299.

27 NICE. Surrogate endpoints in cost-effectiveness analysis for use in 
health technology assessment; 2025. Available from: https://www. 
nice.org.uk/news/articles/international-collaboration-provides-new- 
guidance-on-the-use-of-surrogate-endpoints-in-cost-effectiveness- 
analysis.

28 EU. Dossier of the joint clinical assessment of a medicinal product; 2024. 
Available from: https://health.ec.europa.eu/publications/guidance- 
filling-joint-clinical-assessment-jca-dossier-template-medicinal- 
products_en.

29 EUnetHTA21. D4.4 – Outcomes (Endpoints); 2023. Available from: 
https://www.eunethta.eu/wp-content/uploads/2023/01/EUnetHTA- 
21-D4.4-practical-guideline-on-Endpoints-v1.0.pdf. Accessed April 
23, 2024.

30 IQWiG. General methods version 7.0; 2023. Available from: https:// 
www.iqwig.de/methoden/general-methods_version-7-0.pdf. Accessed 
January 3, 2025.

31 KDIGO 2024 clinical practice guideline for the evaluation and 
management of chronic kidney disease. Available from: https:// 
kdigo.org/wp-content/uploads/2024/03/KDIGO-2024-CKD-Guide
line.pdf.

32 Grams ME, Sang Y, Ballew SH, et al. Evaluating glomerular 
filtration rate slope as a surrogate end point for ESKD in clinical 
trials: an individual participant meta-analysis of observational data. 
J Am Soc Nephrol. 2019;30:1746–1755.

33 Neuen BL, Tighiouart H, Heerspink HJL, et al. Acute treatment 
effects on GFR in randomized clinical trials of kidney disease 
progression. J Am Soc Nephrol. 2022;33:291–303.

34 Vonesh E, Tighiouart H, Ying J, et al. Mixed-effects models for 
slope-based endpoints in clinical trials of chronic kidney disease. 
Stats Med. 2019;38:4218–4239.

35 Collier W, Inker LA, Haaland B, et al. Evaluation of variation in the 
performance of GFR slope as a surrogate end point for kidney 
failure in clinical trials that differ by severity of CKD. Clin J Amer 
Soc Nephrol. 2023;18:183–192.

36 Herrington WG, Staplin N, Wanner C, et al. Empagliflozin in 
patients with chronic kidney disease. N Engl J Med. 2023;388:117– 
127.

37 Coresh J, Heerspink HJL, Sang Y, et al. Change in albuminuria 
and subsequent risk of end-stage kidney disease: an individual 
participant-level consortium meta-analysis of observational studies. 
Lancet Diabetes Endocrinol. 2019;7:115–127.

38 Heerspink HJL, Greene T, Tighiouart H, et al. Change in albu
minuria as a surrogate endpoint for progression of kidney disease: 
a meta-analysis of treatment effects in randomised clinical trials. 
Lancet Diabetes Endocrinol. 2019;7:128–139.

39 Heerspink HJL, Stefánsson BV, Correa-Rotter R, et al. Dapagli
flozin in patients with chronic kidney disease. N Engl J Med. 
2020;383:1436–1446.

40 Thompson A, Smith K, Lawrence J. Change in estimated GFR and 
albuminuria as end points in clinical trials: a viewpoint from the 
FDA. Am J Kidney Dis. 2020;75:4–5.

41 PARASOL: proteinuria as clinical trial endpoints in focal segmental 
glomerulosclersosis; 2024. Available from: https://www.is-gd.org/ 
parasol.

42 Heerspink HJL, Inker LA, Tighiouart H, et al. Change in albuminuria 
and GFR slope as joint surrogate end points for kidney failure: im
plications for phase 2 clinical trials in CKD. J Am Soc Nephrol. 
2023;34:955–968.

43 McEwan P, Darlington O, Miller R, et al. Cost-effectiveness of 
dapagliflozin as a treatment for chronic kidney disease: a health- 
economic analysis of DAPA-CKD. Clin J Am Soc Nephrol. 
2022;17:1730–1741.

44 Ramos M, Gerlier L, Uster A, et al. Cost-effectiveness of empa
gliflozin as add-on to standard of care for chronic kidney disease 
management in the United Kingdom. J Med Econ. 2024;27:777– 
785.

45 Ibargoyen-Roteta N, Galnares-Cordero L, Benguria-Arrate G, et al. 
A systematic review of the early dialogue frameworks used within 

Review

10 www.thelancet.com Vol 88 October, 2025



health technology assessment and their actual adoption from HTA 
agencies. Front Public Health. 2022;10:942230.

46 JAMA [Chapter 13]. In: Guyatt G, Rennie D, Meade MO, Cook DJ, 
eds. Users’ guides to the medical literature: a manual for evidence-based 
clinical practice, surrogate outcomes. 3rd ed.; 2015. Available from: 
https://jamaevidence.mhmedical.com/content.aspx?bookid=847& 
sectionid=69031483.

47 Ciani O, Manyara AM, Chan AW, Taylor RS. Surrogate endpoints 
in trials: a call for better reporting. Trials. 2022;23:991.

48 la Cour JL, Brok J, Gøtzsche PC. Inconsistent reporting of surro
gate outcomes in randomised clinical trials: cohort study. BMJ. 
2010;341:c3653.

49 Manyara AM, Davies P, Stewart D, et al. Reporting of surrogate 
endpoints in randomised controlled trial protocols (SPIRIT- 

Surrogate): extension checklist with explanation and elaboration. 
BMJ. 2024;386:e078525.

50 Manyara AM, Davies P, Stewart D, et al. Reporting of surrogate 
endpoints in randomised controlled trial reports (CONSORT-Sur
rogate): extension checklist with explanation and elaboration. BMJ. 
2024;386:e078524.

51 Gargon E, Williamson PR, Altman DG, Blazeby JM, Clarke M. The 
COMET initiative database: progress and activities update. Trials. 
2014;16:515.

52 Russell J, Greenhalgh T, Taylor M. Patient and public involvement 
in NIHR research 2006-2019: policy intentions, progress and themes. 
Oxford, UK: National Institute for Health Research; 2019. 
Available from: https://www.researchgate.net/publication/ 
359650459.

Review

www.thelancet.com Vol 88 October, 2025 11


