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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., R* 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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including dialysis, kidney transplantation, and lost
productivity are substantial with an estimated world-

Introduction
Chronic kidney disease (CKD) presents a significant
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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.
CKD is projected to become the fifth leading cause of
death worldwide by 2040.° The costs of treatment,
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wide CKD-related cost in 2019 at over US$1 trillion.*
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.’
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.®

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.” 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.® 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.’

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.'° 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?)."

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.’

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.? 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,*'" ‘the Ciani framework’ for surrogate
endpoints has become widely accepted by the interna-
tional HTA community.'”"* 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 (R trial), Spearman’s corre-
lation coefficient (p), or Kendall’s tau.'>'® 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."”"® Surrogate
endpoint evaluation using meta-analysis be conducted
according to the recent ‘reporting of surrogate endpoint
evaluation using meta-analyses’ (ReSEEM) guidelines."”

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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Statistical metrics

effect association

Clinical data and understanding of disease (surrogate endpoint lies on the disease pathway

Epidemiological studies and/or clinical trials demonstrating the relationship between surrogate

Definition Source of evidence
Level 3 Biological plausibility
with final patient relevant outcome)
Level 2  Observational association
endpoint and target patient relevant outcome
Level 1 Interventional/treatment

Randomised controlled trial(s)* demonstrating association between the treatment change in
surrogate endpoint and target patient relevant outcome”

Not applicable

Trial level R?
Spearman’s correlation

Correlation between surrogate endpoint and
target patient relevant outcome

Surrogate threshold effect (STE)

“Individual 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.
PEvidence 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."*

Table 1: HTA framework for evaluation of surrogate endpoints.

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.” 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.”!
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”.> 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.>**

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

Intervention | ol
. ncremental
Population » ASurrogate ATarget > e
Control endpoint 1 L0 T effectiveness
External validation evidence
e Strength of association A surrogate vs A target e.g. Retrial.
* Quantify association A surrogate vs A target e.g. meta-regression coefficient.
| Clinical trial | | Decision analytic modelling |

Health Technology Assessment (HTA)

R: randomisation; A: endpoint/outcome difference between intervention and control;

» extrapolation

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”.” 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.’

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.”*

An analysis across nine leading HTA agencies pub-
lished in 2021 found that of 291 HTA reports, 61 relied
on surrogate endpoints.'” 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."
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.” 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).”® 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."” 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 outcomes”®*° (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 R? 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,”’ 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.* This can include
an estimated GFR < 60 ml/min per 1.73 m* 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.** 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.*’ 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.®*>*

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 m%#* Many interventions in GFR
cause an immediate change in GFR that is different
from the longer-term chronic phase.** Thus, changes in
GFR trajectories can be expressed as total change from
baseline or change in the chronic phase.”” There was
strong agreement between the treatment effects on the
3-year total slope and on the clinical endpoint with an
R? trial of 0.97 (95% Bayesian credible interval (BCI):
0.82-1.00) (Fig. 2 and Supplementary eTable 2).*** The
slope of the meta-regression line is —-0.35 (95%
BCI: —0.42 to —0.29) per mL/min per 1.73 m?®/year),
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indicating that a 0.75 ml/min per 1.73 m?/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.®***

For the chronic GFR slope, analysis showed an R
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 m® 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 m? (Table 1). For the total slope, compared to the
analysis of the primary clinical endpoint the median R
decreased from 0.97 (0.82, 1.00) to 0.92 (0.56, 0.99). For
the chronic slope, the median R? 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.* 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 R* of 0.69 (95% CI: 0.08—
0.98).” The trial level associations were consistent
across subgroups of disease cause, including CKD not
otherwise stated, diabetes or IgA nephropathy.*

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



Review

3-Year Total Slope

Chronic Slope

® RASB vs Control

2 i FSGS-FONTA °  FASBVeLLE

- - ® RASB+CCB
T ® |mmunosuppression
I « - [ ® Lowvs Usual BP
g ® Antiplatelet
s 51 ° S AHoAN-MME e DPP-4 Inhibitor
- e Allopurinol
8 o 0 ® GLP-1 Agonist
E ° e o ®  Low vs Usual Diet
k= ®  Mineralocort. rec. Antagonist
e o o - I 0 ® Nurse-coordinated Care
E T4 Nstudy=66 o | NStudy=66 ®  Albuminuria Targeted
§ Intercept=-0.04 (-0.09, 0.01) Intercept =-0.01 (-0.10, 0.10) 1dott c. Antag
F « | Slope=-0.35(-0.42,-0.29) o~ | Slope=-0.33(-0.46,-0.20) ® Intensive Glucose

S R?=0.97 (0.82, 1.00) o c R?=0.55 (0.25,0.77) o

RMSE =0.05 (0.02, 0.12) RMSE =0.19(0.13, 0.27)
a o — 95% Cl
T T T T T T | T T T T T T T T -eas 95%PI|
3 -2 -1 0 1 2 3 4 3 -2 1 0 1 2 3 4

Treatment Effect on GFR Slope

(Mean Difference, ml/min per 1.73 m? per year)

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 m” 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 m”/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.*® 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.

EMA applied in numerous RCTs. They are being used
in numerous trials, including as an endpoint to support
full approval.*** 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.®
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."

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.” Albuminuria can
similarly provide a validated surrogate, but the

advantage over GFR slope is generally seen for very
short studies.” 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-KIDNEY*
and DAPA-CKD*” 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 m?, 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
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empagliflozin and dapaglifiozin showing their cost-
effectiveness in addition to current standard therapy.***
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).”
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."

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
dapaglifiozin 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
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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.” 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.”
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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Stakeholder Challenges Opportunities
Healthcare - Regulatory uncertainty around acceptance of surrogate endpoints - Seek early scientific advice with regulators/HTA to align trial design including
industry - Risk of late-stage trial failure if surrogate does not correlate with hard outcomes  the proposed use of surrogate endpoints

Regulators &
HTA

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

- Variability in current international HTA standards -

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 -

Patients & the
Public

Lack of familiarity with regulatory requirements

- 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

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

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

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

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.

necessary to establish surrogacy.”*'* 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.”

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.*
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.®

There have been calls to improve the standards of
reporting RCTs that use a primary surrogate endpoint.”
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.*® 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.”** 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.”’ 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
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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." 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.

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.”” 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

” 49

endpoint”.

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.
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