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Chronic Kidney Disease (CKD)

 GFR ↓
 Urine Albumin-Creatinine Ratio (UACR) ↑

Kidney damage

 Urine Albumin ↑
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KDIGO Heatmap
(UACR)
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Main Goals in CKD Management

• Prolong time to
dialysis/kidney
transplantation

• Reduce risk of
cardiovascular (CV) 
complications

8



Efficacy Endpoints for CKD Trials

Time to
dialysis/kidney
transplantation

• Too large & long trials
• As with CV death in CVD

Investigation and validation of
surrogate endpoints

9CVD = Cardiovascular Disease
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GFR Decline as Endpoint in CKD Trials

2014
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GFR Decline as Endpoint in CKD Trials

• Composite of GFR decline of ≥ 57% sustained over ≥ 4 
weeks, GFR<15 mL/min/1.73m² sustained over ≥ 4 
weeks, ESKD and renal death established as standard
endpoint (57% renal composite endpoint)
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• Other cutpoints may also be accep-
table and have been utilized as well in 
clinical trials
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GFR Decline in Recent CKD Trials

Trial Year Sample Size GFR decline used
CREDENCE 2014 – 2019 4401 57%

SONAR 2013 – 2019 2648 57%

FIDELIO-DKD 2015 – 2020 5674 40%, 57%

DAPA-CKD 2017 – 2020 4304 50%

FIGARO-DKD 2015 – 2021 7352 40%, 57%

EMPA-KIDNEY 2019 – 2023 6609 40%
FLOW 2019 – 2023 3534 50%

• Different GFR declines used as components of
primary and/or secondary endpoints
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GFR Decline in Recent CKD Trials

• Effects generally consistent accross different GFR cutpoints
• 40% vs. 57%: sample size approx. halved

(2023)
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Limitations of GFR Decline Endpoints
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• Despite advancements in CKD treatment, residual 
risk high; but ‚GFR decline‘-based trials large/long

• Composite endpoints primarily driven by less severe outcomes
and predominantly ‚fast progressors‘ experience events

 Especially in early stage CKD patients
with slow progression
• Interest in more efficient endpoints

where all patients contribute an 
outcomeContinuous GFR analysis
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GFR Slope
Endpoints



eGFR in 
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Source: Bakris GL, Agarwal R, Anker SD, et al. Effect of finerenone on chronic kidney disease outcomes in type 2 diabetes. N Engl J Med 2020; 383:2219-2229. 



GFR Slope as Endpoint in CKD Trials 
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• Most compounds cause short-term 
acute drop in GFR (hemodynamic
nature & typically reversible after 
discontinuation)

• Two-slope linear spline mixed
effect model typically used to
analyse GFR (Vonesh et al. 2019) 

• Total slope more accepted by
health authorities than chronic slope



GFR Slope vs. GFR Decline Endpoints
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GFR Slope vs. GFR Decline Endpoints
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EMA Qualification Opinion (QO)
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• Request for QO submitted by CKD-EPI and NKF based on 
previous work on meta-analyses of GFR slope (August 2022)

CKD-EPI = Chronic Kidney Disease Epidemiology Collaboration, NKF = National Kidney Foundation



EMA Qualification Opinion (QO)
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Intercurrent Events – Death & ESKD

• Terminal event deathNo subsequent GFR values
• Onset of ESKD Subsequent GFR values not relevant
• Strategies for handling death & ESKD (ICH E9 addendum)

• Treatment policy: Not suitable (events cannot be ignored)
• Hypothetical: Effect if all patients had stayed alive & w/o ESKD 

(IP weighting; shared parameter model (Vonesh et al. 2019))
• Principal stratum: Effect in patients who would not die or

experience ESKD regardless of treatment assignment
(of limited clinical relevance)
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Intercurrent Events – Death & ESKD

• While alive: Effect while alive & w/o ESKD
(restrict analysis to GFR values prior to death & ESKD)

• Composite: Consider death & ESKD as part of endpoint
• Attributable estimand (Darken et al. 2020)
• Penalty after death & ESKD, i.e. low GFR values
• Interpretability?
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Hierarchical 
Composite 

Endpoints (HCEs) 



HCEs – Background 

• Patient-wise comparisons with hierarchically ordered endpoints
• Idea goes back to Finkelstein & Schoenfeld (1999)
• Buyse (2010) discussed Generalized Pairwise Comparison (GPC)
• Pocock et al. (2012) introduced Win Ratio 
 Increasing application in CV trials

• Methodology based on Wilcoxon-Mann-Whitney U statistic
(Wilcoxon 1945, Mann & Whitney 1947)
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HCEs – Illustration 
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𝑋𝑋𝑖𝑖

𝑌𝑌𝑗𝑗

Treatment group

Control group
• 𝑋𝑋𝑖𝑖 ≻ 𝑌𝑌𝑗𝑗 : 𝑋𝑋𝑖𝑖 has better outcome than 𝑌𝑌𝑗𝑗 (win)
• 𝑋𝑋𝑖𝑖 ≺ 𝑌𝑌𝑗𝑗 : 𝑋𝑋𝑖𝑖 has worse outcome than 𝑌𝑌𝑗𝑗 (loss)
• 𝑋𝑋𝑖𝑖 ≍ 𝑌𝑌𝑗𝑗 : 𝑋𝑋𝑖𝑖 and 𝑌𝑌𝑗𝑗 have similar outcomes (tie)

Use proportions of wins, losses and ties to estimate
𝑃𝑃 𝑋𝑋𝑖𝑖 ≻ 𝑌𝑌𝑗𝑗 , 𝑃𝑃 𝑋𝑋𝑖𝑖 ≺ 𝑌𝑌𝑗𝑗 and 𝑃𝑃 𝑋𝑋𝑖𝑖 ≍ 𝑌𝑌𝑗𝑗 , respectively



HCEs – Example & Summary Measures
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Source: Pocock et al. The win ratio: a new approach to the analysis of composite endpoints in clinical trials based on clinical priorities. EHJ 2012; 33:176-182. 

Win Ratio (WR)
(Pocock et al. 2012) 

𝑃𝑃 𝑋𝑋𝑖𝑖 ≻ 𝑌𝑌𝑗𝑗
𝑃𝑃 𝑋𝑋𝑖𝑖 ≺ 𝑌𝑌𝑗𝑗

Win Odds (WO)
(Dong et al. 2020; Brunner et al. 2021) 

𝑃𝑃 𝑋𝑋𝑖𝑖 ≻ 𝑌𝑌𝑗𝑗 + 1
2 𝑃𝑃 𝑋𝑋𝑖𝑖 ≍ 𝑌𝑌𝑗𝑗

𝑃𝑃 𝑋𝑋𝑖𝑖 ≺ 𝑌𝑌𝑗𝑗 + 1
2 𝑃𝑃 𝑋𝑋𝑖𝑖 ≍ 𝑌𝑌𝑗𝑗

Net Benefit
(Buyse 2010) 

𝑃𝑃 𝑋𝑋𝑖𝑖 ≻ 𝑌𝑌𝑗𝑗 − 𝑃𝑃 𝑋𝑋𝑖𝑖 ≺ 𝑌𝑌𝑗𝑗
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A Holistic Approach to Capture CKD Progression
The Kidney Hierarchical Composite Endpoint (HCE)
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Δ = GFR slope
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1. All-cause mortality
2. Dialysis/transplantation (ESKD)
3. Sustained GFR <15mL/min/1.73m2

4. Sustained GFR decline from baseline of ≥57% 
5. Sustained GFR decline from baseline of ≥50% 
6. Sustained GFR decline from baseline of ≥40%
7. Total GFR slope at 3 years 

Variable (patient-level): Time to the most severe 
of the first six components within 3 years. If none 
of the time-to-event components occurred within 
3 years, total GFR slope at 3 years is considered. 
Population-Level Summary: Win Odds, i.e. the 
odds that a random subject in the treatment group 
has a better outcome than a random subject in the 
control group.



A Holistic Approach to Capture CKD Progression
The Kidney Hierarchical Composite Endpoint (HCE)

1. All-cause mortality
2. Dialysis/transplantation (ESKD)
3. Sustained GFR <15mL/min/1.73m2

4. Sustained GFR decline from baseline of ≥57% 
5. Sustained GFR decline from baseline of ≥50% 
6. Sustained GFR decline from baseline of ≥40%
7. Total GFR slope at 3 years 

Variable (patient-level): Time to the most severe 
of the first six components within 3 years. If none 
of the time-to-event components occurred within 
3 years, total GFR slope at 3 years is considered. 
Population-Level Summary: Win Odds is not an 
individual causal effect, i.e. the odds that a 
subject would do better under treatment than 
under control! (Fay et al. 2018)
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Application of the Kidney HCE in CKD Trials

• Applied the Kidney HCE in seven major Phase III CKD trials 
(DAPA-CKD, CREDENCE, FIDELIO-DKD, SONAR, RENAAL, IDNT 
and ALTITUDE)

• Calculated and compared:

• Win Odds for Kidney HCE over 3 years

• Hazard Ratio for original primary kidney outcome in each trial

• Total GFR slope at 3 years

• Performed efficiency comparison via bootstrap resampling 
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Application in FIDELIO-DKD

• FInerenone in reducing kiDnEy faiLure and dIsease prOgression in 
Diabetic Kidney Disease (FIDELIO-DKD) trial

• Randomized, double-blind, placebo-controlled Phase III study

• N=5,674 randomly assigned to finerenone or placebo (1:1)

• Primary endpoint result: 40% renal composite endpoint with 
HR = 0.82 (95% CI: 0.73 to 0.93, p=0.001)

• Total GFR slope difference at 3 years of 0.64 mL/min/1.73m²/year
(95% CI: 0.40 to 0.89 mL/min/1.73m²)
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Kidney HCE Results in FIDELIO-DKD
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Kidney HCE Results in FIDELIO-DKD
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Component Marginal Effect*

All-cause mortality 0.90 (0.75 to 1.07)

ESKD 0.86 (0.67 to 1.10)

GFR < 15 0.82 (0.67 to 1.01)

57% GFR decline 0.68 (0.55 to 0.82)

50% GFR decline 0.73 (0.62 to 0.85)

40% GFR decline 0.81 (0.72 to 0.92)

GFR slope 0.64 (0.40 to 0.89)

* HR for time-to-event endpoints, annualized total slope difference at 3 years for GFR slope. 95% CI are given in parentheses. 

WO (95% CI)
1.26 (1.19 to 1.34)



Maraca Plot for FIDELIO-DKD
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Bootstrap-Based Power for FIDELIO-DKD
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Bootstrap-Based Power for FIDELIO-DKD
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Resampling results in line with 
sample size formula derived 

in Gasparyan et al. (2021)



Results Across Trials

39

*

* Based on slightly different endpoints



Results Across Trials
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Summary & Conclusions

• Kidney HCE enables prioritization of outcomes & 
combination of clinical events and GFR slope

• Kidney HCE well aligned with traditional endpoints in 7 CKD RCTs

• Potential for efficiency gains compared to traditional endpoints

• Design considerations for Kidney HCE trials are discussed in 
Little et al. (2023) (e.g. how to avoid transitivity issues)

• implementation of Kidney HCE incl. synthetic dataset 
available in Supplemental Appendix of Heerspink et al. (2023)
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Questions?
patrick.schloemer@bayer.com
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HCEs – Lack of Transitivity
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𝐴𝐴 ≺ 𝐵𝐵 and 𝐵𝐵 ≺ 𝐶𝐶,      but 𝐶𝐶 ≺ 𝐴𝐴!



Primary Kidney Endpoint of Trials
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Contribution of Components to
Kidney HCE Across Trials 1/3
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Contribution of Components to
Kidney HCE Across Trials 2/3
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Contribution of Components to
Kidney HCE Across Trials 3/3
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Detailed Results Across Trials 1/2
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Detailed Results Across Trials 2/2
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Non-Shared vs. Shared Follow-Up
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Kidney HCE without Death
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