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GOTTA CATCH ‘EM ALL

Frequent hospitalizations 
for heart failure (HHF)

High mortality risk

Change in Kansas City 
Cardiomyopathy Ques-

tionnaire – Total Symptom 
Score (KCCQ-TSS)Rate of HHF (events/year)

Time to death

Tiredness, shortness of 
breath, limited 

exercise capacity
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GOTTA CATCH ‘EM ALL

Rate of HHF

Time to 
death

Change in
KCCQ-TSS
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Important note: This is for illustrative purposes 
only and is in no way intended to downplay the 
seriousness of the diseases discussed here. 



Time to 
death

GOTTA CATCH ‘EM ALL

Rate of HHF
Change in
KCCQ-TSS

Any suitable way of 
combination?
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KCCQ-TSS, 
HHF, death

ONE OPTION WILL 
BE DISCUSSED IN 

TODAY‘S SESSION!
HCEs = Hierarchical Composite Endpoints



Chronic Kidney 
Disease (CKD) 

Trials



Main Goals in CKD Management

• Prolong time to 
end-stage kidney 
disease (ESKD)

• Reduce risk of 
cardiovascular (CV) 
complications

9ESKD = Dialysis or kidney transplantation

ESKD



Efficacy Endpoints for CKD Trials

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

Investigation and validation 
of surrogate endpoints

10CVD = Cardiovascular Disease

ESKD

ESKD



GFR Decline 
Endpoints

GFR = Glomerular Filtration Rate



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 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 (besides        &        ) 
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ESKD GFR

<15

* GFR<10 mL/min/1.73m² used instead of GFR<15 mL/min/1.73m² 



GFR Decline in Recent CKD Trials

• Effects generally consistent across different GFR cutpoints
•         vs.        : 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



GFR Slope vs. GFR Decline Endpoints
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ESKD GFR

<15

GFR↓

≥57%
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GFR Slope vs. GFR Decline Endpoints
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ESKD

GFR

<15
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≥57%

GFR
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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) introduced 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 : 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

X1

Active group Control group

X2

X3

Y1

Y2

Y3



HCEs – Summary Measures
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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



A Novel HCE 
for CKD Trials



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

26

GFR

Slope

GFR↓

≥40%

GFR↓

≥50%

GFR↓

≥57%

GFR

<15

ESKD ACM



GFR

Slope
GFR↓

≥40%
GFR↓

≥50%

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

40

30

20

10

0
40% 50% 57% <15        ESKD      Death

Time

G
FR

 (
m

L/
m

in
/1

.7
3m

2 )

27

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.

GFR↓

≥57%
GFR

<15
ESKD

ACM



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

28



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)

29



Kidney HCE in FIDELIO-DKD
Contribution of individual components

30ACM = All-cause mortality



Kidney HCE in FIDELIO-DKD
Overall results and for each individual component
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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)



Results Across Trials
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*

* Based on slightly different endpoints



Conclusion
• 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)

• Basic data structure for HCEs described in Gasparyan et al. (2024)

33



Common Questions
• Isn’t this just a GFR slope 2.0?Depends on individual contributions! 

• Can we include CV events?  Yes, but which order?

• What about thresholds for GFR slope?
• GFR slope difference of 0.5 ml/min/1.73m²/year HR=0.80 for clinical outcomes1

• No direct patient-level interpretation (like for KCCQ)

• Future use of Kidney HCE 
• Secondary endpoint in one ongoing Phase III CKD trial2

• Close dialogue with ISN³ and NKF4/FDA about HCEs in CKD trials

• Ongoing evaluation of the Kidney HCE

341 Inker et al. (2023), 2 https://clinicaltrials.gov/study/NCT06268873, ³ International Society of Nephrology, 4 National Kidney Foundation  

https://clinicaltrials.gov/study/NCT06268873


Rate of HHF

Time to 
death

Change in
KCCQ-TSS
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HF EXAMPLE REVISITED



36Source: Voors et al. The SGLT2 inhibitor empagliflozin in patients hospitalized for acute heart failure: a multinational randomized trial. Nature Medicine. 28: 568-574.

Rate of HHF

Change in
KCCQ-TSS

Time to 
death

EMPULSE 
TRIAL



37Source: Voors et al. The SGLT2 inhibitor empagliflozin in patients hospitalized for acute heart failure: a multinational randomized trial. Nature Medicine. 28: 568-574.

Win Ratio (95% CI)
1.36 (1.09 to 1.68)

P = 0.0054

EMPULSE 
TRIAL

 KCCQ-TSS contributes to 
almost 2/3 of all comparisons

 Affects interpretation of HCE



WITH GREAT POWER COMES GREAT RESPONSIBILITY
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If overall effect is primarily driven by outcome with 
lesser or questionable clinical importance, “a positive 

result represents only a technical success that does 
not provide any actionable information”



Other Challenges with the Win Ratio
Causal Interpretation

39

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.

≠
Hand’s Paradox1,2

1 Hand (1992), 2 Fay et al. (2018)



Other Challenges with the Win Ratio
Variance Dependence

40

WR ≈ 3

WR ≈ 5000

• Win Ratio is a measure 
of discrimination

• Measurement method 
affects Win Ratio

• Between-trial 
comparisons difficult

• Highlights importance of 
individual component 
analyses



Other Challenges with the Win Ratio
Non-Collapsibility
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Overall WR = 2.71

• Win Ratio is non-
collapsable similar to
e.g. the Odds Ratio

• Complicates 
transportability between 
different populations

• Particularly pronounced 
in meta-analyses
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