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ABSTRACT
Clinical trials in nephrology often use composite end points comprising clinical events,
such as onset of ESKD and initiation of kidney function replacement therapy, alongwith a
sustained large (e.g., $50%) decrease in GFR. Such events typically occur late in the
disease course, resulting in large trials in which most participants do not contribute
clinical events. In addition, components of the end point are considered of equal
importance; however, their clinical significance varies. For example, kidney function
replacement therapy initiation is likely to be clinically more meaningful than GFR decline
of $50%. By contrast, hierarchical composite end points (HCEs) combine multiple
outcomes and prioritize each patient’s most clinically relevant outcome for inclusion
in analysis. In this review, we consider the use of HCEs in clinical trials of CKDprogression,
emphasizing the potential to combine dichotomous clinical events such as those typically
used in CKD progression trials, with the continuous variable of GFR over time, while
ranking all components according to clinical significance. We consider maraca plots to
visualize overall treatment effects and the contributions of individual components, discuss
the application of win odds in kidney HCE trials, and review general design consider-
ations for clinical trials for CKD progression with kidney HCE as an efficacy end point.
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INTRODUCTION

CKD progression clinical trials often
use a composite end point consisting
of clinical events, such as onset of
ESKD and initiation of kidney function

replacement therapy, along with a sus-
tained large (e.g., $50%) decrease in
GFR. These events typically occur late
in the disease course, resulting in large
trials in which most participants do not
contribute clinical events. In addition,

such composites are typically assessed in
time-to-event analyses that, by design,
capture only the first event for a given
participant without accounting for more
severe events that may occur later
during a clinical trial (Figure 1).1 The
rate of change of GFR over time (often
referred to as GFR slope) incorporates
all participants’ GFR data, may allow for
smaller and more efficient trials, and has
been demonstrated to be a valid surro-
gate end point for progression to
ESKD.2,3 Treatment effects on GFR
over time show high levels of agreement
with treatment effects on clinical end
points, such as ESKD, and can be
used as an end point to support full
regulatory approval of novel therapies
in some countries.4 GFR over time
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analyses, however, do not account for
clinical events, such as death or devel-
opment of kidney failure, and imputa-
tion of missing or noninformative GFR
data is usually required after these
events, when assessing GFR.5

Unlike traditional composite end
points, hierarchical composite end points
(HCEs) rank components according to
clinical significance. In this review, we
consider the use of HCE in CKD pro-
gression trials,1 emphasizing the potential
to combine dichotomous clinical events
such as those typically used in CKD trials,
with the continuous variable of rate of
change of GFR over time, while ranking
all components according to clinical se-
verity. We consider maraca6 plots to vi-
sualize overall treatment effects and the
contributions of individual components,
discuss the application of win odds7 in
kidney HCE trials, and review general
design considerations for clinical trials
for CKD progression with kidney HCE
as an efficacy end point.8

HCES IN CLINICAL TRIALS

HCEs are evaluated on a fixed follow-up
duration and use the prioritization of
components in deriving an ordinal end
point.9 HCEs originated from heart

failure trials,10 to combine outcomes
corresponding to the therapeutic goals
of reducing the risk of cardiovascular
(CV) death, reducing the burden of
heart failure hospitalizations, and im-
proving symptoms associated with heart
failure.11 By combining these outcomes
into an HCE and recognizing the clinical
priority of these outcomes, one can at-
tempt to capture the overall treatment
effect on clinical outcomes and symp-
toms. For example, the empagliflozin in
patients hospitalized for acute heart fail-
ure trial of empagliflozin in patients
hospitalized for heart failure analyzed
an HCE consisting of death, heart failure
events, and assessment of heart
failure–related symptoms over a fixed
90-day follow-up duration.12

HCEs have the potential to include
both adverse (“worsening”) and favor-
able (“improvement”) outcomes. Thus,
unlike end points that include only
clinically severe outcomes that the
treatment intends to prevent, HCE
may include outcomes that indicate
improvement in a patient’s clinical sta-
tus. For example, the dapagliflozin in
patients with cardiometabolic risk
factors hospitalised with coronavirus
disease 2019 (DARE-19) trial used an
HCE to evaluate the effects of treatment
with dapagliflozin for 30 days in

hospitalized patients with coronavirus
disease 2019.13–15 The HCE in the
DARE-19 study8 included events which
represented both worsening (e.g., death
and in-hospital organ dysfunction) and
improvement (e.g., discharge from the
hospital) in a participant’s clinical status.

Thus, the use of HCEs has been
demonstrated to be feasible and to en-
able efficient and informative trial de-
signs in various disease settings, making
HCEs a potential option for CKD trials.

ANALYSIS OF HCES USING WIN
STATISTICS

An HCE, a patient-level ordinal end
point, can be analyzed using various
methods for ordinal outcomes, such as
ordinal logistic regression16 or win statis-
tics (win ratio, win odds, or net benefit).17

Win statistics compare the number of
wins, losses, and—in some cases—ties
between the treatment groups. Compo-
nents of the HCE are ranked according to
clinical importance, and each participant
is analyzed according to their most clin-
ically significant event, regardless of the
timing (e.g., a participant in a CKD trial
who experiences ESKD and who later
sustains CV death is analyzed according
to the death, despite the ESKD having
occurred earlier). To assess the treatment
effect of the active treatment compared
with control, each patient assigned to
the active group is individually compared
with each patient in the control group.
Each comparison results in a “win,”
“loss,” or “tie” for the active group. In
the case of a fixed follow-up duration, a
“win” for the active group occurs when
the participant in the active group
experiences a less severe event (regardless
of the timing) than the participant in the
control group or when both participants
experienced the same event, but the ac-
tive participant experienced the event
after a longer time in the study (Figure 2).

The total number of wins, losses,
and ties are used to calculate the win
odds, which describes the odds of a
better outcome for a patient in the
active treatment compared with the
control group.7,18 The win odds is an
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Figure 1. Progression of kidney disease.
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adaptation of the win ratio (introduced
by Pocock et al.,19 inspired by the ideas
of Finkelstein and Schoenfeld20) to in-
clude ties21,22 and is defined as the total
number of wins of the active group
added to half of the total number of
ties and divided by the total number of
losses added to the other half of the
total number of ties. Win odds may be
calculated with adjustment and/or
stratification for baseline covariates.21

A win odds of .1 corresponds to a
treatment benefit, indicating that
treated patients are more likely to
have a favorable outcome, compared
with control patients. By decreasing
the number of ties, for example, by
using a continuous variable (e.g., the
rate of change of GFR over time) to
determine wins and losses among par-
ticipants who do not experience di-
chotomous events (e.g., death, kidney
failure) during the course of the clin-
ical trial, the statistical power of anal-
ysis of an HCE using win odds may
be increased.1

USE OF HCE IN CKD
PROGRESSION TRIALS

Utilization of HCE offers several benefits
for CKD progression trials (Table 1).

Traditional clinical events, such as kid-
ney failure and sustained large (e.g.,
50%) decline in GFR, can be incorpo-
rated, and unlike in traditional analytic
methods, the most clinically significant
(severe) events can be prioritized. All-
cause or cause-specific mortality can be
incorporated into the HCE and given
the highest priority. Multiple GFR re-
duction thresholds (such as 40%, 50%,
and 57%) may be used in the same HCE.
Importantly, participants without di-
chotomous clinical events can be ana-
lyzed according to their individual rate
of change of GFR, allowing for the com-
bined use of traditional CKD progres-
sion end points along with GFR over
time, which is expected to increase clin-
ical trial efficiency in many settings.1

Combination and prioritization of out-
comes for HCE may be challenging in
some settings. For example, combining
clinical events, such as CV death and
heart failure hospitalization with symp-
tom assessments into a heart failure
HCE, requires the HCE to address the
different objectives of measuring an
overall treatment effect on both clinical
outcomes and symptoms. In addition, it
may be more difficult to determine a
“win” or a “loss” on the basis of heart
failure hospitalization, when one partic-
ipant had an earlier, shorter heart failure

hospitalization, while another partici-
pant experienced a later but longer
and more complex hospitalization.

By contrast, the use of an HCE for
CKD progression trials, as described
above, includes correlated GFR-based
outcomes (except death). Hierarchical
ordering of these GFR-based outcomes
is intuitive (Figure 1), and an effective
CKD treatment would be expected to
affect each of the components. In addi-
tion, inclusion of the rate of change of
GFR allows for the assessment of disease
progression in patients without a dichot-
omous event, while still—as is the case
with the dichotomous events—being
GFR-based and therefore targeting the
same objective of preventing the decline
of kidney function. Therefore, the com-
ponents of an HCE for trials of CKD
progression are more readily prioritized
on the basis of clinical severity and more
consistently address the clinical objective
of CKD treatment of slowing the pro-
gression of kidney disease and reducing
the risk of progression to kidney failure.

VISUALIZATION OF HCES—
MARACA PLOTS

The maraca plot6 (named after its visual
similarity to its namesake musical

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5

A
B

Death ESKD A Participants in the control group B Participants in the active group

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5

A
B

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5

A
B

Figure 2. Pairwise comparisons of patients using kidney outcomes. First comparison: considered a “win” for the active group because
the participant in the control group (patient A) experienced the more clinically severe event (death). Second comparison: considered a
“win” for the active group because although both participants experienced the same dichotomous event, the participant in the control
group (patient A) experienced the event sooner. Third comparison: neither participant experienced a dichotomous event, so the “win” or
“loss” will be declared by comparison of the participant’s GFR slope.
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instrument) has been recently introduced
for visualization of such HCEs which
combine multiple dichotomous end
points with a single continuous end
point. A maraca plot is formed by end-
to-end adjoining, from left to right by
declining the severity level, uniformly
scaled Kaplan–Meier plots of times to
each dichotomous outcome among those
without more severe outcomes, with su-
perimposed boxplot (can be replaced by
either a violin plot of mirrored density
function or a violin plot with a nested
boxplot) of the continuous variable. The
maraca plot gives the possibility to ana-
lyze the contribution of components of
an HCE over time by providing the cu-
mulative percentages of patients experi-
encing each dichotomous outcome
during the fixed follow-up period,
whereas patients without dichotomous
outcomes contribute to the analysis via
the continuous outcome. The x-axis
shows the same fixed follow-up duration
separately for each dichotomous out-
come by declining severity, while for
the continuous outcome, it shows the
range of possible values. The width of
each component on the plot is scaled
proportionally to the relative contribu-
tion of this component to the composite.
The conceptual maraca plot in Figure 3

illustrates the main features of this plot.
In this illustration, the adjoined Ka-
plan–Meier plots separate in a manner
consistent with a beneficial effect for the
active treatment on the dichotomous
events. The rate of change of GFR among
patients without dichotomous events was
favorable for the active treatment, as
shown by the rightward shift in the box-
plot representing annualized rate of
change of GFR for the active compared
with the control treatment.

CLINICAL INTERPRETABILITY OF
THE TREATMENT EFFECT

A kidney HCE has been developed and
tested in several CKD progression trials.1

In that post hoc analysis trials that dem-
onstrated benefit in the traditional haz-
ard ratio-based analysis (hazard ratio
[HR] point estimates and 95% confi-
dence intervals below 1.00) also dem-
onstrated benefit for the HCE (win odds
point estimates and 95% confidence in-
tervals .1.00). For analyzed clinical tri-
als showing a benefit of the active
intervention on the established kidney
end points, the hazard ratios for kidney
composite time-to-event analysis of
0.61–0.86 corresponded to win odds

for the kidney HCE between 1.41 and
1.13, suggesting that win odds for the
kidney HCE within this range are clin-
ically meaningful.

Although the HR correlates with
win odds in which trials with lower
HRs tend to have higher win odds
(because time-to-event outcomes are
included as components of HCE), it
should be noted that the win odds of
the kidney HCE should not be expected
to be the reciprocal of hazard ratio for
the time-to-first-event end point anal-
ysis because these measures include
different outcomes and incorporate
time differently.

As with any composite, the contribu-
tion of components should be assessed,
particularly to address the extent to which
each particular component was consistent
with and contributed to the overall result.
The treatment effect measured by the win
odds in the HCE setting is determined by
the treatment effect on the risk of de-
veloping severe outcomes that are often
included in time-to-event analyses as well
as the effect on GFR over time for pa-
tients without dichotomous outcomes
during the follow-up time. The maraca
plot (Figure 3) allows for a visual assess-
ment of the contribution of each com-
ponent to the composite, as described

Table 1. Pros and cons of hierarchical composite end point

End point Pros Cons

Established kidney end point
Time to the first event of the composite of
40% (50% or 57%) decline in GFR from
baseline, ESKD, cardiorenal death

c Can handle variable follow-up
c Substantial contributions of clinical events in
the overall composite

c Analyses the first events of the patients and
disregards the potential more severe events
occurring later in the study

c Gives equal importance to GFR declines
and ESKD

c Does not capture treatment effect on patients
without clinical events or large decline in GFR

c Requires large sample size
Rate of change of GFR over time c All participants contribute to the analysis

c Likely to decrease sample size compared with
traditional end points

c Severe events, such as death or kidney failure,
do not contribute to the end point

c GFR values noninformative after
dialysis initiation

Kidney HCE
Hierarchical composite of death, KFRT,
sustained GFR ,15, sustained large %
decline in GFR from baseline, individual
GFR slope (individual rate of change
in GFR)

c Prioritizes the most severe event of
the patient

c The components are not considered of
equal importance

c All patients contribute to the analysis, not
only patients experiencing clinical events or
large decline in kidney function

c Likely to decrease sample size compared to
traditional end points

c Requires a fixed time point for evaluation
c Most patients contribute to the analysis with
rate of change of GFR

HCE, hierarchical composite end point; KFRT, kidney function replacement therapy.

JASN 34: 1928–1935, 2023 Kidney End Point for Clinical Trials, Little et al. 1931
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above. In addition, supportive analyses of
components can be conducted.

POWER AND SAMPLE SIZE
CONSIDERATIONS

In a bootstrap-based resampling of sev-
eral large trials of CKD progression, the
statistical power of the prespecified pri-
mary time-to-event end points in each
trial was compared with the power of a
kidney HCE on the basis of the 36-month
follow-up (extending the follow-up for
patients with a shorter follow-up presum-
ing no further CKD progression). This
analysis demonstrated that the proposed
HCE consistently resulted in higher
power1 and is consistent with the power
and sample size calculation formulas for
studies on the basis of the win odds.7,23

The power and sample size for the win
odds analysis can also be calculated for
planned imbalanced randomization.23

FOLLOW-UP DURATION AND
HANDLING OF MISSING DATA

Some factors should be considered for
designing trials using an HCE. First, the
analytic method uses a fixed follow-up
duration for all patients, to be able to
compare them on the basis of a common
timeframe. A fixed follow-up duration is
used for the evaluation to make the
HCE a patient-level end point, that is,
every patient contributes to the analysis
with one outcome (the outcome with
the highest priority). As noted previ-
ously,18 differing follow-up times for
patients makes their comparisons

nontransitive, which in turn can lead
to paradoxical conclusions making the
clinical interpretation of results difficult.
For example, consider a comparison of
two participants with varying follow-up
time, where participant A with longer
follow-up time has a more severe event,
but after the observed follow-up time
of participant B (Figure 4). How to
determine a winner or a loser for
the comparison is challenging because
it is unknown whether participant B
sustained a more severe event during
the unobserved follow-up time.

The fixed follow-up for evaluation
does not require a fixed follow-up du-
ration for the trial, but rather that some
minimum follow-up requirements are
introduced and the time point for eval-
uation be selected in a way that a pre-
specified number of patients have the
required follow-up. When considering
follow-up duration, it should be noted
that with prolonged follow-up, the con-
tribution of dichotomous outcomes will
be higher. The length of follow-up
should be considered in relation to the
studied population and expectations re-
garding the contribution of dichoto-
mous outcomes to the composite,
given the expected rates of each outcome
in the composite.

The use of fixed follow-up duration
minimizes the risk of these transitivity
problems, but incomplete follow-up
can still occur, such as when clinical
trial participants are lost to follow-up
or elect to prematurely withdraw from
the clinical study. In these settings,
several potential approaches can be
taken to account for missing follow-
up data. Comparisons between two
participants where a win or a loss
would be determined by events after
the observed follow-up time for one of
the participants can be considered a tie.
Optimally, trials using a kidney HCE
should have a minimum follow-up time
for each patient, and multiple imputa-
tion methods, which use imputation
on the basis of distributions of all out-
comes, should be preferred. In any
clinical trial, retention, and complete
capture of clinical information for par-
ticipants for the duration of the trial is
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Figure 3. Conceptual maraca plot: illustration of the visualization between active (red)
and placebo (blue) treatments using an HCE with six dichotomous outcomes (on gray
background) and a continuous eGFR slope outcome (on white background). The
numbers indicate the three main readouts from the visualization: (1) the treatment effect on
the individual and combined dichotomous component outcomes; (2) the treatment effect
on the continuous component; and (3) the proportion of outcomes in the overall pop-
ulation. It is important to note that in each of the components, we refer to the treatment
effect on components as they contribute to the HCE, not the treatment effect on the
components separately. HCE, hierarchical composite end point

1932 JASN JASN 34: 1928–1935, 2023

REVIEW www.jasn.org

D
ow

nloaded from
 http://journals.lw

w
.com

/jasn by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 02/13/2024



critical, and increased amounts of miss-
ing data may weaken study quality and
introduce uncertainty regarding the
generalizability or robustness of study
conclusions.

POTENTIAL ADAPTATIONS OF
THE KIDNEY HCE

As with any composite end point, the
incorporation of additional components
can be considered. For example,
whether to include overall or cause-
specific mortality may be considered
on a case-by-case basis. Excluding mor-
tality allows for the ability to compare
relevant clinical effects while patients are
alive. However, mortality is often in-
cluded as an end point in CKD progres-
sion clinical trials because of high risk
for mortality among patients with CKD
and potential for interventions which
affect CKD progression to also have
an effect on (CV) mortality risk. These
considerations regarding inclusion of
mortality are not unique to kidney
HCE trials and must be considered for
any CKD progression trial.

The use of GFR over time analyzed
as a continuous variable for patients
without dichotomous events increases
efficiency of the HCE by reducing the
number of ties in pairwise comparisons.
Alternatively, comparisons between two
patients can be considered a “tie” unless
GFR over time varies by more than a
preplanned margin, such as 0.5 ml/min
per 1.73 m2 per year or other thresh-
olds. Another method would be to

incorporate percent change from base-
line in GFR for each patient for the
evaluation of GFR over time. In addi-
tion, CKD treatments may have acute,
reversible, hemodynamic effects which
can complicate the analysis of GFR over
time.3 In the setting of large acute ef-
fects, different methods for assessing
GFR over time may be considered,
such as comparison of change in GFR
from baseline to values obtained after
treatment discontinuation.4

Additional events of clinical rele-
vance to patients at risk of CKD pro-
gression, such as CV events, can be
added to the composite. Adverse events
of clinical relevance to patients with
CKD, such as hyperkalemia24 or
acute kidney injury, may also be con-
sidered. Although it should be noted
that inclusion in the composite of out-
comes requiring subjectivity of deter-
mining whether an outcome should
be prioritized, a myocardial infarction
versus a stroke can complicate the hi-
erarchical ranking of components, while
also the components that are not of the
same nature may be affected differently
by the treatment further complicating
the interpretation of results.

Subsequent adaptations of the kidney
HCE whether in an alternative method
for assessing GFR over time or inclusion
of additional outcomes in the composite
should be analyzed in additional clinical
trial databases to further delineate the
performance of the kidney HCE com-
pared with traditional end points, in
different patient populations and with
different interventions.

DISCUSSION

In this review, we discuss the use of
HCEs in CKD progression trials, with
particular consideration for kidney
HCEs that combine traditional kidney
clinical end point events with the rate of
change of GFR. This offers several po-
tential benefits: All nonmortality com-
ponents of the HCE are based on decline
in GFR (e.g., rate of change in
GFR, $50% GFR decline) or the direct
clinical consequences of loss of kidney
function (e.g., GFR ,15 ml/min per
1.73 m2, requirement for kidney func-
tion replacement therapy), allowing for
clear ranking of events, and analysis of
each patient according to their most
severe event or for patients without a
clinical event of disease progression as
assessed by their individual rate of
change of GFR. Analysis of large kidney
randomized controlled trials showed a
general agreement between the results
of the HCE and those of traditional
time-to-event clinical end points, with
“positive” trials showing a benefit on
both end points. Importantly, simula-
tions performed on the basis of resam-
pling of clinical trials suggest increased
clinical trial efficiency (e.g., a reduction
in the required number of patients)
for a kidney HCE compared with
time-to-first event analysis of tradi-
tional composite end points.1 The use
of HCEs for CKD progression trials
may have some drawbacks as well,
such as requirements for fixed follow-
up duration, and subjectivity in event
prioritization when non-GFR or

A

B

C
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5

ESKD Unobserved period

Lost to follow-up Death Completed follow-up

Figure 4. The nontransitivity issue for incomplete follow-up. The A versus B comparison: B wins on ESKD, but A could have won on
death, but incomplete follow-up impairs that conclusion. The B versus C, B versus A, C versus A comparisons: if we use only available
follow-up time, C.B (on death), B.A (on ESKD), and yet, A.C (on ESKD), which would seem illogical.
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non–mortality-based events are in-
cluded in the composite (such as non-
fatal CVevents or other adverse events).

As with any composite end point, the
assessment of clinical relevance requires
an assessment of contributions of the
individual components to the overall
results. For this end point, the study
of populations with more severe CKD
and/or faster progression would be ex-
pected to lead to a higher proportion of
dichotomous events and a lower pro-
portion of GFR over time comparisons,
whereas GFR over time would make a
larger contribution to study of popula-
tions with less severe CKD and/or lower
rates of progression. HCEs can be visu-
alized using maraca plots,6 which visu-
ally represent the contribution from
dichotomous and continuous end point
components, in a single figure. As is the
case with time-to-event analyses, the
assessment of the clinical relevance of
the effect size of the HCE analyses de-
pends on several factors, including the
precision of the estimate (e.g., confi-
dence intervals), underlying the absolute
risk of adverse kidney events in the tar-
get population, and the rate of progres-
sion of kidney disease, as well as the
disease burden and potential risks of
the treatment.

In summary, HCEs are appealing for
clinical trials in nephrology. The hier-
archical ranking of clinical events by
severity and the contribution of data
from each patient to the analysis offer
potential advantages over established
kidney end points. Future trials in
CKD should consider utilization of
HCEs to evaluate for clinically relevant
attenuation of progression in patients
with CKD. Finally, trial sponsors
should engage with patients, regulators,
physicians, and other stakeholders to
design and prospectively conduct clin-
ical trials formally using the kidney
HCE to assess treatment benefit.
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