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Rationale & Objective: Potential surrogate end
points for kidney failure have been proposed in
chronic kidney disease (CKD); however, they must
be evaluated to ensure accurate, powerful, and
harmonized research, particularly among patients
with advanced CKD. The aim of the current study
was to investigate the power and predictive ability
of surrogate kidney failure end points in a popula-
tion with moderate-to-advanced CKD.

Study Design: Analysis of longitudinal data of a
large multinational CKD observational study
(Chronic Kidney Disease Outcomes and Practice
Patterns Study).

Setting & Participants: CKD stage 3-5 patients
from Brazil, France, Germany, and the United
States.

Outcomes: Reaching an estimated glomerular
filtration rate (eGFR) < 15 mL/min/1.73 m2 or
eGFR decline of ≥40%, and composite end points
of these individual end points.

Analytical Approach: Each end point was used
as a time-varying indicator in the Cox model
to predict the time to kidney replacement
therapy (KRT; dialysis or transplant) and was
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compared by the number of events and
prediction accuracy.

Results: 8,211 patients had a median baseline
eGFR of 27 mL/min/1.73 m2 (interquartile range,
21-36 mL/min/1.73 m2) and 1,448 KRT events
over a median follow-up of 2.7 years (interquartile
range, 1.2-3.0 years). Among CKD stage 4
patients, the eGFR < 15 mL/min/1.73 m2 end
point had higher prognostic ability than 40%
eGFR decline, but the end points were similar for
CKD stage 3 patients. The combination of
eGFR < 15 mL/min/1.73 m2 and 40% eGFR
decline had the highest prognostic ability for
predicting KRT, regardless of the CKD stage.
Including KRT in the composite can increase the
number of events and, therefore, the power.

Limitations: Variable visit frequency resulted in
variable eGFR measurement frequency.

Conclusions: The composite end point can be
useful for CKD progression studies among pa-
tients with advanced CKD. Harmonized use of this
approach has the potential to accelerate the
translation of new discoveries to clinical practice
by identifying risk factors and treatments for kidney
failure.
Kidney failure is a clinical and patient-centered outcome
of interest for monitoring and investigating the pro-

gression of chronic kidney disease (CKD). A recent Kidney
Disease: Improving Global Outcomes (KDIGO) Consensus
Conference emphasized the importance of explicitly
defining kidney failure in terms of kidney function,
duration, symptoms, and/or treatment.1 The International
Society of Nephrology thus proposed that in the setting of
clinical trials, kidney failure outcomes be comprised of a
composite including kidney transplantation, maintenance
dialysis, and death from kidney failure.2 In observational
and clinical settings, understanding and identifying pa-
tients with CKD at high risk of kidney failure can accelerate
the interpretation of data and treatment decisions, for
example, to mitigate CKD progression or prepare patients
for kidney replacement therapy (KRT).

Surrogate end points are often needed in clinical
research because a small sample size or short follow-up
time implies a potentially low number of KRT events.
The International Society of Nephrology consensus
suggested that a sustained low glomerular filtration rate
(GFR) and a sustained percent decline in GFR could be
incorporated into a kidney failure outcome, as the former
is concordant with KDIGO guideline definitions for kidney
failure and the latter has been extensively studied as an
acceptable surrogate for kidney failure by researchers and
regulatory agencies.2–8 These surrogate end points are
advantageous not only in clinical trials but also in obser-
vational studies because kidney disease progression can be
slow in some patients, even among those with advanced
CKD and especially among those with CKD etiologies such
as glomerulonephritis, polycystic kidney disease, or
interstitial disease, who may be enrolled in clinical studies
at higher estimated GFRs (eGFRs) or have slower pro-
gression.9 In clinical care, the eGFR-based surrogate end
points can be useful for monitoring patients before they
reach kidney failure. New treatment strategies and targets
from recent trials—for example, blood pressure control in
SPRINT, SGLT2i in CREDENCE, and finerinone in FIDELIO-
DKD—have triggered recent changes in practice guidelines
1
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PLAIN-LANGUAGE SUMMARY
Kidney failure is an important outcome for monitoring
and investigating the progression of chronic kidney
disease, but this outcome is not always available in
many chronic kidney disease research studies. Several
surrogate end points for kidney failure have been pro-
posed based on a low or declining estimated glomerular
filtration rate (eGFR). This study conducted a systematic
comparison of eGFR-based end points among a multi-
national, advanced chronic kidney disease cohort. End
points were compared based on their ability to predict
kidney failure and their statistical power. A composite
end point that includes a low eGFR, declining eGFR,
and kidney replacement therapy was optimal. Harmo-
nized use of this approach has the potential to accelerate
the translation of new discoveries to clinical practice by
identifying risk factors and treatments for kidney
failure.

Zee et al
and will soon be introduced in clinical practice.10–14

Demonstrating earlier treatment effects on validated sur-
rogate end points in the real world, especially among high-
risk populations (eg, patients with CKD with low eGFR and
high albuminuria), would allow for quicker analysis of
practice patterns related to best outcomes and the earlier
introduction of therapies that could prevent or postpone
KRT. If proven efficient, this harmonized application of
surrogates across clinical research applications may have a
strong impact in improving kidney failure outcomes for
patients.

A systematic evaluation of potential eGFR-based sur-
rogate end points for kidney failure would ensure accurate
research that maximizes power and facilitates harmoniza-
tion across studies. Although previous studies have
established eGFR percentage declines as valid surrogates
for kidney failure, none have directly compared them to
low eGFR thresholds using real-world data.4–8 Yang et al15

showed that associations of risk factors for KRT were
largely similar to those for halving of eGFR among pa-
tients in the Chronic Renal Insufficiency Cohort study.
However, the Chronic Renal Insufficiency Cohort study
population includes many patients with only mild CKD
and only those from US centers, and the frequency of
eGFR evaluation was established by the study protocol.
Several other CKD cohorts from around the world include
a greater proportion of patients with more advanced CKD
and older age, but the performance of potential eGFR-
based surrogate end points in multinational cohorts of
advanced CKD with diverse populations and practices is
unknown.16,17

In this study, we compared the potential individual and
composite surrogate end points for the number of events
and prognosis of time to kidney failure in the Chronic
2

Kidney Disease Outcomes and Practice Patterns Study
(CKDopps), a multinational study involving patients with
advanced CKD. Prentice18 established 2 operational criteria
for surrogate end points: first, that the true outcome is
independent of treatment after conditioning on the sur-
rogate, and second, that the surrogate end point has some
prognostic implication for the true outcome. Given our
focus on observational studies and real-world data, we
evaluated surrogate end points in terms of fulfilling the
second criterion. We included time-to-event end points
based on a low eGFR and a percentage decline in eGFR.
Given the cohort of patients with advanced CKD, we hy-
pothesized that many would progress to low eGFR quicker
than to a percentage decline in eGFR, especially those
starting with CKD stage 4 at study enrollment. We also
hypothesized that composite end points would provide
greater power without sacrificing the prognostic ability or
accuracy of exposure effect estimates.
METHODS

Study Sample and Data Collection

CKDopps is an ongoing, international, prospective cohort
study of nondialysis patients with advanced CKD under
nephrology care.17 The current study sample includes
patients from Brazil, France, Germany, and the United
States who were enrolled in 2013 and followed until 2019
in France and Germany and until 2017 in Brazil and the
United States. CKDopps was approved by national and/or
local ethics committees (approval numbers available on
request), and all patients provided written informed
consent as required by local ethics regulations. Samples of
nephrologist-run CKD clinics were randomly selected after
stratification by geographic region and key clinical char-
acteristics (ie, size and public versus private). Participants
aged >18 years, receiving care for CKD at the clinic, and
having an eGFR < 60 mL/min/1.73 m2 at screening were
selected from each clinic. Although an approximately
equal number of CKD stage 3 and 4 patients were enrolled
in France, CKD stage 4 patients were oversampled in
other countries. Furthermore, CKD stage 5 patients
were excluded from enrollment in France and Germany.
Individuals with a prior kidney transplant or those
receiving maintenance dialysis (having >2 treatments/
week without the expectation of kidney function recov-
ery) were excluded. Patients with no follow-up were also
excluded.

Demographics (age, sex, and Black race), comorbid
conditions (diabetes, hypertension, and heart failure), and
clinical data were transcribed from medical records in
Brazil, France, and the United States and abstracted from
electronic health records in Germany (except race was not
reported in Germany). Routine laboratory data based on
the usual care were collected longitudinally, up to monthly
frequency. In France, a standard set of urine and blood
tests (including albuminuria) were also requested at study
Kidney Med Vol 4 | Iss 2 | February 2022
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enrollment and annually thereafter. In the current study,
GFR was estimated using the CKD-EPI (Chronic Kidney
Disease Epidemiology Collaboration) formula based on
serum creatinine level. Albuminuria was categorized on
the basis of KDIGO guidelines using, in descending order
of priority, spot urine albumin-creatinine ratio, spot urine
protein-creatinine ratio, 24-hour timed urine albumin,
24-hour timed urine protein, or protein reagent strips.3

The “severely increased” albuminuria category was also
split to capture “nephrotic syndrome” albuminuria (al-
bumin-creatinine ratio > 2,200 mg/g and protein-
creatinine ratio > 3,500 mg/g).

Outcome and Potential Surrogate End Points

The primary outcome was time from study enrollment to
KRT, defined by the start of maintenance dialysis or pre-
emptive kidney transplant. The primary potential surrogate
end points included the time from study enrollment to an
eGFR < 15 mL/min/1.73 m2, time from study enrollment
to a 40% eGFR decline, or a composite defined by the
earliest of these 2 eGFR-based end points. For the eGFR <
15 mL/min/1.73 m2 end point and the composite, only
patients who were enrolled in the study with an eGFR of at
least 15 mL/min/1.73 m2 were eligible for inclusion.
Event times for a 40% eGFR decline were determined on
the basis of repeated linear regression models for each
participant: at each eGFR measurement, all historic eGFRs
were used in a linear regression model, and the intercept
and slope of the regression line were used to determine
whether the participant reached the 40% eGFR decline
event.19 For patients who did not reach eGFR-based
end points during their follow-up, event times were
censored at the time of the patient’s last available eGFR
measurement.

The eGFR-based end points are often combined with
KRT into composite outcomes for use in practice. Since
KRT is the outcome of interest, adding KRT would not
change predictive accuracy but could increase the number
of outcome events. Therefore, we also evaluated the
impact of including KRT with eGFR-based potential sur-
rogate end points. Secondary end points used a lower eGFR
threshold of eGFR < 10 mL/min/1.73 m2 and both 30%
and 50% eGFR declines. Finally, we conducted sensitivity
analyses with sustained low eGFR end points. For example,
an eGFR < 15 mL/min/1.73 m2 was considered sustained
if there was another confirmatory eGFR < 15 more than 4
weeks after the initial eGFR < 15 mL/min/1.73 m2 value;
if no subsequent eGFR values were available, it was
considered sustained if there was a KRT event or death
event after the initial eGFR < 15 mL/min/1.73 m2 value.

Statistical Analysis

Descriptive statistics were used to describe the study
sample and counts of KRT events and potential surrogate
end point events. Cause-specific Cox models were used to
assess the prognostic ability of each potential surrogate end
point for the true outcome of KRT, treating competing
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death events as censored. Each potential surrogate end
point was used in a separate model as a time-varying bi-
nary indicator, with value 0 from study enrollment until
the end point was observed and 1 after it was observed.
We used unadjusted models for each end point after
separating the sample by CKD stage at enrollment (stage 3
versus stages 4 or 5). We also used additional models
separated further by age tertiles, sex, diabetes comorbid
condition status, and country. Prognostic ability was esti-
mated using the methods of O’Quigley and Flandre,20 who
developed the measure ρ2 to represent the proportion of
randomness explained by a time-dependent Cox model.
The measure is analogous to R2 for linear models but can
be applied to quantify the criteria established by Prentice18

for surrogacy for time-to-event surrogate end points of
time-to-event true outcomes.

Cause-specific Cox models were used to compare haz-
ard ratios of each end point or outcome by patient de-
mographics and baseline clinical characteristics previously
identified as risk factors for KRT. Models treated competing
death events as censored and were stratified by country and
CKD stage at enrollment. Missing data for patient de-
mographic and baseline clinical characteristics were
multiply imputed by chained equations, and results from
20 imputed data sets were combined using the formula by
Rubin.21,22

All eGFR-based end points required ≥2 eGFR measure-
ments, and end points with low eGFRs were limited to
patients starting the study above the eGFR threshold.
Although primary analyses included any eligible patient in
each model, we also conducted sensitivity analyses to
compare across end points using the same subsample of
patients. The subsample used in sensitivity analyses was
therefore based on the overlapping sample of patients: that
is, patients with ≥2 eGFRs who started the study above the
low eGFR threshold.

Statistical analyses were conducted using R software,
version 4.0.2 (R Development Core Team).
RESULTS

The study sample included 8,211 participants from Brazil,
France, Germany, and the United States (Table 1). The
overall median age was 71 years (interquartile range, 62-
78 years), with country-specific medians between 67 and
75 years, and over half of participants (n=4,807; 59%)
were men. Of the participants, 3,747 (46% overall; be-
tween 43% and 55% across countries) had diabetes, 7,148
(89% overall; between 84% and 92% across countries) had
hypertension, and 1,135 (14% overall; between 13% and
16% across countries) had heart failure. The median eGFR
was 27 mL/min/1.73 m2 (interquartile range, 21-36 mL/
min/1.73 m2; median, 24-31 mL/min/1.73 m2 across
countries). Consistent with sampling protocols, the ma-
jority of participants were with CKD stage 4 or 5 at study
enrollment in Brazil, Germany, and the United States
(70%-76%) whereas participants were more evenly
3



Table 1. Descriptive Table of Study Sample by Country

Brazil France Germany United States
At study enrollment
N 912 2,969 2,779 1,551
Age, y 67 (56-76) 69 (61-77) 75 (67-81) 70 (61-78)
Male 481 (53%) 1,943 (65%) 1,580 (57%) 803 (52%)
Black race 252 (28%) 73 (2%) - 320 (21%)
Diabetes 411 (45%) 1,274 (43%) 1,209 (45%) 853 (55%)
Hypertension 804 (92%) 2,694 (91%) 2,233 (84%) 1,417 (92%)
Heart failure 141 (16%) 390 (13%) 356 (13%) 248 (16%)
eGFR, mL/min/1.73 m2 24 (18-32) 31 (23-40) 26 (21-30) 24 (18-31)
CKD stage 3 278 (30%) 1,606 (54%) 679 (24%) 445 (29%)
CKD stage 4 or 5 634 (70%) 1,363 (46%) 2,100 (76%) 1,106 (71%)

Albuminuriaa

Normal to mildly increased 287 (31%) 715 (24%) 567 (20%) 309 (20%)
Moderately increased 127 (14%) 831 (28%) 554 (20%) 207 (13%)
Severely increased 151 (17%) 880 (30%) 401 (14%) 299 (19%)
Nephrotic syndrome 71 (8%) 215 (7%) 189 (7%) 154 (10%)
Unknown 276 (30%) 328 (11%) 1,068 (38%) 582 (38%)

During follow-up
Follow-up time, y 1.4 (0.5-2.0) 3.0 (2.9-3.0) 2.9 (1.3-5.0) 1.2 (0.5-2.2)
No. of eGFR measurements 3.0 (1.0-5.0) 8.0 (6.0-12.0) 9.0 (4.0-16.0) 3.0 (1.0-6.0)
Has >1 eGFR measurement 601 (66%) 2,893 (97%) 2,568 (92%) 1,068 (69%)
Months between eGFR measurements 3.3 (2.3-4.6) 3.9 (2.6-5.8) 3.3 (2.1-5.3) 3.4 (2.2-5.2)
KRT events 100 (11%) 412 (14%) 706 (26%) 230 (15%)
KRT event rate, per 100 person-years 7.77 5.27 8.03 10.26
Pre-KRT deaths 53 (6%) 251 (8%) 458 (17%) 182 (12%)
Pre-KRT death rate, per 100 person-years 4.12 3.21 5.21 8.11
Note: All values are shown as the median (interquartile range) or frequency (%). N missing (Brazil, France, Germany, and United States): diabetes (0, 7, 99, and 0,
respectively), hypertension (36, 6, 123, and 18, respectively), heart failure (37, 7, 123, and 24, respectively), and KRT or pre-KRT deaths (11, 0, 13, and 27,
respectively). Race is not reported in Germany.
Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; KRT, kidney replacement therapy.
aPercentages in albuminuria categories in Germany do not add up to 100% due to rounding.
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distributed across CKD stage 3 versus stages 4 or 5 in
France. Albuminuria data were missing in 30%-38% of
patients in Brazil, Germany, and the United States and in
328 (11%) patients in France. Among those with albu-
minuria data, 34%-47% had severely increased or
nephrotic-range albuminuria. Follow-up times in Brazil
and the United States (medians, 1.4 and 1.2 years,
respectively) were shorter than those in France and Ger-
many (medians, 3.0 and 2.9 years, respectively; Table 1).
The KRT event rates varied from 5.3 to 10.3 events per 100
person-years across countries.

The diagonal in Table 2 shows the number of KRT
events (n=1,448) and the number of events (between
1,361 and 1,882) for each primary potential surrogate end
point, with and without KRT included. The composite end
point that combined KRT, an eGFR < 15 mL/min/1.73
m2, and a 40% eGFR decline had the highest number of
events (n=1,882), followed closely by the composite that
combined an eGFR < 15 mL/min/1.73 m2 and a 40%
eGFR decline without KRT (n=1,876), then the composite
that combined KRT with an eGFR < 15 mL/min/1.73 m2

(n=1,499). The percentages show that only a fraction (ie,
between 45% and 100%) of events were typically shared
between each pair of outcomes.
4

Predictive Discrimination of Potential Surrogate

End Points

Primary Potential Surrogates

Figure 1 shows the number of events and prognostic
ability of each primary potential surrogate end point for
predicting KRT, separated by CKD stage at enrollment.
Among participants with CKD stage 3 at enrollment, all
potential surrogate end points had similar prognostic
ability (ρ2 between 0.95 and 0.96). However, among
participants with CKD stage 4 or 5 at enrollment, the
eGFR < 15 mL/min/1.73 m2 end point had higher pre-
dictive discrimination (ρ2 of 0.72) than the 40% eGFR
decline end point (ρ2 of 0.65). The combination of an
eGFR < 15 mL/min/1.73 m2 and a 40% eGFR decline had
the highest prognostic ability among CKD stage 4 or 5
participants (ρ2 of 0.77). Including KRT made almost no
difference in the number of events among CKD stage 3
participants and slightly increased the number of events
among CKD stage 4 or 5 participants. The composite end
point defined by the earliest of either KRT, an eGFR < 15
mL/min/1.73 m2, or an eGFR decline of 40% had the
highest number of events and the highest predictive
discrimination.
Kidney Med Vol 4 | Iss 2 | February 2022



Table 2. Number of Events Shared Across Outcomes
Number (Row %; Column %) of Shared Events

KRT
(1) eGFR < 15
mL/min/1.73 m2

(2) 40% eGFR
Decline

(3) eGFR < 15 mL/
min/1.73 m2 or 40%
eGFR Decline

(4) KRT or eGFR
< 15 mL/min/
1.73 m2

(5) KRT or 40%
eGFR Decline

(6) KRT or eGFR < 15
mL/min/1.73 m2 or
40% eGFR Decline

KRT 1,448 749 (51.7%; 50.4%) 654 (45.2%; 48.1%) 845 (58.4%; 45.0%) 763 (52.7%; 50.9%) 682 (47.1%; 49.1%) 851 (58.8%; 45.2%)
(1) 1,485 909 (61.2%; 66.8%) 1,485 (100%; 79.2%) 1,485 (100%; 99.1%) 916 (61.7%; 65.9%) 1,485 (100%; 78.9%)
(2) 1,361 1,300 (95.5%; 69.3%) 917 (67.4%; 61.2%) 1,361 (100%; 98.0%) 1,300 (95.5%; 69.1%)
(3) 1,876 1,493 (79.6%; 99.6%) 1,307 (69.7%; 94.1%) 1,876 (100%; 99.7%)
(4) 1,499 930 (62.0%; 67.0%) 1,499 (100%; 79.6%)
(5) 1,389 1,313 (94.5%; 69.8%)
(6) 1,882
No. of
patients

8,160 6,735 7,074 6,735 6,735 7,074 6,735

Note: Row % and column % represent the proportions of the corresponding row and column counts of events on the diagonal. For example, of 1,448 participants with
KRTevents, 749 (51.7%) also had eGFR < 15 events, and of 1,485 participants with eGFR < 15 events, 749 (50.4%) also had KRTevents. All countries are combined.
KRT is defined by transplant or dialysis. The eGFR < 15 mL/min/1.73 m2 end points are limited to those with enrollment eGFR of 15 mL/min/1.73 m2 or greater. N
values along the diagonal are the number of events for each outcome.
Abbreviations: eGFR, estimated glomerular filtration rate; KRT, kidney replacement therapy.
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After separating further by age tertiles (Fig 2), we found
that among participants aged 18-66 years or 76-98 years
with CKD stage 3 at enrollment, the 40% eGFR decline end
point slightly outperformed the eGFR < 15 mL/min/1.73
m2 end point. Otherwise, we observed mostly similar
patterns as our main results but with smaller differences in
prognostic ability between end points among patients at
younger ages with CKD stage 4 or 5. Among women (Fig
3) and participants with diabetes (Fig 4) with CKD stage 3,
the 40% eGFR decline end point also slightly outperformed
the eGFR < 15 mL/min/1.73 m2 end point. Among CKD
stage 4 or 5 participants, there were also smaller differ-
ences in prognostic ability between end points in women
than men (Fig 3) and in participants with no diabetes than
those with diabetes (Fig 4). Results by country showed
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similarities with our main results in France, Germany, and
the United States; however, the eGFR < 15 mL/min/1.73
m2 end point performed poorest among CKD stage 3 and
CKD stage 4 or 5 participants in Brazil (Fig 5). Consis-
tently, the composite end point that included both a low
eGFR and an eGFR decline had the highest prognostic
ability.

One set of sensitivity analyses included the 6,735 pa-
tients with at least 2 eGFR measurements and who started
the study with an eGFR of at least 15 mL/min/1.73 m2.
The second set of sensitivity analyses required a confir-
matory eGFR, a KRT event, or death after the initial eGFR <
15 mL/min/1.73 m2 event to define a sustained low eGFR.
Results from both these analyses were very similar to the
main analysis results.
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Comparisons with Other Potential Surrogates
The prognostic ability was similar or slightly higher for
end points with an eGFR < 15 mL/min/1.73 m2

compared with end points with an eGFR < 10 mL/min/
1.73 m2 (Table 3). The 30% eGFR decline end point had
the highest prognostic ability among CKD stage 4 or 5
patients, but the lowest prognostic ability among CKD
stage 3 patients. When combined with an eGFR < 15 mL/
min/1.73 m2, the 40% and 50% eGFR decline end points
had similar or higher prognostic abilities than the 30%
6

eGFR decline end point. Differences in prognostic
ability across different thresholds were less apparent
with CKD stage 3 compared with CKD stage 4 or 5.
Therefore, the poorer performance using an eGFR < 10
mL/min/1.73 m2 or a 50% eGFR decline may be
explained by the lower starting eGFRs resulting in fewer
end points observed before KRT events. Similarly, lower
ρ2 values for CKD stage 4 patients versus CKD stage 3
patients are likely driven by fewer end points observed
before KRT events.
Kidney Med Vol 4 | Iss 2 | February 2022
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Effects of KRT Risk Factors Across Outcomes

Older age and a higher eGFR were associated with lower
risks of KRT, whereas male sex, Black race, diabetes, heart
failure, and higher albuminuria were associated with
higher risks of KRT (Table 4). Potential surrogate end
points had similar effect estimates to KRT for age. How-
ever, they tended to have attenuated effects for sex, dia-
betes, and heart failure and larger effect estimates for
albuminuria. These results were similar in sensitivity
analyses.
DISCUSSION

In this systematic evaluation of potential surrogate end
points for kidney failure among multinational patients
with moderate to advanced CKD, we found some different
results in surrogate end point performance for different
subgroups of patients. An eGFR < 15 mL/min/1.73 m2

had higher prognostic ability than a 40% eGFR decline in
the subgroup of patients with CKD stage 4 or 5, whereas
Kidney Med Vol 4 | Iss 2 | February 2022
the prognostic ability was similar for most patients with
CKD stage 3. The combination of the 2 eGFR-based end
points had the highest prognostic ability for predicting
KRT, regardless of the CKD stage at study enrollment, age,
diabetes status, or country. Including KRT into composite
end points increased the number of events and, therefore,
power.

With further evaluation—that is, of the first Prentice
criterion for surrogacy—the proposed end point that in-
cludes KRT and both a low eGFR and a percentage eGFR
decline can therefore be appropriate for many studies to
assess CKD progression among patients with advanced
CKD in diverse clinical settings. This end point is consistent
with recommendations from the International Society of
Nephrology for clinical trials and would be useful for
future trials to evaluate treatment effects for new in-
terventions that aim to slow CKD progression in a similar
population.2 Based on our findings, observational studies
could similarly benefit by increased power and/or a
shorter follow-up time required to evaluate new
7
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biomarkers, practice patterns, or risk factors for CKD
progression. This surrogate end point can also be helpful
to quickly interpret the application of trial results or other
exposure effects in the real world, allowing for earlier
introduction of therapies that could prevent or postpone
KRT. Finally, the development of risk scores incorporating
this surrogate could facilitate more timely assessments of
high- versus low-risk patients, which can facilitate a pre-
cision medicine approach to CKD and/or prioritization of
resources. In the developing world, low availability of
specialists, kidney allografts and immunosuppressive
medications, dialysis supplies, and other expensive treat-
ments present barriers to care and necessitate finely tuned
resource allocation strategies.23

We initially considered counterintuitive the finding that
an eGFR decline of 50% had the lowest predictive
discrimination compared with eGFR declines of 40% or
30% among CKD stage 4 or 5 patients. Similarly, an
eGFR < 10 mL/min/1.73 m2 had lower predictive
discrimination than an eGFR < 15 mL/min/1.73 m2.
However, the less apparent differences within CKD stage 3
indicate that these findings were likely because of the fact
8

that patients starting at lower eGFRs—especially CKD stage
4 patients—often reached KRT before experiencing the
50% eGFR decline or eGFR < 10 mL/min/1.73 m2 end
points. Although the focus of this study was not to
determine an optimal threshold for a low eGFR or a per-
centage eGFR decline, these results demonstrate unique
considerations in the advanced CKD population. The
choice of threshold may be driven more by improvements
in power through greater numbers of end point events.

There are also situations in which the composite end
point with KRT, reaching a low eGFR, and a percentage
eGFR decline may not be the most appropriate outcome.
First, end points that only include KRT may be more
suitable for studies specifically interested in delaying the
need for dialysis: that is, studies on low-protein diets,
acidosis treatment, or anemia management for prolonging
the tolerability of a low eGFR without the need for KRT.
Second, including a low eGFR in the composite end point
implies that those who already have a low eGFR at study
initiation are excluded, which can reduce power and
decrease the generalizability of results for those with a low
eGFR. For studies among nondialysis CKD stage 5 patients,
Kidney Med Vol 4 | Iss 2 | February 2022
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Table 3. Number of Events and ρ2 for Each Potential Surrogate End Point, Overall and Separated by CKD Stage at Study
Enrollment

Overall CKD Stage 3 CKD Stage 4 or 5

N Events ρ2 N Events ρ2 N Events ρ2

eGFR < 10 542 0.640 42 0.751 500 0.545
eGFR < 15a 1,485 0.844 129 0.952 1,356 0.724
30% eGFR decline 2,262 0.742 699 0.914 1,563 0.684
40% eGFR declinea 1,361 0.728 384 0.964 977 0.651
50% eGFR decline 761 0.643 218 0.966 543 0.551
eGFR < 10, 30% eGFR decline 2,269 0.762 699 0.914 1,570 0.707
eGFR < 10, 40% eGFR decline 1,429 0.773 385 0.964 1,044 0.700
eGFR < 10, 50% eGFR decline 935 0.745 221 0.966 714 0.656
eGFR < 15, 30% eGFR decline 2,442 0.821 699 0.913 1,743 0.751
eGFR < 15, 40% eGFR declinea 1,876 0.865 391 0.963 1,485 0.774
eGFR < 15, 50% eGFR decline 1,633 0.866 237 0.967 1,396 0.758
Including KRT
KRT, eGFR < 10 578 0.640 44 0.751 534 0.545
KRT, eGFR < 15a 1,499 0.844 131 0.952 1,368 0.724
KRT, 30% eGFR decline 2,275 0.742 699 0.914 1,576 0.684
KRT, 40% eGFR declinea 1,389 0.728 385 0.964 1,004 0.651
KRT, 50% eGFR decline 802 0.643 220 0.966 582 0.551
KRT, eGFR < 10, 30% eGFR decline 2,276 0.762 699 0.914 1,577 0.707
KRT, eGFR < 10, 40% eGFR decline 1,446 0.773 386 0.964 1,060 0.700
KRT, eGFR < 10, 50% eGFR decline 958 0.745 223 0.966 735 0.656
KRT, eGFR < 15, 30% eGFR decline 2,445 0.821 699 0.913 1,746 0.751
KRT, eGFR < 15, 40% eGFR declinea 1,882 0.865 392 0.963 1,490 0.774
KRT, eGFR < 15, 50% eGFR decline 1,640 0.866 239 0.967 1,401 0.758
Note: ρ2 represents the proportion of variability in KRT that can be explained by the potential surrogate, with 0 representing no prognostic value of the potential
surrogate and 1.0 representing a perfect prediction. End points that include eGFR < 10 mL/min/1.73 m2 or eGFR < 15 mL/min/1.73 m2 are limited to those with
enrollment eGFR of at least 10 or 15 mL/min/1.73 m2, respectively.
Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; KRT, kidney replacement therapy.
aPrimary potential surrogate end points, which are also already illustrated in Fig 1. End points including KRT have the same ρ2 as the end points without KRT but are
displayed to demonstrate the increase in number of events.
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for example, an end point that only includes KRT may be
preferred. Third, recent work has shown that an eGFR
slope is a valid surrogate for clinical trials and more useful
than time-to-event end points for study populations with
higher baseline eGFRs, shorter follow-ups, and in-
terventions with uniform treatment effects.24

Other kidney-related end points are also important to
consider but are challenging in observational studies.
Unfortunately, we were unable to clearly identify patients
managing kidney failure without replacement therapy (ie,
with comprehensive conservative care and/or because of
limited dialysis access). Particularly for older patients and
others with a lower life expectancy, conservative man-
agement is a popular choice and should be considered in
future studies as a treatment modality for kidney failure.25

Kidney-related death is also challenging to capture, and
our study was not designed to do so. Rather than include
kidney-related death as a hard clinical outcome in our
evaluation, we treated all-cause death as a competing
event. Future studies that can adequately ascertain causes of
death could be useful to explore surrogates of kidney-
related death, although this may be very difficult to ach-
ieve given practical limitations, especially in the real-world
setting.
10
One limitation of our study was that variable visit fre-
quency resulted in variable eGFR measurement frequency.
Future studies using protocol-based eGFR measurements
could assess whether results differ with more frequent
and/or standardized timings of eGFR measurements, while
simulation studies that artificially remove observed eGFRs
could mimic settings with less frequent eGFR measure-
ments. Nonetheless, our eGFR-based end point definitions
and study findings should closely resemble those expected
in the real world. Furthermore, a study on human im-
munodeficiency virus mortality biomarkers showed little
difference in the predictive value of biomarkers for
different biomarker measurement frequencies.26

Strengths of our study include the large, multinational
cohort of patients with advanced CKD (median eGFR of 27
mL/min/1.73 m2) that is representative of real-world
practice and a comprehensive statistical methods compar-
ison of potential surrogate end points. This study provides
empirical evidence that a potential surrogate end point that
combines KRT, a low eGFR, and a percentage eGFR decline
can accurately represent KRT while increasing the number
of outcome events among patients with advanced CKD and
in a multinational, real-world setting. Further research is
needed to confirm the end point’s suitability as a surrogate
Kidney Med Vol 4 | Iss 2 | February 2022



Table 4. Adjusted Hazard Ratios (95% Confidence Intervals) of Time-to-Event Outcomes by Patient Demographic and Baseline Clinical Characteristics

KRT
(1) eGFR < 15 mL/
min/1.73 m2

(2) 40% eGFR
Decline

(3) eGFR < 15 mL/
min/1.73 m2 or 40%
eGFR Decline

(4) KRT or
eGFR < 15 mL/
min/1.73 m2

(5) KRT or 40%
eGFR Decline

(6) KRT or
eGFR < 15 mL/
min/1.73 m2 or
40% eGFR
Decline

N events 1,448 1,485 1,361 1,876 1,499 1,389 1,882
Age, per 5 y 0.93 (0.91-0.95) 0.92 (0.90-0.94) 0.90 (0.88-0.92) 0.92 (0.90-0.94) 0.92 (0.90-0.94) 0.90 (0.88-0.92) 0.92 (0.90-0.94)
Male sex 1.46 (1.29-1.64) 1.01 (0.90-1.12) 0.98 (0.88-1.10) 0.99 (0.90-1.09) 1.00 (0.90-1.12) 0.98 (0.87-1.10) 0.99 (0.90-1.09)
Black race 1.41 (1.09-1.82) 1.35 (1.04-1.74) 1.25 (0.96-1.63) 1.30 (1.03-1.63) 1.36 (1.06-1.74) 1.24 (0.95-1.62) 1.30 (1.03-1.63)
Diabetes 1.27 (1.12-1.43) 1.08 (0.97-1.22) 1.07 (0.95-1.20) 1.10 (0.99-1.21) 1.09 (0.97-1.22) 1.07 (0.95-1.20) 1.10 (0.99-1.21)
Hypertension 1.14 (0.95-1.37) 1.01 (0.86-1.20) 1.12 (0.94-1.33) 1.03 (0.89-1.20) 1.00 (0.85-1.18) 1.12 (0.94-1.34) 1.03 (0.89-1.20)
Heart failure 1.45 (1.23-1.71) 1.07 (0.90-1.27) 1.03 (0.86-1.24) 1.14 (0.98-1.32) 1.08 (0.91-1.28) 1.07 (0.89-1.29) 1.15 (0.99-1.33)
Baseline eGFR, per
mL/min/1.73 m2

0.87 (0.86-0.88) 0.83 (0.82-0.84) 0.98 (0.97-0.99) 0.91 (0.90-0.92) 0.83 (0.82-0.84) 0.98 (0.97-0.99) 0.91 (0.90-0.92)

Baseline albuminuria
Normal to mildly
increased

1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Moderately
increased

1.25 (1.00-1.56) 1.41 (1.16-1.70) 1.71 (1.37-2.13) 1.48 (1.25-1.76) 1.41 (1.17-1.70) 1.70 (1.37-2.11) 1.47 (1.24-1.74)

Severely increased 2.22 (1.80-2.74) 2.31 (1.92-2.78) 3.30 (2.71-4.02) 2.52 (2.14-2.96) 2.28 (1.90-2.75) 3.29 (2.71-4.00) 2.50 (2.13-2.94)
Nephrotic
syndrome

4.95 (3.95-6.22) 5.07 (4.16-6.17) 8.47 (6.86-10.44) 5.92 (5.00-7.02) 5.09 (4.19-6.20) 8.46 (6.87-10.42) 5.90 (4.99-6.99)

Note: Each column represents 1 multivariable cause-specific hazard model that includes all listed risk factors, stratified by country and CKD stage at study enrollment. Outcomes with eGFR < 15 mL/min/1.73 m2 were limited to
those with enrollment eGFR of 15 mL/min/1.73 m2 or greater.
Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; KRT, kidney replacement therapy.
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by evaluating its ability to fully capture treatment effects
on KRT. The harmonized use of this approach for patient-
centered kidney failure outcomes in clinical research will
accelerate the translation of new discoveries to clinical
practice, such as the identification of modifiable risk fac-
tors of kidney failure and effective treatments to prevent
kidney failure.
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