
 

 

 University of Groningen

Change in albuminuria as a surrogate endpoint
Waijer, Simke W.; Gansevoort, Ron T.; Heerspink, Hiddo J. L.

Published in:
CURRENT OPINION IN NEPHROLOGY AND HYPERTENSION

DOI:
10.1097/MNH.0000000000000541

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2019

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Waijer, S. W., Gansevoort, R. T., & Heerspink, H. J. L. (2019). Change in albuminuria as a surrogate
endpoint. CURRENT OPINION IN NEPHROLOGY AND HYPERTENSION, 28(6), 519-526.
https://doi.org/10.1097/MNH.0000000000000541

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 29-04-2023

https://doi.org/10.1097/MNH.0000000000000541
https://research.rug.nl/en/publications/72614b82-9451-495d-9bb9-bfe7d79152b0
https://doi.org/10.1097/MNH.0000000000000541


D
ow

nloaded
from

https://journals-lw
w
-com

.proxy-ub.rug.nl/co-nephrolhypertens
by

BhD
M
f5ePH

Kav1zEoum
1tQ

fN
4a+kJLhEZkD

2PQ
TEnA3Z5k45N

O
+rAW

97pzN
D
e/ZLw

ca+O
a4p8hAzvK9YKbooG

915EJA0fZc9ptsU
k3I/p27d7Zq4P0YQ

o3n3XjIYjU
JY3sy8O

xI1YgxIAPuYBcm
Yrtw

==
on

02/27/2020

Downloadedfromhttps://journals-lww-com.proxy-ub.rug.nl/co-nephrolhypertensbyBhDMf5ePHKav1zEoum1tQfN4a+kJLhEZkD2PQTEnA3Z5k45NO+rAW97pzNDe/ZLwca+Oa4p8hAzvK9YKbooG915EJA0fZc9ptsUk3I/p27d7Zq4P0YQo3n3XjIYjUJY3sy8OxI1YgxIAPuYBcmYrtw==on02/27/2020

 Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

 CURRENT
OPINION Change in albuminuria as a surrogate endpoint

Simke W. Waijera, Ron T. Gansevoortb, and Hiddo J.L. Heerspinka

Purpose of review

Chronic kidney disease is a global health problem with few effective therapies available that slow the
progression to end-stage renal disease. The established clinical endpoints for renal trials; doubling of serum
creatinine or end-stage renal disease, are late manifestations of CKD. This leads to large trials enrolling
preferably patients with advanced stages of CKD. The use of valid surrogate biomarkers that substitute a
clinical endpoint (surrogate endpoints), can lead to trials of shorter duration that can be performed at
earlier stages of CKD. Change in albuminuria has been proposed as surrogate endpoint in CKD. Yet,
although albuminuria is a strong risk factor for CKD progression, there is persistent uncertainty about its
validity to substitute clinical endpoints.

Recent findings

New observational studies have demonstrated robust associations between changes in albuminuria and risk
of end-stage renal disease. In addition, a meta-analysis of observational studies confirmed the strong
association between change in albuminuria and end-stage renal disease. Another meta-analysis of clinical
trials showed moderately strong associations between treatment effects on albuminuria and treatment
effects on clinical endpoints. These new data support a role for change in albuminuria as surrogate
endpoint for clinical trials of progression of CKD.

Summary

There is increasing evidence that change in albuminuria is a valid surrogate endpoint for CKD.
Implementing albuminuria as surrogate requires proper understanding of the settings in which the surrogate
works well.

Keywords

albuminuria, chronic kidney disease, clinical trial, end-stage renal disease, surrogate endpoint,
urinary–albumin–creatinine ratio

INTRODUCTION

Chronic kidney disease (CKD) is a global and com-
mon health problem associated with significant
morbidity and mortality [1]. Prevalence figures from
the United States show that approximately 15% of
the population is diagnosed with CKD [2]. Data from
Europe indicate that the prevalence ranges between
3.3 and 17.3% in various general population
cohorts, depending on, among others, prevalence
of comorbidities and survey characteristics [3]. CKD
is associated with a significant health burden, and
medical resources [2]. Despite the high prevalence
and burden of the disease, the number of proven
effective therapies for patients with CKD is low.
Novel therapies to prevent or slow the progression
of CKD are thus highly desired.

Randomized controlled trials to test new inter-
ventions for CKD commonly use end-stage renal
disease (ESRD) as clinical endpoint. However, ESRD
is a late event in the progression of CKD. Accord-
ingly, clinical trials to test new treatments for CKD

require a large sample size and long follow-up in
order that sufficient endpoints will occur to appro-
priately assess the drug’s efficacy [4]. This hampers
the feasibility of clinical trials in CKD.

Surrogate endpoints are laboratory markers that
can be used in clinical trials as endpoints to substi-
tute for a clinical endpoint. There is increased inter-
est in using surrogate endpoints in clinical trials as
they can be used in early stages of drug development
to select promising drugs for future trials. In later
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stages of drug development, the use of surrogate
endpoints, when accepted as valid, can shorten trial
duration and reduce sample size.

Change in albuminuria has been proposed as a
surrogate endpoint in CKD [5,6]. Changes in albumin-
uria occur earlier in the course of disease than changes
in estimated glomerular filtration rate (eGFR) and it is
a strong risk factor for the progression of CKD [7–9].
However, there is persistent uncertainty whether
change in albuminuria can reliably reflect a drug’s
efficacy to slow renal function decline or delay ESRD.

In this review, we will summarize the recent
literature on the association between changes in
albuminuria and subsequent risk for ESRD and
review the requirements for implementation of
change in albuminuria as surrogate endpoint. We
will first discuss the association between changes in
albuminuria and renal endpoints in large observa-
tional studies. Observational studies have the
advantage to study a large population with a long
follow-up time enabling more accurate assessment
of associations than clinical trials. In the second part
of this article, we will review the association
between changes in albuminuria and renal end-
points in clinical trials. Clinical trials offer the
advantage to assess the association between treat-
ment effects on albuminuria and treatment effect on
clinical outcomes, which cannot be done in obser-
vational studies. We finally summarize the evidence
and make recommendations for future research.

CHANGE IN ALBUMINURIA IN
OBSERVATIONAL STUDIES

Albuminuria has long been recognized as an impor-
tant marker predicting the risk of progression of

renal disease. Already in the 19th century, Hermann
Senator demonstrated the presence of proteins in
the urine of otherwise healthy individuals and
hypothesized that these urinary proteins predicted
a higher risk of mortality [10]. Nowadays, with the
more sensitive albumin assays, it has been unam-
biguously demonstrated that increased urinary
albumin excretion is a strong predictor of ESRD,
cardiovascular disease and mortality in various pop-
ulations [11–14]. Although the association between
albuminuria and outcome has been studied in mul-
tiple populations, until recently, there were only few
observational studies that investigated how changes
in albuminuria over time associate with CKD pro-
gression and cardiovascular disease.

In the last years, several large observational cohort
studies investigated the association between change
in albuminuria and long-term progression of kidney
disease to ESRD. Two large cohorts found a linear
association between changes in albuminuria and risk
of ESRD [15

&

] and incident CKD [16]. In an observa-
tional study of 31732 participants of the SCREAM
project, it was shown that a four-fold increase in
albuminuria over 2 years was associated with a hazard
ratio of 3.08 [95% confidence interval (CI) 2.59–3.67]
for the risk of ESRD [15

&

]. Similar results were
seen in a large cohort of United States veterans
involving 56946 participants with an eGFR of at least
60ml/min/1.73 m2 where a more than two-fold
increase in albuminuria was associated with a hazard
ratio of 1.29 (95% CI 1.21–1.38) for developing a
sustained eGFR of less than 60 ml/min/1.73m2 [16].

Uncertainty about the association between
change in albuminuria and renal outcome was
one of the reasons to organize a workshop sponsored
by the US National Kidney Foundation (NKF), in
collaboration with the US Food and Drug Adminis-
tration (FDA) and European Medicines Agency
(EMA). The aim of this meeting was to obtain a
better understanding of the validity and utility of
change in albuminuria and change in eGFR as sur-
rogate endpoints for clinical trials in CKD [17]. In
preparation for this workshop, a meta-analysis of
observational studies was performed to provide
more definitive evidence about the relationship
between changes in albuminuria and subsequent
risk of ESRD [18

&&

].
This meta-analysis of observational studies

included data from 675 904 individuals from 28
cohorts in the Chronic Kidney Disease Prognosis
Consortium (CKD-PC). Eighty percent of these par-
ticipants had diabetes. Change in albuminuria or
proteinuria during a 2-year baseline period was
strongly associated with the long-term risk for ESRD,
and an increase in albuminuria or proteinuria
increased the adjusted hazard ratio for ESRD almost

KEY POINTS

� There is an increasing body of evidence that change in
albuminuria is a valid surrogate endpoint in clinical
trials testing renoprotection in CKD.

� Additional research on change in albuminuria as a
surrogate endpoint in different specific populations is
necessary to more precisely define the optimal use of
albuminuria in clinical trial design.

� Albuminuria shows considerable day-to-day variation
that needs to be taken into account when using change
in albuminuria as a surrogate endpoint, for example,
by collecting multiple urine samples at baseline and
during follow-up.

� Novel approaches for clinical trial design should be
explored (i.e. enrichment designs or adaptive designs) to
optimally use change in albuminuria as surrogate endpoint.

Diagnostics and techniques
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linearly (Fig. 1). A reduction in albuminuria of 30%
during the 2-year baseline period was associated with
a hazard ratio for ESRD of 0.83 (95% CI 0.74–0.94).
One of the challenges is that albuminuria can show
considerable day-to-day variability [19,20], which
has to be taken into account when analyzing the
association between change in albuminuria and out-
comes. A recent study showed a stronger association
with change in albuminuria when correcting for
random measurement error and variability in albu-
minuria [21

&

]. To address this random day-to-day
variation in albuminuria, the meta-analysis was cor-
rected for regression dilution. After considering the
variability in albuminuria, the association between
albuminuria change and renal outcomes appeared to
be stronger: 0.78 (95% CI 0.66–0.92) [18

&&

]. When
instead of a 2-year baseline period, a 1-year or 3-year
period was used to assess change in albuminuria,
essentially similar results were obtained (Fig. 1). Risk
associations were moreover fairly consistent across
cohorts and subgroups (i.e., eGFR, diabetes, and sex),
but the association was somewhat stronger among
participants with higher baseline albuminuria (P for
interaction <0.0001) [18

&&

].

CHANGE IN ALBUMINURIA IN CLINICAL
TRIALS
The observational studies on change in albuminuria
and subsequent renal endpoints suggest that when
lowering albuminuria with a pharmacological inter-
vention the risk for renal events decreases. Indeed,
several small-scale studies that investigated various
interventions (pharmacological and dietary) have
shown a decrease in albuminuria and slowing of
the progression of renal disease [22,23]. Analyses
of these studies have also shown that the early
change in albuminuria within the study was associ-
ated with the rate of kidney function decline there-
after further supporting a causal association and a
potential role for early change in albuminuria as
surrogate endpoint [24,25].

This observation was subsequently confirmed in
larger scale clinical trials in patients with type 2
diabetes (RENAAL [26], IDNT [27], ALTITUDE
[28]), in patients with nondiabetic kidney disease
(AASK [29], REIN [30]) and more recently also in
children with CKD (ESCAPE [31]). A summary of
these studies and their main results are shown in
Table 1.

FIGURE 1. Adjusted hazard ratio for end-stage renal disease and population distribution of change in albuminuria measured by ACR
and PCR over 1-year (a), 2-year (the base case scenario) (b), and 3-year (c) baseline periods in the meta-analysis of observational
studies. ACR, urine albumin-to-creatinine ratio; PCR, urine protein-to-creatinine ratio. Reproduced from Coresh et al. [18&&].

Change in albuminuria as a surrogate endpoint Waijer et al.
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Although the consistency of results of the clini-
cal trial analyses support the validity of albuminuria
as a surrogate endpoint, it should be noted that the
analyses were conducted post hoc and were not
based on randomized comparisons. It could, there-
fore, be possible that the low risk of kidney disease
progression among patients with a reduction in
albuminuria was caused by factors unrelated to
the albuminuria-lowering effect of the intervention.
To overcome this bias, a meta-analysis of random-
ized controlled clinical trials is needed to correlate
the placebo-controlled effect of the intervention on
the early change in albuminuria with the placebo-
controlled treatment effect on a clinical kidney
outcome. Two such meta-analyses were conducted
in the last years with conflicting results, however.
The study by Inker et al. [32] did not provide enough
evidence to support the validity of change in pro-
teinuria as surrogate endpoint. In contrast, the other
meta-analysis published around the same time
reported an association between short-term changes
in albuminuria and a long-term renoprotective
effect [33]. The difference in results of these meta-
analyses may be explained by differences in the
inclusion of clinical trials and differences in

methodological approach to study the association
of the treatment effect on albuminuria and on clini-
cal outcomes [32,33]. In addition that their results
were conflicting, the generalizability of the results
was questioned because of the limited number of
interventions and patient subgroups [34,35].

To overcome these limitations, a novel meta-
analysis of randomized controlled trials was per-
formed by the authors of the two previous, conflict-
ing meta-analyses [36

&&

]. In this new analysis, they
aimed to include all past randomized controlled
trials and analyze the data according a predefined,
robust, and consistent methodological approach. In
addition, it was a priori decided that results were to
be studied across several interventions and patient
subgroups. A total of 41 clinical trials with 29 979
participants were included in this novel meta-anal-
ysis. A significant association was shown between
change in albuminuria and the treatment effect on
ESRD (R2¼0.47; Fig. 2a). Results were consistent
across interventions and patient subgroups. How-
ever, the association strengthened when the analy-
sis was restricted to only patients with higher
baseline albuminuria (UACR >30 mg/g, R2¼0.72),
indicating that for using albuminuria in surrogate

FIGURE 2. Trial-level analyses for the association between treatment effects on change in albuminuria and treatment effects on
the clinical endpoint for the pooled population (a) and for participants who had baseline ACR of more than 30mg/g (b) in the
meta-analysis of randomized clinical trials. ACR, urine albumin-to-creatinine ratio. Reproduced from Heerspink et al. [36&&].
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clinical trials, these trials should use a minimal
albuminuria level as entry criterion (Fig. 2b)
[36

&&

]. The trial-level analysis also enabled calcula-
tion of the minimal effect size for lowering albumin-
uria with a drug to have high confidence that this
drug will also decrease the risk of ESRD, the so called
positive predictive value. It turned out that a 20–
30% reduction in albuminuria is necessary to
achieve clinical benefit. Such an effect size has been
observed in clinical trials with interventions that
indeed slow the progression of renal disease, such as
ACE-inhibitors, angiotensin 2 receptor blockers and
sodium glucose co-transporter inhibitors [26,30,37].

SYNTHESIS OF THE AVAILABLE
EVIDENCE AND RESEARCH
RECOMMENDATIONS

Taken together, the results of this meta-analysis of
clinical trials and the aforementioned meta-analysis
of observational studies support a role for change in
albuminuria as surrogate endpoint [18

&&

,36
&&

]. Their
results are applicable to various kidney diseases,
such as diabetic kidney disease, but also nondiabetic
kidney disease. The 20–30% reduction in albumin-
uria required to have a high confidence that the
intervention will also demonstrate clinical benefit
can be used as criterion to select the promising
interventions from phase 2 studies to be tested in
larger scale phase 3 clinical trials. There is also a
potential role for albuminuria to facilitate phase 3
clinical trials. Albuminuria could be used as a surro-
gate endpoint for conditional approval in phase 3
trials with confirmation of long-term efficacy and
safety in subsequent outcome trials. Another option
could be that in case of proven short-term albumin-
uria-lowering efficacy, the subsequent phase 3 clini-
cal outcome trials can be designed less stringent, for
example, by adopting a one-sided instead of two-
sided testing strategy and relaxing the alpha level
from 0.01, which is required for marketing approval
for a single pivotal trial, to 0.05. However, these
approaches require further discussion and require
regulatory approval.

Albuminuria could also be a useful surrogate in
glomerular diseases. The prevalence of glomerular
diseases is lower than of diabetic kidney disease,
which makes it even more challenging to perform
large clinical outcome trials. For example, IgA
nephropathy is a serious condition for which there
are few ongoing clinical studies and proven effective
therapies. A kidney health initiative project recently
performed a critical appraisal of literature to assess
the validity of albuminuria change for clinical trials
in IgA nephropathy and concluded, in line with the
conclusions of the meta-analyses, that the data

support a role for albuminuria as a valid surrogate
endpoint [38

&

].
Regardless of the specific type of kidney disease,

it is important that future clinical trials enroll par-
ticipants at risk of progressive CKD in whom the
new intervention can reverse or delay the course of
disease progression. Some trials failed to show a
reduction in renal events despite the drug decreased
albuminuria [39]. These trials predominantly
enrolled patients with (very) low levels of albumin-
uria, that consequently are at low risk of disease
progression [40]. Albuminuria should not be applied
as endpoint in such trials, but only in clinical trials
enrolling patients with elevated albuminuria at risk
of progressive CKD. Other examples demonstrating
that a treatment effect on albuminuria does not
predict a treatment effect on a clinical outcome
can be explained by the fact that the reduction in
albuminuria is too small to afford renal protection
[28], or that a trial is terminated early, so that the
statistical power to detect a treatment effect on the
clinical endpoint is limited leading to an inconclu-
sive result [41]. Thus, there are plausible explana-
tions why in some trials the treatment effect on
albuminuria did not predict clinical benefit.

Importantly, when albuminuria is applied in
future clinical trials, the day-to-day variation should
be adequately taken into account when determining
treatment effects on albuminuria. Prior studies
showed that collecting multiple urine samples
across multiple study visits are needed to more
precisely determine the effect size of the interven-
tion on albuminuria [42].

There are no prospective clinical trials that tar-
get albuminuria to prevent ESRD, and such trials are
highly needed. The recently published SONAR trial
comes closest [43

&

]. In this trial, all patients received
6-week open label treatment (enrichment) with the
endothelin antagonist atrasentan. After 6 weeks,
patients were randomized to continue atrasentan
or to switch to placebo. Randomization was strati-
fied by the albuminuria reduction observed during
the enrichment period and two cohorts were cre-
ated: the responder and nonresponder population.
Response was defined by an at least 30% reduction
in albuminuria from baseline. Responder patients
showed a �50% reduction in albuminuria from
baseline and nonresponders only �8%. During
the double-blind trial, atrasentan compared with
placebo reduced the risk of the renal endpoint by
35% (95% CI 0.49–0.88; P¼0.0047) in the respond-
ers and 25% (95% CI 0.55–1.03; P¼0.079) in the
nonresponders. This effect was not anticipated
based on the reduction in albuminuria in the two
groups defined during the enrichment procedure.
The explanation for the unexpected high benefit for
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renal endpoint in the albuminuria nonresponders is
unknown and requires further study. It is possible
that responders and nonresponders were insuffi-
ciently separated because of random variations in
albuminuria, but it could also be that that atrasen-
tan confers renoprotection through mechanisms
other than albuminuria lowering [43

&

].
As a final comment, although establishing drug

efficacy is important, safety is at least equally impor-
tant. Accurate safety assessments are optimally per-
formed in large-scale clinical trials of long duration.
Some use this as argument against adopting change
in albuminuria as valid surrogate for regulatory
purposes. However, one may consider to perform
the safety assessment for some drugs with an
expected good safety profile in postapproval studies
combined with registry-based real-world practice
studies.

CONCLUSION AND FUTURE
PERSPECTIVES

In the last years, an emerging body of evidence
supports change in albuminuria as a valid surrogate
endpoint in clinical trials of CKD progression for
interventions of which reducing albuminuria is the
hypothesized mechanism of action to slow progres-
sion of CKD. We caution for universally applying
albuminuria in any clinical trial. Applying albumin-
uria as surrogate requires proper understanding of
the conditions in which the surrogate is likely to
perform well taking into account the specific study
population, and mechanisms of action of the drug.
Additional research assessing the performance of
change in albuminuria in specific populations
(e.g. diabetic kidney disease, IgA nephropathy, focal
segmental glomerulosclerosis) is welcome to more
precisely define the conditions to change in albu-
minuria as surrogate endpoint.
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