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Change in albuminuria as a surrogate endpoint

Simke W. Waijer?, Ron T. Gansevoort®, and Hiddo J.L. Heerspink®

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

1062-4821 Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

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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KEY POINTS

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

o 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.

e Albuminuria shows considerable day-fo-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.

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

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

520 www.co-nephrolhypertens.com

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 56 946 participants with an eGFR of at least
60ml/min/1.73m* 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/1.73 m? [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 675904 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
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8.00 = =
400 > - -
¥
E 200+ - .
B | | |
3 100 :
0.50 - E
- = l-25 3
025 - 1 F ] — 20 &
g
- L 15 2
— Z
- - | L 10 §‘
I | .:,—L—l_rr _|_|_|—|—| i
z
. £
f T T T T T T T t f 1 | | 1 1 } | 1 f T T T T T
006 012 025 05 1 2 4 8 16 006 012 025 05 1 2 4 8 16 006 012 025 05 1 2 4 8 16
ACR fold change ACR fold change ACR fold change
8.00 - =
400+ ’ 4 4
¥
3 200 . |
= 1.004 _ i
<
050 4 i i
- 3 L2
5 12
025 s - T 20 E—
5
L + 15 3
&
- - Lo &
Y
o F r5 S
2
f T r l T ! T ! T f T T T T T T T 1 f T T T T T T | =0
006 012 025 05 1 2 4 8 16 006 012 025 05 1 2 4 8 16 006 012 025 05 1 2 4 8 16
PCR fold change PCR fold change PCR fold change

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 (q), 2-year (the base case scenario) (b), and 3-year (c) baseline periods in the meta-analysis of observational
studies. ACR, urine albumin-ocreatinine ratio; PCR, urine proteinto-creatinine ratio. Reproduced from Coresh et al. [18™].

linearly (Fig. 1). A reduction in albuminuria of 30% CHANGE IN ALBUMINURIA IN CLINICAL
during the 2-year baseline period was associated with ~ TRIALS

a hazard ratio for ESRD of 0.83 (95% CI 0.74-0.94).  The observational studies on change in albuminuria
One of the challenges is that albuminuria can show  and subsequent renal endpoints suggest that when
considerable day-to-day variability [19,20], which  lowering albuminuria with a pharmacological inter-
has to be taken into account when analyzing the  vention the risk for renal events decreases. Indeed,
association between change in albuminuria and out-  several small-scale studies that investigated various
comes. A recent study showed a stronger association  interventions (pharmacological and dietary) have
with change in albuminuria when correcting for  shown a decrease in albuminuria and slowing of
random measurement error and variability in albu-  the progression of renal disease [22,23]. Analyses
minuria [21%]. To address this random day-to-day  of these studies have also shown that the early
variation in albuminuria, the meta-analysis was cor-  change in albuminuria within the study was associ-
rected for regression dilution. After considering the  ated with the rate of kidney function decline there-
variability in albuminuria, the association between  after further supporting a causal association and a
albuminuria change and renal outcomes appearedto  potential role for early change in albuminuria as
be stronger: 0.78 (95% CI 0.66-0.92) [18™]. When surrogate endpoint [24,25].

instead of a 2-year baseline period, a 1-year or 3-year This observation was subsequently confirmed in
period was used to assess change in albuminuria, larger scale clinical trials in patients with type 2
essentially similar results were obtained (Fig. 1). Risk ~ diabetes (RENAAL [26], IDNT [27], ALTITUDE
associations were moreover fairly consistent across  [28]), in patients with nondiabetic kidney disease
cohorts and subgroups (i.e., eGFR, diabetes, and sex), (AASK [29], REIN [30]) and more recently also in
but the association was somewhat stronger among  children with CKD (ESCAPE [31]). A summary of
participants with higher baseline albuminuria (P for  these studies and their main results are shown in
interaction <0.0001) [18™]. Table 1.
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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 29979
participants were included in this novel meta-anal-
ysis. A significant association was shown between
change in albuminuria and the treatment effect on
ESRD (R>=0.47; 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 >30mg/g, R>*=0.72),
indicating that for using albuminuria in surrogate

Treatment effect on change in albuminuria (geometric mean ratio)
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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 30 mg/g (b) in the
meta-analysis of randomized clinical trials. ACR, urine albumin-fo-creatinine ratio. Reproduced from Heerspink et al. [36™"].

1062-4821 Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

www.co-nephrolhypertens.com 523

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



Diagnostics and techniques

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

524 www.co-nephrolhypertens.com

support a role for albuminuria as a valid surrogate
endpoint [387].

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% CI1 0.49-0.88; P=0.0047) in the respond-
ers and 25% (95% CI 0.55-1.03; P=0.079) 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.

Acknowledgements
None.

Financial support and sponsorship
None.

Conflicts of interest

S.W. reports no conflicts of interest. R.T.G. is a consul-
tant for Janssen and received payment for participation
in trials by Abbvie, Bayer and Sanofi-Genzyme. H.].L.H.
received research funding and is a consultant for Abbvie,
AstraZeneca, Boehringer Ingelheim and Janssen and is a
consultant for CSL Pharma, Fresenius, Gilead, Merck,
Mundi Pharma, Mitshibushi Tanabe and Retrophin.

1062-4821 Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

REFERENCES AND RECOMMENDED
READING

Papers of particular interest, published within the annual period of review, have
been highlighted as:

m  of special interest

mm  of outstanding interest

1. HillNR, Fatoba ST, Oke JL, et al. Global prevalence of chronic kidney disease
— a systematic review and meta-analysis. PLoS One 2016; 11:e0158765.

2. United States Renal Data System. 2018 USRDS annual data report: epide-
miology of kidney disease in the United States. Volume 2: ESRD in the United
States. Chapter 11: International Comparisons [Internet]. National Institutes
of Health, National Institute of Diabetes and Digestive and Kidney Diseases.
Bethesda, MD; 2018 [cited 2019 Apr 16]. Available at: https://www.usrds.
org/2018/view/v2_11.aspx

3. Briick K, Stel VS, Gambaro G, et al., European CKD Burden Consortium.
CKD Prevalence varies across the European General Population. J Am Soc
Nephrol 2016; 27:2135-2147.

4. Baigent C, Herrington WG, Coresh J, et al, KDIGO Controversies Con-
ference on Challenges in the Conduct of Clinical Trials in Nephrology
Conference Participants. Challenges in conducting clinical trials in nephrol-
ogy: conclusions from a Kidney Disease—Improving Global Outcomes
(KDIGO) Controversies Conference. Kidney Int 2017; 92:297 -305.

5. Levey AS, Cattran D, Friedman A, et al. Proteinuria as a surrogate outcome in
CKD: report of a Scientific Workshop Sponsored by the National Kidney
Foundation and the US Food and Drug Administration. Am J Kidney Dis 2009;
54:205-226.

6. Stevens LA, Greene T, Levey AS. Surrogate end points for clinical trials of
kidney disease progression. Clin J Am Soc Nephrol 2006; 1:874-884.

7. Abbate M, Zoja C, Remuzzi G. How does proteinuria cause progressive renal
damage? J Am Soc Nephrol 2006; 17:2974-2984.

8. Burton C, Harris KP. The role of proteinuria in the progression of chronic renal
failure. Am J Kidney Dis 1996; 27:765-775.

9. Tryggvason K, Pettersson E. Causes and consequences of proteinuria: the
kidney filtration barrier and progressive renal failure. J Intern Med 2003;
254:216-224.

10. Gansevoort RT, Ritz E. Hermann Senator and albuminuria - forgotten pioneer-
ing work in the 19th century. Nephrol Dial Transplant 2009; 24:1057-1062.

11. Iseki K, lkemiya Y, Iseki C, Takishita S. Proteinuria and the risk of developing
end-stage renal disease. Kidney Int 2003; 63:1468—-1474.

12. Verhave JC, Gansevoort RT, Hillege HL, et al, PREVEND Study Group. An
elevated urinary albumin excretion predicts de novo development of renal
function impairment in the general population. Kidney Int 2004; 66:S18-S21.

13. van der Velde M, Matsushita K, Coresh J, et al. Lower estimated glomerular
filtration rate and higher albuminuria are associated with all-cause and
cardiovascular mortality. A collaborative meta-analysis of high-risk population
cohorts. Kidney Int 2011; 79:1341-1352.

14. Astor BC, Matsushita K, Gansevoort RT, et al. Lower estimated glomerular
filtration rate and higher albuminuria are associated with mortality and end-
stage renal disease. A collaborative meta-analysis of kidney disease popula-
tion cohorts. Kidney Int 2011; 79:1331-1340.

15. Carrero JJ, Grams ME, Sang Y, et al. Albuminuria changes are associated with

m  subsequent risk of end-stage renal disease and mortality. Kidney Int 2017;
91:244-251.

The SCREAM study is a recent large observational study that demonstrated strong

associations between change in albuminuria and risk of end-stage renal disease.

16. Sumida K, Molnar MZ, Potukuchi PK, et al. Changes in albuminuria and
subsequent risk of incident kidney disease. Clin J Am Soc Nephrol 2017;
12:1941-1949.

17. National Kidney Foundation. NKF-FDA-EMA Workshop [Internet]. [cited
2019 Jun 10]. Available at: https://www.kidney.org/CKDEndpoints. Ac-
cessed 10 June 2019

18. Coresh J, Heerspink HIL, Sang Y, et al,, Chronic Kidney Disease Prognosis

mm  Consortium and Chronic Kidney Disease Epidemiology Collaboration.
Change in albuminuria and subsequent risk of end-stage kidney disease:
an individual participant-level consortium meta-analysis of observational stu-
dies. Lancet Diabetes Endocrinol 2019; 7:115-127.

Meta-analysis of observational studies including 675904 patients from 28 co-

horts. This meta-analysis supports the role of change in albuminuria as a surrogate

endpoint for end-stage renal disease.

19. Witte EC, Lambers Heerspink HJ, de Zeeuw D, et al. First morning voids are
more reliable than spot urine samples to assess microalbuminuria. J Am Soc
Nephrol 2009; 20:436-443.

20. Naresh CN, Hayen A, Weening A, et al. Day-to-day variability in spot urine
albumin-creatinine ratio. Am J Kidney Dis 2013; 62:1095-1101.

21. Smith M, Herrington WG, Weldegiorgis M, et al. Change in albuminuria and

m  risk of renal and cardiovascular outcomes: natural variation should be taken
into account. Kidney Int Reports 2018; 3:939-949.

This article shows the importance of taking the natural variation in albuminuria into

account, because otherwise the association between albuminuria and the clinical

endpoint may be underestimated.

www.co-nephrolhypertens.com 525

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


https://www.usrds.org/2018/view/v2_11.aspx
https://www.usrds.org/2018/view/v2_11.aspx
https://www.kidney.org/CKDEndpoints

Diagnostics and techniques

22. El Nahas AM, Masters-Thomas A, Brady SA, et al. Selective effect of low
protein diets in chronic renal diseases. Br Med J (Clin Res Ed) 1984; 289:
1337-1341.

23. Gansevoort RT, de Zeeuw D, de Jong PE. Long-term benefits of the anti-
proteinuric effect of angiotensin-converting enzyme inhibition in nondiabetic
renal disease. Am J Kidney Dis 1993; 22:202-206.

24. Rossing P, Hommel E, Smidt UM, Parving HH. Reduction in albuminuria
predicts a beneficial effect on diminishing the progression of human diabetic
nephropathy during antihypertensive treatment. Diabetologia 1994; 37:
511-516.

25. Apperloo AJ, de Zeeuw D, de Jong PE. Short-term antiproteinuric response to
antihypertensive treatment predicts long-term GFR decline in patients with
nondiabetic renal disease. Kidney Int Suppl 1994; 45:5S174-S178.

26. de Zeeuw D, Remuzzi G, Parving H-H, et al. Proteinuria, a target for
renoprotection in patients with type 2 diabetic nephropathy: lessons from
RENAAL. Kidney Int 2004; 65:2309-2320.

27. Atkins RC, Briganti EM, Lewis JB, et al. Proteinuria reduction and progression
to renal failure in patients with type 2 diabetes mellitus and overt nephropathy.
Am J Kidney Dis 2005; 45:281-287.

28. Heerspink HILL, Ninomiya T, Persson F, et al. Is a reduction in albuminuria
associated with renal and cardiovascular protection? A post hoc analysis of
the ALTITUDE trial. Diabetes, Obes Metab 2016; 18:169-177.

29. Leal. The relationship between magnitude of proteinuria reduction and risk of
end-stage renal disease. Arch Intern Med 2005; 165:947.

30. Ruggenenti P, Perna A, Remuzzi G; GISEN Group Investigators. Retarding
progression of chronic renal disease: The neglected issue of residual pro-
teinuria. Kidney Int 2003; 63:2254-2261.

31. vanden Belt SM, Heerspink HIL, Gracchi V, et al., ESCAPE Trial Group. Early
proteinuria lowering by angiotensin-converting enzyme inhibition predicts
renal survival in children with CKD. J Am Soc Nephrol 2018; 29:2225-2233.

32. Inker LA, Levey AS, Pandya K, et al. Early change in proteinuria as a surrogate
end point for kidney disease progression: An individual patient meta-analysis.
Am J Kidney Dis 2014; 64:74-85.

33. Lambers Heerspink HJ, Kropelin TF, Hoekman J, et al. Drug-induced reduction
in albuminuria is associated with subsequent renoprotection: a meta-analysis.
J Am Soc Nephrol 2015; 26:2055-2064.

34. Heerspink HIL, Gansevoort RT. Albuminuria Is an appropriate therapeutic
target in patients with CKD: the pro view. Clin J Am Soc Nephrol 2015;
10:1079-1088.

35. Fried LF, Lewis J. Albuminuriais not an appropriate therapeutic target in patients
with CKD: the con view. Clin J Am Soc Nephrol 2015; 10:1089-1093.

526 www.co-nephrolhypertens.com

36. Heerspink HILL, Greene T, Tighiouart H, et al, Chronic Kidney Disease

mm  Epidemiology Collaboration. Change in albuminuria as a surrogate endpoint
for progression of kidney disease: a meta-analysis of treatment effects in
randomised clinical trials. Lancet Diabetes Endocrinol 2019; 8587:
128-139.

Meta-analysis of randomized clinical trials including 29 979 participants from 41

studies. An association was found between treatment effects on early change in

albuminuria and clinical renal endpoints, supporting a role for change in albumi-
nuria as surrogate endpoint.

37. Pollock C, Stefansson B, Reyner D, et al. Albuminuria-lowering effect of
dapagliflozin alone and in combination with saxagliptin and effect of dapagli-
flozin and saxagliptin on glycaemic control in patients with type 2 diabetes and
chronic kidney disease (DELIGHT): a randomised, double-blind, plac-con-
trolled trial. Lancet Diabetes Endocrinol 2019; 7:429-441.

38. Thompson A, Carroll K, Inker LA, et al. Proteinuria reduction as a surrogate

m end point in trials of IgA nephropathy. Clin J Am Soc Nephrol 2019;
14:469-481.

A comprehensive review of proteinuria change as surrogate endpoint in patients

with IgA nephropathy. This study concludes that change in albuminuria may also be

a valid surrogate endpoint in other subgroups of patients.

39. Mann JF, Schmieder RE, McQueen M, et al., ONTARGET Investigators. Renal
outcomes with telmisartan, ramipril, or both, in people at high vascular risk (the
ONTARGET study): a multicentre, randomised, double-blind, controlled trial.
Lancet 2008; 372:547-558.

40. Heerspink HIL, Coresh J, Gansevoort RT, Inker LA. Change in albuminuria as
a surrogate endpoint in chronic kidney disease — Authors’ reply. Lancet
Diabetes Endocrinol 2019; 7:336-337.

41. Fried LF, Emanuele N, Zhang JH, et al. Combined angiotensin inhibition for the
treatment of diabetic nephropathy. N Engl J Med 2013; 369:1892-1903.

42. Kropelin TF, De Zeeuw D, Andress DL, et al. Number and frequency of
albuminuria measurements in clinical trials in diabetic nephropathy. Clin J Am
Soc Nephrol 2015; 10:410-416.

43. Heerspink HIL, Parving H-H, Andress DL, et al, SONAR Committees and

m  Investigators. Atrasentan and renal events in patients with type 2 diabetes and
chronic kidney disease (SONAR): a double-blind, randomised, placebo-
controlled trial. Lancet 2019; 393:1937-1947.

This is the first clinical trial that uses change in albuminuria prospectively

in an enrichment design. After a 6-week open-label period with the study

drug (atrasentan), patients were randomized to placebo or atrasentan. Randomi-
zation was stratified by the change in albuminuria during open-label atrasentan
treatment.

Volume 28 o Number 6 o November 2019

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



