
REVIEW
Corre
Depar

Griesk

prisch

Recei
April

1030
Renal Outcomes of Antidiabetic Treatment
Options for Type 2 Diabetes—A Proposed
MARE Definition

Friedrich C. Prischl1 and Christoph Wanner2

1Department of Nephrology, 4th Department of Internal Medicine, Klinikum Wels-Grieskirchen, Wels, Austria; and 2Division of

Nephrology, University Hospital, Würzburg, Germany
One of the most critical long-term complications of type 2 diabetes is nephropathy, currently termed

diabetic kidney disease. Although the prevalence is increasing, renal outcomes are heterogeneously

defined. Intensive glucose control is effective for the prevention of microvascular complications, including

kidney disease. However, the impact of specific drugs on renal outcome measures such as the incidence of

kidney disease, albuminuria, progression to end-stage kidney disease, or death of renal cause remains

unclear. Comparison of agents or drug classes is impossible, as renal outcomes are inconsistently defined

in trials. Recent publications include more stringent criteria, but use only composite endpoints, which can

reveal significant results driven by a single surrogate marker but not clinical events of true relevance to

patients. This review discusses renal outcomes related to antidiabetic agents for type 2 diabetes, in an

attempt to determine the influence of specific drugs on the incidence of diabetic kidney disease and

various renal outcomes. There are marked differences among the various agents, but direct comparisons

are difficult due to heterogeneous measures. Statements from Kidney Disease Improving Global Out-

comes (KDIGO) or European Renal Best Practice (ERBP) highlight that “standardized outcome reporting is

key to achieving evidence-based guidance and improving clinical care for patients.” Renal outcome

studies including a well-defined, standardized core set of patient-relevant outcomes are needed. Here, we

propose to define and establish major adverse renal events (MARE) as the outcome measure for future

studies.
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T
ype 2 diabetes (T2D) is among the leading causes
of end-stage kidney disease (ESKD) necessitating

renal replacement therapy (RRT) worldwide. The
high prevalence of T2D coincides with a high preva-
lence of diabetic kidney disease (DKD), as shown by
data from the National Health and Nutrition Examina-
tion Survey.1 A population-wide DKD increase from
2.2% to 3.3% was observed between 1988 and 2008,
and DKD accounts for 24% of chronic kidney disease
(CKD) cases.2 This is likely also true in many industri-
alized countries, but exact numbers for CKD categories
G2 to G4 are often lacking. Numbers are available for
G5, and the incidence of DKD was 35.7 per million pop-
ulation in at least 1 example (Austria).3
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The development and progression of DKD may be
triggered by long-standing hyperglycemia, which can
induce or deregulate various biochemical pathways and
lead to an increase in reactive oxygen species, activa-
tion of protein kinase C, increased production of
advanced glycation end-products, or secretion of pro-
fibrotic cytokines.4

The U.S. Food and Drug Administration (FDA) pub-
lished guidelines for the pharmaceutical industry for the
establishment of the cardiovascular safety of new
glucose-lowering agents in 2008, and studies on renal
endpointswere also performed as prespecified secondary
outcomes in the cardiovascular safety trials. Personalized
medicine in the form of individually selected antidia-
betic treatment may influence cardiovascular comor-
bidity and have an impact on the development of DKD
and its progression to ESKD in the long-term. Antidia-
betic drugs have the potential for both harm and benefit
to the kidneys, and clinical management of overt
DKD and comorbidities must be considered along with
timely preparation for RRT when appropriate.5
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Renal Endpoints—The Practice So Far

The European Renal Best Practice guideline group
recently discussed the observation that high-quality
studies addressing clinically relevant questions for
CKD patients are lacking, despite the frequency of
CKD.6 The definition of renal endpoints is heteroge-
neous; a wide range of variable outcomes are used; and
reports are frequently incomplete, and heterogeneity is
present or lacking when renal death, requirement of
RRT, mortality, morbidity, patient-relevant and
patient-centered outcomes, quality of life, pain, or costs
are described.6 This is also true for studies evaluating
glucose-lowering agents and the risk of DKD develop-
ment or progression.

New onset of nephropathy (incident DKD) is a
commonly used renal outcome, and delaying its pro-
gression is a major goal of intervention in a clinical
setting. Diabetic kidney disease is defined by diagnostic
criteria7–9 such as urinary albumin excretion (UAE) and
glomerular filtration rate (GFR), acting as surrogate
markers for kidney injury and loss of function. Urinary
albumin excretion may be quantified using the urinary
albumin�creatinine ratio (UACR) with a threshold of 30
mg/g in spot urine to discriminate between pathologic
and normal values. Values $30 mg/g are defined as
microalbuminuria or high albuminuria, and values
>300 mg/g are defined as macroalbuminuria or very
high albuminuria.7 Urinary albumin–creatinine ratio-
should be determined at regular intervals and requires
multiple measurements (i.e., 2 or 3 times within 3�6
months) to establish a diabetic kidney injury diagnosis.
Estimated GFR (eGFR) is used in parallel, as various
observations have reported reduced eGFR in patients
with DKD who had no albuminuria.10,11

Studies focusing on the effect of specific antidiabetic
drugs on kidney function tend to use heterogeneously
defined endpoints. A relevant decline of kidney func-
tion can be defined by an eGFR decline of 30%, 40%, or
50% from baseline value, but other studies use serum-
creatinine doubling (a 57% eGFR decline) as the cut-
off. An evaluation of the incidence of albuminuria/
proteinuria as a surrogate marker of kidney damage is
another approach, and the incidence of ESKD develop-
ment (eGFR <10 or <15 ml/min per 1.73 m2) or RRT
onset are only occasionally used as measures, as these
require more time than typical study periods. A so-
called composite of microvascular endpoints, including
retinopathy requiring photocoagulation, vitreous hem-
orrhage, blindness, and nephropathy including the
occurrence of albuminuria, proteinuria, deterioration of
renal function, new onset of RRT, or death from renal
cause was used as 1 set of outcomes in the United
Kingdom Prospective Diabetes Study (UKPDS) study.12
Kidney International Reports (2018) 3, 1030–1038
The 2008 Action in Diabetes and Vascular Disease:
Preterax and Diamicron MR Controlled Evaluation
study (ADVANCE)13 and the 2016 Liraglutide Effect
and Action in Diabetes: Evaluation of Cardiovascular
Outcome Results (LEADER) trial14 and Empagliflozin
Cardiovascular Outcome Event Trial in Type 2 Diabetes
mellitus Patients–Remove Excess Glucose (EMPA-REG
OUTCOME) kidney study15 used more uniformly
defined composite renal endpoints, consisting of sur-
rogate measures such as new onset of macro-
albuminuria (UACR >300 mg/g) and doubling of serum
creatinine with an eGFR #45 ml/min per 1.73 m2, but
also included hard renal endpoints such as initiation of
RRT or death from renal cause.15

Using uniformly defined renal endpoints to evaluate
standard therapy plus placebo versus standard therapy
plus drug of interest would allow for the comparison of
various antidiabetic drugs in terms of the development
or progression of DKD, but this requires that the study
populations be comparable.

Antidiabetic Drugs and Development of Ne-

phropathy or Progression
Metformin

Metformin is one of the oldest antidiabetic drugs and is
recommended as first-line therapy in virtually all
guidelines.16-18 The United Kingdom Prospective Dia-
betes Study and other studies examined microvascular
endpoints including nephropathy12 and found that
albuminuria of >50 mg/l developed in 23% to 24% of
patients during an observation period of 10.7 years,
irrespective of intensified treatment, metformin, or
conventional treatment. A trend in favor of metformin
was observed after summarizing all microvascular
endpoints, but it did not reach statistical significance.12

However, a retrospective analysis of a Veterans
Administration database including 93,577 T2D patients
revealed that treatment with sulfonylureas (n ¼ 30,550)
resulted in a 20% higher incidence of a composite of
persistent reduction of eGFR of >25% from baseline,
ESKD, and/or death from renal cause in comparison to
treatment with metformin (n ¼ 60,104) or rosiglitazone
(n ¼ 1,923).19 An overview on the results of this study,
and a comparison to the studies presented subse-
quently, are provided in Table 1. Although the Vet-
erans Administration analysis was not a randomized
trial, these data are consistent with the United Kingdom
Prospective Diabetes Study results.12 Metformin ap-
pears to have a positive impact on the incidence of
nephropathy and may delay DKD progression.

Sulfonylureas

A Cochrane Review on renal endpoints under mono-
therapy with sulfonylureas in comparison to other
1031



Table 1. Antidiabetic drugs and renal outcome endpoints

Drug class Substance Ref Comparator

Composite
(renal/micro-vascular)

endpoint

Composite
endpoint
outcome

New-onset
DKD

UAE/UACR
‡30 mg/g

UAE/UACR
>300 mg/g

Fall in
GFR

ESKD
RRT

Death from
renal cause

Death from
any cause

Biguanides Metformin 12 Various Y þ – – – n t n t – þþ
19 Sulfonyl-urea Y þþ n t n t n t þþ þþ n t þþ

Sulfonylureas n a 20 n t n t n t n t n t n t n t n t n t

a-Glucosidase
inhibitors

Acarbose 22 Metformin N n a n t þþ n a – n a n t n t

Glitazones Pioglitazone 26 Acarbose N n a n t – – – n t n t n t

DPP4 inhibitors Aloglipzin 29 Sitagliptine
crossover

N n a n t þþ n t – n t n t n t

Linagliptin 30 Placebo N n a n t þþ n t n t n t n t n t

Sitagliptin 31 None N n a n t þþ n t n t n t n t n t

Incretin mimetics Exenatide 36 Placebo, insulin N n a n t n t n t – n t n t n t

37 Glimepiride N n a n t þþ n t n t n t n t n t

Liraglutide 38 Placebo Y þþ þþ þþ þþ – – – þþ
SGLT2 inhibitors Empagliflozin 15 Placebo Y þþ þþ þþ þþ – þþ – þþ

Canagliflozin 40 Placebo Y þþ þþ n t þþ n t n t n t –

Dapagliflozin 42 Placebo N n a n t þ þ n t n t n t n t

Insulin Insulin $3 injections
daily or pump

47 Insulin #2
injections daily

N n a þþ n t þþ þþ þþ n t n t

Insulin metaanalysis 49 Various Y – n t n t n t – n t n t –

Insulin degludec 50 Insulin glargine N n a n t n t n t – n t n t –

Insulin detemir/glargine 51 Pioglitazone N n a n t n t n t – n t n t n t

DKD, diabetic kidney disease; DPP4, dipeptidyl-peptidase-4; ESKD, end-stage kidney disease; GFR, glomerular filtration rate; N, no; n a ¼ not applicable; n t, not tested (and/or not
reported); Ref, reference; RRT, renal replacement therapy; SGLT2, sodium-glucose-co-transporter 2; UACR, urinary albumin�creatinine ratio; UAE, urinary albumin excretion; Y, yes; –,
no effect (or even negative effect); þ, positive trend, not significant; þþ, significant positive outcome (P at least <0.05). A “positive” (þ) outcome meant improvement of a parameter (or
a composite), or delay in progression, or a reduction of an event rate.
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antidiabetic drugs was published in 2013.20 The au-
thors concluded that meta-analysis is not possible, as
studies addressing this issue are lacking; therefore, no
statement on sulfonylureas can be made. Notably, this
review was withdrawn by July29, 2015 for formal
reasons, and 1 of the coauthors was identified as an
employee of a pharmaceutical company. However, the
study’s conclusion is unchanged following this with-
drawal, in our opinion.

Although it is not the focus of this review, it should
be emphasized that sulfonylureas represent the second
highest risk factor for relevant hypoglycemia.21 Hy-
poglycemia is an exceedingly harmful event for pa-
tients with CKD, as they are highly susceptible to
hypoglycemia-triggered arrhythmias and other
threats. Therefore, sulfonylureas should be avoided in
CKD patients.17

Alpha-Glucosidase Inhibitors

In a study from Beijing, China, 762 patients with newly
diagnosed T2D randomly received 300 mg daily acar-
bose or 1500 mg daily metformin and were followed up
for UACR.22 All patients received initial instructions on
lifestyle modification during a 4-week run-in period,
and 20.4% and 23.9% of patients randomized to
acarbose and metformin respectively had an elevated
UACR at baseline. Both drugs were able to reduce
UACR significantly (acarbose: 10.9%, P < 0.01; met-
formin: 15.1%, P < 0.01) within 48 weeks of
1032
observation. Similar effects were observed for fasting
glucose, postprandial glucose levels, and HbA1c levels,
whereas the initially normal eGFR remained unchanged
during the observation period.22

The results on metformin are consistent with the
previously discussed studies19 but could also be
interpreted as a retardation of kidney disease progres-
sion. The acarbose results may be the consequence of
better glucose control, but also the lowering of diastolic
blood pressure and the influence on insulin resistance
may add to the result.22 The authors conclude that the
mechanisms of lowering UACR with acarbose are
poorly understood.

Glitazones (Thiazolidinediones)

Currently, pioglitazone is the only clinically available
peroxisome-proliferator-activator-receptor-g-ligand
(PPARg). This drug is able to prevent the development
of DKD in animal models.23,24 Glitazone binding leads
to apoptosis of large insulin-resistant fat cells and
reduces liberation of free fatty acids by small fat cells.
Because cellular uptake of glucose is preferred over
fatty acids, this results in increased insulin sensi-
tivity.25 Pioglitazone may be used without dose modi-
fication in CKD, but the risk of fluid retention and
other side effects must be considered.8

There is only 1 small study assessing pioglitazone
and renal endpoints, from Taiwan.26 Thirty patients
with T2D received 30 mg daily pioglitazone or 150 mg
Kidney International Reports (2018) 3, 1030–1038
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daily acarbose in addition to metformin and sulfonyl-
ureas in a prospective, randomized, but open-label
study. Baseline HbA1c was 8.26% and follow-up was
6 months. Pioglitazone led to a 0.72% reduction of
HbA1c (P < 0.001), a 1.3-kg increase in body weight
(P < 0.02), and a 7�ml/min per 1.73 m2 reduction in
eGFR (P ¼ 0.03), whereas the increase in UACR was not
significant (þ12 mg/g; P ¼ 0.46). The only difference
between the 2 treatments was the increase in body
weight.26 Limitations of this study include a sex
imbalance (73% women) and a 26.7% use of
angiotensin-converting enzyme inhibitors or angio-
tensin receptor blockers in the pioglitazone group only.
A 2010 meta-analysis including 10 studies with pio-
glitazone, 5 studies with rosiglitazone, and 2,860 pa-
tients overall revealed different results.27 The authors
pointed to a rather heterogeneous set of data, but were
able to show a reduction of 64.8% and 24.8% of UAE
and UACR, respectively, with thiazolidinediones
compared to controls.27 The authors conclude that
further and larger trials using hard renal endpoints are
warranted to clarify a potential benefit of glitazones for
DKD.

Dipeptidyl-Peptidase�4 Inhibitors (DPP4-I, Gliptines)

There are 2 ways to increase the activity of glucagon-
like peptide�1 (GLP-1) and glucose-dependent insuli-
notropic peptide (GIP): the use of DPP4-resistant GLP-1
analogues and the inhibition of DPP4.28 Both GLP-1
and GIP are key incretins for the regulation of plasma
glucose levels. DPP4-I has shown antidiabetic effec-
tiveness and a low risk of hypoglycemia in many
studies.28 Studies including renal endpoints are avail-
able for alogliptin29, linagliptin,30 and sitagliptin,31

although these were focused on surrogate parameters
(UAE and eGFR) rather than hard renal outcomes. A
UACR reduction was seen in all 3 studies within 3 to 6
months, whereas eGFR remained stable over the
observation period. Measurements of markers of
oxidative stress indicated a potential nephroprotective
effect regardless of the level of glucose lowering,29 and
a review of sitagliptin described the pleiotropic effects
of this drug and DPP4-I in general.32 Pointing to
DeFronzo’s “ominous octet” for the pathophysiology of
T2D,33 the authors suggest that the high DPP4
expression levels in the mammalian kidney are targeted
for inhibition even when upregulated in DKD, thereby
ameliorating diabetic dysmetabolism, restoring GLP-1
action, and leading to UAE reduction.32 The results
of the Cardiovascular and Renal Microvascular
Outcome Study with Linagliptin in Patients With Type
2 Diabetes (CARMELINA) study (linagliptin) are ex-
pected later in 2018 and may help to clarify this issue,
as the study includes a prespecified secondary renal
Kidney International Reports (2018) 3, 1030–1038
composite endpoint defined as a sustained 40% eGFR
reduction, sustained ESKD, and death from renal
cause.34

A recent meta-analysis of 13 randomized controlled
studies evaluated safety for CKD patients.35 Although
HbA1c was effectively lowered and hypoglycemia
occurred rarely, data on mortality, cardiovascular
events, or ESKD showed a high variability as indicated
by the 95% confidence intervals. Therefore, no definite
conclusion can be drawn.35

Incretin Mimetics

This class of drugs includes analogues of endogenous
GLP-1 and GIP, which are resistant to DPP4.28 The
incidence of gastrointestinal and other side effects
seems to be somewhat elevated in CKD, a common
feature of all incretin mimetics.28 Several agents are
available (albiglutide, dulaglutide, exenatide, liraglu-
tide, lixisenatide). They are eliminated via glomerular
filtration and/or tubular reabsorption and/or proteo-
lytic degradation.

An analysis of 19 studies on the safety and tolera-
bility of exenatide, including 5,549 patients, revealed
an incidence rate of 1.56 for kidney-related adverse
events, including acute kidney injury, which was
similar to the (combined) comparators.36 A small com-
parison of exenatide and glimepiride for 16 weeks
showed a numerically higher reduction in UAE with
exenatide.37

Liraglutide is another member of this drug class that
was evaluated for renal outcomes38 in addition to car-
diovascular endpoints14 in the LEADER trial. Liraglu-
tide led to a significant reduction of the composite renal
endpoint at 22%. However, this study shows the bias
of a composite endpoint, as the effect was driven pre-
dominantly by a 26% reduction of persistent macro-
albuminuria whereas the other endpoints studied
showed only minor effects.38 The risk for renal adverse
events was not elevated.

Sodium-Glucose-Cotransporter�2 Inhibitors (SGLT2I)

The EMPA-REG OUTCOME study was initially
designed15,39 to follow the U.S. Food and Drug
Administration (FDA) regulation for the necessity of
cardiovascular safety studies for newer antidiabetic
drugs. The surprising results found for car-
dioprotection39 drew attention to what could follow for
renal outcomes. Empagliflozin treatment was shown to
reduce new onset or worsening of nephropathy by
39%, progression to macroalbuminuria by 38%,
doubling of serum creatinine accompanied by
eGFR #45 ml/min per 1.73 m2 by 44%, and initiation
of RRT by 55%.15 An initial drop in eGFR was
observed, followed by stabilization, as seen previously
1033



REVIEW FC Prischl and C Wanner: Renal Outcomes in Type 2 Diabetes
for the blockade of the renin�angiotensin�aldosterone
system.

The Canagliflozin Cardiovascular Assessment Study
(CANVAS) program included 2 studies with canagli-
flozin and 10.142 patients followed for a mean of 43.3
months.40 Kidney disease was initially present in 17.5%,
mean eGFRwas 76.5ml/min per 1.73m2, andmeanUACR
was 12.3 mg/g with 69.8% of normoalbuminuric pa-
tients. Almost 30% of the canagliflozin and placebo
treatment arms stopped drug intake early, and the
composite cardiovascular endpoint (3-point major
adverse cardiovascular events; MACE) was significantly
reduced (P < 0.001 for noninferiority and P ¼ 0.02 for
superiority). Although on the basis of the prespecified
hypothesis testing sequence the renal endpoints were
not viewed as statistically significant, the results showed
a possible benefit with respect to albuminuria progres-
sion (27% reduction) with canagliflozin, and UAE
regression was seen more frequently (293.4 vs. 187.5
patients with regression per 1000 patient-years). The
composite of a 40% reduction of eGFR, need for RRT, or
death from renal causes was reduced by 40%.40

Dapagliflozin also showed a reduction of UAE. From
a previous study of 252 patients,41 166 patients with
stage 3 CKD were included in a post hoc analysis.42 In
all, 39.6% and 33.9% of patients treated with 5 and 10
mg of dapagliflozin, respectively, moved to lower cat-
egories of UACR when compared with placebo (15.8%).
An increase in UACR occurred in 4.3% and 14.7% of
the 5- and 10-mg dapagliflozin patients only, whereas
27.3% of placebo patients showed an increase in
UACR. It is noteworthy that there were only 29, 20,
and 25 evaluable patients at 104 weeks in the 10-mg
and 5-mg dapagliflozin and placebo-treated groups.42

The UACR reduction seen with canagliflozin,40

dapagliflozin,41 and empagliflozin15 point to a poten-
tial hemodynamic and therefore nephroprotective effect
of this drug class. In the CANVAS program, however,
nearly twice as many lower extremity amputations
(hazard ratio [HR] ¼ 1.97, 95% confidence interval
[CI] ¼ 1.41�2.75) were observed,40 not seen with
empagliflozin15,39 or other SGLT-2 inhibitors. This led to
a black box warning for canagliflozin in many countries
worldwide.43 Until March 2017, 66 SGLT2I-associated
amputations were reported to the FDA Adverse Event
Reporting System (FAERS), 57% or 86% of which were
related to canagliflozin.44 Approximately one-third of
affected patients had pre-existing diabetic foot syn-
drome. Two further analyses of the FAERS investigated
the occurrence of ketoacidosis with SGLT2I treat-
ment.45,46 A total of 21,636 reports of adverse events
were found, with SGLT2I suspected as the cause or
given as a co-medication. Of these, 2018 events (9.4%)
reported acidosis, metabolic acidosis, or ketoacidosis
1034
with SGLT2I used for the indication of diabetes.45 The
calculated proportional reporting ratio was 13.9% in
diabetic patients with SGLT2I versus 0.54% in patients
with other antidiabetic drugs. This listing included
patients with type 1 diabetes (T1D) as well as patients
receiving metformin or insulin,45 and women were
affected more frequently.46 The number of reports of
ketoacidosis differed across the various drugs (canagli-
flozin: n ¼ 450; dapagliflozin: n ¼ 144; empagliflozin:
n¼ 46).46 The authors of both analyses note that that the
FAERS data are vague, are heterogeneous, and lack ac-
curacy.45,46 The cause for ketoacidosis could be related
to hypokalemia, which suppresses insulin secretion and
may be induced by co-medication with SGLT2I and
thiazide diuretics.45

Insulin

The search for renal endpoints for insulin is complicated.
Obviously, insulin deficiency requires treatment with
insulin substitution. The question of renal outcomes
following insulin treatment has a definite answer in the
case of T1D, not for specific insulin preparations or
specific insulin analogues but rather for the effect of
intensified treatment. Intensified insulin therapywith at
least 3 injections per day or continuous insulin admin-
istration resulted in a reduction of the development of
nephropathy over conventional therapy (1�2 insulin
injections per day), from 25% to only 9%.47 Less than
1% of patients needed RRT or lost vision over an
observation period of 30 years. Measurable differences
in microvascular endpoints were observed after 15 to 20
years of treatment, but were accompanied by amarkedly
higher rate of hypoglycemia requiring assistance (61.2
vs. 18.7 events per 100 patient-years with intensified
versus conventional insulin administration).47

Intensified glucose control is also effective in T2D,
lessening the risk for microalbuminuria by 14% (risk
ratio ¼ 0.86, 95% CI ¼ 0.76�0.96) and for macro-
albuminuria by 26% (risk ratio 0.74, 95% CI ¼
0.65�0.85), whereas serum creatinine doubling, ESKD,
or death from renal cause are unaffected.48 The studies
included in this analysis predominantly used oral an-
tidiabetics (United Kingdom Prospective Diabetes
Study, Action to Control Cardiovascular Risk in Dia-
betes [ACCORD], ADVANCE, and others).

A French meta-analysis, focusing on the incidence of
endpoints following treatment with insulin, other anti-
diabetic drugs, diet, or placebo found rather disap-
pointing results.49 Data from 20 randomized controlled
trials including 18,599 patients were included, and the
secondary endpoints of renal insufficiency or serum
creatinine doublingwere not significantly influenced by
insulin regimens (risk ratio ¼ 0.68, 95% CI ¼
0.43�1.06), and only a trend toward renoprotection was
Kidney International Reports (2018) 3, 1030–1038
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seen.49 A positive effect was found only for development
of retinopathy and need for photocoagulation.

The newer ultra�long acting insulin analogue
degludec was compared to insulin glargine in 6,509
randomized patients with a relatively short observation
period of 2 years in the DEVOTE study.50 Cardiovas-
cular safety as the primary endpoint was confirmed in
this noninferiority study. The renal endpoint was eGFR
only, which showed a comparable decrease of 2.4 and
2.6 ml/min per 1.73 m2 with degludec and glargine,
respectively. Acute kidney injury was analyzed as a
serious adverse event only, and occurred at a rate of
1.04 and 1.46 per 100 patient-years.50 We note that no
difference in renal outcome is expected within a me-
dian observation of 1.99 years and a median duration of
treatment of 1.83 years.

An additional study of interest compared pioglita-
zone with insulin detemir or glargine.51 Overall, 1002
patients who showed inadequate responses to sulfo-
nylurea or metformin received treatment escalation with
1 of the 3 medications. To ensure similar patient char-
acteristics, 105 patients in each group were analyzed
finally. Patients with pioglitazone had the greatest
reduction in HbA1c after 3.5 years of treatment. The
probability of CKD progression was elevated in the
detemir (HR ¼ 2.63, 95% CI ¼ 1.79�3.88) and glargine
(HR ¼ 3.13, 95% CI ¼ 2.01�4.87) groups compared to
pioglitazone, as determined by Cox regression.51

In general, specific insulin preparations or analogues
are either not studied for renal outcomes, are not
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studied long enough,50 or are not able to show signif-
icant nephroprotective effects.49

The Future of Renal Endpoints

A variety of initiatives have begun to discuss the chal-
lenges in conducting clinical trials in nephrology.6,52

There are many studies without the power and dura-
tion to observe the changes required. Endpoint defini-
tions are frequently heterogeneous, and outcome
measures are often surrogate markers only, without or
withminor relevance to patients. This does little to guide
the care of patients with DKD or CKD from other causes.6

The SONG initiative represents an attempt at
improvement, and aims to define a “Standardized
Outcomes in Nephrology” dataset.53 First, numerous
methodological items were clarified and are outlined in
the SONG Handbook.54 Differences must be observed
with regard to the treatment modality under evalua-
tion. First considerations are available regarding he-
modialysis,55,56 peritoneal dialysis,57 and kidney
transplantation,58 and more are underway.

Appropriate outcome measures for drug trials of pa-
tients with DKD as well as general CKD are also required.
We propose to develop and define Major Adverse Renal
Events as “MARE” (Figure 1), comparable to the term
“MACE” formajor adverse cardiovascular events.MARE
(to be pronounced like “mare,” the Italianword for “sea”)
may include a set of major morbidity events such as the
development of new-onset DKD, reaching ESKD, starting
RRT, or receiving a kidney transplant, and mortality
 E
rse 
nt

Hard 
endpoints

Parameters to
decide for a treatment

ESKD (initiation of RRT)
QOL measures

Other patient-centered 
outcomes

Histology (kidney tissue) 
Death of renal cause

MARE & CV death

Primary outcomes

iate 
es

eGFR decline
te:
* and 
eduction  

) kidney disease. CV, cardiovascular; eGFR, estimated glomerular
al events (that is, a core set of renal outcome measures, yet to be
odialysis, peritoneal dialysis, kidney transplantation); UACR, urinary
outcome, requires further research (i.e., an eGFR decline of 8 ml/min
asurements). Solid-line arrows indicate a “hard” impact on MARE;
e used as additional secondary endpoints only.
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from renal cause. Trials may use MARE and add inter-
mediate endpoints and surrogate endpoints where
appropriate (Figure 1).We are aware thatMAREmay also
have drawbacks, as is the case with all composite end-
points. Composites may be driven mainly by a singular
response to one item included but leaving unaffected all
others. Nevertheless, a uniformly agreed-upon definition
for MARE would make meta-analyses easier and would
facilitate the comparison of different studies. Trial
reporting statutory has to include analyses of each item of
MARE, too. It is obvious that one always would have to
remain cognizant of the effects of a certain drug on the
various components of a MARE composite, and would
have to choose and administer the drug accordingly.

New efforts to identify diabetic patients at high risk
for developing endpoints such as ESKD have been
made by introducing new disease progression bio-
markers, such as serum tumor necrosis factor receptor
1, to better identify patients who should be enrolled in
studies.59 However, whether high-risk DKD patients
are representative of all DKD patients in the long term,
allowing for the generalization of study results to all
DKD patients, remains to be seen.

Surviving the “burden of disease” is not the only
patient concern, but carrying the “burden of treat-
ment” also matters to patients. Therefore, patient-
centered outcomes such as quality of life require
consideration for inclusion in composite outcomes.
Attempts are currently made by the regulatory
agencies (FDA and European Medicines Agency) and
the U.S. National Kidney Foundation to develop sur-
rogate markers such as slopes derived from eGFR, UAE,
and UACR into valid and accepted endpoints, and re-
sults will be seen shortly.

Conclusion

Studies of drug-specific effects on renal outcomes have
been performed or are in progress within the FDA’s
mandate to perform studies on cardiovascular safety is-
sues. Numerous studies have shown that more intense
glucose control and adequate blood pressure control lead
to a reduction of microvascular complications including
nephropathy. However, studies of a drug-specific effect
on renal outcomes are missing for older antidiabetic
agents. No data are available for sulfonylureas, whereas a
trend toward potential nephroprotection or delayed
progression is seen with metformin, a-glucosidase in-
hibitors, pioglitazone, and DPP4-inhibitors. Positive
data on hard renal outcomes have been published with
liraglutide and empagliflozin, and nephroprotection has
been shown (reduced albuminuria) for incretin mimetics
and SGLT-2 inhibitors. Data are missing for specific
insulin preparations or analogues, and meta-analyses of
insulin in type-2 diabetes do not show a kidney benefit.
1036
Unfortunately, trial protocols are heterogeneous or are
based on surrogates but not hard endpoints, therefore
not allowing comparison of drug classes or individual
drugs. Therefore, a better-defined and uniform core
set of hard, patient-relevant renal outcome measures
rather than surrogate parameters is urgently needed for
drug intervention studies.

We propose to develop and define major adverse
renal events as “MARE,” which should include major
morbidity and mortality events. Patient-centered out-
comes such as quality of life and others should be
considered to be included as outcomes of interest.
Surrogate markers such as slopes derived from eGFR,
UAE, and UACR are currently reconsidered as end-
points under well-defined conditions, but are still seen
as surrogate or secondary endpoints. Using well
defined “MARE” as a primary outcome in drug studies
of DKD and CKD in general could generate more com-
parable study results, could enable meta-analyses, and
would produce better evidence for individual treat-
ment selection. All trialists in nephrology should work
toward this development in the near future.
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