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L. Introduction and Background

Kidney disease is a common complication of diabetes mellitus afflicting approximately one-third of all
patients. Itis now the leading cause of end-stage renal disease in the Western world and in the
accounts for nearly 50% of new cases of end-stage kidney disease in North America."? The disease
is incurable and carries with it a significant increase in risk for cardiovascular morbidity and mortality.
It usually progresses ultimately to end-stage or leads to death from a cardiovascular event. The
median five year survival rate of patients with type 2 diabetes on maintenance hemodialysis of 25% is
similar to stage Il colon cancer. Moreover, kidney disease disproportionately afflicts certain racial
and ethnic groups for Hispanics, Blacks and Native Americans as compared to non-Hispanic whites.
For example, the incidence ratio for end-stage renal disease in Hispanics is approximately 5 to 1.2
Thirty years ago, the reported prevalence of kidney disease in those with type 2 diabetes was
approximately 5% and today this group of patients comprises the great majority of patients with
diabetes with kidney disease.*® The prevalence of type 2 diabetes is expected to increase over the
next 20 years and without improved methods of prevention, detection, diagnosis and treatment will
result in an ever increasing number of patients requiring renal replacement therapy. This in turn will
increase health care costs and loss of human productivity.5’

The marked increase in both the incidence and prevalence of ESRD in the United States appears to
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diabetic nephropathy have occurred since the publication of trials demonstrating a renal benefit of
angiotensin receptor 1 blockade a decade ago.®"® Despite overall improvements in glycemia, blood
pressure and blockade of the renin-angiotensin aldosterone system, kidney disease continues to
progress to ESRD in most patients with type 1 and type 2 diabetes.""'2 This review focuses on
clinical trials aimed at testing interventions on glycemic control, blood pressure, anemia, dyslipidemia
and inflammation/oxidative stress contributing to a better understanding of disease prevention and
management. This new knowledge is now being translated into better care for our patients and
should that will improve outcomes.'*"” Furthermore, new discoveries have identified a key role for
inflammatory and oxidative stress pathways in the pathogenesis of diabetic nephropathy. These
discoveries have now been translated into clinical trials in humans with diabetic nephropathy and
have the potential to slow, halt, and perhaps prevent this dreaded disease.'®°

Il Screening and Detection

All patients with diabetes mellitus should be screened annually for kidney disease by measurement of
urine albumin to creatinine ratio (preferably on a first morning voided urine), and a serum creatinine
(preferably fasting) to estimate glomerular filtration rate. The presence of persistent microalbuminuria
or macroalbuminuria or an estimated glomerular filtration rate < 60 ml/min/1.73 m? (measured on 2
occasions within a 3 month interval) in a patient with either type 1 or type 2 diabetes should raise the
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possibility of diabetic nephropathy.?>*2 Both albuminuria and elevated serum creatinine are useful for
detection of kidney disease but neither is specific for the histopathologic diagnosis of diabetic
glomerulosclerosis (see below). The combination of albuminuria and an elevated serum creatinine
(decreased estimated GFR) portends worse outcomes in patients with diabetes.

Diagnosis: Diabetic Nephropathy is a Clinical Syndrome

The National Kidney Foundation clinical practice guidelines using the following criteria for the
diagnosis of chronic kidney disease should be attributed to diabetes: if macroalbuminuria (> 300
mg/g albumin/creatinine) is present of if microalbuminuria is present in the presence of diabetic
retinopathy or in type 1 diabetes of at least 10years’ duration. Note that the diagnosis does not
require a kidney biopsy and indeed most patients with diabetic nephropathy do not undergo a kidney
biopsy. It is also clear from this definition that the hallmark of diabetic nephropathy is the presence of
an increase in urine albumin. In many studies albuminuria strongly correlates with adverse kidney
and cardiovascular outcomes and death.'%?*2* 2526 Typjcally, these patients have marked
albuminuria, arterial hypertension, progressive decline in glomerular filiration and excessive
cardiovascular event rates (including myocardial infarction, sudden cardiac death and heart failure).?’

Diabetic nephropathy in the absence of albuminuria

Whereas albuminuria is an excellent screening tool for detecting kidney disease it is non-specific and
its sensitivity is altered by use of drugs that block the renin-angiotensin system, the magnitude is
affected by blood pressure level and dietary sodium intake, and it may be transient and in some
cases spontaneously reversible. Moreover, an increasing body of evidence indicates that patients
with progressive chronic kidney disease in the setting of diabetes may have little or no detectable
albuminuria. For example, a substantial fraction of patients with chronic kidney disease in the setting
of diabetes have kidney disease other than classical diabetic nephropathy.?® ?° Like those with
albuminuria, patients with diabetes and kidney disease without albuminuria share characteristics of
hypertension, declining glomerular filtration and severe cardiovascular disease. However, this
subgroup of patients does not exhibit a strong correlation between albuminuria and progressive
decline in glomerular filtration rate. For instance, in patients with type 1 diabetes, normotension and
normoalbuminuria, decline in GFR can occur even in the absence of substantial change
albuminuria.*

Kidney biopsy

As noted above a renal biopsy is not required for the diagnosis of diabetic nephropathy. Kidney
biopsy studies in patients with type 1 and type 2 diabetes have clearly shown the emergence of four
different histological patterns as follows: 1) Diabetic Glomerulosclerosis; 2) Diabetic
Glomerulosclerosis and a non-diabetic glomerular disease; 3) Non-diabetic glomerular disease
without diabetic glomerulosclerosis; and 4) Arterial and arteriolar sclerosis without diabetic
glomerulosclerosis.®'*® Therefore, patients that clinicians label as diabetic nephropathy actually
represent a rather heterogeneous group. Still, most clinicians do not perform a kidney biopsy in a
patient with diabetes who fulfills the NKF criteria. Instead, biopsy is recommended for patients with
diabetes mellitus in whom a primary glomerular disease is suspected on the basis of hematuria,
accelerated hypertension and/or accelerated decline in glomerular filtration. Importantly, patients with
diabetes without diabetic glomerulosclerosis on biopsy generally have a better prognosis overall.”

Since most clinical trials of diabetic nephropathy intervention do not perform at least pre-intervention
biopsies they likely include a heterogeneous group as outlined above. This has major implications for
trials designed to improve renal outcomes because interventions that may target pathogenetic factors
in diabetic glomerulosclerosis may not be as effective for the pathogenetic factors involved in the
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other histologic lesions. Thus in a clinical trial in which patients do not undergo kidney biopsy, non-
differential misclassification could result in a negative study and a potentially effective therapy may be
discarded. A better understanding of the impact, or lack thereof, of interventions, may arise from
performing a kidney biopsy at the onset to define the kidney disease particularly in the type 2
diabetes population in which there appears to be more heterogeneity on kidney biopsy. In fact,
interventions with proven benefit did not employ biopsy for the diagnosis of diabetic nephropathy and
not surprising the response to interventions is heterogeneous and in some individuals provides no
benefit at all. This is underscored by the relatively and small effect sizes of 16-20% for angiotensin
receptor blockers-a mainstay of therapy for patients with type 2 diabetes and nephropathy.*® No
prospective, long-term intervention trials have attempted to compare outcomes among those with or
without albuminuric diabetic nephropathy.

Non-Invasive methods

Both genetic and proteomic methods have been used in attempt to detect early kidney disease and to
predict response to treatment with drugs that block the renin-angiotensin system in patients with
diabetes.>**® In addition a variety of other urinary biomarkers of renal injury have been investigated
as a means of detecting early kidney disease and predicting regression of albuminuria.*® %%
However, these markers have several limitations including the fact that renal biopsies were not
included, albuminuria was used as the marker for kidney disease or no kidney disease and none of
the markers associated with early onset nephropathy were validated in a large external populations.
Thus, while urine and plasma biomarkers offer great potential for early detection, prognosis and
monitoring of kidney disease at the present time urine and plasma biomarkers are important research
tools and not available in the clinic. In and effort to predict response to drug therapy in patients with
diabetic nephropathy, our laboratory has focused on urinary biomarkers that might predict differential
responses to treatment with drugs that block the renin-angiotensin system.*? This approach may
prove beneficial for selecting the right drug for the right patient at the right time. Recent studies using
blood-oxygen level magnetic resonance imaging show promise in identifying regional hypoxia in the
kidney and tubulointerstitial disease; however, longitudinal studies evaluating the predictive value of
these observations is lacking.*?

In summary, diabetic nephropathy is a clinical syndrome that comprises a heterogeneous a group of
patients with varying histopathology and variable degrees of albuminuria. While albuminuria is a
harbinger of a worse prognosis, the clinical syndrome of diabetic nephropathy with or without
albuminuria includes hypertension, progressive decline in glomerular filtration and heightened
cardiovascular morbidity and mortality. Novel laboratory methods using genetic and proteomic
methods are under development to improve detection and treatment of diabetic nephropathy.

. Cardiovascular complications and mortality

It is important to understand that kidney disease is a marker of increased risk for both morbid and
fatal cardiovascular events. Cardiovascular disease is more prevalent in patients with diabetic
nephropathy as compared to those without nephropathy. Thus, a large body of evidence indicates
that the presence of microvascular disease, particularly albuminuria, in diabetic nephropathy
increases risk for macrovascular complications such as myocardial infarction, heart failure, sudden
cardiac death and cerebral vascular accident.’® Data from administrative databases, retrospective
and prospective cohort studies, Federal registries and clinical trials have consistently found that this is
the case.?®**%® Moreover, cohort studies and clinical trials also report that patients with diabetic
nephropathy are at higher risk for dying of a cardiovascular event than progressing to end-stage



kidney disease.®'2°710 38 An example of the impact of Microvascular disease (albuminuria) on
outcomes in patients with type 2 diabetes is illustrated in Table 1 below.

Table 1 Comparison of Outcomes in Subjects with and without
Microalbuminuria (HOPE trial)

Among 3498 patients
with type 2 diabetes
enrolled in the Heart

Microalbuminuria | Nomoalbuminuria | Adjusted Risk* Outcomes PrOt_eCtion
(N = 1100) (N =2398) (95% Cl) Study, those with

microalbuminuria as

MI, CVA or CV Death 25.0 13.9 1.97 (1.68-2.31) compared to no

. albuminuria had 2-5 fold

All-cause mortality 18.6 9.4 2.09 (1.84-2.38) higher rates of major

CHF hospitalization 8.5 2.5 3.70 (2.64-5.17) cardiovascular events.
The cardiovascular

event rates are higher
among patients with more advanced kidney disease as comorbidities mount.*® It should be noted
that multiple cardiovascular risk factors including hypertension, hyperglycemia, dyslipidemia,
smoking, obesity and family history are highly prevalent among patients with diabetic nephropathy
and no doubt contribute to the high rates of cardiovascular complications. These findings have
transformed the way nephrologists and cardiologists think about and design clinical trials in patients
with diabetic nephropathy. Thus, several large-scale outcomes trials in patients with kidney disease
focus on both cardiovascular and renal endpoints in their design (see below).

IV. Predictors of Outcomes

Older age, poor glycemic control, albuminuria, elevated serum creatinine, hypertension, family
history, ethnicity, race, hypoalbuminemia and more recently cardiac markers including troponin T and
NT-proBNP have been reported to be associated with increased risk for ESRD and cardiovascular
death (Table 2.).2° Importantly, many

Table 2: Predictors of Adverse Renal and Cardiovascular Pf these factors ar_e amenable to
Age interventions that indeed have been

Ethnicity (Black, Native American, Asian Pacific Islander)
Race (Hispanic)

Hypoalbuminemia

NT-proBNP and Troponin

C-reactive protein

Smoking

shown to lower the risk for these

Hyperglycemia : : . :

Hypertension events including tighter glycemlc

Albuminuria control, blood pressure lowering,

Activation of renin-angiotensin system anglot.enSI.n Il bloskete and radusing
ot W albuminuria.

Family History

V. Pathogenesis: Focus on
inflammation and oxidative stress

The pathogenesis of diabetic
nephropathy is complex and
incompletely understood. Family
history and sibling studies indicate a

strong genetic predisposition to nephropathy.®’ While polymorphisms in genes regulating nitric oxide
metabolism have been associated with accelerated decline in kidney function in humans, specific
gene mutations causing nephropathy in humans with either type 1 and 2 diabetes remain elusive. #4°°
Hyperglycemia and hemodynamic factors are important factors in the pathogenesis and
pathophysiology of diabetic nephropathy. Hyperglycemia induces cell hypertrophy, extracellular
matrix accumulation, inflammation and oxidative stress in the kidney. For example, hyperglycemia
increases intracellular glucose that in turn: 1) activates RhoA and downstream mediators of
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inflammation, and 2) increases intracellular glycerol upregulating of protein kinase C isoforms.
Selective inhibition of the beta-1 isoform with ruboxistaurin slows kidney disease progression in
animal models and reduces albuminuria in patients with type 2 diabetes and nephropathy.®”-

Activation of the renin-angiotensin system also plays a key role in the pathogenesis of kidney injury
and progression of kidney disease again through multiple mechanisms including activation of
inflammation and oxidative stress. In addition to causing renal vasoconstriction, renal hypertrophy
vascular injury and hypertension, angiotensin Il up regulates a number of inflammatory mediators in
part through activation of NADPH oxidase. °®"® This action is coupled to the formation of oxidative
stress and down regulation of nitric oxide-a vasodilator and anti-proliferative molecule. Still, the
primary renal injury signal and the molecular pathogenesis have not been clearly elucidated.

Several recent reviews on the subject of pathogenesis emphasize the role of inflammation and
oxidative stress particularly in animal models of nephropathy.”” Over the past 10 years an increasing
body of experimental animal models of diabetic nephropathy have led to new insights that clearly
indicate an important role for inflammation and oxidative stress as major factors in the development
and progression of kidney disease.”®% Because an exhaustive review of induction and mechanisms
of inflammation and oxidative injury is beyond the scope of this discussion, focus will be placed on
key regulatory elements involved in inflammation and oxidative stress in diabetic nephropathy.

The mammalian target of rapamycin (mTOR) is a serine/threonine kinase that has emerged as an
important modulator of animal models of renal disease including diabetic nephropathy.®*** Studies in
mouse models of diabetic nephropathy are popular and have provided new insights into the molecular
pathogenesis of glomerular injury. For example genetic deletion of the mammalian Target of
Rapamycin receptor mTORC) has been shown to cause severe loss of glomerular podocytes,
proteinuria and progressive glomerulosclerosis. In these studies loss of mMTOR activity was found to
be crucial for maintenance of normal glomerular barrier function and predisposed to glomerular injury
and disease. And, in mice by genetically reducing mTORC1 copy number in podocytes prevented
glomerulosclerosis and significantly ameliorated the progression of glomerular disease in diabetic
nephropathy. These results suggested the Eossibility that mTOR inhibition can protect podocytes and
prevent progressive diabetic nephropathy.® Several studies in rodent models of diabetic nephropathy
have demonstrated that inhibitors of mTOR such as rapamycin may prevent or ameliorate diabetic
renal injury and reduce proteinuria.?®%496:%7

Nuclear factor erythroid-2-related factor-2 (Nrf2) and diabetic nephropathy

Activation of NK-kB, a master switch in cellular inflammation, leads to upregulation of a number of
inflammatory mediators including chemokines, cytokines, reactive oxygen species and enzymes
(COX-2, iINOS) (Figure 2 initiation phase). Several studies indicate that NF-kB expression is
upregulated in diabetic nephropathy in animals and man.?®'®® However, activation of inflammation is
accompanied by counter inflammatory signaling that dampens the activation of NF-KB and its potent
and broad downstream effects to increase inflammation and oxidative stress. As illustrated in Figure
2 (resolution phase) this counter regulatory cascade involves the release of the transcription factor
Nrf2. Nrf2 regulates the basal and inducible expression of numerous detoxifying and antioxidant
genes and its action is repressed by the cytoplasmic protein The Kelch-like ECH associated protein1
or Keap1 (Figure 2). Under quiescent conditions, Nrf2 is anchored in the cytoplasm through binding
to Keap1, which, in turn, facilitates the ubiquitination and subsequent proteolysis of Nrf2. Activation
of Keap1 by anti-inflammatory mediators leads to inhibition of IKKf, which in turn blocks activation of
NF-kB. Nrf2 is translocated into the nucleus where it upregulates superoxide mutase and a variety of



anti-oxidant and anti-inflammatory mediators that counteract the inflammatory effects of NF-xB

activation.

Nrf2 can be activated by cyclopentane prostanoids and triterpeniods such as bardoxolone.

Resolution Phase

mediators Anti-inflammatory mediatorsl

— INOS, COX-2, IL-1B, IL-6 NQO1, HO-1, +GCS, SOD1
MCP-1,TNF, IFNy, VCAM-1

Figure 2 Pro-Inflammatory and Anti- -inflammatory pathways

in the kidney.

nephropathy (see below)."®"?

Importantly Nrf2 express:on is reduced in animal models of chronic kidney disease.'®® Bardoxolone

methyl, a derivative of the natural product
oleanolic acid interacts with cysteine residues on
Keap1, allowing Nrf2 translocation to the nucleus
and subsequent up-regulation of a multitude of
cytoprotective genes. It also The structure and
activity profile of bardoxolone methyl resemble
those of the cyclopentenone prostaglandins,
endogenous Nrf2 activators that promote the
resolution of inflammation. Like cyclopentenone
prostaglandins, bardoxolone methyl exerts anti-
inflammatory effects by inhibiting the
proinflammatory NF-kB pathway and production
of reactive oxygen species (Figure 2.)'” Recent
studies from the laboratory of Dr. Christopher Lu
in nephrology at UT Southwestern demonstrated
that bardoxolone could ameliorate renal
inflammation in the ischemia reperfusion model
of acute renal failure in mice.'® This agent is
now use in clinical trials of patients with diabetic
nephropathy and its demonstrated effect to lower
serum creatinine in patients with established

VL. Improving Outcomes: Evidence from Clinical Trials

Several clinical trials have clearly demonstrated the benefit of blockade of the renin-angiotensin
system by ACE inhibition or by blockade of the angiotensin type 1 receptor and these drugs have
FDA indications for treatment of nephropathy in type 1 and type 2 diabetes respectively. In addition,
treatment with an ACE inhibitor alone has been shown to reduce cardiovascular morbidity and
mortality in patients with type 2 diabetes.?’ These studies will not be reviewed here. This section will
focus on more recent studies that use combinations of ACE inhibition plus either angiotensin receptor
blockade or mineralocorticoid receptor blockade. In addition, more recent studies examining the
effects of tight glycemic control, tight blood pressure control anemia treatment and treatment of

dyslipidemia on renal and cardiovascular outcomes will be reviewed.

Importantly, two new studies

using anti-inflammatory/antioxidant drug bardoxolone to prevent progression of nephropathy will be

reviewed.

Glycemia

Three recent trials have investigated the impact of tight versus less tight glycemic control on
cardiovascular and renal outcomes in patients with type 2 diabetes with our without signs of

nephropathy.

1. The Action to Control Cardiovascular Risk in Diabetes (ACCORD) Trial



The objective of the ACCORD study was to determine whether a therapeutic strategy targeting an
A1C of <6.0% compared with a strategy targeting an A1C of 7.0%-7.9% in patients with type 2
diabetes mellitus would reduce the rate of cardiovascular events.'® The study enrolled10, 251
patients randomized to intensive therapy or standard therapy as follows: a) intensive therapy targeted
an A1C level of <6.0%; and b) standard therapy targeted an A1C level of 7.0%-7.9%. In addition,
4733 subjects were assigned to lower their blood pressure and 5518 were randomly assigned to
receive fenofibrate or placebo. Compared with standard therapy, use of intensive therapy to target
normal A1C levels for 3.5 years increased mortality and did not significantly reduce major
cardiovascular events. A higher mortality rate in the intensive-therapy group led to discontinuation of
intensive therapy after a mean of 3.5 years of follow-up. The authors also concluded that if there is
any benefit associated with intensive glucose lowering, it might take several years to emerge, during
which time there is an increased risk of death. After termination of the intensive therapy, due to
higher mortality in the intensive-therapy group, the target glycated hemoglobin level was 7 to 7.9% for
all study subjects, who were followed until the planned end of the trial. With respect to Microvascular
outcomes the principal composite microvascular outcome was end-stage renal disease, rise of serum
creatinine to >3.3 mg/dL, or need for photocoagulation or vitrectomy to treat retinopathy. This
outcome occurred in similar proportions of patients in the intensive and standard treatment groups,
both during the study itself (9%) and after 1.5 additional years of follow-up (11%). Overall, intensive
therapy did not reduce the risk of advanced measures of microvascular outcomes, but delayed the
onset of albuminuria and some measures of eye complications and neuropathy.’® In summary,
intensive glycemic control in ACCORD was associated with increased all cause mortality and did not
prevent end stage kidney disease but did slow progression of albuminuria.

Figure 3 Major Microvascular Events in ADVANCE| 2o The Action in Diabetes and

Vascular Disease: Preterax and Diamicron
T T o ——- S Modified Release Controlled Evaluation
standard control was 0.86 (95% Cl: 0.77 to 0.97) (ADVANCE) Trial was a global study that
enrolled and randomized 11,140 patients
with type 2 diabetes to undergo either
standard glucose control or intensive glucose
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baseline blood pressure. The primary end
The ADVANCE Collaborative Group. N Engl J Med. 2008;358(24):2560-2572. «| points were Composites of major

macrovascular and Microvascular events.
The study successfully achieved a mean glycated hemoglobin level of 6.5% in the intensive-control
group (6.5%) as compared to 7.3% in controls. Intensive control was associated with reduced the
incidence of combined major macrovascular and microvascular events (18.1%, vs. 20.0% with
standard control; hazard ratio, 0.90; 95% confidence interval [CI], 0.82 to 0.98; P = 0.01), and for
major microvascular events (9.4% vs. 10.9%; hazard ratio, 0.86; 95% ClI, 0.77 to 0.97; P = 0.01)
(Figure 3). The latter was largely accounted for by a reduction in the incidence of nephropathy
defined as development of macroalbuminuria. There was no significant effect on development of
retinopathy. Type of glucose control did not effect major macrovascular events, death from
cardiovascular causes, or death from any cause. However, severe hypoglycemia, was more
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common in the intensive-control group. The authors concluded that “a strategy of intensive glucose
control, involving gliclazide (modified release) and other drugs as required, that lowered the glycated
hemoglobin value to 6.5% yielded a 10% relative reduction in the combined outcome of major
macrovascular and microvascular events, primarily as a consequence of a 21% relative reduction in
nephropathy.” In a secondary analysis of the ADVANCE study,

3. The Veteran’s Affairs Diabetes Trial (VADT)

The VADT randomly assigned 1791 veterans to

Table 3. Nephropathy Outcomes in the therapy for type 2 diabetes to receive either intensive
or standard glucose control. The goal in the intensive-
therapy group was an absolute reduction of 1.5
percentage points in the glycated hemoglobin level, as

Veterans Affairs Diabetes Trial (VADT)

Nephropathy, Standard | Intensive compared with the standard-therapy group. The
primary outcome was the time from randomization to

ni %) =y =52 d the first occurrence of a major cardiovascular event,
death from cardiovascular causes, congestive heart

Seumoorestintne | 16584 18/882 | 0.72 || fajlure, surgery for vascular disease, inoperable

>3 mg/dL (1.8) (2.0) : ) . :
coronary disease, and amputation for ischemic

GFR <15 mL/min | 11/884 7/882 0.35 gangrene. The authors found that after a median

(1% (0.5 follow-up of 5.6 years median glycated hemoglobin was
Any increase in 48/731 30/728 0.05 8.4% in the standard-therapy group and 6.9% in the
albuminuria (6.6) “.1) intensive-therapy group. There was no significant

difference between the two groups in any component of
the primary outcome or in the rate of death from any cause (hazard ratio, 1.07; 95% ClI, 0.81 to 1.42;
P=0.62). Overall there were no differences between the two groups for microvascular complications.
However, in subgroup analysis the intensive group had less progression of albuminuria (P = 0.01)
(Table 3).

Blood Pressure Control

The ACCORD trial evaluated blood pressure control in a cohort of those with hypertension. Similar
antihypertensive regimens were employed in all
subjects. Among 4733 subjects with type 2
* + + diabetes randomly assigned to intensive

10
9 -

lowering of systolic BP to < 120 mmHg as

3

§ ] compared to < 140 mmHg therapy, the primary
g o + + composite outcome of nonfatal myocardial

§ infarction, nonfatal stroke, or death from

g 5 cardiovascular causes did not differ. However,

the annual rates of stroke were significantly
lower in the intensive versus less intensive

100 110 120 136 140 160 160 170

Achieved systolic blood pressure {mmHg) group (032% and 053%’ P = 001) The mean
Median systolic biood follow-up was 4.7 years. However, serious
pressure {mmHg) 106 116 125 135 144 154 168 5
S adverse events  attributed to
ek UL NN M VR W AkE antihypertensive treatment were more common
Figure 4. ADVANCE Study: Incidence of all renal

¢ el frs ottt B in the intensive (3.3%) as compared to the
L standard-therapy group (1.3%) (P<0.001). The
authors concluded that overall there was no




benefit to more aggressive blood pressure lowering in patients with type 2 diabetes and hypertension.
Still there was a stroke benefit in the subgroup analysis.

1. The ADVANCE Trial

As noted above study subjects in ADVANCE were randomly assigned to fixed combination
perindopril-indapamide or placebo, regardless of their BP at entry. During a mean follow-up of about
4 years, the risk for renal events was decreased by 21% (P=0.0001), which was driven by reduced
risk for both microalbuminuria and macroalbuminuria (both P =0.003). The effects of active treatment
were consistent across subgroups defined by baseline systolic or diastolic BP. As illustrated in
Figure 4, lower systolic BP levels even to <110 mmHg, were associated with progressively lower
rates of renal events. The authors concluded that BP-lowering treatment with the combination of
perindopril plus indapamide provides important renoprotection, even among those with initial BP
0f120/70 mmHg. And, they could not identify a BP threshold below which renal benefit is lost.

Combined Blockade with an ACEI and an ARB:

1. THE Ongoing Telmisartan Alone and in Combination with Ramipril Global End- point Trial
(ONTARGET)

The ONTARGET randomly assigned 25,620 patients with vascular disease or high-risk type 2
diabetes with and without chronic kidney disease to either ramipril 10 mg daily, telmisartan 80 mg
daily or the combination. The primary outcome of the trial was primary composite outcome was death
from cardiovascular causes, myocardial infarction, stroke, or hospitalization for heart failure. There
were no differences in any of the treatment arms with regard to the primary outcome.’'® Subsequent
analysis demonstrated that those randomized to the combination had more renal events in particular
doubling of serum creatinine and need for dialysis for episodes of acute renal failure. """ There was
no difference in rate of ESRD requiring dialysis; however the rate of decline in estimated GFR was
greater in those assigned to the combination as compared to

the ACE inhibitor (Figure 5).
6T ::_}::Immi';::g:dmmisman M/”"“/.
R D > - In contrast, progression of albuminuria was slower in those
g i <l » randomized to the combination. There were no differences
g / *f/ in the responses in those with or without diabetes. The
¢ — . authors concluded that overall there was no benefit of
& 2 / combining an ARB with an ACEi in the management of
L people at high vascular risk. It should be noted that the
. Y primary purpose of this study was not to evaluate the effect
Ronin Week6 vearz wy || of combinations on renal failure outcomes; instead it was
Reppkd ™ || designed for cardiovascular outcomes. Additional studies
Figure 5. Rate of change in estimated GFR in the | USing combinations in patients with diabetic nephropathy are
ONTARGET STUDY now underway (see below). The seeming contradiction that

albuminuria increase was attenuated but overall decline in
kidney function was accelerated is not explained.

2. Combined blockade with an ARB and a direct renin inhibitor: The Aliskiren in the
Evaluation of Proteinuria in Diabetes (AVOID) Trial

In contrast to the ONTARGET, the AVOID study was designed to test the hypothesis that adding a
10



direct renin inhibitor to standard of care in patients with type 2 diabetes, hypertension and urine
albumin/creatinine ratio > 300 mg/g macroalbuminuria would retard progression of albuminuria.
Approximately 600 patients receiving 100 mg of losartan daily were randomly assigned to receive 6
months of treatment with aliskiren 150 (first 3 months) then titrated to 300 mg (final 3 months) or
placebo, in addition to losartan. The primary outcome was a reduction in the ratio of albumin to
creatinine, as measured in an early-morning urine sample, at 6 months. Treatment with 300 mg of
aliskiren daily, as compared with placebo, reduced the mean urinary albumin-to-creatinine ratio by
20% (P<0.001), with a reduction of 50% or more in 24.7% of the patients who received aliskiren as
compared with 12.5% of those who received placebo (P<0.001). There was no significant difference
in blood pressure. The authors concluded that aliskiren may have renoprotective effects independent
of its blood-pressure-lowering effect in patients with hypertension, type 2 diabetes, and nephropathy

who are receiving the recommended renoprotective treatment."?

There was no reported increase in

acute renal failure or significant hyperkalemia in this study. Based on the results of this trial a large
scale combined cardiovascular and renal outcome study in patients with type 2 diabetes is now
underway (see below).
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£
b ° Aldosterone promotes glomerular and tubular sclerosis
x 2 independent of angiotensin Il in animal models of
g o diabetic nephropathy. Most human studies testing the
80 renoprotective benefit of adding an angiotensin
receptor blocker or a mineralocorticoid receptor

antagonist to a regimen based on inhibition of
angiotensin-converting enzyme (ACE) used relatively
low doses of ACE inhibitors. Furthermore, these
studies did not determine whether antiproteinuric
effects were independent of BP lowering. We
conducted a double blind, placebo-controlled trial in 81
patients with diabetes, hypertension, and albuminuria
(urine albumin-to-creatinine ratio > or =300 mg/g) who
all received lisinopril (80 mg once daily). We randomly
assigned the patients to placebo, losartan (100 mg
daily), or spironolactone (25 mg daily) for 48 week at
UT Southwestern.'"® We obtained blood and urine
albumin, urea, creatinine, electrolytes, A1c, and
ambulatory BP at baseline, 24, and 48 wk. Compared
with placebo, the urine albumin-to-creatinine ratio
decreased by 34.0% (95% Cl, -51.0%, -11.2%, P =
0.007) in the group assigned to spironolactone and by
16.8% (95% Cl, -37.3%, +10.5%, P = 0.20) in the
group assigned to losartan (Figure 6). Clinic and
ambulatory BP, creatinine clearance, sodium and
protein intake, and glycemic control did not differ
between groups. Serum potassium level was
significantly higher with the addition of either
spironolactone or losartan. In conclusion, the addition

high dose lisinopril (80 mg daily) on urine albumin of spironolactone, but not losartan, to a regimen
creatinine ratio (UACR) 24 hour BP and clinic BP in

patients with diabetic nephropathy.
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including maximal ACE inhibition affords greater renoprotection in diabetic nephropathy despite a
similar effect on BP. There are no studies evaluating the effect of adding a mineralocorticoid
antagonist to standard of care in patients with type 1 or type 2 diabetes and nephropathy. Based on
the survival benefit of addition of this class of agents to standard care in patients with heart failure, it
would seem reasonable to propose a similar trial for patients with kidney disease. The major
drawback is the potential for serious hyperkalemia, an expected adverse event in patients with
diabetes and kidney disease. Still, the results of our study support the need to conduct a long-term,
large-scale, renal failure outcomes ftrial.

Anemia
Anemia is a common complication of nefhropathy in patients with diabetes and is associated with
progression of renal failure and death."* Three trials have evaluated the impact of partial or full
correction of anemia using erythropoietin stimulating agents.'*"'*""® The Trial to Reduce
cardiovascular Events with Aranesp Trial (TREAT) was the only randomized, double-blind and
placebo-controlled trial.' The TREAT study was a multinational study designed by an executive
committee that
A Cardiovascular Composite End Point !nCIUd?d

50- investigators from UT

Hazard ratio, 105 [25% Cl, 0.94-1.17 Southwestern. The

4 PeAT : study randomized
4,038 subjects with
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Figure 7. Effect of darbepoetin alpha on cardiovascular and renal composite outcomes in the TREAT.| reduced the need for
blood transfusion, as

illustrated in Figure 7, darbepoetin therapy there was no benefit on either the cardiovascular or end-
stage renal disease outcomes. And although the effect on overall cardiovascular outcomes was
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neutral, there was a doubling in risk for stroke in those treated with darbepoetin. While the main
metric for patient reported outcomes, the FACT fatigue index, was significantly improved with
darbepoetin the effect was modest. We concluded that

Further analysis of the TREAT study clearly demonstrated that the risk for adverse events is much
higher in those individuals who are resistant to the hematopoietic effect of darbepoetin.''” For this
reason, when using an ESA to treat anemia in patients with chronic kidney disease, clinicians should
first ensure that iron stores are normal. Oral or intravenous iron can be used to treat iron deficiency
in this situation and should be continued during ESA therapy. Importantly, the lowest dose of an ESA
needed to prevent blood transfusion should be used and if the patient does not respond (e.g. an
increase in hemoglobin of 0.5 g/dl within 4-8 weeks) increasing the dose may be unwarranted.

In summary, erythropoietin stimulating agent treatment of anemia in patients with diabetic
nephropathy does not improve cardiovascular or renal outcomes and may increase risk for
cardiovascular events when hemoglobin levels above 12 are targeted.

Dyslipidemia
Three large-scale trials have evaluated the effect of pharmacologic lowering of cholesterol on
cardiovascular outcomes in patients with chronic kidney diseases including diabetes.

1. The Die Deutsche Dialysis in Diabetes (4D) trial

The 4D study enrolled 1255 subjects all of whom had type 2 diabetes on maintenance hemodialysis
and randomized them in a double-blind fashion to receive atorvastatin 10 mg daily or placebo.’® The
primary outcome of the trial was a composite of a composite of death from cardiac causes, nonfatal
myocardial infarction, and stroke. Atorvastatin lowered LDL cholesterol 42% as compared to 1.3% in
placebo. Atorvastatin reduced the rate of all cardiac events combined but not combined
cerebrovascular events or total mortality. The authors concluded that atorvastatin had no statistically
significant effect on the composite primary end point of cardiovascular death, nonfatal myocardial
infarction, and stroke in patients with diabetes receiving hemodialysis.

2. A Study to Evaluate the Use of Rosuvastatin in Subjects on Regular Hemodialysis: An
Assessment of Survival and Cardiovascular Events (AURORA)
The AURORA trial was an international, multicenter, randomized, double-blind, prospective trial
involving 2776 subjects undergoing
25— Placebo _ maintenance hemodialysis. Patients
w==~ Sirwvastatin plus ezetimibe . . . .
with diabetes comprised approximately

20% of the study population. Subjects
were randomly assigned patients to
receive rosuvastatin, 10 mg daily, or
placebo. The primary end point was a
composite of death from cardiovascular
causes, nonfatal myocardial infarction,
or nonfatal stroke. Rosuvastatin
lowered LDL-cholesterol levels 43%
T from a mean baseline level of 100

~ Placebo 4620 4204 3849 3469 2566 1269 mg/dl During fo”ow_up period 396

Simwastatin 4650 4771 3939 3546 2655 1265 4 § .
plus ezetimibe patients in the rosuvastatin group and
. ; i . - 408 patients in the placebo group
Figure 8. Effects of allocation to simvastatin plus ezetimibe versus placebo reached the primary end point (P=0.59).
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individual components of the primary end point and no significant effect on all-cause mortality. The
authors concluded that in patients undergoing hemodialysis, the initiation of treatment with
rosuvastatin lowered the LDL cholesterol level but had no significant effect on the composite primary
end point of death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke.

3. The Study of Heart and Renal Protection (SHARP)

The SHARP study was a randomized double-blind trial that included 9270 patients with chronic
kidney disease of whom 3023 were on dialysis and 6247 were not. Patients aged 40 years and
older were eligible to participate if they had chronic kidney disease with more than one previous
measurement of serum or plasma creatinine of at least 1.7 mg/dL in men or 1.5 mg/dL in women,
whether receiving dialysis or not. Patients with type 2 diabetes comprised 23% of the study
population. Study subjects were randomly assigned to simvastatin 20 mg plus ezetimibe 10 mg daily
versus matching placebo. The primary outcome was first major atherosclerotic event (non-fatal
myocardial infarction or coronary death, non-hemorrhagic stroke, or any arterial revascularization
procedure). Active therapy lowered LDL cholesterol as expected. Overall, during follow-up (median
4-9 years) active therapy produced a 17% proportional reduction in major atherosclerotic events
(p=0-0021) (Figure 8). Fewer subjects randomized to simvastatin plus ezetimibe had a non-fatal
myocardial infarction or died from coronary heart disease but this was not statistically significant. The
benefit of this intervention was similar in those on dialysis. There was a small excess risk of
myopathy (9 [0-:2%] vs. 5 [0:1%]). The authors concluded that reduction of LDL cholesterol with
simvastatin 20 mg plus ezetimibe 10 mg daily safely reduced the incidence of major atherosclerotic
events in a wide range of patients with advanced chronic kidney disease.

In summary, cholesterol lowering with statin alone is not efficacious in the hemodialysis population.
Combination therapy with simvastatin and ezetimibe is effective in reducing the risk for major
cardiovascular effects.

Potential Novel Therapies: Anti-inflammatory/Antioxidant Interventions

Hyperglycemia and hypertension induce increases in reactive oxygen species and common

inflammatory pathways (NF-kB). These in turn lead to glomerular endothelial dysfunction, mesangial

proliferation, expansion and inflammation, basement membrane thickening and reduction in GFR.

The reduction in GFR is mediated in part by decreasing surface area for filtration and by promoting

glomerular and interstitial fibrosis and scarring. In patients with diabetic nephropathy chronic
inflammation and oxidative stress are

40 1 common.”>78118120 Ag noted above, bardoxolone

methyl is an antioxidant inflammation modulator that

activates the Keap1-Nrf2 pathway-an important

pathway for maintaining kidney function and

T structure.'9”121122 Two recent clinical trials in

patients with type 2 diabetes and nephropathy have

investigated the effects of bardoxolone methyl on

kidney function. Positive results from these trials

suggest that bardoxolone has great potential as a

o 7 14 21 28 135 42 a9 56| noveltherapeutic agent for diabetic nephropathy.
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filtration rate (GFR) and 24-hour creatinine clearance (Figure 9)."° The effect on eGFR persisted 30
days after discontinuation of bardoxolone. There was no change in the 24-hour creatinine excretion
rate. Markers of vascular injury and inflammation were improved by treatment with bardoxolone and
no life-threatening adverse events or drug-related serious adverse events were reported.

The 52-Week Bardoxolone Methyl Treatment: Renal Function in CKD/Type 2 Diabetes (BEAM) trial
was a phase 2b study, in which we investigated the effect of bardoxolone methyl on kidney function in
a randomized, placebo controlled trial. In this dose ranging study the effects of bardoxolone were
examined at 24 and 52 weeks of study drug and at 56 weeks, four weeks after discontinuation of
study drug. The primary outcome was the change in eGFR at 24 weeks and secondary outcomes
included the change in eGFR at 52 weeks and 4 weeks after drug withdrawal. Two-hundred twenty
seven study subjects with nephropathy (defined as an estimated glomerular filtration rate of 20 to 45
ml per minute per 1.73 m2) were randomly assigned in a 1:1:1:1 ratio to receive placebo or
bardoxolone methyl at a target dose of 25, 75, or 150 mg once daily. Subjects receiving bardoxolone
methyl had significant increases in the mean (£SD) estimated GFR, as compared with placebo, at 24
weeks (with between-group differences per minute per 1.73 m2 of 8.2+1.5 ml in the 25-mg group,
11.4+1.5 ml in the 75-mg group, and 10.4+1.5 ml in the 150-mg group; P<0.001) (Figure 10). The
increases were maintained through week 52, with significant differences per minute per 1.73 m2 of
5.8£1.8 ml, 10.5+1.8 ml, and 9.3%£1.9 ml, respectively. Serum creatinine, blood urea nitrogen, serum
phosphorus and serum uric acid all decreased in the bardoxolone treated groups. Side effects
included hypomagnesemia, muscle cramps and elevation of ALT. We concluded that bardoxolone
methyl was associated with improvement in the estimated GFR in patients with advanced CKD and
type 2 diabetes at 24 weeks. The improvement persisted at 52 weeks, suggesting that bardoxolone
methyl may have promise for the treatment of CKD.

A
Ongoing Trials
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Figure 10. The Effect of Bardoxolone Methyl dosing on estimated glomerular Chronic Kidney Disease and Type 2

filtration rate in patients with type 2 diabetes and nephropathy (n=227). Diabetes: The Occurrence of Renal

Events, The BEACON study).

2. VA Nephron-D
The VA NEPHRON-D is a randomized, double-blind, multicenter clinical trial to assess the effect of
combination losartan and lisinopril, compared with losartan alone, on the progression of kidney
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disease in 1850 patients with diabetes and overt proteinuria. The primary endpoints are time to (7)
reduction in estimated GFR (eGFR) of > 50% (if baseline < 60 ml/min/1.73 m2); (2) reduction in
eGFR of 30 ml/min/1.73 m2 (if baseline > 60 ml/min/1.73 m2); (3) progression to ESRD (need for
dialysis, renal transplant, or eGFR < 15 ml/min/1.73 m2); or (4) death. The secondary endpoint is time
to change in eGFR or ESRD. This is the first large-scale outcomes trial to assess the effects of
combination drug therapy on renal outcomes in a population of patients with established diabetic
nephropathy.

3. The ALiskiren Trial In Type 2 diabetes Using cardiorenal Disease Endpoints (ALTITUDE)

The ALTITUDE study is a multinational, double-blind randomized placebo-controlied trial designed to
determine whether addition of the direct renin inhibitor aliskiren to a standard of care regimen in
patients with type 2 diabetes and renal or cardiovascular disease and microalbuminuria can reduce
risk for cardiovascular morbidity and mortality and progression to end-stage renal disease. The trial
is fully recruited and currently has 8,671 study subjects enrolled. It is anticipated to be completed in
2012. This is the first large-scale trial utilizing the orally active direct renin inhibitor in the treatment of
diabetic nephropathy and follows from the observations of the above described AVOID trial.

VIl. Current Management Recommendations based on the evidence

Based on the available clinical trial evidence the following are recommendations for the clinician to
guide prevention and management of patients with diabetes at risk for or with established
nephropathy (Table 4) (see www.kidney.org for most up to date clinical practice guidelines). Below is
a brief discussion of the parameters in the table.

Table 4. Recommendations for Detection and Management of Diabetic Nephropathy

Parameter Goal How to get to Goal
Estimate GFR Stable or improve MDRD equation (lab report)
Measure urine albumin/cr ratio < 300 mg/g (for macro) BP control, RAAS blockade

< 30 mg/g (for micro)

Glycemia (A1C) <7% Oral agents + injectables
Blood Pressure < 130/80 mmHg RAAS blockade + other agents'?®
RAAS blockade Reduce BP and albuminuria Maximum tolerated ACEi or ARB
Anemia Improve symptoms Diagnose and correct Iron

Goal ~Hb 10-12 g/dI And other cause, consider ESAs
Dyslipidemia LDL <100 mg/dl (< 70 mg/dl)  Statin, possibly ezetimibe (not

FDA approved for kidney disease)

Smoking Cessation Cessation programs
Overweight/Obese Ideal BMI Diet and exercise

See www.kidney.org for calculator if not reported by lab
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Glycemia

It seems clear from the clinical trial data on glycemic control that targeting an A1c in the range of 6-
7% reduces risk for onset and progression of albuminuria. The optimal regimens for accomplishing
this are not entirely clear and more research in this area is needed. It is also important to remember
that the risk for hypoglycemia is higher regardless of the regimen used to more aggressively lower
blood glucose.

Blood Pressure Control

The recommended target for blood pressure control in patients with diabetes and chronic kidney
disease of < 130/80 mmHg has not been proven in a clinical trial. However, compelling evidence
from the ADVANCE study (see above) suggests that lower blood pressure with a combination
regimen including an ACE inhibitor and indapemide may slow progression of albuminuria. However,
it should be noted that outcomes studies including doubling of serum creatinine or end-stage renal
disease have not been conducted with this combination. At the present time it seems reasonable to
consider targeting the recommended level of 130/80 mmHg until we have data from substantial large
outcomes trials on more aggressive blood pressure control. For a comprehensive review on
pathoeglsysiology and treatment of hypertension in diabetic nephropathy see article by Dr. Peter Van
Buren

Blockade of the Renin-Angiotensin System

ACE inhibition or angiotensin Il receptor blockade should be prescribed for patients with diabetic
nephropathy and evidence from the HOPE trial strongly suggests that an ACE inhibitor can reduce
the risk for cardiovascular events in patients with nephropathy.

Anemia

Available evidence indicates that treatment of anemia with ESA therapy does not improve
cardiovascular or renal outcomes. These drugs should not be prescribed for this purpose. However,
ESA treatment is appropriate for patients with symptomatic anemia and a blood hemogloblin level
below about 10 g/dl. The safe upper limit of hemoglobin for ESA has not been clearly established.
However, a level of 12 g/dl is a reasonable target to aim for. Importantly, the use of ESAs should be
limited to this purpose. If no demonstrable improvement in patient symptoms or functionality is
observed or if the patient is resistant the drug should be discontinued.

Dyslipidemia

The American Heart Association recommends use of statins to lower LDL-cholesterol in patients with
type 2 diabetes due to the high risk for myocardial infarction. The National Kidney Foundation
recommends lowering LDL-cholesterol below 100 mg/dl in all patients with chronic kidney disease
using statin and other therapy as needed. For some high risk patients lowering the LDL to <70
mg/dl may be indicated. From the SHARP trial we have learned that administration of a simvastatin
in combination with ezetimibe in patients with nephropathy (including diabetes) may also provide
benefit for reducing risk of major cardiovascular events. Unfortunately, it is not clear whether a statin
alone can accomplish the same outcome in patients not on dialysis.

Beyond the evidence
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Although there are no controlled trials, it seems prudent to recommend smoking cessation for
cigarette smokers and weight loss and exercise. In addition to its adverse effects on cardiovascular
and pulmonary systems, smoking has been shown to accelerate decline in kidney function in patients
with diabetic nephropathy. Further, although not proven in clinical trials, weight loss for
overweight/obese patients with diabetes may reduce their risk for developing hypertension or kidney
disease.

VIill. Conclusions

Significant progress has been made in better understanding the mechanisms and spectrum of kidney
disease in patients with diabetes mellitus. Results from clinical trials have taught us how we can
better manage patients to prevent onset and progression of nephropathy and reduce risk for major
cardiovascular events. Use of existing interventions are effective for slowing progression of kidney
disease and in some cases lowering cardiovascular risk (e.g. ACE inhibition and statin+ezetimibe).
Ongoing research utilizing drugs that act as anti-inflammatory and antioxidants show promise for
preserving kidney function beyond current medical management. Taken together, we have reason to
be cautiously optimistic that we will soon discover better detection, prevention and treatment of
diabetic nephropathy and thereby improve the public health.
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