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Abstract

In the June 2011 issue of the New England Journal of Medicine, the BEAM (Bardoxolone Meth-
yl Treatment: Renal Function in CKD/Type 2 Diabetes) trial investigators rekindled new interest
and also some controversy regarding the concept of renoprotection and the role of renopro-
tective agents, when they reported significant increases in the mean estimated glomerular
filtration rate (eGFR) in diabetic chronic kidney disease (CKD) patients with an eGFR of 20-45
ml/min/1.73 m? of body surface area at enrollment who received the trial drug bardoxolone
methyl versus placebo. Unfortunately, subsequent phase IlIb trials failed to show that the drug
is a safe alternative renoprotective agent. Current renoprotection paradigms depend wholly
and entirely on angiotensin blockade; however, these agents [angiotensin converting enzyme
(ACE) inhibitors and angiotensin receptor blockers (ARBs)] have proved to be imperfect reno-
protective agents. In this review, we examine the mechanistic limitations of the various previ-
ous randomized controlled trials on CKD renoprotection, including the paucity of veritable,
elaborate and systematic assessment methods for the documentation and reporting of indi-
vidual patient-level, drug-related adverse events. We review the evidence base for the pres-
ence of putative, multiple independent and unrelated pathogenetic mechanisms that drive
(diabetic and non-diabetic) CKD progression. Furthermore, we examine the validity, or lack
thereof, of the hyped notion that the blockade of a single molecule (angiotensin II), which can
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only antagonize the angiotensin cascade, would veritably successfully, consistently and unfail-
ingly deliver adequate and qualitative renoprotection results in (diabetic and non-diabetic)
CKD patients. We clearly posit that there is this overarching impetus to arrive at the inference
that multiple, disparately diverse and independent pathways, including any veritable combi-
nation of the mechanisms that we examine in this review, and many more others yet to be
identified, do concurrently and asymmetrically contribute to CKD initiation and propagation
to end-stage renal disease (ESRD) in our CKD patients. We conclude that current knowledge
of CKD initiation and progression to ESRD, the natural history of CKD and the impacts of acute
kidney injury on this continuum remain in their infancy and call for more research. Finally, we
suggest a new classification scheme for renoprotective agents: (1) the single-pathway block-
ers that block a single putative pathogenetic pathway involved in CKD progression, as typified
by ACE inhibitors and/or ARBs, and (2) the multiple-pathway blockers that are able to block
or antagonize the effects of multiple pathogenetic pathways through their ability to simul-
taneously block, downstream, the effects of several pathways or mechanisms of CKD to
ESRD progression and could therefore concurrently interfere with several unrelated upstream
pathways or mechanisms. We surmise that maybe the ideal and truly renoprotective agent,
clearly a multiple-pathway blocker, is on the horizon. This calls for more research efforts
from all. Copyright © 2013 S. Karger AG, Basel

Introduction: The Ongoing Trial of Bardoxolone Methyl as a Renoprotective
Agent - Is This the Right Way Forward for Renoprotection?

In the June 2011 issue of the New England Journal of Medicine (NEJM), the BEAM (Bardox-
olone Methyl Treatment: Renal Function in CKD/Type 2 Diabetes) trial investigators rekindled
new interest and also some more controversy in the concept of renoprotection and the role
of renoprotective agents, when they reported significant increases in the mean estimated
glomerular filtration rate (eGFR) in diabetic chronic kidney disease (CKD) patients with an
eGFR of 20-45 ml/min/1.73 m? of body surface area at enrollment who received the trial
drug bardoxolone methyl versus placebo [1]. Patients receiving bardoxolone methyl had
significant increases in the mean (+ SD) eGFR as compared with placebo at 24 weeks (with
between-group differences of 8.2 + 1.5 ml/min/1.73 m? in the 25-mg group, 11.4 + 1.5 ml/
min/1.73 m? in the 75-mg group, and 10.4 + 1.5 ml/min/1.73 m? in the 150-mg group; p <
0.001). The increases were maintained through week 52, with significant differences of 5.8 +
1.8,10.5 + 1.8, and 9.3 = 1.9 ml/min/1.73 m? in the different groups, respectively [1]. So we
ask the question, as far as renoprotection is concerned, is bardoxolone methyl the right way
forward? This question has been overtaken by recent events: in October 2012, the BEACON
(Bardoxolone Methyl Evaluation in Patients with Chronic Kidney Disease and Type 2 Diabetes:
The Occurrence of Renal Events) trial was terminated following observed safety concerns
regarding bardoxolone methyl. This caveat applies to any further comments in this review
pertaining to bardoxolone methyl.

As recognized by the BEAM investigators, current renoprotection paradigms depend
generally on the use of angiotensin converting enzyme (ACE) inhibitors and/or angiotensin
receptor blockers (ARBs), butin total, these agents have proved to be imperfect [1-4]. Despite
the extensive, widespread and continued use of ACE inhibitors and ARBs both in the USA and
worldwide over the last two decades, most estimates suggest that the progression of CKD to
end-stage renal disease (ESRD) has continued, almost unabated, in CKD patients around the
world [5-7]. The claims by the BEAM investigators in their June 2011 NEJM report of blood
pressure-independent renoprotective effects of bardoxolone methyl are remarkable [1].
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Nonetheless, such claims of blood pressure-independent renoprotection must be taken with
a significant degree of circumspection, wariness and caution [2-4]. Besides, as is the case with
ACE inhibitors and ARBs, more data is needed to fully and incontrovertibly substantiate such
claims of blood pressure-independent renoprotection with any agent [2-4, 8]. It is worth
mentioning that similar earlier claims of blood pressure-independent renoprotection by
angiotensin blockade have been seriously challenged when Svensson et al. [8] of the HOPE
investigators demonstrated post hoc that the patients in the ramipril (ACE inhibitor) arm of
the HOPE trial had much lower blood pressure levels as measured by 24-hour ambulatory
blood pressure monitoring than was previously reported.

To their credit, the BEAM investigators included CKD patients with mean baseline serum
creatinine of 2.0 mg/dl at enrollment in the phase II trial of bardoxolone methyl [1]. This
represents one of the highest mean baseline serum creatinine values at enrollment of any
CKD randomized controlled trial (RCT) [9-16]. This would hopefully allow for a more justi-
fiable extrapolation of the use of this agent to patients with similar (or higher) CKD stages if
the drug is subsequently approved for use. Since previous CKD trials on ACE inhibitors and
ARBs often recruited patients with more preserved kidney function, there has remained this
unresolved debate and controversy regarding the efficacy, utility and safety of ACE inhibitors
and ARBs in patients with more advanced CKD, as such patients have been frequently excluded
from participation in previous CKD trials [2-4, 9-16]. Equally, the mean age of 67 years of the
BEAM phase II trial cohort ranks again in the highest quartile of participants’ age among
modern CKD RCTs [9-16]. This would arguably again allow for a more justifiable extrapo-
lation of study outcomes on bardoxolone methyl to older patients (>65 years of age) [2-4,
9-16]. Furthermore, the even spread of the varying degrees of albuminuria among the BEAM
phase II CKD trial participants is commendable and is more representative of the usual
pattern of CKD patients seen in general nephrology practice [1-4]. Also, the relatively long
duration (52 weeks) of the published phase II trial is noted, and it is hoped that the ongoing
global phase III bardoxolone methyl trial, the BEACON trial, would be extended to at least 2
years at the minimum for every recruited study participant in order to allow for a fuller and
more complete evaluation of the efficacy and safety of the bardoxolone methyl agent in
diabetic stage IV CKD patients [1-4]. The BEACON trial recruited approximately 1,600 patients
at 300 sites worldwide. However, it was terminated following observed safety concerns
regarding bardoxolone methyl.

The BEAM investigators of the phase II trial have established a veritable, elaborate and
systematic assessment method for the documentation and reporting of individual patient-
level, drug-related adverse events [1]. This measure should avert criticisms of previous CKD
trials whose protocols often had major design deficiencies with poor systematic assessment
and reporting of adverse effects of the study drug [2-4, 17]. In this trial, the testing and docu-
mentation of serum creatinine values in every study participant which were repeated every
4 weeks was laudable [1-4, 17]. It is hoped that such stringent, elaborate and meticulous
attention concerning the identification and reporting of drug-related adverse events would
even be improved upon in the ongoing global BEACON III bardoxolone methyl study. Some
concerns about the implications of hypomagnesemia described among patients receiving
bardoxolone methyl in the phase Il trials were the subject of a recent correspondence to the
editor of the NEJM [1, 18]. Also, in the phase Il trials, patients receiving bardoxolone methyl
had slight but significant increases in the mean albumin creatinine ratio (ACR); however, the
mechanism and potential implications for this observation remain unknown [1, 19, 20]. The
higher drug discontinuation rate in the bardoxolone methyl arm is of some concern even
though all the adverse events that triggered drug discontinuations generally resolved
following discontinuation [1]. Hopefully, the ongoing global BEACON phase 11l bardoxolone
methyl trial will help resolve some of these unanswered questions.
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Without prejudice to exogenous inulin-based or ?°I-iothalamate-based clearance esti-
mates of GFR, most nephrologists would agree that despite its limitations, measuring 24-hour
urinary endogenous creatinine clearance remains the ‘gold standard’ for most clinical evalu-
ations of renal function [21-23]. It is very pertinent to note that studies on 24-hour urinary
creatinine clearance have never been carried out in the BEAM phase Il clinical trial of bardox-
olone methyl [1]. In the general nephrology community, it is hoped that the ongoing global
BEACON bardoxolone methyl phase III trial protocol be modified to necessarily incorporate
this test, even if only in a pre-specified percentage of the study participants. Otherwise, claims
of increased eGFR by bardoxolone methyl treatment would continue to be greeted with
doubts and reservations by many critics [19, 24]. Indeed some correspondence to the editor
of the NE]JM, following the publication of the phase Il bardoxolone methyl trial, raised veri-
table and genuine concerns regarding the assumption that the lower serum creatinine values
recorded in the bardoxolone methyl arm truly represented improved kidney function (reno-
protection) [19, 24]. It has been argued that the lower serum creatinine values in the bardox-
olone methyl arm of the BEAM study merely represented some artifactual findings related to
either loss of muscle mass among participants in the bardoxolone methyl arm [19], increased
intraglomerular hydrostatic pressure [20, 24], or even some other yet unidentified
mechanism(s). We would like to reiterate that the BEACON investigators would considerably
improve the ongoing global phase III trial and lend the study results more credibility if they
incorporated 24-hour urinary creatinine measurements as part of the study protocol. Similar
concerns regarding the non-performance of 24-hour urinary creatinine clearance measure-
ments had been raised during question time following the presentation of the BEAM phase Il
clinical trial data at the International Society of Nephrology (ISN) meeting held in Vancouver,
Canada, in April 2011.

Variability of Serum Creatinine Values in CKD Patients: A Limitation to the
eGFR-Based Assessment of Renoprotection in CKD Trials

Another twist to this debate relates to the utilization of longitudinal changes in serum
creatinine-based eGFR estimations to assess renoprotection in CKD trials. This has gained
even more importance in recent years following the publication of new reports demonstrating
considerable and clinically significant intra-patient variability in serum creatinine values
over time [25-29]. This observed variability in serum creatinine trajectories in CKD patients
is unpredictable, is not predicated on any clearly identifiable factors, and may be related
sometimes to initiation and/or discontinuation of pharmaceutical agents, especially ACE
inhibitors and ARBs [2-4, 25-39]. The patterns of this variability range from stability over
several years, to various rates of decreasing eGFR and to improved and higher eGFR values
over time, and it remains very unclear what factors are responsible for these variations in the
level of serum creatinine among CKD patients [25-29]. The impact of such inherent and
unpredictable intra-patient variability in serum creatinine trajectories in CKD patients over
time, which may or may not be related to drug exposures and or drug discontinuations, and
therefore with a potential for influencing CKD study outcomes, has never been addressed in
previous CKD trials. This is a clear reason for major concern [27, 39]. Unfortunately, the
nephrology literature has continued to totally refuse to address these limitations of overde-
pendence on serum creatinine trajectories and serum creatinine-based eGFR in order to
define renoprotection in CKD trials [27, 39].

The retrospective analysis of a 2-year snapshot of the serum creatinine trajectories of
stage IV CKD patients with an eGFR of 15.0-29.9 ml/min/1.73 m? of body surface area has
been recently completed in a Mayo Clinic electronic laboratory database [38, 39]. After
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excluding 62 ESRD patients and those who received renal replacement therapy, 241 patients
qualified for this analysis [38, 39]. There were 102 males and 139 females, and in approxi-
mately 95% of the patients, the eGFR remained very stable and did not vary by as much as 5
eGFR points (<25% from baseline) over the 2-year study period [38, 39]. We concluded that
in the majority of stage IV CKD patients, the eGFR remains stable even after 2 years of follow-
up and that current CKD staging paradigms are flawed [38, 39]. The inability to account for
the impact of such poorly understood or unknown confounding variables (i.e. serum creat-
inine variability in CKD patients) on study outcomes continues to pose a major challenge to
the interpretation and analysis of RCT results in patients with CKD. This deficit introduces a
threat to the internal validity of the statistical analyses - the phenomenon of ecological fallacy
and Simpson’s paradox [40, 41]. Once again, these genuine concerns regarding inter-patient
variability of the serum creatinine trajectories over time could be another valid reason to
incorporate sequential 24-hour creatinine clearance measurements in the ongoing BEACON
study [25-29, 38, 39].

A Renewed Call for the Exclusive Use of Hard Renal Outcome End Points in CKD
Renoprotection Trials: Stand-Alone ESRD Rates Should Be the ‘Gold Standard’

As already noted above, it is now increasingly apparent that the pattern of serum creat-
inine trajectories in CKD patientsis often unpredictable and commonly variable. Furthermore,
changes are sometimes related to drug initiation and/or drug discontinuation, particularly
associated with ACE inhibitors and ARBs [25-39]. Therefore, it is mandatory that all ongoing
BEACON phase Il study participants must be on an ACE inhibitor and/or an ARB and that the
analysis of kidney function in this study be necessarily vetted at the individual patient-data
level, to reliably account for potential changes in kidney function that could follow certain
drug terminations so as not to confound study outcome interpretations [26-39]. Thus, any
circumstantial or incidental improvements in kidney function would not otherwise be erro-
neously ascribed to renoprotection and vice versa [26-39].

Overuse of Combination Surrogate Renal End Points in Nephrology RCTs

Another related concern is the overreliance on the so-called surrogates of renal function
such as doubling of serum creatinine and reduction of proteinuria levels as the basis for deter-
mining and defining renoprotection [40]. The BEAM study confirmed in fact that bardoxolone
methyl actually produced increased levels of albuminuria as measured by ACRs. Thus, it is
another limitation to use the decrease in proteinuria levels as a measure of renoprotection
[1,24]. Besides, in our single center experiences, we reported disassociations between kidney
function and measured ACR in patients who demonstrated clearly improved kidney function
following discontinuation of ACE inhibitors and/or ARBs while concurrently showing
increased levels of ACR [30-37, 39]. In our opinion, the overreliance of the nephrology liter-
ature on the use of composite end points consisting of combinations of these so-called
surrogate renal end points (i.e. doubling of serum creatinine, changes in proteinuria levels,
and ESRD), to determine statistical differences in renal outcomes between study groups, is
arguably flawed [40]. One major drawback of this approach is that the utilization of such
potentially confounding variables, as if they represented independent variables, introduces a
threat to the internal validity of the statistical analyses [40, 41]. This statistical anomaly or
fallacy is called the phenomenon of ecological fallacy or Simpson’s paradox [40, 41]. In
particular, the magnitude and even the direction of relationships between variables found by

KARGER

40



XTRA Nephron Extra 2013;3:36-49

Iy,

DOI: 10.1159/000351044 © 2013 S. Karger AG, Basel
nephrqm 0 arger ase

www.karger.com/nne

Onuigbo: A New Classification Scheme for Renoprotective Agents

comparing group-level statistics may not be indicative of the same relationships tested with
individual participant data [40-42]. Consequently, proof of association must not always be
assumed to represent or translate to proof of causation [40]. In our opinion, Simpson’s
paradox ought to receive more attention in the nephrology literature, especially with cross-
tabulation analyses and meta-analyses of group-level patient data, and we strongly advocate
the avoidance of the use of these combined surrogates in composite end point statistical
analysis since we do not truly and fully understand the interplay between all these renal
indices [40-43].

The one hard renal outcome end point that would be bereft of these encumbrances and
statistical pitfalls and hazards, we submit, would be the exclusive use of incident ESRD rates,
as defined by the irreversible and permanent need for renal replacement therapy for 90 days
or longer, to evaluate and define renoprotection in CKD trials [39]. We therefore look forward
to seeing the comparison of incident ESRD rates as primary stand-alone renal end points in
the ongoing global BEACON bardoxolone methyl phase III clinical trial.

Limitations of Current Renoprotection Paradigms Using Angiotensin Inhibition

Additionally, we feel obligated to ask another more loaded question: Given the fact that,
despite decades of widespread and extensive utilization of ACE inhibitors and ARBs in the
USA and around the world, we have continued to experience progression of CKD to ESRD,
with some authorities declaring the existence of a continuing global ESRD pandemic in recent
years [2-7], is it not time to re-strategize on the current concepts of renoprotection? In a
2010 issue of the International Journal of Clinical Practice, we had asked a similarly loaded
rhetorical question: Is renoprotection with RAAS blockade a failed paradigm? [3]. The next
section is a critical reappraisal of the limitations of the current concept of renoprotection that
is solely predicated on angiotensin blockade. This concept is scrutinized against the backdrop
of the plausible existence of potentially multiple, disparately different and independent
putative pathways and/or mechanisms that are mechanistically responsible for both the initi-
ation and/or propagation of CKD to ESRD [2-4, 39].

Putative Pathogenetic Mechanisms for CKD Progression in Diabetic and
Non-Diabetic Nephropathy - Can a Single Agent Truly and Consistently Deliver
Renoprotection?

Despite extensive research effort and time, it is still valid to postulate thatin 2011, we do
not have a complete and unquestionable knowledge yet of the mechanisms that trigger and/
orlead to CKD initiation and progression to ESRD, respectively [44]. In addition, current reno-
protection paradigms depend wholly and entirely on the use of ACE inhibitors and/or ARBs
[9-16]. On the contrary, the validity and soundness of such a model appear farfetched and
almost indefensible, especially given the rather perplexing and confusing state of our current
knowledge of the various putative pathologic mechanisms that are involved in the initiation
and/or propagation of CKD to ESRD [39, 45]. In a recent review, we analyzed the current
literature on the putative, multiple independent and unrelated pathogenetic mechanisms
that drive (diabetic and non-diabetic) CKD progression [4, 39]. These putative mechanisms
are summarized below. Cognizant of the array and disparateness of these mechanisms of CKD
propagation to ESRD, it seems naively unscientific and unpretentiously simplistic for prac-
ticing nephrologists to surmise that single mechanism-blocking agents, such as ACE inhib-
itors and/or ARBs, which can only antagonize the angiotensin cascade, would successfully,
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consistently and unfailingly deliver adequate and qualitative renoprotection results in

(diabetic and non-diabetic) CKD patients [2-4, 39]. As is evident from our critical reviews

documented in recent reports [2-4, 39], the conviction that a pharmaceutical agent capable

of antagonizing just one single mechanism or pathway of CKD to ESRD progression, such as
the angiotensin blocking agents, would be expected to represent the magic bullet to prevent

CKD to ESRD evolution is simply unrealistic, improbable, remains only speculative and, worse

still, flies in the face of reason [2-4, 39]. This ‘one size fits all’ approach to medicine, in general,

must be questioned and challenged, and in our opinion ought to be discouraged; its practice

in CKD management is a debunked and unproven notion [2-4, 39].

First, even the exact anatomical site of the culprit damage to the kidneys underlying the
developmentofalbuminuriaindiabeticnephropathy, whichrelatesto the poorrenal outcomes
in diabetic nephropathy, remains questionable, controversial and ill-defined [46, 47]. As
recently as 2009, Russo and colleagues [46, 47] reported new experimental evidence
suggesting that tubular dysfunction might constitute the primary factor in the causation of
early albuminuria from diabetic nephropathy as opposed to a glomerular pathology.
Furthermore, Venkatachalam et al. [44] in a study on the impact of acute kidney injury (AKI)
and post-AKI repair mechanisms concluded that the pathology that develops in regenerating
tubules after AKI characterized by failure of differentiation and persistently high signaling
activity is the proximate cause that drives downstream events in the interstitium (i.e. inflam-
mation, capillary rarefaction and fibroblast proliferation).

Second, a critical and dispassionate review of the available literature in this regard will
lead to the conclusion that the culprit pathogenetic molecule(s) or mechanistic factor(s)
responsible for the initiation and propagation of diabetic and/or non-diabetic nephropathy,
and subsequent CKD to ESRD progression, remain unverified, unconfirmed, uncertain, and
possibly unknown [39, 48-70]. Undeniably, several independent and often conflicting lines
ofevidence in the literature, from both human and experimental studies, suggest that a variety
of presumed pathogenetic culprit mechanisms and factors, such as oxidative stress, inflam-
mation, underlying genetic predispositions and different chemical molecules capable of
directly causing AKI, could be responsible for CKD to ESRD progression [39, 48-70]. The
following is a listing of some of these reported mechanisms or factors:

- several predisposing genetic abnormalities including variations of the non-muscle
myosin heavy chain 9 gene (MYH9) on chromosome 22 and variants at chromosome
6q24-27 among African-Americans [48-51];

- oxidative stress combined with a paradoxical hypoxic renal environment conditioned by
an underlying genetic predisposition (see above) [50, 52];

- the production of advanced glycosylation end products and the interaction of these end
products on the multiligand receptor of the immunoglobulin superfamily receptor for
advanced glycation end products [53, 54];

- intrarenal angiotensin Il and/or renin production [55];

- inflammation [56];

- lipid toxicity [57-59];

- podocyte injury and apoptosis [60, 61];

- cytokine/chemokine/growth factor release causing renal injury [62, 63];

- asymmetric dimethylarginine [64];

- uricacid in CKD progression continues to attract increasing global attention [65-70].
As emerges from the foregoing, there is this overarching impetus to arrive at the inference

that multiple, disparately diverse and independent pathways including any veritable combi-

nation of these mechanisms, and others yet to be identified, do concurrently and asymmetri-

cally contribute to CKD initiation and propagation to ESRD in our CKD patients [39, 48-70].

Yet, more recently, new experimental and clinical evidence is accumulating to suggest a role

KARGER

42



Nephron Extra 2013;3:36-49

DOI: 10.1159/000351044 © 2013 S. Karger AG, Basel
www.karger.com/nne

Onuigbo: A New Classification Scheme for Renoprotective Agents

for APOL1 variants in the pathogenesis and progression of CKD [71-74]. In addition, popu-
lation-based genetic studies have identified many genetic variants of APOL1 that are asso-
ciated with anincreased risk of developing common kidney diseases including focal segmental
glomerulosclerosis and HIV-1-associated nephropathy [71-75].

Therefore, we cannot claim to fully understand the natural history, pathology and patho-
genesis of diabetic and non-diabetic renal kidney disease, its natural history, and the multi-
plicity of incriminated factors that influence CKD propagation and the development of ESRD
[6, 7, 38-40, 45, 48-74]. The impact of AKI on the progression and development of ESRD is
even more intriguing [44, 75]. Our recent description of the previously unrecognized
syndrome of rapid-onset ESRD in some of our patients, rapidly and sequentially following AKI
events, is yet another twist to the narrative [75]. Indeed, Venkatachalam et al. [44] in a recent
elaborate review, reported in the American Journal of Physiology, concluded that despite
extensive effort and resources devoted to the investigation of CKD to ESRD progression, a full
understanding of the underlying mechanisms has remained elusive. This study again demon-
strated some pathologic linkages between AKI and progression from CKD to ESRD [44].
Finally, we want to re-echo the calls from around the world for clinical trials and further
dispassionate in-depth study of these putative mechanisms in the form of adequately powered
RCTs [39, 66, 67, 70].

We would like to end this review of renoprotection by discussing our new scheme of clas-
sification of renoprotective agents that is based on the number of putative mechanisms of
CKD to ESRD progression that an individual pharmaceutical agent is capable of antagonizing
or interfering with to produce the desired effects of renoprotection and therefore enhanced
kidney survival [39].

The Search for Novel Renoprotective Agents — A Case for More Effective
Renoprotective Agents Capable of Simultaneously Attenuating Multiple
Pathogenetic Pathways Involved in CKD to ESRD Progression: A Proposed New
Classification Scheme for Renoprotective Agents

As a final point, we support the ongoing and renewed search for newer and potentially
more effective renoprotective agents [1, 3, 4, 39]. ACE inhibitors and ARBs only block a single
putative pathogenetic pathway involved in CKD progression: the angiotensin cascade [2-4, 55,
76-79]. We named such renoprotective agents, which specifically block or antagonize a single
mechanism or pathway, single-pathway blockers (SPBs) [39]. These SPBs, however, have the
shortcoming to be unable to attenuate or antagonize other potentially important putative,
independent and unrelated pathogenetic pathways or mechanisms that also drive CKD to
ESRD progression [4, 39]. In opposition, a renoprotective agent that is able to block or antag-
onize the effects of multiple pathogenetic pathways through its ability to simultaneously block,
downstream, the effects of several pathways or mechanisms of CKD to ESRD progression
would therefore concurrently interfere with several unrelated upstream pathways or mecha-
nisms [39]. We named this group of (novel?) renoprotective agents multiple-pathway blockers
(MPBs) [39]. In a recent publication, we proposed that these yet to be identified or developed
agents - MPBs - may potentially prove to be more effective useful renoprotective agents than
the currently available SPB agents exemplified and typified by ACE inhibitors and ARBs [39].
MPBs may possess the ability to even possibly reverse CKD progression, leading in fact to
improved and higher eGFR values in CKD patients, as opposed to just slowing down CKD
progression, which later benefit for now is the best that we could hope to get from the use of
ACE inhibitors and ARBs [2-4, 9-16, 37, 39]. Only time will tell if any new MPB renoprotective
agent will live up to this hope or hype of the prevention of ESRD [80].
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By our new classification scheme, such MPB renoprotective agents would potentially
include the new synthetic oleanane triterpenoid and antioxidant inflammation modulator
bardoxolone methyl [1, 81-84], as well as the non-specific phosphor-diesterase inhibitor
pentoxifylline, which suppresses the production of some factors of inflammatory response
[85-87]. Bardoxolone methyl is an antioxidant inflammation modulator and the most potent
known inducer of Nrf2 to enter clinical trials [84]. Nrf2 activates over 250 antioxidant and
detoxification genes, improves endothelial function, and maintains kidney structure and
function [84]. The BEAM study (the recently completed phase II trials investigating the new
agentbardoxolone methyl) has been extensively reviewed earlier [1]. Correspondingly, phase
II clinical trials with the drug pentoxifylline, which until now has been used mainly to treat
patients with peripheral arterial disease, has also shown some promise for renoprotection
among diabetic CKD patients [85, 86]. As noted by Renke et al. [85] in 2010, despite the use
of ACE inhibitors and ARBs in the management of patients with CKD, there is no universal
therapy that is currently available to physicians that can stop the progression of CKD. The
result of the ongoing global BEACON phase III trial on the effect of bardoxolone methyl on
CKD progression in type Il diabetics with stage IV CKD remains highly anticipated within the
nephrology community worldwide [1].

Conclusions

CKD, which used to be called chronic kidney failure, and its progression to ESRD requiring
renal replacement therapy remain a major health problem worldwide, accounting for huge
and increasing health care costs all around the world, both in developed countries and in
the poorer developing countries [88-95]. Although current renoprotection paradigms are
focused mainly on the blockade and antagonism of the renin-angiotensin system, we hypoth-
esize that it is mandatory that new therapeutic modalities capable of simultaneously attenu-
ating multiple and independent pathophysiological mechanisms and pathways, the so-called
MPBs, must be developed and introduced into clinical medicine, and in quick order [39]. This
critical mission is urgent, especially if we are to make any significant progress in our current
efforts to slow down CKD to ESRD progression and to begin to retard the pace of the growing
and costly global ESRD pandemic [39, 88].

A Final Disclaimer - Limitations of Serum Creatinine-Based eGFR Measurements
of Kidney Function

We could not end this review without acknowledging the limitations of serum creatinine
as a marker or surrogate of renal function as it is related to renoprotection measurements.
By current convention, the degree of CKD is expressed in terms of GFR, which can be deter-
mined directly or estimated according to different formulas on the basis of serum creatinine
[96]. Eloot et al. [96] studied the associations between eGFR based on serum cystatin C and
different uremic solutes (with a molecular weight range of 113-240 Da; determined by colo-
rimetry, HPLC, or ELISA) in 95 CKD patients not on dialysis (stage [I-V CKD). The same
analysis was also applied to six other eGFR formulas. There was a substantial disparity in fits
among solutes. In linear regression, explained variance of eGFR was extremely low for most
solutes, with an eGFR >0.4 only for creatinine [96]. The other eGFR formulations gave compa-
rably disappointing results with regard to their association to uremic solutes. In this elab-
orate analysis, the authors concluded that the eGFR is poorly associated with concentrations
of all studied uremic toxins in patients with different degrees of CKD, correlates differently
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with each individual solute, and can thus not be considered representative for evaluating the
accumulation of solutes in the course of CKD [96]. The search for alternatives to a creatinine-
based estimation of the GFR in trials of renoprotection and progression should therefore be
continued [96]. In a more recent and related commentary, Vanholder et al. [97] concluded
that the eGFR is a deceiving predictor of uremic solute concentrations and their biological
action. The authors noted that this inconsistency is very likely the result of the impact of other
factors affecting concentration, such as tubular secretion, generation by intestinal flora and
metabolism.

Epilogue

Our epilogue in a recent book publication raised the hope of a better tomorrow in
nephrology care around the world. Our hope in publishing the book was to rekindle new
thinking and re-engineering in the way we do things in medicine, especially in renal medicine
or nephrology [39]. We hope to enable and encourage the practitioner of the art of medicine,
both nephrologists and non-nephrology physicians alike, to question long held paradigms
particularly in the face of evidence to the contrary, for physicians to strive to do no harm to
the (CKD) patient, and for all of us to continue to endeavor to improve patient and renal
outcomes in CKD management [39]. If we manage to attain these lofty patient management
goals, we would have achieved the objective that we set out to accomplish in completing this
book project earlier in the summer of 2011 [39]. We indeed remain very hopeful for the
future.
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