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Abstract

The ultimate aim of biomedical research is to preserve health and improve patient outcomes.
However, by a variety of measures, preservation of kidney health and patient outcomes in kidney
disease are suboptimal. Severe acute kidney injury has been treated solely by renal replacement
therapy for over 50 years and mortality still hovers at around 50%. Worldwide deaths from chronic
kidney disease (CKD) increased by 80% in 20 years--one of the greatest increases among major
causes of death. This dramatic data concur with huge advances in the cellular and molecular
pathophysiology of kidney disease and its consequences. The gap appears to be the result of
sequential roadblocks that impede an adequate flow from basic research to clinical development
[translational research type 1 (T1), bench-to-bed and back] and from clinical development to
clinical practice and widespread implementation (translational research T2) that supported by
healthcare policy-making reaches all levels of society throughout the globe (sometimes called
translational research T3). Thus, it is more than 10 years since the introduction of the last new-
concept drug for CKD patients, cinacalcet; and 30 years since the introduction of reninangiotensin
system (RAS) blockade, the current mainstay to prevent progression of CKD, illustrating the basic
science-clinical practice disconnect. Roadblocks from clinical advances to widespread implementa-
tion, together with lag time-to-benefit may underlie the 20 years since the description of the
antiproteinuric effect of RAS blockade to the observation of decreased age-adjusted incidence of
endstage renal disease due to diabetic kidney disease. Only a correct understanding of the road-
blocks in translational medicine and a full embracement of a translational research culture will

spread the benefits of the biomedical revolution to its ultimate destinatary, the society.
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Introduction

The ultimate aim of biomedical research, be it basic or clin-
ical, is to preserve health and improve patient outcomes.
However, by a variety of measures, patient outcomes in
kidney disease are dismal. This implies that either the basic
pathophysiology knowledge base is insufficient, or this
knowledge base has not translated into preventive or thera-
peutic clinical interventions or these clinical interventions
do exist but have not been extensively implemented or a
mixture of all of these factors. In short, there is a real need
for more, higher quality and more coordinated translational
nephrology. We now review some current key clinical prac-
tice issues and discuss what translational research means
and how it could be applied to accelerate translation of bio-
medical advances to solve issues in kidney health.

Current clinical practice issues in nephrology

The ultimate consequence of kidney disease is organ
failure, either as acute kidney injury (AKI) or as chronic
kidney disease (CKD), and there are serious unmet clinical
needs related to both (Table 1).

AKI

Mortality of severe AKI remains high at around 50% [1].
However, we do not even know the global extent of the
problem [2]. Renal replacement therapy by various dialysis
or haemofiltration techniques is the only known therapy for
established severe AKI, as it was in the fifties [3, 4]. Techni-
ques for renal replacement therapy have evolved, but there
has been no conceptual breakthrough in therapy of AKI for
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Table 1. Some examples of serious unmet needs in nephrology that can only be solved through a translational research approach

Realm Diagnosis and prognosis Prevention Therapy

AKI No appropriate gold standard for Few resources beyond haemodynamic No therapy beyond replacement of renal
diagnosis. Current definitions based on stability and hydration function.
insensitive and non-specific parametres

CKD No appropriate diagnostic method that High prevalence of CKD of unknown or Most conditions causing CKD lack specific

may be used in routine practice to
ascertain aetiology of most causes of CKD
No objective easy-to-use assay that allows
early stratification based on risk of
progression of CKD or complications or
response to therapy for many conditions

Little evidence to support much needed
early interventions that decrease

unclear cause derails prevention efforts

Little understanding of causes
underlying CKD hotspots

pathogenesis-based therapy

No regression-inducing therapy

Non-specific nephroprotection based on
80s drugs.

mortality or prevent progression

No therapeutic approaches to prevent
non-specific progression of non-

Non-specific immune suppression for
autoimmune diseases

proteinuric kidney disease

Implementation
and public health

Worldwide most kidney diseases remain
undiagnosed

Worldwide most basic preventive efforts
for kidney diseases are unavailable or
non-applied and this is true even for

Treatment of complications of CKD begins
too late: prevention needed

Even the few therapeutic options
available remain out of reach for most of
the world’s population

segments of society within richer

countries

Unclear causes of CKD hotspots prevent
effective prevention programmes

Very few trials on prevention

Underlying causes of CKD hotspots unclear

Clinical trials Trials on diagnosis mostly non-existent

Inadequate or non-specific diagnostic
criteria or risk stratification based on
biomarkers or pharmacogenomic profiling
for participants in clinical trials

Organ replacement

Unclear causes of CKD hotspots prevent
development of specific therapies

Few trials in therapies compared with
other specialties, methodological or
design flaws frequent, underpowered in
number of participants or follow-up

Non-specific immune suppression for
transplantation
Kidneys cannot be generated in vitro

>50 years. Clinical trials of drugs for AKI based on animal
research have repeatedly failed [1]. Moreover, the recent
realization that contrary to conventional belief, AKI does
have long-term consequences on renal function has com-
pounded the problem and added another angle to the
issue [5]: we need to not only treat the acute episode but to
provide therapy that effectively prevents the long-term
consequences of AKI.

CKD

CKD does not fare better. According to the Global Burden
of Disease 2010 (GBD 2010) study, CKD is among the top
three fastest growing main causes of death worldwide:
the absolute number of deaths from CKD has increased by
82% in the past 20 years [6]. Age-standardized death
rates from CKD increased by 15% in this period while rates
for most diseases fell, including other non-transmissible
diseases such as major vascular diseases, chronic pul-
monary disorders, most forms of cancer and liver cirrhosis
[6] (Figure 1). In this regard, despite general advances in
patient care, the mortality of chronic kidney failure (CKF)
patients remains 10- to 100-fold higher than in the age-
matched general population [7]. The higher mortality of
CKF patients cannot be pinpointed to a single cause and is
evident for both cardiovascular and non-cardiovascular
causes [7]. In some cases, nephrology has lagged behind
other specialties. Haemodialysis is now the most frequent
cause of catheter-related bacteraemia in the USA, after
new standards of care have dramatically decreased cath-
eter-related bacteraemia in the intensive care unit [8].

Causes of CKD

Among the frequent causes of CKD, therapy for diabetic
kidney disease (DKD) is still based on drugs first shown to
decrease proteinuria in this condition in the mid-eighties [9].
Maijor clinical trial after major clinical trial has failed to iden-
tify novel therapeutic approaches that can be used in daily
clinical practice as add-on to renin-angiotensin system
blockade to improve outcomes [10]. Hypertensive kidney
disease is the second most frequent cause of CKF in the USA
and in at least some European countries [11, 12]. However,
its mere existence has been called into question as hyper-
tensive kidney disease is diagnosed mainly in African
Americans, and in this population CKD has been linked to a
genetic variant in the ApoL1 gene that confers resistance to
infection by Trypanosoma brucei [12, 13]. The therapeutic
implications of this finding are potentially huge, since it may
be interpreted as hypertension being a manifestation rather
than a cause of kidney disease. There is similar confusion re-
garding the prevalence of hypertensive nephropathy in
Europe [12]. The adjusted incident rates of RRT per million
population for hypertensive nephropathy ranges from 38.8
in Iceland to 4.2 in Finland and 4.2 in Scotland. In European
countries that did report the existence of non-hypertensive
renal vascular disease as a cause of RRT, the ratio of hyper-
tensive to non-hypertensive vascular disease as a cause of
RRT ranged from 0.5 in Croatia and Austria (reflecting a
predominance of non-hypertensive vascular causes) to 32
in Norway (reflecting a preponderance of hypertensive vas-
cular causes of CKF) [12]. A pathogenic therapeutic ap-
proach cannot be prescribed if the cause of the nephropathy
is unclear or even explicitly unknown, which is the case for
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Fig. 1. Worldwide age-standardized death rates for major non-communicable diseases. Per cent change 1990-2010 according to the Global Burden of
Disease 2010 (GBD 2010) study [6]. CKD is among the few causes of death from non-communicable diseases that increased in the past 20 years. CKD,

chronic kidney disease; CVD, cardiovascular and circulatory diseases.

2-60% of RRT patients in various European countries [14].
Glomerulonephritis, interstitial nephropathies and cystic dis-
eases are additional major causes of CKF. Current under-
standing of glomerular disease is still not enough to provide
specific pathogenic therapy. Glomerulonephritides are still
treated with either non-specific proteinuria-lowering medi-
cation or non-specific immune suppressants [15]. Moreover,
the cellular and molecular basis for the success of some of
these drugs is still unknown and there is debate on whether
immune suppression or direct effects on renal cells is key to
the mechanism of action [16, 17]. Finally, glomerulonephri-
tides are still classified based on morphological criteria that
date back to the seventies. This most probably represents an
oversimplification that throws into the same morphological
basket different conditions in terms of severity and progres-
sion potential that may require very different therapeutic
approaches. It may be hypothesized that a molecular classi-
fication, similar to that used for some malignancies, may
provide insights into pathogenesis and, thus, to susceptibil-
ity to individualized therapeutic approaches [18]. Our under-
standing of primary chronic tubulointerstitial nephropathies
is not better, and most lack specific diagnostic criteria and
therapy. It is yet unknown whether general management of
CKD may result in improved outcomes for autosomal domin-
ant polycystic kidney disease (ADPKD) in terms of preserva-
tion of renal function [19, 20], and tolvaptan, which received
market authorization in Japan to treat ADPKD based on
beneficial effects on surrogate end points, was rejected by
the FDA [21].

Consequences of CKD

The situation regarding the pathophysiological conse-
quences of CKD also has some shadows. Most trials aiming
at reducing mortality in CKF failed to meet the primary end
point [7]. The last new- concept drug to be brought to
market was cinacalcet—10 years ago. Current understand-
ing of CKD metabolic bone disease suggests that the
process is initiated very early in the course of progressive
CKD and that low Klotho, high FGF23 levels and subclinical
abnormalities of phosphate balance may contribute to car-
diovascular disease before increased serum phosphate
levels develop [22]. However, only the current phosphate
binders can be used and are recommended once hyper-
phosphataemia is present [23]. A recent meta-analysis

supporting the superiority of some phosphate binders over
others with regards to patient survival [24, 25] has not im-
pacted guidelines, and critical voices have been raised. In
this regard, there is no consensus on the most basic issues
of CKD management, which negatively impacts on imple-
mentation. As examples, in 2012-14, various international
guidelines recommended or suggested different targets for
blood pressure or different indications for statin therapy for
CKD patients [26-30]. At the clinical practice level, this ori-
ginates ‘guidelines wars’ between specialists and confusion
for patients and healthcare decision-makers that interferes
with implementation. An effort should be made by guide-
line-issuing bodies to ‘meta-analyze’ guidelines, reach
across specialties to agree on some basic tenets and co-
operate in shedding light onto disputed concepts.
Fortunately there is some light at the end of the tunnel.
Since the early 2000s, a stabilization or even decrease in
the incidence rates of CKF has been observed in the USA,
although the absolute number of incident cases continues
to increase [11]. This is true for several nephropathies, in-
cluding DKD (Figure 2). In addition, recent major advances
in nephrology have benefited patients with rare diseases.
Success stories include the introduction of eculizumab to
treat atypical haemolytic uraemic syndrome (2011) and
paroxysmal nocturnal haemoglobinuria (2007) [31].
However, it took 11-15 years from the development of
eculizumab to market authorization in Europe [32] and
implementation is still in progress in richer countries but
has not started in poorer societies, illustrating the uphill
road even for successful drugs. However, many drugs did
not make it through Phase 3 clinical trials despite promis-
ing Phase 2 trials, such as bardoxolone [33]. A careful ana-
lysis of the reasons underlying this failure should be
performed. In some trials, the reasons for failure are
clearer. The TREAT trial of darbepoietin in non-dialysis DKD
patents did not make adequate use of well-known bio-
markers. Thus, based on the low required transferrin sat-
uration for study entry, the higher use of intravenous iron
in placebo-treated patients, the improvement of haemo-
globin values over time in placebo patients, and the asso-
ciation of lower iron deposits with impaired erythropoietic
responses to darbepoietin, it is now clear that the cause of
anaemia in an indeterminate but probably significant
number of TREAT participants was iron deficiency [34, 35].
Thus, guidelines today provide advice on erythropoiesis-
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Fig. 2. Potential effects of type 2 (T2) translation on improved patient outcomes versus lag time to benefit. Trends in adjusted chronic kidney failure (CKF)
due to diabetic kidney disease (DKD) incidence rate, per million/year, in the US population, 1980-2012. The antiproteinuric effect of ACE inhibitors in DKD
was described in 1985 [9]. However, it was not until the 2000s that a decrease in the adjusted incidence of CKF due to DKD was observed. One potential
contributor to this late decrease is the lag-time to widespread implementation T2 of nephroprotection with RAS-targeting agents from the mid-nineties.
[Modified and adapted from United States Renal Data System, 2014 annual data report: An overview of the epidemiology of kidney disease in the United
States. National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, MD, 2014. The data reported here have
been supplied by the United States Renal Data System (USRDS). The interpretation and reporting of these data are the responsibility of the author(s) and
in no way should be seen as an official policy or interpretation of the U.S. government].

stimulating agents (ESA) in CKD based in part on a trial in
which ESA was used to treat iron deficient anaemia pa-
tients. Furthermore, although the trial was not powered to
detect differences with such a low number of patients (n=
370, ~1/10 of the whole study patients), under the neph-
rology care conditions of Western Europe and Australia,
the hazard ratio for the primary composite end point was
0.66 (0.43-1.01) [34]. Other potentially groundbreaking
drugs may never make it into the nephrology realm. Ata-
luren was recently conditionally approved to treat Duch-
enne’s muscular dystrophy in the European Union [36].
This oral drug promotes read-through premature stop
codons and holds promise to treat genetic diseases
caused by nonsense point mutations [37], among them
5-30% of the main kidney hereditary diseases [38].
However, in recent trials in cystic fibrosis, the incidence of
nephrotoxicity was high among ataluren-treated patients
(18 versus 1% in placebo), thus providing a barrier for
studies in kidney disease [39].

Organ replacement

Kidney replacement is also moving at a slow pace. The last
groundbreaking drug to be approved for maintenance
immune suppression in kidney transplantation and in wide-
spread use was rapamycin in 2001. Immunosuppression is
still non-specific. Finally, we are still not able to generate
new functioning kidneys in vitro [40, 41].

Implementation and socioeconomic factors

CKD and CKF are not evenly distributed. CKD hotspots are
known in countries, regions or ethnicities [42]. Part of the
differences in incidence is explained by their higher fre-
quency in disadvantaged populations throughout the
world [43]. Indeed this is the subject of the World Kidney
Day 2015 [44], and the causes are multifactorial but insuf-
ficient implementation of routine clinical care, standard

living conditions and education of the population and au-
thorities is part of the problem.

Thus, nephrology is at present in dire straits, marred by
a lack of translation of basic science knowledge into direct
benefits for patients and for patients-to-be that results in
an ever-growing absolute incidence of AKI and CKF and
associated mortality. How to speed up the delivery of solu-
tions is the realm of translational research in general and
translational nephrology in particular.

What is translational research?

Many of the current practical issues in nephrology can be
traced to deficiencies in translational research. The essence
of translational research is to apply biomedical advances to
benefit the society in the form of improved patient out-
comes or preservation of health. There is ample consensus
on the importance of translational research. New journals
have been named after the concept (Science Translational
Medicine, Translational Research, Journal of Translational
Medicine and others). National and international funding
bodies such as the United States National Institutes of
Health and Clinical and Translational Science Award (CTSA)
program, the European Union Innovative Medicines Initia-
tive (IMI) or the Horizon 2020 programme, the European
Clinical Research Infrastructures Network (ECRIN) and its
national subsidiaries, the German Centres for Health Re-
search, the Spanish Instituto de Salud Carlos III Accién Es-
tratégica en Salud and Institutos de Investigacién Sanitaria
(e.g. http:/www.fjd.es/iis_fjd/) and even the recent ERA-
EDTA research programme call on biomarkers emphasize
translational research. However, despite the agreement on
the general concept of translational research, there is some
disagreement as to nomenclature and the detailed defin-
ition of its phases or even whether phases should be recog-
nized at all [45-51] (Figure 3).
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Fig. 3. The ‘valley of death’ and the ‘mountains of despair’. The term valley of death has been previously used to describe the chasm between biomedical
researchers and the patients who need their discoveries [51]. Here the valley illustrates the disconnection between basic researchers and clinical
researchers. Both bench-to-bedside and bed-to-bench bridges are necessary to bridge the gap. However, success in clinical research does not
automatically result in improved patient outcomes or preserved health. Two mountains of despair lag between clinical knowledge and patients. The first
one involves regulatory and business model issues that may delay marketing of a successful solution. The second one involves education of stakeholders
(doctors, healthcare professionals, healthcare decision-makers, patients) and policies that allow widespread implementation of the solution across
socioeconomic and geographical barriers. Tunnels are required to sort out these obstacles. The image of a mountain to depict difficulties in implementing
technologies that have shown some measure of success in humans was previously used to illustrate the plight of novel biomarkers [52].

The Institute of Medicine described two roadblocks in
translational research [46]. Type 1 (T1) translation was de-
scribed as ‘the transfer of new understandings of disease
mechanisms gained in the laboratory into the develop-
ment of new methods for diagnosis, therapy and preven-
tion and their first testing in humans.’ This fits into the
traditional bench-to-bedside concept. However, we should
not forget that translational research is a two-way road,
and bed-to-bench research is needed to guide research
priorities and questions. The very descriptive term ‘valley
of death’ was previously used to describe the chasm
between biomedical researchers and the patients who
need their discoveries [51]. T2 translation was defined as
‘the translation of results from clinical studies into every-
day clinical practice and health decision-making’. This gap
between technology that appears to work in humans and
marketing-authorization and eventual widespread use
has been likened to a mountain that the higher you climb
the more previously occult higher peaks you discover that
have to be climbed [52]. We have termed these the
‘mountains of despair’ (Figure 3). In this regard, some-
times drugs with successful results in Phase 2 trials fail
on decisive Phase 3 trials or only prove effective on surro-
gate markers or raise safety flags, and the reasons for
failure may remain unclear (drug not useful for that indi-
cation?, wrong dose-range?, wrong follow-up?, wrong

study subjects?, wrong sample size assumptions?), but
drug development is abandoned because of a variety of
potential reasons that may not be directly related to the
chances of success of novel trials (no funding?), to the
despair of physicians and patients alike. In this regard, the
excess rigidity and consumption of resources of clinical
trials has been criticized [53]. As summarized by Woolf, T1
needs basic and clinical scientists to unravel molecular
and cell biology problems in order to design and test novel
diagnostic and therapeutic approaches in humans [45].
The end result may be a novel diagnostic test or therapeut-
ic intervention. T2 picks up the new test or intervention and
deals with implementation to really improve health in the
public realm. T2 thus requires population-based interven-
tions, practice-based research networks, clinical epidemi-
ology and evidence synthesis, communication theory,
behavioural science, public policy, financing, organizational
theory, system redesign, informatics and qualitative re-
search [45]. Within T2, some authors recognize a T3 prac-
tice-based research, which is required for distilled
knowledge (e.g. systematic reviews, guidelines) to be im-
plemented in practice [45, 49].

Part of the growing gap between basic science and the
clinic has been attributed to the decreasing role of MDs or
PhD/MDs in leading biomedical research efforts when com-
pared with PhDs: the gap in number of NIH grants led by a
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PhD or an MD has increased 10-fold, from around 500 to
around 5000 projects [51]. In this regard, one of the mis-
sions of the new CKJ is to propagate the values of transla-
tional nephrology, to increase awareness of the advances
and unmet needs in each of these areas of knowledge
among major stakeholders (basic researchers, clinical re-
searchers, practicing clinicians, epidemiologists and other
kidney-related specialists), so as to build bridges over the
valley of death and tunnels that bypass the mountains of
despair (Figure 3).

Translational nephrology: translational research
in nephrology

Translational research in nephrology should address the
unmet needs regarding preservation of kidney health and
improvement of outcomes for patients with kidney disease
as enumerated in the initial section of the manuscript. This
often entails multidisciplinary and multicentre collabora-
tions. In addition to a shift towards an overall focus on
translation in biomedical research, structures have been
created to specifically foster translation. Currently there are
a number of such initiatives ongoing in Europe that em-
phasize translational nephrology. These include the
French F-CRIN INI-CRCT (Cardiovascular and Renal Clinical
Trialists) network (http:/www.fcrin.org/en/support-tools/
ini-crct-cardio-renal-diseases) and the Spanish REDINREN
(Red de Investigacion Renal) network (http:/redinren.org/)
[54, 55].

Two large ongoing European Union-funded research
projects focus on translational nephrology. PRIORITY aims
at the early identification of type 2 diabetes patients at
risk for subsequent development of DKD by using a urinary
peptidomics panel [56] and testing the clinical use of such
risk stratification to select patients for preventive ap-
proaches to DKD. Thus, at-risk patients will be randomized
to placebo or spironolactone to prevent DKD (http:/www.
eu-priority.org). EURenOmics is using high-throughput
technologies to find new genes causing or predisposing to
kidney diseases, characterize molecular signatures unique
to individual disease entities, identify prognostic biomar-
kers and screen for potential drug candidates (http:/www.
eurenomics.eu/).

On a broader perspective, translational issues in AKI
and CKD were recently reviewed [57, 58]. Overall, the fol-
lowing strategies need to be implemented to foster trans-
lational nephrology (Table 2).

Development of novel diagnostic, risk stratification and
individualization tools to personalize therapeutic
approaches

A new sensitive and specific gold-standard definition of
AKI is required that together with novel biomarkers

Table 2. Strategies for translational nephrology

Development of novel diagnostic, risk stratification and individualization
tools to personalize therapeutic approaches

Development of novel preventive and therapeutic approaches based on
aetiologic and pathophysiological insights

Optimize clinical trial design and supportive structures

Optimize the scope and role of registries

Emphasize type 2 translation leading to widespread implementation and
accessibility of proven medical approaches

19

contributes to staging and stratifying patients according
to aetiology/pathophysiology and prognosis and need for
intervention [57]. This would facilitate recognition of AKI
and allow for homogenization of patients recruited into
clinical trials and eventually to the implementation of the
precise therapeutic agent.

Accurate, sensitive, specific and non-invasive diagnos-
tics tests should be developed that allow the identification
of the aetiology of CKD in the high proportion of patients
that reach CKF with an unknown or unclear aetiology. This
may require the study of patients at the earlier stages of
kidney disease. The creation of a cohort of young adults
without prior known kidney disease with sequential clinic-
al and analytical follow-up and sequential biobanking
may provide the materials that allow the identification of
early markers of kidney disease.

A molecular or pathophysiological classification of kidney
diseases and specifically glomerulonephritis is needed that
completes the currently available morphological or clinico-
pathological ones. This should identify specific molecular sig-
natures and targets and predict progression and response to
therapy in order to guide the indication and monitoring of
specific therapeutic approaches. Systems biology approaches
applied to blood, urine or kidney tissue in humans or experi-
mental systems and hold promise for such classification or
identification of components of the classification [59-611.
The recent identification of the autoantigen of membranous
nephropathy as the M-type phospholipase A2 receptor
(PLA2R) and the development of clinical assays is a step in
the right direction that requires validation of its precise role in
the assessment and therapeutic decision-making, integra-
tion into guidelines and extensive implementation [62, 63].

Imaging techniques should advance in order to allow
repetitive, non-invasive monitoring of kidney inflamma-
tion and fibrosis and assessment of diverse kidney func-
tions in a dynamic manner that allows characterization of
active versus chronic lesions and progressing versus stable
chronic lesions.

Development of novel preventive and therapeutic
approaches based on aetiologic and pathophysiological
insights

Nephrology needs novel therapeutic approaches for
unmet needs, and these can only be developed by a
precise and detailed understanding of pathophysiological
events, the evaluation of preclinical models relevant to
the human situation and the improved design of lower
cost clinical trials.

The importance of representative animal models cannot
be overemphasized [64]. Continuing with the membranous
nephropathy example, the availability for over 50 years of a
rat model, Heymann nephritis, allowed the identification of
molecular mediators of podocyte injury. However, there was
no clinical translation. The identification of PLA2R as the
human autoantigen and the characterization of the major
PLA2R epitopes will allow the development of more relevant
animal models as well as novel and more specific therapeutic
approaches, including antibody inhibition therapy and immu-
noadsorption of circulating autoantibodies [65, 66]. In this
regard, the array of potential therapeutic tools is continuous-
ly expanding from the realm of small molecules to thera-
peutic proteins, therapeutic cells and other molecular biology
tools such as antisense oligonucleotides, gene therapy and
others. The microRNA-122 (miR-122) targeting the drug mir-
avirsen was recently successfully tested in human HCV infec-
tion, although it might be nephrotoxic [67, 68].
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The bed-to-bench interaction should intervene at every
step of clinical development. As an example, the introduc-
tion of enzyme replacement therapy (ERT) for Fabry
disease was expected to solve the enzymatic defect and
prevent progression of nephropathy. However, ERT failed
to prevent progression once nephropathy was present
[69], raising the need to better understand the molecular
mediators of tissue injury. A glycolipid not very responsive
to ERT, lyso-Gb3, was found to promote fibrosis, a hallmark
of the disease, in podocytes, and this was prevented by
vitamin D receptor activators [70, 71]. Back to the clinic,
paricalcitol was later reported to reduce proteinuria in
Fabry nephropathy [72].

Optimize clinical trial design and supportive structures

Clinical trials are one of Achilles heels of translational neph-
rology. In other areas of medicine there is growing concern
over excess complexity, expense and time required for re-
cruitment of study participants, as well as inadequate rep-
resentativeness of enrollees for the general patient
population [73]. In addition, the number of randomized
controlled trials (RCT) published in nephrology from 1966 to
2002 was 50 to 90% lower than in every other medical spe-
cialties and no secular increase was observed in the last 5
years of the study [74]. The glomerulonephritis field was
particularly poor in trials. Overall, the quality of RCT report-
ing in nephrology was low and had not improved for 30
years. It was proposed to emphasize using standard guide-
lines and checklists for trial reporting, improving reporting
of loss to analysis, better describing the methods and im-
proving the design of multicentre, larger and simpler trials
[74, 75]. A 2014 systematic review of Clinicaltrials.gov dis-
closed that only <3% of trials were classified under nephrol-
ogy [76]. Most nephrology trials were for treatment (75%)
or prevention (16%), with very few diagnostic, screening, or
health services research studies. Nephrology trials were
more likely than cardiology trials to be smaller (64 versus
48% enrolling <100 patients), Phases I-II, unblinded and
to include a drug intervention. The higher representation of
Phase I/II trials may be interpreted positively as a sign of
interest to search for new drugs for kidney disease. Thus,
an effort should be made to increase the scope, quality and
quantity of clinical trials within nephrology. In this regard,
national or international collaborative structures, especially
if linked to basic researchers like the above-mentioned F-
CRIN INI-CRCT and REDINREN hold promise. REDINREN
through the Spanish Society of Nephrology workgroup
GLOSEN is providing logistical support for the ERA-EDTA-
funded STARMEN trial of conventional immune suppression
versus rituximab-tacrolimus in membranous nephropathy
while at the same time addressing the molecular basis of
the benefit provided by tacrolimus. The Australasian Kidney
Trials Network was formed in 2005 to improve RCT quality
and quantity and is an example to follow [77].

A major issue in nephrology RCTs is the definition of ad-
equate surrogate end points. The emphasis on hard end
points results in a catch 22 situation: since in many kidney
diseases the natural history is measured in decades, ad-
vanced cases must be enrolled in order to get sufficient
events. However, advanced cases may be less responsive
to therapy or require different therapeutic approaches and
trials fail. In this regard, the qualification of novel biomar-
kers that may be used as surrogate end points also re-
quires long follow-up times. This stalls research and
deprives patients of biomedical advances. Voices have
risen for a more practical approach [52]. In this regard,
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part of the solution may be to optimize the scope and role
of registries.

Optimize the scope and role of registries

Advances in electronic databases and big data manage-
ment and analysis have renewed and expanded the role
of registries in clinical research. In the rare diseases, field
registries may be the only source of new large-scale clinic-
al knowledge [69]. In addition, novel roles have been
envisioned. Large-scale observational registries are still ill-
fitted to provide hard comparative effectiveness data,
owing to the absence of randomization. However, registry-
based randomized trials may complement the strengths
and address the weaknesses of registries and trials by low-
ering costs, facilitating recruitment and providing real-
world populations created from consecutively enrolled
registry patients [78, 79]. Registry-based biobanks may
also provide crucial information. For example, the ERA-
EDTA Registry may identify CKD hotspots within Europe
and the availability of big data and a Registry-linked
biobank may allow developing and testing hypotheses re-
garding contributing factors, either genetic, environmen-
tal or dependent on socioeconomic or organizational
factors. Advances in analytical tools that require ever
lower sample sizes for analysis and implementation of
dried blood spot testing may facilitate the effort.

Emphasize type 2 translation

Research should also focus on identifying factors and
strategies that lead to adoption, maintenance, and sus-
tainability of science-based interventions in practice to
provide high-quality care and better health outcomes
once interventions are known to be beneficial. Essential
elements are multidisciplinary team care, health informa-
tion technology and stakeholder engagement leading to
patient safety and transitions; delivery of high-quality, evi-
dence-based care and elimination of disparities within
and between societies [58].

In summary, there is a growing gap between advances in
basic research in the nephrology field and the develop-
ment of clinical advances that may be used to preserve
kidney health or improve the outcomes of kidney disease
patients, and there is a further gap between clinical ad-
vances and their implementation in the community. CKJ
will devote a series of CKJ reviews to address the unmet
needs, the contributors to these gaps and potential solu-
tions to speed up translation into clinical practice and im-
plementation of biomedical science advances. The series
will explore the barriers and facilitators to translational re-
search in general and in Nephrology in Europe, Translational
Research in Diagnosis, Translational Research in Prognosis,
Translational Research in Therapy, and Translational Re-
search in Prevention and Public Health. With these series we
expect to provide the CKJ readership with a balanced view of
the current state-of-the-art as well as with thought-provok-
ing commentary that will help promote the values and aims
of translational medicine in the nephrology community.
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