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Summary

Summary

In 2004, researchers reported that the number of nephrology clinical trials was low and that
the reporting quality of such trials was suboptimal. Furthermore, the number or quality of

preclinical kidney-related studies had not been systematically evaluated.

We performed a systematic review of randomized clinical trials published in 1966—-2017
(listed in the Cochrane Library) and preclinical studies published in 1945-2017 (listed in
PubMed). For reporting quality analysis, we evaluated the final main paper of 118 clinical
trial reports and 135 preclinical studies published in leading journals in 1996, 2006, and 2016
on the basis of modified criteria based on the widely used CONSORT and ARRIVE guidelines.

The annual number of reports of clinical kidney-related trials more than doubled between
2004 and 2014 along with reports in other medical disciplines. Hypertension remains the
dominant focus of study, but on-going trials also centre on CKD, ESKD, and AKI. The
reporting quality analysis revealed improvements, but deficits in reporting of clinical trial
design, mode of randomization, and intention-to-treat analysis remain. Annual numbers of
kidney-related preclinical studies remained low between 1945 and 2017 compared with
other disciplines. Reporting quality analysis of preclinical studies revealed substantial
reporting deficits across all leading journals, with little improvement over the last 20 years,
especially for group size calculations, defining primary versus secondary outcomes, and

blinded analysis.

Nephrology studies keep increasing in number but still lag behind other medical disciplines

and the quality of data reporting in kidney research can be further improved.

Vi
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Zusammenfassung

Im Jahr 2004 konnte eine geringe Anzahl klinischer Studien auf dem Gebiet der Nephrologie
und eine suboptimale Berichtsqualitdt solcher Studien festgestellt werden. Die Anzahl und
Qualitat praklinischer Studien in der Nephrologie wurde bisher noch nicht systematisch

ausgewertet.

Wir fihrten eine systematische Ubersichtsarbeit der in den Jahren 1966-2017
veroffentlichten randomisierten kontrollierten Studien (verwendete Datenbank: Cochrane
Library) und der in den Jahren 1945-2017 veroffentlichten praklinischen Studien
(verwendete Datenbank: Pubmed) durch. Im Rahmen der Qualitdtsanalyse der
Forschungsberichte bewerteten wir die endgiltige Version des Originalartikels 118 klinischer
und 135 praklinischer Studien, welche in den Jahren 1996, 2006 und 2016 in fihrenden
Journalen veréffentlicht wurden. Wir verwendeten dabei modifizierte Bewertungskriterien,

welche auf den weit verbreiteten CONSORT und ARRIVE Richtlinien basierten.

Die jahrliche Anzahl der Berichte Uber klinische Studien mit Bezug zur Nephrologie hat sich
zwischen 2004 und 2014, dhnlich wie bei Berichten aus anderen medizinischen Disziplinen,
mehr als verdoppelt. Hypertonie bleibt der dominierende Schwerpunkt von Studien,
laufende Studien konzentrieren sich jedoch vermehrt auf die chronische und terminale
Niereninsuffizienz sowie auf die akute Nierenschadigung. Die Berichtsqualitdatsanalyse ergab
Verbesserungen im Laufe der Zeit, es bestehen jedoch weiterhin Defizite bei der
Berichterstattung Uber das Design klinischer Studien, die Art der Randomisierung und die
Intention-to-treat-Analyse. Die jahrliche Zahl praklinischer Studien mit nephrologischem
Bezug blieb zwischen 1945 und 2017 im Vergleich zu anderen Fachdisziplinen auf einem
niedrigen Niveau. Die Analyse der Berichtsqualitat praklinischer Studien ergab erhebliche
Defizite in allen fiihrenden Journalen, wobei sich in den letzten 20 Jahren geringe
Verbesserungen zeigten, insbesondere bei der Stichprobenberechnung, bei der Definition

von primaren und sekundaren Endpunkten sowie bei der Verblindung.

Die Zahl der nephrologischen Studien nimmt weiter zu, bleibt jedoch hinter anderen
medizinischen Disziplinen zurlick, und die Qualitat der Berichterstattung in der

nephrologischen Forschung kann weiterhin verbessert werden.
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1. Introduction

1.1.The kidney and medical research

The kidney is a paired, beaned shaped organ, located in the retroperitoneal space, with an
average length from 10-13 cm. The structural and functional unit of the kidney is the
nephron, with each human kidney containing around 1 million of them. The kidneys play an
essential role in human physiology, with many important diverse excretory and endocrine
functions. The excretory functions include the excretion of urinary substances, the
regulation of the water and electrolyte balance and of the acid-base balance. The most
prominent endocrine functions are the production of erythropoietin for erythropoiesis,

calcitriol for regulating calcium metabolism and renin for blood pressure control [2].

Nephrology is the medical specialty which addresses diseases of kidney function, such as
chronic kidney disease (CKD), acute kidney injury (AKI) or glomerulonephritis (GN). These
diseases play a major role in morbidity and mortality worldwide. CKD, for example, was the
ninth-leading cause of death in the United States in 2017. Approximately 37 million
Americans have CKD and more than 100,000 Americans begin dialysis each year. Twenty
percent die within a year; fifty percent die within 5 years. As in most medical fields, the
advancement of kidney health, the improvement of the diagnostic procedures and the
discovery and application of new, more effective therapeutic strategies is closely tied to the
quantity and the quality of the medical research conducted on the field, both in form of

preclinical studies and of clinical trials [3].

Perhaps the most familiar form of health research are studies designed on human
participants. The two main forms are the aforementioned clinical trials and observational
studies. Observational studies improve the knowledge of a disease through observation of
interventions or procedures as part of the medical care or follow up visits, but contrary to

clinical trials, participants are not assigned to a specific intervention by the investigators.

Clinical trials, or interventional studies, on the other hand try to investigate the efficacy and
safety mainly of drugs, new or existing ones, by assigning participants to specified study

interventions. Comparisons of a new medical intervention to a standard already established,
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to a placebo with no active substances or to no intervention at all are possible. Clinical trials
are designed to answer specific biomedical or behavioural questions, to test the safety and
effectiveness of new treatments (such as novel vaccines, drugs, dietary choices, dietary
supplements, and medical devices) and to examine known interventions that warrant

further study and comparisons.

In addition, we use, and have for a long time used, cells, tissues, animals to discover what
healthy biological processes look like, how they change with disease, how we can intervene
in those processes and what are the consequences of our interventions. This form of
research, called basic or bench science, begins before the clinical or human trials, involves
scientific principles that help deepen our preclinical understanding and has as its main goals
the identification of new, possibly helpful, biological pathways or targets, the investigation
of new drug applications or the determination of safety doses for first clinical trials, which

may apply to drugs, gene therapy solutions, antibodies, diagnostic tools or medical devices.

The bridge between the clinical and the preclinical part of the research field, in other words
the way from bench to bedside, is called translational medicine. The translational research
tackles to improve ways to connect the basic fields of preclinical trials with clinical
applications, in an effort to build on basic scientific research, in order to create new

therapies, drugs, medical or diagnostic procedures.

1.2.Clinical research

1.2.1. Phases of clinical trials

Drugs and medical interventions undergo a lengthy process before been put on the market.
Even testing in humans is not allowed before excessive laboratory testing. The development
of a drug or a medical intervention can last in total almost 15 years. Clinical research in
human participants is divided in different phases, which are separate clinical studies with
different and unique objectives. In total, there are 5 different phases of clinical trials, from 0
to IV. Generally, as a drug or substance moves through the phases of trials, the sample size

of the trial will typically increase, and its efficacy, safety and adverse events will be further
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examined. In contrast, if during a phase a substance is found to be unsafe or inadequate,

further testing will not be conducted [4].
Phase 0 and |

Phase 0 or Phase | trials are usually the first trials conducted among human participants. In
Phase 0 trials usually a very small dose, beyond any therapeutic benefit to the human body,
is given to a small group (10-15) of people. The main object of such trials is to examine the
pharmacodynamics and kinetics of the substance to the human body. Often Phase O trials

are skipped in favour of Phase | trials.

Phase | trials include the testing of a substance, usually on healthy volunteers (15-30
people), with main objectives the examination of the substances safety and the
determination of the ideal dose with the fewest side effects. Usually those trials include
dose raging, also called dose escalation studies, which means the examination of different
doses of the drug and its effects on the human body, starting by giving microdoses of the

drug, up to higher doses, until side effects become too severe [4][5].
Phase Il

Once Phase | trials are successfully completed, the initial safety of the substance has been
established and a dose or range of doses is determined, the drug will move to a Phase Il trial,
which has as its main goals the further assessment of the drug’s safety and if and how well it
works. Phase Il trials are usually conducted on larger groups of participants, with sample
sizes ranging to a few hundred people, and are often aimed at patients with the specific

disease that the drug aims to treat.

Phase Il trials are the most common step when the development of a potential new agent

fails due to toxic effects or lack of effectiveness.

At this point it is also important to note that some of the Phase Il trials are designed as
randomized controlled trials (RCT), where patients are assigned to different study groups
and some of them receive the examined therapy whereas others receive a placebo or the
already established treatment. RCTs are most commonly Phase Ill trials, which also include
way more participants than Phase Il trials. A more detailed explanation of such form of trials

and their importance can be found below [4][5].



Introduction

Phase Il

Phase Ill trials are designed to assess the effectiveness of a treatment and thereby its value
in the clinical practice. They often comprise the final trial phase before a new drug is
evaluated by the regulatory authorities for market access. This kind of trials provides the
necessary information about safety, efficacy and adverse events, which determine whether
a drug or a medical intervention can be approved. Phase Il trials are often either placebo-
controlled, or the current gold standard treatment may be used to compare the
effectiveness of the examined substance. They are usually randomized trials, meaning

participants are assigned to study groups by chance, and the randomization process is often

Table 1: Summary and Comparison of the phases of clinical trials

Population
Phase | Objective Dose And General Data  Design Success
Sample Focus Features Rate*
Size
Testing of drug  sub- -Vital Signs -Single,
Phase on healthy therapeutic 30-100 -Plasma and ascending
| volunteers for  with healthy Serum Levels dose tiers 70%
safety; involves ascending volunteers  -Adverse -Unblinded °
dose-ranging doses Events -Uncontrolled
-D -PI
Testing of drug 100-300 ose a.cebo/
on patients to atients Response and  Active
Phase P ) therapeutic P . Tolerance Controlled
assess efficacy with . 33%
I ) dose - -Adverse Comparisons
and side specific )
. Events -Well defined
effects diseases . o
-Efficacy Entry Criteria
Lo ot 00 SO fandomize
Phase P . therapeutic P . . -Blinded
assess efficacy, with -Efficacy 25-30%
n . dose . -ITT
effectiveness specific -Adverse
. -Controlled
and safety diseases Events
-Efficacy
. . anyone . .
Phase | Postmarketing therapeutic . -Epidemiology  -Uncontrolled
. seeking . N/A
v surveillance dose -Adverse -Observational
treatment
Events

*According to the FDA (U.S. Food and Drug Administration)
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stratified, in order to minimize false study result due to inhomogeneity between the groups
compared. Phase Il trials also usually involve a much larger number of participants than
trials of previous phases and are often conducted in multiple centres simultaneously.
Because of their size, complex design and duration, this kind of trials are usually expensive
and difficult to design and run, but are a necessary step in order to minimize bias and false
results, and to produce statistically significant data mainly about the efficacy and safety of a

drug [4][5].
Phase IV

Phase IV trials are post marketing surveillance trials. This means that they try to evaluate the
drug’s profile after it has been licensed and while been part of the clinical practise. The aim
is to establish the drug’s long term efficacy and safety through time and in even larger
groups of people. Phase IV trials may also include further testing for a substance, for
example to identify and to examine interactions with other drugs, or on certain population

groups, for example in pregnant women or children [4][5].

1.2.2. Randomized controlled trials

Irrespective of the phase of a clinical trial, one of the most significant and influential forms of
trial design are the RCT. RCTs, when appropriately designed, conducted and reported,
represent the gold standard in evaluating healthcare interventions [6] and are the most
rigorous way of determining a cause and effect relation between the intervention and the
outcome. This is mainly due to the controlled exposure of the study, which ensures that
many of the biases which potentially can provide falsified results are either completely

absent or are at least greatly diminished [7].

Of course, the validity of a RCT is massively influenced by the underlying methodological
quality. Not all RCT are adequately designed, conducted or reported. The key risks of bias in
a randomized trial , the danger in other words to over- or underestimate the intervention’s
effect or its safety reflect method flaws in major areas of the trial [8]. There are several
critical aspects that have to be taken into consideration for a trial to truly provide

unconfounded estimates on intervention effects, more prominent among them the sample
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size of the study, the randomization or the allocation concealment procedures, the blinding
or masking of the trial, loss to follow-up, intention to treat analysis and firmly defined end
points. Each physician but even more generally, everyone coming across the results of a trial,
should be able to critique its underlying methodology, so as to be able to interpret the
significance of said trial. Thus, in the following paragraphs a more detailed view of the more

crucial items that define the quality of an RCT will be presented.

Generally, the steps for performing an RCT is to initially formulate the hypothesis to be
tested, identify the sample from which the participants are to be drawn, randomize subjects
to the intervention or control groups, perform the intervention as appropriate to the
randomization of the participants and analyse the results. Ideally, features of a well-

designed RCT are:

e Determination of an appropriate and representative sample of the population to
recruit and recruitment of enough participants in order to produce statistically

significant results.

New treatment

Group 1 > Outcome

Sample =t
[ ]

population o

N

Group 2

> Qutcome

Control treatment

Figure 1: The randomized control trial. Reproduced from Emergency Med. Journal, “Designing a
research project: randomised controlled trials and their principles.,” J. M. Kendall, vol. 20, no. 2, pp.
164-8, Mar. 2003 with permission from BMJ Publishing Group Ltd. [9]
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e Effective Randomization and simultaneously concealment of the allocation to the
study groups (intervention/ control group(s)).

e Blinding, ideally of both the investigators and of the patients. Additionally but equally
important blinding of the investigators assessing outcome.

e Primary end point analysis conducted with patient included to the group of their
original allocation, irrespective of crossover, drop outs or loss to follow-up (Intention
to treat analysis).

e Prespecified end-points and outcomes to be assessed.

Main errors of clinical research and design characteristics for their avoidance

Avicenna or lbn Sina (980-1037), one of the most prominent and significant physicians,
scientists and philosophers of the Islamic world, stressed the importance of internal and
external validity in clinical research almost 1000 years ago. External validity refers to the
validity of applying the scientific results of a study outside of its strict context. Important
factors for the external validity of a trial are the selection process of patients, the

intervention regimens, and the outcome variables [10].

Internal validity refers to the restriction of bias through proper design, conduction, analysis
and reporting of a trial and refers to the validity of conclusions drawn within the context of a
specific study. One can distinguish three main forms of bias, the first called selection bias,
referring to systematic differences between groups being studied, the second called
observer bias, occurring when the information collected from groups to be studied is
processed differently. The third form of bias, called confounding, refers to an outside factor
which can influence both the dependent and the independent variable of a trial, thus mixing
the effect of the exposure under a study on a given outcome with the effects of the
additional factor, or factors, and consecutively distorting the true relationship between

intervention and outcome.

Equally important is to consider the existence of a random error in a study, which can usually

appear in studies with a small number of participants, for example through unequal
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distribution of prognostic factors between groups. The most important design strategy to
minimise random error is to have a large enough sample size. The beauty and the
significance of RCTs stems from exactly the fact that when designed, conducted and
reported adequately, all these forms of error can be greatly reduced or even be extinguished

[9].
Target population and sample size

The determination of the target population to which the healthcare intervention is meant to
be examined and its results are intended to be applied is essential. Trials should prespecify
inclusion and exclusion criteria defining target populations appropriate to the research
hypothesis, but also excluding persons thought to be particularly vulnerable to harm from

the study’s intervention.

Equally important is to carefully plan the sample size for a trial. A sample size calculation is
important both for scientific but also for ethical reasons, and a large enough sample size
allows the study to detect a clinically important difference between intervention and control
groups. The size of effect deemed important is inversely related to the sample size necessary
to detect it; so in order to detect small differences large sample sizes have to be included [9]

[11].
Randomization

One of the main strengths of RCTs and perhaps their main feature is the randomization
process. The patients are randomly, through various methods, assigned to the different
study groups. True randomization allows participants to have an equal and random chance
of being placed in the intervention or the control groups of a study and is the basis for

establishing a casual interpretation.

Different baseline characteristics of the participants should be measured at the stage of the
initial recruitment of the trial, such as weight sex, age, name, but more importantly should
include any potential prognostic factors. Even though proper random assignment
automatically prevents selection bias, it does not guarantee equivalence of the groups at
baseline [11]. All these baseline characteristics also have to be interpreted as potentially
confounding factors and thus have to be divided equally among the groups to be compared

later. Only if the groups are structurally equivalent can differences in the analysis of the
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study be attributed to treatment effect rather than confounding influences [12]. Here is
important to note that randomization cannot completely guarantee the equal distribution of
confounding factors, as they may arise by chance. Also essential is to guarantee concealment

of the allocation to the investigator, to minimize observer bias.

At this point a mention and short description of the various randomization techniques would
be useful. Other than the simple randomization, which with a 1:1 allocation is analogous to a
coin toss, there are other forms, called restricted randomization, which allow for a more
controlled distribution of confounding factors than chance alone might achieve. These forms

of randomization are especially important to trials with smaller sample sizes.

The two most common forms are:

e Blocked randomization, which can ensure that the number of participants in each
group is equal. For example, instead of allocating each participant through random
chance to a study group, blocks of 20 are formed, ensuring that within each block 10

patients are allocated to the control and 10 to the intervention group.

Table 2: Typical steps taken in a randomization process

e | Determine the method (for example, a computer generated list of random

numbers) and generate the sequence generation.

e | Define mechanisms used to implement the random allocation procedure
(such as sealed envelopes) and take steps to conceal the sequence until

interventions are assigned

e | Define who will generate the allocation sequence, who will enrol patients

and who will assign them to interventions

e | Implementation

Enrol participants and administer intervention

10
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e Stratified randomization, which can ensure a good balance of baseline characteristics
between groups and, when further confounding factors are known, their equal
distribution. Stratified randomisation is achieved by performing a separate
randomisation procedure within each of two or more subsets of participants (for

example age, or disease severity) [11].

Of course, in the clinical reality, also further parameters other than the type of
randomization have to be taken into consideration to ensure the appropriate randomization

of a trial. Typical steps for a robust randomization process are described in Table 2.
Blinding

Another important method to minimize bias in RCTs is achieved through blinding, which
ensures that some of the people participating in a trial are unaware of the patients’
treatment allocation. Blinding of the investigators is crucial when possible, since it ensures
that conscious or subconscious bias through extra attention to the intervention group can be
avoided, meaning that all study arms are treated equally and any outcome differences are
due to the investigated treatment [7]. On the other hand, blinding of the patients
themselves to their treatment allocation is equally important, since their attitude can

potentially affect their compliance and even their response to treatment.

Blinding is achieved by making the intervention and the control appear similar. Often this
happens by manufacturing placebo or control medication that is indistinguishable from the
tested substance, something which can be costly and complex. Furthermore, blinding is not
always possible. For example, in surgical trials or kidney trials testing alternate day to every

day dialysis blinding can prove quite difficult or even impossible to achieve [9].

Various degrees of blinding may be applied to a study. Double blind are studies where
neither the physicians nor the patients are aware of the patients’ treatment allocation. If
only one party is blinded, the study is called single blind, and if no blinding at all occurs, it is
called open. Naturally, the highest possible degree of blinding should be chosen, but even if

blinding is not possible, a blinded third party can measure outcome [9][12].

11
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Crossover, loss to follow-up and the intention—to-treat principle

Ideally, each randomized patient will receive his or hers allocated and intended treatment,
whether that is the tested intervention or the placebo/ standardized one. Unfortunately this

pure division and smooth trial conduction not always happens in real life.

The term crossover refers to a patients switch from one group to another, which can happen
for example through mistake in allocation procedures, patient noncompliance or through
administration of the tested substance through outside medical personnel. Crossover leads

to more similar outcomes between the compared groups, as shown in Figure 2.

Loss to follow-up can influence a trial’s outcome to an even higher degree. Non-random
exclusion of participants who are lost to follow-up can introduce bias in unpredictable way,
but it usually results in larger estimates of treatment efficacy compared to trials in which all
randomized participants were evaluated [8]. This tends to happen because participants with
specific characteristics are more likely to be lost to follow-up than others, for example
patients with clinical deterioration or severe adverse effects in the intervention group are

more likely to drop out than others.

( Subjects )

Figure 2: The effect of crossover in a clinical trial. Note that increasing crossover “waters down” any
difference between groups and makes them more similar. Reprinted from Adv. Chronic Kidney Dis.,
vol. 19, no. 1, J. A. Samuels and D. A. Molony, “Randomized Controlled Trials in Nephrology: State of
the Evidence and Critiquing the Evidence” pp. 40—46, 2012 with permission from Elsevier [7].

12
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Irrespective of whether patients refuse to continue treatment, are lost to follow-up, lost to
analysis or have crossed over to an alternate study group, for a RCT to produce unbiased
results and to retain its fidelity, each study subject should be analysed as if they had
remained in the group and received the allocated treatment to which they had been
originally randomized and all originally randomized participants should be included in the
analysis. If these two conditions are met then the analysis is called intention-to-treat (ITT)
analysis, which is the form of analysis widely considered as the most reliable one. Such
analyses allow for the preservation of the advantages of the randomization, such as the
structural equivalence between the groups, and since ITT analyses include all patients
randomized, even those who discontinued treatment due to adverse side effects or
deterioration, have crossed over or did not even take place in the study from the beginning,
produce conservative results, meaning the efficacy of a drug intervention is not falsely

highlighted through an altered analysis sample [12].

1.2.3. Importance of reporting and the CONSORT statement

Having described some of the main features of a well-designed RCT, it becomes evident that
not only the design and the conduction of a trial are important, but also the trial’s reporting.
Transparent reporting can reveal deficiencies in research, if they exist. If a thorough
publication process is established, requiring the explanation and the reporting of all main

quality features of a RCT, inadequate trials would not be able to publish false results.

Editors from many biomedical journals have started collaborating since 1984 in order to
develop a guideline for adequate reporting of RCTs. Efforts accelerated in the mid-90s,
resulting in the publication of the first CONSORT (Consolidated Standards of Reporting Trials)
guidelines in 1996. Further methodological research resulted in the revision of 2001, which
provided comprehensive checklists for investigators to ensure that RCT are reported

accurately and comprehensively.

While those statements improved the reporting quality for some trials, many trial reports
still remained inadequate. For example only 45% of trial reports indexed in PubMed in 2000
and 53% in 2006 defined a primary end point, and only 27% in 2000 and 45% in 2006

reported a sample size calculation, while it is not rare to find inaccurate statements in trial

13
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Assessed for eligibility (n=...)

= Excluded (n=...):
E Not meeting inclusion criteria (n=...)
° Declined to participate (n=...)
s Other reasons (n=...)
Randomised (n=...)

| I {
§ Allocated to intervention (n=...): Allocated to intervention (n=...):
o Received allocated intervention (n=...) Received allocated intervention (n=...)
E Did not receive allocated intervention (give Did not receive allocated intervention (give
= reasons) (n=...) reasons) (n=...)
- l |
2 Lostto follow-up (give reasons) (n=...) Lost to follow-up (give reasons) (n=...)
= Discontinued intervention (give reasons) (n=...) Discontinued intervention (give reasons) (n=...)
L=
p ! f
£ Analysed (n=..): Analysed (n=...):
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Figure 3: Flow diagram of the progress through the phases of a parallel randomised trial of two
groups (that is, enrolment, intervention allocation, follow-up, and data analysis). Reproduced from
BMJ, “CONSORT 2010 Statement: updated guidelines for reporting parallel group randomised trials”,
K. F. Schulz, D. G. Altman, and D. Moher, vol. 340, no. mar23 1, pp. c332—c332, Mar. 2010 with
permission from BMJ Publishing Group Ltd [6].

reporting, such as claims of an ITT analysis where clearly its main principles were not

followed [11].

The last CONSORT revision took place in 2010 and it comprises a checklist of 25 items that
should be included in reports of RCTs and a flow diagram of the progress through the phases
of a RCT (Figure 3). The main objectives of CONSORT are to provide guidance to authors but
also provide readers a tool to critique a trial’s quality. More than 400 journals, including the

majority of leading journals, explicitly support the CONSORT initiative [6][11].

1.3.Preclinical Research

1.3.1. Importance and common concerns of preclinical studies

Animal models and preclinical research share a unique and significant connection with
human trials, since they are the main experimental tool used to drive the development of
human therapeutics. The purpose of preclinical research, studies with animal models, tissues
or cells, is to identify human disease processes, uncover new biochemical pathways, identify

promising target therapies and test potential drug and intervention agents. Human trials are
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often justified based on promising results from animal studies. This connection can on the
one hand highlight the importance of basic research, but can also become problematic,
when results of preclinical studies cannot be replicated or are unfit to be translated in
clinical research. Progress in science is dependent on a strong foundation of reliable results.
The ability of scientists to reproduce and build upon each other’s results is essential to the

advancement of medical research.

Often the scientific community assumes that the results of a study can be taken at face
value, that the main message of the study and the main data will be reproducible and stand
repeated testing [13]. The truth is that, unfortunately, most of the time, investigators cannot
reproduce many of the published basic and preclinical studies. The last few years this
problem has been highlighted with many published articles shedding light on the size and

importance of irreproducible results and sparking the so called “reproducibility crisis” [14].

An analysis in 2015 showed that around 50% of scientific research is not reproducible,
concluding that as much as $28 billion each year are spent in the United States on basic and
preclinical research that cannot be replicated [15], while a study in 2013 examined the
problem of identifiability, meaning the inability to uniquely identify research resources,
making it often impossible to reproduce experiments, highlighting that 54% of the
publications examined do not define resources in the biomedical literature [16]. This level of
uncertainty in preclinical results has various ramifications on many levels. Not only can it
potentially waste millions of funding money on dead-end research, but raises also important

ethical and scientific concerns, especially in the field of animal testing.

1.3.2. Preclinical study design, reporting, and reproducibility

Ideally, preclinical publications should come with enough information as to allow the reader
to understand what, why and how it was done, as well as providing the ability to judge the
validity and reliability of the experiment. In real life, and as many systematic reviews have
exposed recently, preclinical studies often show major vulnerabilities. Problems with data
reproducibility can arise at various levels of the research process, ranging from
methodological flaws in study design and conduction, or as shown above, to incomplete data

reporting, hindering even attempts to try and reproduce results. A plethora of factors, such
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as sex and age of subject material, housing conditions, time of the interventions, errors in
statistical design or lack of blinding and randomization, can lead to variability in the

outcomes of animal studies.

The National Centre for the Replacement, Refinement and Reduction of Animals in Research
(NC3R) “evaluated methodological reporting in the literature for in vivo studies using rodent
models or non-human primates. Detailed information was collected from 271 publications
about the objective or hypothesis of the study, the number, sex, age and/or weight of
animals used, and experimental and statistical methods. Only 59% of the studies stated the
hypothesis or objective of the study and the number and characteristics of the animals used.
Most of the papers surveyed did not use randomisation (87%) or blinding (86%) to reduce
bias in animal selection and outcome assessment. Only 70% of the publications that used
statistical methods described their methods and presented the results with a measure of
error or variability” [17]. These findings are a cause of concern, since it is clear that the
entire scientific community is reliant on scientific research being designed adequately and

reported transparently and accurately.

Randomization and blinding in preclinical studies

Randomization and blinding are important components of any robust experimental design
and while considered routine in clinical trials, their application in preclinical studies is often
scarce. Evidence has suggested that randomization, allocation concealment and blinding can
also reduce bias in animal research [18]. A systematic review concluded that “failure to
randomize is likely to result in overestimation of the apparent treatment benefits of
interventions across a range of disease areas and outcome measures” and demonstrated the
need for randomization and blind outcome assessment [19]. Despite of that, in a review of
the first 100 articles published in Cancer Research in 2010 that included animal research,
only 28% of them reported any type of randomization [20]. Similar to lack of randomization,
lack of blinding can exaggerate preclinical efficacy and leave a study unguarded against
confirmation bias, resulting in following clinical trials on the topic be based on data that

leave a lot to be wanting [21].
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Figure 4: Design of a multicentre randomized controlled trial in rodents. To improve the
applicability of findings from interventional studies in rodents to randomized controlled trials in
humans, robust clinical trial design must be adapted for rodent studies. Animals that fulfil predefined
inclusion and exclusion criteria should be centrally randomized to receive different treatments that
are administered in a blinded manner. Blinded evaluation of samples shipped from multiple centres
to a core facility generates a high threshold for therapeutic effects and avoids investigator bias. A
drug with proven efficacy under these rigorous conditions might be more likely to produce similar
outcomes in a similarly designed trial in humans.

Reprinted by permission from Springer Nature Customer Service Centre GmbH: Springer Nature,
Nature Reviews Nephrology, “Hurdles to the introduction of new therapies for immune-mediated
kidney diseases”, H. J. Anders, D. R. W. Jayne, and B. H. Rovin, 2016 [22].

An example to the randomization of animals in preclinical studies can be found in Fig. 4,
which was conducted by researchers testing the efficacy of anti-CD49d antibody in two

mouse models of acute brain ischemia [22].

Sample size

Sample size calculation is another important parameter when considering a robust scientific
design of a preclinical study. The sample should be large enough, in order to allow
investigators to produce results that can be characterized as statistically significant, having a
high probability to detect a treatment effect. On the other hand, a too large sample can have
negative economical, practical but also ethical consequences on a study. An underpowered
study for example, could prove to be unethical through the vain sacrifice of animals without
a high probability of proving the efficacy of the intervention, while an overpowered study,

through the means of a too large sample, can lead to the unnecessary use of animals [23].
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Thus, it becomes clear that the required sample size for any given study should be calculated
before the study’s conduction, and equally importantly, should be clearly reported in the

published manuscript.
Sex as a variable in preclinical studies

Sex, not to be confused with the social construct of a gender, is defined as either being XY or
XX, and is closely associated and mediates biologic functions and should be considered an
important variable in preclinical research. After sex determination, sex plays a crucial
function in the organism’s biology and many interactions, such as hormone secretion, are
controlled by sex throughout life. Until now, a historic reliance on male organism has
resulted on a lack of quality data regarding female participants in many human trials [24].
Incorporating both sexes in preclinical research or at least recognising and reporting sex as a
study variable can prove to be an important step in performing research that has a high

probability of clinical translation in both male and female participants [25][26].

1.3.3. Efforts to improve design and reporting and the ARRIVE guidelines

Many studies and reviews have been published, both analysing the current common
problems preclinical design and reporting are facing and suggesting ways to improve their
quality. Caestecker, et al. [27] identified and suggested 5 areas of improvement in study
design based on the existing literature on Acute kidney injury: 1) Randomization and blinding
to treatment, 2) Statistical rigor, 3) Publication bias favoring the publication of positive

results, 4) Lack of sex heterogeneity, and 5) Adequate dosing.

But not only randomization, sample size or sex consideration are proven to be lacking in the
reporting and design of preclinical studies. As evidenced by the systematic review of the
NC3R [17], lack of statistical reporting, description of species or strain of animals, unclear
identified study objectives and hypotheses and lack of clear mention of the interventions
conducted are common and crucial problems in preclinical research. Having in mind the
essential role of basic science, it is of paramount importance for the research community to

ensure that reporting and design of animal studies is improved and that research articles
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include all relevant information to allow experiment reproducibility, avoid unnecessary

duplication and identify credibly promising research fit for clinical translation.

One of the more promising steps in that direction was the introduction of reporting
guidelines for animal research in 2010, which were mainly inspired from the CONSORT
Statement [6] and were based on the NC3B study [17]. The guidelines, referred to as ARRIVE
(Animals in Research: Reporting In Vivo Experiments), consist of a checklist of 20 items,
“describing the minimum information that all scientific publications reporting research using
animals should include, such as the number and specific characteristics of animals used
(including species, strain, sex, and genetic background); details of housing and husbandry;
and the experimental, statistical, and analytical methods (including details of methods used
to reduce bias such as randomisation and blinding)” [28]. Whether these guidelines have
helped to improve the state of preclinical reporting, especially in the nephrological field, was

one of the main inspirations for this current project.

1.3.4. External validity as a cause of failed translation

To improve the applicability of findings from preclinical animal studies to human disease and
to avoid irrelevant use of animals, cost and time, not only must study designs improve, in
many ways more closely reflecting clinical trials, but also better disease models are often
needed. Even if no methodological flaws are to be found, and the design, conduct and report
of a study all are sound, the lack of external validity, or in other words, generalizability, of
the animal models used may cause a failed translation of often promising preclinical results
[23]. If the models used do not sufficiently reflect the human disease examined, then the
disparities between model and human trial are doomed to be too significant to produce any

meaningful results.

Of course it would be ideal to perform preclinical studies in models that closely reflect the
human disease. In real life however, only a limited amount of such models are currently
available. Animal models for monogenetic disorders, such as the Alport syndrome, meet
these requirements at best. More polygenetic or multicausal disorders, like AKI, focal
segmental glomerulosclerosis or diabetic nephropathy are already quite heterogeneous in

humans, so animal models accurately mimicking these diseases are difficult to find [29].
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Table 3: Approaches to improve findings from animal studies and their translation to

human disease

Application to animal studies

Animal models

Animal models should reflect the human disease

process

Age of animals should match the age of the study

Age

participants

Animal studies should consider sex and sex-match
Sex

patients

Determine appropriate sample size before study
Sample Size

conduction

Randomization

Randomly assign animals to treatment groups to

ensure minimization of bias

Replication

Report all relevant information to allow replication

of the study

But by optimizing the strategy of animal experimentation and by clearly defining the
examined disease, matching the objectives, end points and interventions between preclinical

studies and human trials, the resemblance of animal models to human conditions and their

contribution in translational medicine can greatly improve.

Other than the pathophysiological similarity of an animal model to a human disease, another
important parameter is the consideration of the age and comorbidities in the animal models.

Often the animals used do not accurately mirror the human target population in age and

comorbidities, but also as discussed above in sex or even co-medication [22].
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Table 3 summarizes some of the most important factors subject to improvement in
preclinical research, both for the betterment of reliability and improved translation to new

human therapies.

1.4. What this all means for nephrology

Relevant nephrological trials leading to therapeutic advantages have proven challenging and
kidney diseases remain one of the main causes of mortality globally. From 2000 to 2010
kidney diseases have seen a 21% increase in mortality, and were attributed for around
50.000 deaths annually in the USA, while showing an upward trajectory in the ranks of
causes of mortality [30]. CKD affects almost 10% of the population in high income countries,
and in countries where diabetes is more common and therapy remains at low standards,
acts as a major mortality factor [7]. Other kidney diseases, such as AKI or hypertension, are
also very common and contribute substantially to both morbidity and mortality. The need
for improvement in research in nephrology, both regarding valid RCTs and reliable and

informative preclinical studies, is apparent.

Many recent articles highlighted that the quantity, the quality and the translation of the
kidney research remain insufficient. While it is widely accepted that animal models of human
AKI do not accurately predict therapeutic responses in humans, resulting in a debate about
their usefulness, De Caestecker, et al. tried to evaluate “whether improvements in preclinical
study design and statistical rigor can be identified, that will increase the likelihood of
translating basic research using the animal models that we are currently using into care of

patients with AKI” [27] [31].

On the side of clinical nephrological research, it has been apparent that far fewer reliable
RCTs have been performed to tackle the major questions of the field than in other medical
disciplines. In 2000, Campbell, et al. [32] performed an extensive search and evaluation of
the medical literature for 6 core topics in ESKD (End Stage Kidney Disease) and identified
only 39 clinical trials that were of sufficient rigor to meet the Cochrane standards for
inclusion in a systematic review. Deo, et al. [33] on the other hand focused on conducting an

evaluation of RCTs in patients with CKD regarding reporting and accounting of data missing
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in outcome analysis. They evaluated aspects of quality in trials published in 2007 and 2008.
One fourth of the studies examined did not clearly describe a primary outcome, while fewer
than half included a flow diagram as instructed by the CONSORT guidelines, and of those
with one, only around 60% included the numbers analysed in the study. Almost 60% of the
studies showed a discrepancy between the numbers randomly assigned and analysed, and
the number of participants excluded was different between intervention arms most of the
time, suggesting a strong potential for bias. Of note, only half of the studies reported an ITT
analysis, and of those who did, half were not complete, as they did not include in the
analysis all patient randomized. The investigators concluded that “in many CKD trials, it is
not clear who is included or excluded in the primary analysis, for what reasons, and who had
measured or imputed outcome data”, making it challenging to extract reliable data from

most of the studies.

Strippoli, et al. analysed the state of RCT in nephrology compared to other medical
disciplines, first reporting their findings in 2004 and then updating them in 2011. In 2004,
they observed that the absolute number of RCTs for the timeline analysed was the lowest for
any specialty of internal medicine (Fig 5). During the past decade, there has been some
improvement in the number of RCTs reported in nephrology; however, the increase has

been at a slower rate than in all other specialties in medicine (Fig 6) [34].

In 2004, they also reviewed a sample of the RCTs for quality. As a disappointing finding,
kidney-related clinical trials were not only low in number compared with other medical
disciplines but also of poor quality, either as conducted or reported. 89% lacked clear
allocation concealment, with the majority of trials not reporting the methods by which
patients were allocated to the randomized intervention. Double — blinding was more
common but was not reported in the majority of trials, and 92% of RCTs failed to blind
assessors of the outcomes. ITT analysis was performed in only 29.7% of RCT and was not
reported in 51.0%. In almost 20% of the trials ITT analysis was not even possible to assess
because of lack of data on the numbers randomized and analysed. The authors concluded:

“The challenges of improving the quality and quantity of trials in nephrology are substantial,
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but they can be overcome by using standard guidelines and checklists for trial reporting,

greater attention to the trial methods and not just the results” [34].

1.5. Objectives and hypothesis

Since 2004 guidelines for the conduct and reporting of clinical trials and preclinical studies
were established, such as the CONSORT 2010 Checklist and Flow Diagram or the ARRIVE
guidelines for preclinical. In addition, an increasing amount of abstract submission to
international kidney conferences, an increase in number of nephrology journals and
increasing scientific productivity of evolving countries has been observed during the last

decade.

Therefore, we speculated on an increasing quantity and reporting quality of kidney-related
studies within the last 15 years, both in the clinical and the preclinical fields. The aim of this
study is to repeat an evaluation of the quantity and the reporting quality in the field of
nephrology, but this time considering both clinical trials and preclinical studies, something

which to our best knowledge has not been systematically evaluated before.
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Methods: Parts of the chapters 2., 2.1.1., 2.1.5. as well as of the chapters 2.2.1., 2.2.2,, 2.2.3.
and 2.3. have already been published in “Quantity and Reporting Quality of Kidney
Research,” M. K. Tomidis Chatzimanouil, L. Wilkens, and H. Anders,]. Am. Soc. Nephrol., vol.

30, no. 1, pp. 13-22, Jan. 2019. [1].

The doctoral candidate performed all experiments described in these paragraphs.

25



Methods

2. Methods

The study consists of two main parts. One is the quantitative analysis regarding the numbers
(both total and per year) of randomized controlled trials (RCTs) and preclinical studies in the
field of nephrology compared with other disciplines of internal medicine as well as the
distribution of kidney studies inside the field. Furthermore, analyses examining the current
state of RCTs in the field and the phase categorization of clinical trials were conducted. The
other part is a qualitative analysis of a sample of papers (RCTs and preclinical studies) on the
basis of criteria for trial reporting using established guidelines, such as the CONSORT
Statement and the ARRIVE guidelines. A test analysis using ten RCTs and ten preclinical
studies was also performed, as well as ancillary analysis regarding trial registration and

reporting vs. design deficits [1].

2.1. Quantitative Analysis

2.1.1. Database selection

One of the most important aspects of the quantitative analyses was the selection of
databases, from which the data were to be extracted. The selection of a database depends
on many different factors, such as the specific features available regarding the search

process, limits available and the content of the database.

Based also on the work of previous publications [34], the Pubmed database was initially used
to identify kidney-related RCTs and to compare them with those of other specialties of
internal medicine. Pubmed utilizes an expanded limits feature, allowing the user to restrict
results by article type, publication date, species and others. It also possesses a quick

Download CSV function which allows for quick results by year classification (Fig. 7).

The other main database used, mainly for the clinical aspect of the study, was the Cochrane

Library, and specifically the Cochrane Central Register of Controlled Trials
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(CENTRAL), which is “a highly concentrated source of reports of randomized and quasi-

randomized controlled trials. Most CENTRAL records are taken from bibliographic databases

(mainly PubMed and Embase), but records are also derived from other published and

unpublished sources, including ClinicalTrials.gov” [35]. CENTRAL uses a system with

established fixed MesH Terms for each subject, while simultaneously using Trees and

Subtrees to connect MesH Terms with SubMesH Terms for various fields (Fig. 8).

We initially decided to examine research questions regarding the number and proportion of
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Table 4: Comparison between the 2 databases used for the clinical part of the quantitative
analysis

Pubmed CENTRAL
Expanded Integrated Limits feature
allowing the user to restrict results by MesH Terms with Trees and Subtrees
article type, publication date, species
Pros and others specific general MesH Term for each field
with the addition of SubMesH Terms
Download CSV function Leads to a very good overview of the analysis
allowing a quick results by year
classification
No overview
Cons
No ‘Results by Year’ feat
of what SubMeshTerms each Mesh- sults Dy Year leature
Term used contains

RCT in nephrology in comparison to other specialties and the coverage of RCT within
nephrology using both databases, to be able to identify the more reliable one but also to

compare result-reproducibility.

Ultimately, the main database selected for the clinical analysis was the Cochrane Library,
mainly because of its use of an integrated system of trees and subtrees for each MesH term,
which provided a better overview of the research process as compared to other databases.
Since the Cochrane Library is limited to clinical trials, PubMed was used for the preclinical

studies [1].

2.1.2. Number of RCT in nephrology compared with other disciplines

For the question on the number of RCT in nephrology in comparison to other medical
disciplines, a MesH term, thought to most accurate summarize the data in question, or a
combination of two or more relevant MesH Terms, was used for each specialty, based also
on previous work of similar publications [34] (Neurology = Nervous System Diseases,
Cardiology = Cardiovascular Diseases, Oncology > Neoplasms, Nutrition = Metabolic

Diseases OR Nutrition Disorders, Respiratory Medicine = Respiratory Tract Diseases,
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Immunology = Immunologic Diseases, Infectious Diseases = Bacterial Infections OR
Mycoses OR Virus Diseases OR Parasitic Diseases, Gastroenterology > Digestive System
Diseases OR Gastrointestinal Diseases, Dermatology = Skin Diseases OR Connective Tissue
Diseases, Endocrinology = Endocrinological Diseases, Rheumatology = Musculoskeletal
Diseases, Hematology > Hematologic Diseases OR Lymphatic Diseases, Nephrology -
Kidney Diseases). These MesH Terms were inserted into the Pubmed database individually,
using the Limits Article Type: Randomized Controlled Trial, Publication dates: 1966-2017 and

Species: Human.

After the decision to repeat the construction of the diagrams using the Cochrane Library,
due to its previous mentioned advantages, the terms mentioned above were converted to
match the established terms of the CENTRAL tree System (Neurology = Nervous System
Diseases, Cardiology > Cardiovascular Diseases, Oncology = Neoplasms, Nutrition -
Nutritional and Metabolic Diseases, Respiratory Medicine = Respiratory Tract Diseases,
Immunology = Immune System Diseases, Infectious Diseases = Virus Diseases OR Bacterial
Infections and Mycoses OR Parasitic Diseases, Gastroenterology > Digestive System
Diseases , Dermatology = Skin and Connective Tissue Diseases, Endocrinology = Endocrine
System Diseases, Rheumatology = Musculoskeletal Diseases, Hematology = Hemic and
Lymphatic Diseases, Nephrology = Kidney Diseases). The results of these Cochrane searches
were limited by ‘randomized controlled trial’ and “trials” as publication type to estimate the
total number of RCT publications in each field, and then categorized by year of publication

for the years 1966 through 2016, for the construction of a per-year diagram.

We also tried to conduct a phase analysis from the total number of publication for each
specialty using the CENTRAL database. We inserted the previously used MeSH terms,
identifying the total number of trials for each field for the years 1966-2017 and limiting

IH

results using “randomized controlled trial” and “trials” as publication type. We then limited
results using the terms “Phase 1”OR “Phase |” for phase 1 trials, “Phase 2”0OR “Phase II” for
phase 2 trials, “Phase 3”0OR “Phase III” for phase 3 trials and lastly “Phase 4” OR “Phase IV”
for phase 4 trials, respectively. These results were used for the construction of bar diagrams,
while the difference from the total numbers of trials for each field to the sum of the phase-

specified trials was characterized as “Not Phase limited” trials.

29



Methods

2.1.3. Distribution of RCT within nephrology

To access coverage of RCTs inside the field of nephrology, 10 major areas of nephrology
(Hemodialysis, Renal Insufficiency, Chronic, Kidney Transplantation, Urinary Tract Infections,
Diabetic Nephropathies, Acute Kidney Injury, Peritoneal Dialysis, Glomerulonephritis,
Hypertensive Nephropathy, Kidney Calculi) were identified, and these MesH Terms were
inserted into the Pubmed database individually, using the Limits Article Type: Randomized

Controlled Trial, Publication dates :1966-2017 and Species: Human.

A similar procedure as described above was followed for the CENTRAL analysis, converting
the initially used terms to match the MesH terms of the Cochrane Tree and Subtree System
(respectively for each term: ‘Renal Dialysis’ (includes the subMesH Term ‘Peritoneal Dialysis’
so another term , ‘Renal Dialysis” w/o ‘Peritoneal Dialysis’ was added), ‘Renal Insufficiency,
Chronic’, ‘Kidney Transplantation’, ‘Urinary Tract Infections’, ‘ Diabetic Nephropathies’, *
Acute Kidney Injury’, ‘Peritoneal Dialysis’, ‘Glomerulonephritis’, ‘Hypertension, Renal’,
‘Kidney Calculi’). The term ‘Hypertension’ was also added later, irrespective of the fact that it
is not an exclusive nephrological area, for comparative reasons. The results of the searches

were limited using the term ‘randomized controlled trials’ and limited for the years 1966 —

2016.

After the analysis of the coverage of RCT within the field of nephrology, it came to our
attention, that four of the major researched areas of nephrology, excluding “Hypertension”,
were not included under the MesH Term used to summarize the nephrological RCT trials
(“Kidney Diseases”). The terms in question were “Renal Dialysis”, “Peritoneal Dialysis”,
“Kidney Transplantation” and “Urinary Tract Infections”. The 3 first terms were also
subterms of the more general MesH term “Renal Replacement Therapy” in the system of the
Cochrane Library (Fig. 9). We therefore created another term, named “Kidney Exp.”, which
consists of the following MesH Terms: “Kidney Diseases” OR “Renal Replacement Therapy”
OR “Urinary Tract Infections”. “Kidney Exp.” was later added to the diagrams concerning the

number and proportion of RCT in nephrology compared with other
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¥ Tree Number 1

Therapeutics [+77]

Renal Replacement Therapy [+2]

Renal Dialysis [+3]
Herr ysis, Home

Figure 9: The terms included under Renal Replacement Therapy in CENTRAL.

specialties. “Hypertension”, while included in the diagrams regarding the coverage
within nephrology, is not included under either the term “Kidney Diseases” or

“Kidney Exp.”, in all diagrams, as it is not seen as an exclusively nephrological area.

After receiving feedback from the academic community, it came to our attention, that while
originally included as a major nephrological area and included in similar previous projects,
“Urinary Tract Infections” (UTI) should not be considered as a major part of nephrology,
rather than an area of the urology domain. With that in mind, we constructed new diagrams
tackling the comparison of nephrological studies to other specialties, but this time the term
“Kidney Exp.” only consisted of the terms: “Kidney Diseases” OR “Renal Replacement
Therapy”. From the line diagrams referring to coverage of nephrology, both clinical and
preclinical, the line “Urinary Tract Infections” was not removed, since it did not alter the

results.

2.1.4. Current state of RCT

A similar search regarding the current state of research for clinical trials was conducted
through clinicaltrials.gov, both for the nephrology as a whole, compared to other medical
specialties, but also for the major areas identified inside the field of nephrology. The search
was conducted by applying the initial MesH terms, and then converting them to match the
suggestions of the database[(terms used for the specialties analysis: Oncology=> Neoplasms,
Neurology ->Nervous System Diseases, Cardiology = Cardiovascular Diseases, Infectious
Diseases~> Infectious Diseases, Gastroenterology —> Digestive System Diseases OR

Gastrointestinal Diseases, Nutrition = Nutritional Disorders OR Metabolic Diseases,
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Respiratory Medicine —>Respiratory Tract Diseases, Immunology—> Immunologic Diseases,
Dermatology = Skin Diseases OR Connective Tissue Diseases, Endocrinology = Endocrine
System Diseases, Rheumatology = Musculoskeletal Diseases, Nephrology Exp. = Kidney
Disease OR Kidney Transplantation OR Hemodialysis OR Peritoneal Dialysis OR Urinary Tract
Infections, Hematology = Hematologic Diseases OR Lymphatic Diseases, Nephrology -
Kidney Diseases), (terms used for the coverage within nephology analysis: Hypertension,
Chronic Kidney Disease, Hemodialysis, Acute Kidney Injury, Kidney Transplantation, Renal
Hypertension, Urinary Tract Infections, Urinary Calculi, Glomerulonephritis, Diabetic Kidney
Disease, Peritoneal Dialysis)], limited to “interventional” trials “currently recruiting”, “not
yet recruiting”, “available”, “active”, “not recruiting”, and “enrolling by invitation” as listed
in the U.S. National Library of Medicine registry. For the research the 'Others Bar', not the
'Conditions Bar' was used, a fact that broadened the search, adding relevant papers that
were not specified for the condition (e.g. AKl, but also for broader search, e.g.
Cardiovascular Diseases), while on the other hand a small number of not very relevant

papers may be included. The term ‘randomized’ was also added to limit results to only

include RCTs.

The phase-limits on the interface of the database were also used, to categorize the total
number of ongoing trials by phase (phase 1-4), in order to create phase diagrams for each
specialty/nephrology area. The results for “Early Phase 1”and “Phase 1”were summed up
together under the term “Phase 1/1” for both diagrams. The difference from the total
numbers of trials for each field/area to the sum of the phase-specified trials was

characterized as “Not Phase limited” trials.

2.1.5. Number and proportion of preclinical studies in nephrology compared with other

specialties

The search regarding the preclinical studies was conducted using Pubmed, since the
Cochrane Library only applies to clinical trials, by applying the same MesH terms, before the
conversion to match the Cochrane System, used for the RCT search (Infectious Diseases 2>
Bacterial Infections OR Mycoses OR Virus Diseases OR Parasitic Diseases, Oncology -

Neoplasms, Neurology = Nervous System Diseases, Cardiology = Cardiovascular Diseases,
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Gastroenterology = Digestive System Diseases OR Gastrointestinal Diseases, Nutrition 2>
Metabolic Diseases OR Nutrition Disorders, Immunology > Immunologic Diseases,
Respiratory Medicine > Respiratory Tract Diseases, Endocrinology > Endocrinological
Diseases, Dermatology —> Skin Diseases OR Connective Tissue Diseases, Hematology -
Hematologic Diseases OR Lymphatic Diseases, Rheumatology = Musculoskeletal Diseases,
Nephrology exp.> Kidney Disease Or Urinary Tract Infections Or Renal Replacement
Therapy, Nephrology = Kidney Diseases). In order to limit the results specifically to animal
trials, the limit ‘Animals’ in the Pubmed interface was used, and the results were extracted
for the timeline 1945-2016. A per year categorization was applied for the construction of the

per year diagrams [1].

2.1.6. Coverage of preclinical studies within nephrology

Similarly as the procedure followed for the clinical coverage within nephrology, 10 major
areas identified, plus the term hypertension, were inserted into the Pubmed database, using
the terms prior to their conversion to match the Cochrane System (Hypertension,
Glomerulonephritis, ,Kidney Transplantation, Acute Kidney Injury, Renal Insufficiency,
Chronic, Diabetic Nephropathies, Hemodialysis, Hypertensive Nephropathy, Urinary Tract
Infections, Peritoneal Dialysis, Kidney Calculi), again limiting results for the years 1945-2016
and using the limit “Animals”. As stated above, modified versions of the preclinical diagrams
were constructed, this time excluding the term “Urinary Tract Infections” from Nephrology

Exp..

2.2. Qualitative Analysis

2.2.1. Paper selection criteria

We searched the PubMed database. As representative RCT sample periods, we selected the
years 1996, 2006, and 2016 and identified all kidney-related RCTs from the top five journals

as assessed by impact factor (IF) and the number of kidney- related RCTs per year: The New
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England Journal of Medicine (NEJM) [36]-[54], The Lancet [55]—-[59], Kidney International
[60]-[87], Journal of the American Society of Nephrology (JASN) [88]-[116], and American
Journal of Kidney Diseases (AJKD) [117]-[160].For the qualitative analysis of preclinical
studies, we used the same years (1996, 2006, and 2016) but limited sample collection to
January to March of each year from the journals JASN [161]-[226], Kidney International
[227]-[310] and Nephrology Dialysis Transplantation (NDT) [311]-[360]; selected by IF and

tendency to publish preclinical studies in the kidney domain using the PubMed database [1].

The search for the RCTs was conducted using the MeSH term “kidney diseases” and the
limits “Randomized Controlled Trial” and “Humans,” limited each time by the specific journal
of publication and the appropriate year. We did not predefine sample size; rather we
considered all papers that were retrieved according to the aforementioned selection criteria.
For the animal trials, the same MeSH term “kidney diseases” was used and limited by
“Animals,” and the search was conducted per year for each of the three journals. Only
results published inside the first three months of each year were included. The result of the
entire 3 years produced a too large sample size to analyze; hence we decided to reduce that
by limiting results from the first of January to the thirty first of March of each year. We have
no reason to assume a particular bias on paper quality being published between the first
three months of each year in comparison to April till December, so we are confident that no
relevant sampling bias applied. Inclusion criteria for both the RCTs and the preclinical studies
were that the papers were original articles, in English, and published online. Review articles,
editorials, special articles, and commentaries were excluded. From the RCT analysis,
observational, prospective, and nonrandomized trials were excluded. Because the ARRIVE
criteria apply to in vivo animal experiments, preclinical studies exclusively mechanistic or

only in vitro studies were excluded [1].

2.2.2. Quality assessment of RCT

The methodological quality of all of these studies was assessed by one independent
investigator (M.K.T.C.) using criteria mainly on the basis of the original CONSORT 2010
checklist for RCTs and the ARRIVE guidelines for the preclinical studies. Only the main body

of the final paper was analysed and supplementary information and previously published
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study protocols were not considered. For the RCT analysis, we extracted data by allocating
points (zero for insufficient, one for unclear or insufficiently reported, and two for adequate
reporting) to each of the 19 core items of the CONSORT Statement regarding “Title and
Abstract”, “Introduction”, “Methods” and “Results” and each of the subitems. In addition, to
match the previous analyses from Strippoli, et al. [34] and Deo, et al. [33] two extra items
were added (i.e., “Intention-to-treat analysis” and “Loss-to-analysis”). “Intention-to-treat
analysis” was rated as adequate when sufficient data were included to confirm that the
analysis regarding the primary end point was undertaken according to the treatment
assignment and that the numbers of participants randomly assigned were identical to the
numbers of participants analysed, irrespective of whether “intention- to-treat” was stated or
not in the article. We also tried to calculate the “Loss-to-analysis” for each trial included so
as to try to determine what percentage of participants randomly assigned was not included
in the analysis. In total, 35 items regarding trial reporting for RCTs were graded. A more
detailed view of the criteria used to assess the quality of clinical trials and the grading

system used to evaluate each item separately can be found in Table 5 [1].

2.2.3. Quality assessment of preclinical studies

For the analysis of the preclinical studies, the 15 core items of the ARRIVE guidelines
regarding “Introduction,” “Methods,” and “Results” were included. In addition, for the core
items 3, 6 (sub item “d: A time line diagram or flow chart” was included by initiative of the
researchers), 10 and 13 the subitems were assessed separately; otherwise, they were
included in the grading method of the core item (zero for insufficient, one for unclear or
insufficiently reported, and two for adequate reporting) for a total of 23 graded items
regarding trial reporting for animal trials. A more detailed view of the criteria used to assess
the quality of the preclinical trials and the grading system used to evaluate each item

separately can be found in Table 6 [1].

35



Methods

Table 5: Modified criteria for assessment of CONSORT recommendations

1 : Insufficiently
0 : Not reported reported / 2 : Sufficiently Reported
Unclear
Title Identified as a rarfdom/zed trial in the Not stated Stated
title -
T r mmar! rial ign No clear
Abstract structured summary of tria de.SIg ’ oclea _ Structured Summary
methods, results, and conclusions summary
Scientifi .
cientific backgrouhd and explanation Subjective
of rationale
Clearly stated objectives
Background Other word and hypotheses ( The
- L formulation objectives were, the aim
Specific objectives or hypotheses . .
Not reported (expressing of the study, main
clearly stated o .
findings and not hypothesis, we
objectives) examined, we
investigated)
Mention of trial
Trial design (such as parallel, factorial) design, without
. g . P . e Not mentioned | allocation ratio Thoroughly reported
including allocation ratio.
&/ parallel,
factorial ...
Trial Design
Important changes to methods after
trial commencement (such as eligibility Not stated _ Stated
criteria), with reasons.
Insufficiently
T L .. reported (i.e.
Eligibility criteria for participants Not stated Only exclusion Thoroughly reported
criteria)
Participants Insufflmen.tly
reported (i.e.
Settings and locations where the data only multicenter
g Not stated Y . Thoroughly reported
were collected. mentioned, no
specific
location)
The interventions for each group with
icien Ik llow replication Insufficientl
Interventions SflfflCle. t details to allow replication, Not stated nsufficiently
including how and when they were

actually administered.

reported

Thoroughly reported
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Outcomes

Completely defined pre-specified
primary and secondary outcome
measures, including how and when
they were assessed

Not stated

Insufficiently
reported

Thoroughly reported

Any changes to trial outcomes after the
trial commenced, with reasons.

Not stated

Stated

Sample Size

How sample size was determined

Not stated

Insufficiently
reported

Thoroughly reported

Explanation of any interim analyses and
stopping guidelines.

Not stated

Insufficiently
reported

Thoroughly reported

Randomization

Method used to
generate the
random allocation
sequence

Not stated

Stated

Sequence

generation Type of

randomization;
details of any
restriction (such as
blocking and block
size).

Not stated

Stated

Mechanism used to
implement the
random allocation
sequence (such as
sequentially

Allocation numbered
concealment containers),
mechanism describing any
steps taken to
conceal the
sequence until
interventions were
assigned.

Not stated

Stated

Who generated
the random
allocation
sequence, who

Implementation enrolled
participants, and
who assigned
participants to
interventions

Not stated

Stated
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Status

Unblinded or no
mention

Blinded

Double blinded

If done, who was blinded after
assignment to interventions (for

Not reported

Insufficiently

Thoroughly reported

Blinding example, participants, care providers, reported
those assessing outcomes).
If relevant, description of the similarit Insufficientl
f . g .f 4 Not stated ¥ Thoroughly reported
of interventions. reported
Statistical methods used to compare -
. Insufficiently
groups for primary and secondary Not reported Thoroughly reported
outcomes reported
Statistical
Methods Methods for additional analyses, such .
. Insufficiently
as subgroup analyses and adjusted Reported Thoroughly reported
analyses reported
Diagram No _ Yes
Oneof:n
randomly
assigned, n:
For each group, the numbers of reieive d
participants who were randomly intended
assigned, received intended treatment, Not reported treatment. n: Thoroughly reported
and were analysed for the primary -
Participant outcome analysed for the
flow primary
outcome not
reported
For each group, losses and exclusions
group. Reported,

after randomization, together with
reasons.

Not reported

without reasons

Thoroughly reported

Recruitment

Dates defining the periods of
recruitment and follow-up

Not reported

Either
recruitment /
follow-up

Thoroughly reported

Why the trial ended or was stopped. Not reported _ Reported
Insufficiently
reported (
A table showing baseline demographic either
Baseline Data and clinical characteristics for each Not reported demographic or Reported
group. clinical data
missing, no
table)

For each group, number of participants

Numbers (denominator) included in each Not reported Insufficiently Thoroughly reported
Analysed . reported

analysis.
| - - ]
ntention-to regarding the primary endpoint inadequate/ not inadequate / adequate / stated (
treat stated stated, unclear adequate/ not stated)
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Loss - to -
Analysis

(n randomly assigned -n in analysis)/ n
randomly assigned

Numerical

Outcomes &
Estimation

For each primary and secondary
outcome, results for each group, and
the estimated effect size and its

Not reported

Reported, No Cl,
Estimated Effect

Thoroughly reported

precision (such as 95% confidence Size
interval).
For binary outcomes, presentation of Not reported Absolute / Both, Thoroughly
both absolute and relative effect sizes. P Relative reported

Ancillary
Analyses

Results of any other analyses
performed, including subgroup
analyses and adjusted analyses,

distinguishing pre-specified from
exploratory.

Not reported

Insufficiently
reported

Thoroughly reported

Harms

All important harms or unintended
effects in each group.

Not reported

Insufficiently
reported

Thoroughly reported

2.2.4. Reproducibility analysis

To assess interobserver variability, a second investigator (Louise Wilkens) analysed a

representative sample of the papers, selected by the main investigator (M.K.T.C.), consisting

of 10 RCT papers and 10 preclinical papers. This sample contained papers from all journals

and from all years examined. We assigned a single point to each criterion, for a total of 37

points for each RCT paper (35 criteria shown in the “RCT Criteria” table plus "number of

patients randomly assigned' and "number of patients in analysis' for each trial) and a total

of 23 points for each preclinical paper. This adds up to a total of 600 points.

2.2.5. Registration analysis

An additional analysis was conducted, in order to try and define the percentage of kidney-

related RCTs registered in a public trials registry, according to the International Committee

of Medical Journal Editors (ICMJE) recommendation for clinical trials, which applies to all

39




Methods

Table 6: Assessment criteria for ARRIVE recommendations

0: Not
reported

1: Unclear /
Insufficiently
Reported

2: Sufficiently
Reported

1. Title

Provide as accurate and
concise a description of the
content of the article as
possible

Subjective, not examined by the researchers

2. Abstract

Provide an accurate
summary of the
background, research
objectives, including details
of the species or strain of
animal used, key methods,
principal findings and
conclusion of the study

Subjective, not examined by the researchers

3. Background

a. Study context and
experimental rationale

Subjective

How and why animal
species and models being
used address the
objectives, study's
relevance to human
biology

No reference

Referenced, but
not clearly stated

Stated why
models/species
address the
objective /&
relevance to human
biology

4. Objectives

Primary and any secondary
objectives or hypotheses

Not reported

Other word
formulation
(expressing
findings and not
objectives),
unclear primary
and secondary
objectives

Clearly stated
objectives and
hypotheses ( The
objectives were, the
aim of the study,
main hypothesis, we
examined, we
investigated)

5. Ethical
statement

Indicate the nature of the
ethical review permissions,
relevant licences (e.g.
Animal [Scientific
Procedures] Act 1986), and
national or institutional
guidelines for the care and
use of animals, that cover
the research.

animal license
not stated

stated
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6. Study design

a. The number of
experimental and control
groups

Not reported

References
through the trial of
experimental &
control groups, not
clearly reported

Clearly stated
number of
experimental and
control groups

b,c. Randomization and
details of the experimental
unit

No mention of
randomization

Randomization
mentioned/
reported for some
of the experiments

Randomization
mentioned/
reported for all
experiments

b. Blinding performed

No mention of
blinding

Blinding
mentioned/
reported for some
of the procedures

Blinding mentioned/
reported for all
experiments

d. A time-line diagram or
flow chart

Not included

Included

7. Experimental
procedures

For each experiment and
each experimental group,
including controls, provide

precise details of all
procedures carried out.

No report of
experimental
procedures

Insufficient

reporting of
experimental
procedures

Experimental
procedures
thoroughly reported

8. Experimental
animals

a,b. Provide details of the
animals used, including
species, strain, sex,
developmental stage,
weight and other relevant
information(e.g. Source,
genetic modification status)

No details of
experimental
animals
reported

At least species,
strain, source of
experimental
animals reported

Species, Strain of
experimental
animals reported +
one other
characteristic
(developmental
stage, sex...)

9. Housing and
husbandry

Housing, husbandry and
welfare-related
assessments

No details of
housing,
husbandry or
welfare-
related
assessments

At least one detail
regarding housing/
husbandry /
welfare-related
assessments
reported

At least one detail
regarding housing/
husbandry /
welfare-related
assessments
reported + further
details

10. Sample size

a. Specify the total number
of animals used in each
experiment, and the
number of animals in each
experimental group.

Not reported

At least number of
animals in each
experimental
group reported
throughout the
study

Total number of
animals for each
experiment / +
number of animals
in each
experimental group
clearly stated in the
methods section

b. Explain how the number
of animals was arrived at.
Provide details of any
sample size calculation
used.

Reported

Not reported

c. Indicate the number of
independent replications of
each experiment, if
relevant.

Not reported

Independent
experiments
reported

Replication details
given for at least
one experiment
throughout the

study
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11. Allocating
anln?als to a,b. Details of allocation Not reported B Reported
experimental method
groups

Detailed & Specific

mention of
. Primary and secondar experimental
12. Experimental . Y Y P
experimental outcomes Not reported Unclear outcome
outcomes .
assessed assessment in the
statistical section of
the paper
a. Provide details of the
statistical methods used Not reported _ Reported
for each analysis.
b. Specify the unit of Specific mention in
analysis for each dataset the statistical
13. Statistical Not reported Unclear

methods

(e.g. single animal, group

method section of

of animals, single neuron). the study
c. Describe any methods
used to assess whether the
, Not reported _ Reported
data met the assumptions
of the statistical approach.
For each experimental At least 1 mention
group, relevant of relevant
. L L Thoroughly
14. Baseline data characteristics and health Not reported characteristics or reported
status of animals prior to health status of P
treatment or testing. animals at baseline
Sufficient data
regarding data
Numbers analysed analvsed
15. Numbers (included numbers of ¥ Thoroughly
. . Not reported throughout the
analysed animals not included and o reported
why) study, no specific
v mention of data
analysed
Outcomes
Report the results for each
analysis carried out, with a reported
16. Outcomes and L throughout the Thoroughly
. . measure of precision (e.g. Not reported
estimation study, no measure reported
standard error or L
confidence interval) of precision
’ reported
Details of all important
17. Adverse events adverse events and Not reported Reported

modifications
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clinical trials that started enrolment after July 1, 2005 [361] [362][363].

To this end, a random sample of 100 kidney-related articles was retrieved from the PubMed
database [364]-[451], using the MesH Term ‘kidney diseases’ and limited results to the last
10 years of publication (09/2018-10/2008), with article type Randomized Controlled Trial
and Species Human. We then tried to identify a Registration Number throughout the article,
or identify the trial or trials the article refers to, to try and find if the trials in question are

registered.

To further examine the question above, we then tried to identify the trials, which not only
had a registration number, but were already registered prior to enrolment of the first
participant, by comparing the ‘First Submitted Date’ with the ‘Study Start Date’. Trials that
had already begun enrolment before July 1, 2005 and were registered were graded
positively in this category regardless of submission date, according to the ICIME

recommendation for registration of trials prior to July 1, 2005.

2.2.6. Trial reporting vs. trial design

As discussed below, one of the main limitations for the qualitative analysis conducted was
that it could not distinguish between trial design deficits or underreporting. The analysis was
not designed or meant to examine proper trial design or conduction, but rather examine the

state of reporting quality in kidney research.

Nevertheless, to further examine the difference between reporting quality and trial design,
and to assess whether the results of the current study could also have a meaningful
translation to design quality, we conducted a subgroup analysis from a representative
sample of the 125 RCTs originally assembled (12 articles total, 4 from 2016, 5 from 2006, 3
from 1996). We then tried to collect further information for the articles in question, not only
included in the article originally examined, but also from other articles, supplementary
material, appendixes and protocols for the trial in question, and compared them with the

results of the original analysis, which only referred to the main body of each article.
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2.3. Statistical analysis

Data are presented as mean + SD. Comparison of groups was performed using ANOVA, and
post hoc Bonferroni correction was used for multiple comparisons. A value of P < 0.05 was

considered to indicate statistical significance.
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Results: Parts of the chapters 3.1.1., 3.1.4., 3.1.7., 3.1.8, 3.2.1 and 3.2.2. as well as some of
the figures of the above chapters have already been published in “Quantity and Reporting
Quality of Kidney Research,” M. K. Tomidis Chatzimanouil, L. Wilkens, and H. Anders, J. Am.
Soc. Nephrol., vol. 30, no. 1, pp. 13-22, Jan. 2019. [1].

The doctoral candidate performed all experiments described in these paragraphs.
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3. Results

3.1. Quantitative Analysis

3.1.1. Kidney RCT compared with other medical disciplines

Figure 10A presents the diagram from the Pubmed analysis regarding the comparison of
various specialties. As explained above, we consider the following diagrams constructed
through the CENTRAL database of the Cochrane Library to be more reliable, but figure 10A is
included for comparative reason both to figures 10B and C but also 5 and 6, diagrams of

previous relevant publication constructed through Pubmed.

Our Cochrane MeSH tree analysis presented the reported clinical trials across medical
disciplines (Fig. 10B). Neurology and cardiology kept reporting the most clinical trials since
the early 1990s, whereas both MeSH term “kidney diseases” and its definition extended by
RRTs (“Kidney Exp.”) remained at the lowest ranks of medical disciplines (Figure 10B). The
average slope of additional clinical trials reported each year from 1966 to 2003 was 27.7 +
14.6 for all disciplines, and slopes were 7.5 and 11.0 for kidney diseases and expanded

kidney diseases (excluding UTI), respectively (both P values versus all disciplines <0.001).
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Figure 10: Quantitative analysis of clinical trials in medical disciplines. Several MeSH terms were
applied to best cover each discipline as described in Methods. Nephrology (“Kidney”) is represented
by the MeSH term “kidney diseases”. (A) Annual numbers of clinical trials per discipline identified
from the Pubmed database. (B) Annual numbers of clinical trials per discipline identified from
CENTRAL. Expanded (Exp.) nephrology (“Kidney Exp.”) covers the MeSH term “RRT” (subterms
included “renal dialysis,” “peritoneal dialysis,” and “kidney transplantation”). (C) Annual numbers of
clinical trials per discipline identified from CENTRAL. Expanded (Exp.) nephrology covers the MeSH
terms “RRT” (subterms included “renal dialysis,” “peritoneal dialysis,” and “kidney transplantation”)

and “Urinary Tract Infections”. The sudden decline in numbers in the years 2015-2016 should relate
to delays in data inclusion.
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Since the evaluation in 2004 (years 2004-2014), the slope has increased to 68.4 + 42.2 for all
disciplines, indicating a profound increase in number and spread among the disciplines in

annual clinical trial reporting [1].

In the same period, kidney diseases and their expanded definition reported an increase to
23.3 and 31.2, respectively (both P values versus all disciplines < 0.001). Even including UTl in
the expanded version of kidney diseases has minimal effect on the values above, only

increasing the slope from 1966 to 2003 by 0.4 (Figure 10C).

Over the entire period, all disciplines displayed an annual increase of reported clinical trials
of 38.4+21.2, (38.4+21.3 including UTI) whereas kidney diseases displayed an annual
increase of reported clinical trials of 11.3 and expanded kidney diseases displayed an annual
increase of reported clinical trials of 15.8 (15.0 including UTI) (all P values versus all
disciplines < 0.001). Together, the number of kidney-related clinical trials has increased but

less so compared with other disciplines [1].

The years 2015 and 2016 were excluded from this analysis, because delays in MeSH term
indexing within the PubMed database led to declining curves for all disciplines, also affecting
the CENRAL database. This explains the plateau from around 2015 on, which is evident for
most of the figures present in this study, and is the main reason why the figures do not
include the year 2017. Through direct communication with both the Cochrane Library and
the United States National Library of Medicine we were able to clarify that the Cochrane
Library does not index articles, rather than repurpose indexing provided by Pubmed or
Embase: “In general, the percentage of articles in the PubMed database that are indexed
with MeSH terms declines in recent years. This is because of the volume of articles that we
receive and the increased time it takes to index. If you are running your searches by tagging
the MeSH terms (e.g., cancer[mh]) then you will see fewer results in recent years. For
untagged searches, | would expect the numbers to be more consistent. | can't speak to each
subject in terms of whether research is staying steady or declining. There are certainly
trends over time for all areas. But the MeSH indexing could certainly impact the results as

well” (M. Collins, United States National Library of Medicine, personal communication).
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Figure 11: Total numbers and phase analysis of clinical trials identified from the CENTRAL database.
Each column represents the total number of trials published in CENTRAL for the years 1996-2017.
The different bars represent the different phases. The percentages represent the trials classified.

3.1.2. Phase analysis of clinical trials in nephrology compared with other medical

disciplines

We wondered whether we could also analyze trial numbers by phase. Searching the
Cochrane database between 1966 and 2017 revealed that the majority of the trials
published in the various medical disciplines were not categorized by phase, with the
exception of oncology, hematology and dermatology, with 81.1%, 69.5% and 51.6%
respectively (Figure 11). In the field of nephrology the respective percentages were 33.6%
and 29.1% for kidney disease trials or expanded kidney disease trials, respectively (Figure

11).

Considering all medical disciplines, phase one, two and three trials were almost equally
common, with 10.3%, 10.0% and 9.8% of the total trials respectively. Phase 4 were 7.8% of

the whole, while 62.2% of trials were not categorized by phase. Regarding nephrology, 9.1%
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Figure 12: Total numbers and phase analysis of current clinical trials identified from
clinicaltrials.gov. Each column represents the total number of trials for each field. The different bars
represent the different phases. Several MeSH terms were applied to best cover each discipline as
described in Methods. Nephrology (“Kidney” and “Kidney Exp.”) is represented by the MeSH term
“kidney diseases” and “Kidney Exp.” includes the terms “Kidney Diseases”, “Kidney Transplantation”,
“Hemodialysis”, “Peritoneal Dialysis”, "Urinary Tract Infections”.

and 7.9% were categorized as phase 1 trials for “Kidney” and “Kidney Exp.” respectively,
8.8% and 7.7% as phase 2, 8.6% and 7.5% as phase 3 and 7.0% and 6.0% as phase 4 trials.
Together, we see minimal deviation for the kidney percentages compared to the total

results.

3.1.3. Current state of nephrological trials compared with other medical disciplines

To address the current trends and to exclude reporting bias in this regard we also analyzed

the U.S. National Library of Medicine registry, accessible at https://clinicaltrials.gov/. In this

way we tried to include in the analysis not only trials concluded and published until 2017,
but also to see what trials were in the recruitment, design or conduction process. This way

not only the current but also the future trends of clinical research could be assessed.
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In this registry, contrary to Figure 11, only a minority of clinical trials were unclassified, in
total 33.4%. With kidney disease-related trials from 63% to 65% phase specified being well in
the range of the other disciplines (Figure 12). Considering all medical disciplines we observe
a much higher percentage of phase 2 and 3 trials, 24.7% and 22.5% respectively, while phase
1 and 4 trials represent 8.3% and 11.4% of all trials. Nephrology adheres to the trend of
more phase 2 and 3 trials, with 9.0 % and 8.3% of the trials being categorized as phase 1
trials for “Kidney” and “Kidney Exp.” respectively, 21.4% and 21.3% as phase 2, 19.4% and
19.3% as phase 3 and 14.8% and 15.5% as phase 4 trials.

However, also here kidney disease-related trials were the lowest in number when compared

with the other medical disciplines, and second lowest when including RRT and UTI.

3.1.4. Clinical trial distribution of different kidney disease entities

Figure 13A presents the preliminary diagram from the Pubmed analysis regarding the
coverage of the different kidney disease entities. Figure 13A is included for comparative
reason both to figure 13B and diagrams of previous relevant publication constructed
through Pubmed [34]. We consider the diagrams constructed through the CENTRAL

database of the Cochrane Library to be more reliable.

Cochrane database MeSH tree analysis for trial coverage of different disease entities within
the field of nephrology showed that clinical trials addressing hypertension are the most in
number starting from the 1970s and that they continue to predominate (Figure 13B). Kidney-
replacement therapies-related trials were already much lower in number and disease
entities such as glomerulonephritis, AKI or kidney calculi, although all being prevalent,

contribute only a few papers to clinical trial activity (Figure 13B) [1].

3.1.5. Phase analysis of the different kidney disease entities

Similar to the comparison of different medical fields with each other, we again conducted a
phase categorization of the various disease entities of nephrology (Figure 14A). In Figure

14B the column “Hypertension” is excluded, in order to provide a better overview of the
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Figure 13: Topic coverage of clinical trials in the field of nephrology. Disease entities as defined by
the available MeSH terms were quantified as described in Methods. (A) Annual numbers of the major
areas of nephrology identified from the Pubmed database. (B) Annual number of clinical trials per

kidney disease entity from 1966 to 2016 identified from CENTRAL. The sudden decline in numbers in
the years 2015-2016 should relate to delays in data inclusion.
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Figure 14: Total numbers and phase analysis of nephrological disease entities identified from the
CENTRAL database. (A) Including “Hypertension”. (B) “Hypertension” is excluded, in order to provide
a better overview of the other nephrological areas. Each column represents the total number of trials
published in CENTRAL for the years 1996-2017. The different bars represent the different phases. The
percentages represent the trials classified.
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other nephrological areas. Again, it quickly becomes evident, that most of the trials could
not be categorized by phase, as this time 76.9% of them were unclassified. For the allocation
of the classified articles, the frequency was in descending order, meaning 6.4% were

categorized as phase 1, 6.2% as Phase 2, 5.5% as Phase 3 and 5.0% as Phase 4 trials.

3.1.6. Current state of research for different kidney disease entities

Again the diagram of the ongoing clinical trials at https://clinicaltrials.gov/ (Figure 15) shows

a much better phase classification of the trials compared to Figure 14. Unclassified trials
were this time 46.2%. Considering all nephrological entities included, we observe, similar to
the trend for all medical disciplines, that again phase 2 and 3 trials dominate, representing
16.5% and 17.3% of all trials, while phase 4 trials are 14.8% of the whole sample and phase 1
trials again come last at 5.2%. Interestingly, AKI trials are much better represented in the

ongoing trials than during the period 1966-2017.
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Figure 15: Total numbers and phase analysis of current clinical trials identified from
clinicaltrials.gov. Each column represents the total number of trials for each field. The different bars
represent the different phases. Several MeSH terms were applied to best cover each discipline as
described in Methods.
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In conclusion, the coverage of different disease entities within nephrology is strongly biased
towards hypertension and kidney replacement therapies but AKl-related trials are now

better represented among the currently ongoing trials.

3.1.7. Preclinical studies in nephrology compared with other medical disciplines

Preclinical research activity was analyzed using PubMed from 1945 to 2016. Oncology,
infectious diseases, and neurology have reported the most studies since the 1990s, whereas
kidney disease—related studies, in narrow and expanded definitions, remain at the low end
among the medical disciplines since 1945 (Figure 16A). The average slope of additional
preclinical studies reported each year from 1945 to 2003 was 95.0 + 60.2 for all disciplines,
and the average slopes were 26.7 and 30.5 for kidney diseases and expanded kidney
diseases (excluding UTI), respectively (both P values versus all disciplines < 0.001). Since the
last evaluation in 2003 (years 2004-2014), the slope increased to 313.8 + 217.0 for all
disciplines, indicating a profound increase in number and spread among the disciplines in
annual preclinical study reporting. In the same period, studies on kidney diseases and their
expanded definition increased to 88.5 and 89.3, respectively (both P values versus all
disciplines < 0.001). Over the entire period, all disciplines display an annual increase of
reported clinical trials of 133.6 + 85.1, whereas kidney diseases display an annual increase of
reported clinical trials of 37.8 and expanded kidney diseases display an annual increase of

reported clinical trials of 40.5 (both P values versus all disciplines < 0.001) [1].

Again, even with the inclusion of the term UTI in the expanded definition of nephrology
there was no big increase in the annual increase of trials, with the values increasing from
30.5 to 31.8 for the years 1945-2003, to 92.8 from 89.3 for the years 2004-2014 and to 42.2
from 40.5 for the whole period analysed (Figure 16B). As explained already in the
corresponding analysis on clinical trials, the years from 2015 on were excluded from this

analysis due to delays in MeSH term indexing within the PubMed database.
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Figure 16: Quantitative analysis of preclinical studies in medical disciplines. Several MeSH terms
were applied to best cover each discipline as described in Methods. Nephrology (“Kidney”) is
represented by the MeSH term “kidney diseases”. (A) Annual numbers of preclinical studies per
discipline identified from Pubmed. Expanded (Exp.) nephrology (“Kidney Exp.”) covers the MeSH
term “RRT”. (B) Annual numbers of preclinical studies per discipline identified from Pubmed.
Expanded (Exp.) nephrology this time covers the MeSH terms “RRT” and “Urinary Tract Infections”.
The sudden decline in numbers in the years 20152016 should relate to delays in data inclusion.
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Thus, although increasing in number, the count of kidney-related preclinical studies was

again found to lag behind other disciplines.

3.1.8. Preclinical study coverage of different kidney disease entities

Studies focusing on hypertension again by far outweigh all other kidney disease entities and
preclinical research as well (Figure 17A), but preclinical kidney research topics covered a
broader range of topics than seen in clinical trials (Figure 17B). Whereas studies on kidney
transplantation revealed an early peak in the mid-1960s, preclinical research activity on GN
and hypertensive nephropathy substantially increased starting from the early 1980s (Figure

178) [1].

As a more recent trend, studies addressing AKI, CKD, and diabetic nephropathy have become
by far the most popular preclinical research topics within the last decade (Figure 17B), with
GN maintaining the levels of research activity since its peak, while areas such as PD or Kidney

Calculi show the least research activity through the entire timeline examined [1].
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Figure 17: Topic coverage of preclinical studies in the nephrology domain. Several MeSH terms
were applied to best cover each discipline as described in Methods. (A) Annual numbers of the major
areas of nephrology identified from the Pubmed database from 1945 to 2016 (B) “Hypertension” is
excluded, in order to provide a better overview of the other nephrological areas. The sudden decline
in numbers in the years 2015-2016 should relate to delays in data inclusion.
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3.2. Qualitative Analyses

3.2.1. Quality of clinical trial reporting in kidney research

To assess the quality of trial reporting, we selected 125 publications from top medical and

nephrology journals as listed in Figure 18. Seven had to be deleted for invalidity criteria (two

prospective trials, one observational trial, one non-randomized trial, and three non-original

articles).
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Figure 18: Flow chart illustrating the identification and selection of clinical trial report papers for the

quality analysis.
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The main bodies of the remaining 118 papers were scored for the modified CONSORT

criteria as not reported, insufficiently reported, or sufficiently reported as listed in Table 5.

The title did not identify studies as RCTs in 69.5%. Abstracts provided a structured summary
of the trial design in 51.7% (Table 7). The introduction named the objectives and a clear
hypothesis in 82.2%, while 93.2% of the trials sufficiently explained their rationale. The
precise trial design, including allocation ratio of participants was missing in 40.7% of the
papers. Eligibility criteria, including inclusion and exclusion points, were reported in around
four fifths of the papers. More than half also reported settings and location of trial
conduction. A precise description of how and when the intervention was administered, in
order to allow replication, was reported in 66.9% of the studies. A precise definition of the
primary and secondary outcomes was reported in 60.2% of the trials. Information about
sample size calculation was lacking in more than half the articles. The modes of
randomization, such as sequence generation, the mechanisms of allocation concealment and
implementation, were reported only in 35.6%, 19.5%, and 14.4%, respectively. Less than one
third of articles reported double-blinding, whereas the statistical methods used for group
comparisons on primary and secondary outcomes were mostly reported sufficiently (90.7%).
Exactly half the papers specified the number of participants who were randomized, who
received the intended treatment and who were analyzed regarding the primary outcome,
and even less than half included a participant flow diagram. Three fourths of studies
reported baseline data, including demographic and clinical characteristics for each group,
and around the same percentage specified the numbers of participants included in each
analysis, while an adequate intention-to-treat analysis regarding the primary end point was
performed in only less than half (45.8%) of the studies. Adverse events of the intervention

were reported in a little more than half the time [1].

Analyzing trends over time revealed linear improvements from 1996 to 2016 in reporting
trial nature in the title, structuring abstracts, explanation of rationale, trial design, settings
and location of the trials, clearly declaring primary and secondary outcomes, sample size
calculations and double blinding of trials, statistical methods, presenting flow diagrams with
participants and specifying reason for exclusion after randomization, defining periods of
recruitment and follow-up, presenting baseline data and number of participants for each

analysis, conducting ITT analysis and side effects (Table 7, Figure 19A). Reverse trends were
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importantly found for describing precisely how and when the interventions were performed,
while randomization procedures including random allocation sequence were either

minimally improved, stale or trending backwards [1].

Among the leading journals reporting kidney-related clinical trials, a great diversity of
matching CONSORT quality criteria was found. Only The Lancet identified trials as
randomized in the title in more than half the papers examined, and the same journal along
with the NEJM and AJKD provided structured abstracts, whereas Kidney International and
JASN did not (Table 7, Figure 19B). In all the journals most of the time the scientific rationale
was sufficiently explained and hypotheses and objectives were clearly stated. Trial design on
the other hand was generally described insufficiently. Information on randomization
procedures were clearly lacking in the JASN, while also in the other journals they were more
often absent than present, while sample size calculations were also less frequent in the JASN
than in other journals. The Lancet was the journal with the higher percentage of double-
blinded studies, while explanations of the blinding procedures were lacking across all
journals. Statistical methods were sufficiently reported almost universally. A flow diagram
was included in four fifths of The Lancet’s articles but was rare otherwise. Baseline data
were included in more than 60% of articles in all journals and number of participants was
presented for each analysis in more than three fourths in all the journals other than the
JASN, with the NEJM being the most reliable in both categories. Clinical trials reported in
JASN also more frequently lacked an ITT analysis compared with those of other journals,
with NEJM again topping the category, and unlike NEJM, the other journals insufficiently
reported the statistical methods. Only The Lancet reported less than half the time side

effects of the interventions [1].
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Table 7: Quality assessment of clinical trials according to modified CONSORT criteria
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NEIM 1| 53% | 3| 15.8% |15| 78.9%
Settings and locations wherethe 1 24 120.3%| 31 | 26.3% | 63 |53.4%| 2006 |11]20.4% | 15 | 27.8% [28] 51.9% |Lancet 2400% | 1 | 200% | 2 | 40.0%
Kidney Int. | 8 [ 30.8% | 3 | 11.5% |15|57.7%
2016 |4 ]111% | 8 | 22.2% |24| 66.7%
AJKD 5111.9% | 16 | 38.1% |21| 50.0%
JASN 4|154% | 7 | 26.9% |15| 57.7%
The interventions for each group 1996 1 3.6% 7 25.0% 20| 71.4% % % %
NEIM 3(158% | 4 | 21.1% |12| 63.29
with sufficient details to allow 2 2 2
Interventions | replication, including how and | 12 [10.2%| 27 | 22.9% | 79 |66.9%| 2006 |4 | 7.4% | 11 | 20.4% |39| 72.2% [Lancet 1]200% | 2 | 40.0% |2 | 40.0%
when they were actually
administered. Kidney Int. 0| 0.0% 6 23.1% 20| 76.9%
2016 |7]19.4% | 9 | 25.0% |20( 55.6%
AJKD 4| 95% | 8 | 19.0% |30| 71.4%
JASN 10(385% | 5 | 19.2% |11| 42.3%
1996 [17]60.7% | 4 | 143% | 7 | 25.0%
Completely defined pre-specified NEIM 0] 00% | 1| 53% |18|94.7%
- 5% 3% 2% 5% 4% .1% |Lancet 0% 0% 0%
”’l’::‘:’s’;:’e’;d/;’;’,‘u";‘:‘;’::v‘;'::;"e 36 [30.5%| 11 | 9.3% |71 |60.2%| 2006 |17|315% | 4 | 7.4% |33]|61.1% |L 31600% | 0 | 0.0% |2 |40.0%
when they were assessed Kidney Int. [12]46.2% | 1 | 3.8% |13]50.0%
2016 |2 56% | 3 | 83% |[31]86.1%
o AJKD 11]262% | 4 | 9.5% |27|64.3%
utcomes
JASN 26(100.0%| 0 | 0.0% |0 | 0.0%
1996 |28(100.0%| 0 | 0.0% |0 | 0.0%
NEIM 18(94.7% | 0 | 0.0% |1 53%
Any changes to trial outcomes 2 > >
after the trial commenced, with  [11799.2%| 0 | 0.0% | 1 | 0.8% | 2006 |53|98.1% | 0 | 0.0% |1 | 1.9% |Lancet 51100.0%| 0 | 00% |0 | 0.0%
reasons.
Kidney Int. |26{100.0%| 0 | 0.0% |0 | 0.0%
2016 [36(1000%| 0 | 00% |0 | 0.0%
AJKD 42(100.0%| 0 | 00% |0 | 0.0%
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Results

JASN 22(846% | 0 | 0.0% |4 |154%
1996 |24|85.7% 0.0% |4 |143%
NEM 5(263% | 0 | 0.0% |14|73.7%
How sample size was determined 61 (51.7%| 1 0.8% | 56 |47.5%| 2006 |25|46.3% 0.0% |29| 53.7% |Lancet 2400% | O 0.0% |3 |60.0%
Kidney Int. [13(50.0% | 0 | 0.0% [13|50.0%
2016 |12 33.3% 2.8% |25|69.4%
Somole Si AJKD 19| 452% | 1 | 24% |22]52.4%
ample Size
JASN 22(846% | 0 | 0.0% |4 |154%
1996 |25|89.3% 00% |3]10.7%
NEM 13(68.4% | 1 | 53% |5 |263%
Explanation of any interim analyses |, 43 \g7 3011 1 | 0.8% | 14 |11.9%| 2006 [47]87.0% 0.0% |7 |13.0% |Lancet 21400% | 0 | 00% |3 |60.0%
and stopping guidelines.
Kidney Int. |25(96.2% | 0 | 0.0% |1 | 3.8%
2016 |[31]86.1% 28% |4 |11.1%
AJKD 41(97.6% | 0 | 0.0% |1 2.4%
JASN 241923% | 0 | 0.0% |2 | 7.7%
1996 |26] 92.9% 0.0% | 2| 71% oo
Method used to 12(63.2% | 1 5.3% 6 | 31.6%
generatethe | oo |3 66| 1 | 0.8% |42 |35.6% 9 9 % |Lancet 9 ’ ’
random allocation 6% 8% 6%| 2006 |27]50.0% 0.0% |[27|50.0% 3(600% | 0 | 00% |2 |40.0%
sequence Kidney Int. 15| 57.7% | 0 | 0.0% |11|42.3%
2016 (22| 61.1% 2.8% |13 36.1%
Sequence AJKD 21| 50.0% | O 0.0% |21|50.0%
generation JASN 23/ 885% | 0 | 0.0% |3|11.5%
Type of 1996 |21| 75.0% 0.0% |7 |25.0%
randomization; NEIM 71368% | 0 0.0% |12 63.2%
details of any
! 79 |66.9%| 1 | 0.8% |38 [32.2%| 2006 |[35|64.8% 1.9% |18| 33.3% [Lancet 4(80.0%| 0| 00% |1]20.0%
restriction (such as
blocking and block Kidney Int. |21 80.8% | 0 0.0% |5 |19.2%
size). 2016 |23 63.9% 0.0% |[13]36.1%
AJKD 24(571% | 1 | 2.4% |17|40.5%
Mechanism used to JASN
o implement the 25| 96.2% 00% |1| 3.8%
Randomization random allocation 1996 |25|89.3% 71% | 1| 3.6% T
sequence (such as 15|789% | 0 | 0.0% |4 |21.1%
3 sequentially
Allocation bered Lancet
concealment CZ:,:Jiners) 92 |78.0%| 3 | 2.5% |23 |19.5%| 2006 |28|51.9% 1.9% |15 27.8% 3(600%| 0 | 00% |2 |40.0%
mechanism ’
describing any steps Kid Int.
taken to conceal the eneyn 17|654% | 3 11.5% | 6 | 23.1%
sequence until 2016 |29 80.6% 0.0% |7 |19.4% AJKD
interventions were 32176.2% | 0 0.0% 10| 23.8%
assigned.
Who generated the JASN 25(96.2% | 0 | 0.0% |1 | 3.8%
. 1996 |28|100.0% 0.0% | 0| 0.0%
"’S”e‘;‘;’:n‘zg";‘/’;:" NEIM 18(94.7% | 0 | 00% |1 | 53%
implementation |<"0/€d Particoants, 99 |83.9%| 2 | 1.7% |17 |14.4%| 2006 |43|79.6% 1.9% [10| 18.5% [Lancet 3(600%| 0 | 00% |2 |40.0%
and who assigned Kidney Int. 21| 80.8% | 1 | 3.8% |4 |154%
participants to 2016 |28|77.8% 2.8% | 7|19.4%
interventions AJKD 32(762% | 1 | 24% |9 |21.4%
JASN 21|808% | 1 | 3.8% |4 |15.4%
1996 |21| 75.0% 0.0% |7 |25.0%
NEM 10| 52.6% | 2 | 105% |7 | 36.8%
Status 75 |63.6%| 7 | 5.9% |36 [30.5%| 2006 |[34|63.0% 5.6% |17|31.5% |Lancet 2|400% | 0 | 00% |3 |60.0%
Kidney Int. |15|57.7% | 2 | 7.7% |9 | 34.6%
2016 |[20|55.6% 11.1% [12] 33.3% oKD
27| 643% | 2 | 4.8% |13|31.0%
JASN 19| 73.1% | 6 | 23.1% |1 | 3.8%
1996 |27| 96.4% 00% | 1| 3.6%
If done, who was blinded after NEJM 14(73.7% | 5 | 26.3% |0 | 0.0%
Blinding assignment to interventions (for | g6 g1 49| & | 51% |16 |13.6%| 2006 |44|81.5% 13.0% | 3 | 5.6% |Lancet 3[600% | 1 | 200% |1 |200%
example, participants, care providers,
those assessing outcomes). Kidney Int. |24 92.3% | 1 38% | 1| 3.8%
2016 |25 69.4% 25.0% |2 | 5.6%
AJKD 36(857% | 3 | 71% |3 | 71%
JASN 241923% | 1 | 3.8% |1| 3.8%
1996 |27| 96.4% 00% | 1| 3.6%
NEM 17(89.5% | 0 | 0.0% |2 |10.5%
If relevant, description of the similari
f relevan ojff:;’:v's:t;fnses’m’amy 104|88.1%| 3 | 2.5% |11|9.3% | 2006 [49]90.7% 37% |3 | 5.6% [|Lancet 4(800%| 0| 00% |1|20.0%
Kidney Int. |25/ 96.2% | 0 | 0.0% 3.8%
2016 |28 77.8% 28% |7 |19.4%
AJKD 34(81.0% | 2 | 48% |6 |143%
JASN 1(38% | 1| 3.8% [24]|923%
1996 |2 | 7.1% 7.1% |24 85.7% NIV,
0, 0y 0/
Statistical methods used to compare 0]00% |0 0.0% |19|100.0%
groups for primary and secondary 3 |12.5% 8 6.8% [107]|90.7%| 2006 1] 1.9% 9.3% |48| 88.9% |Lancet 1]200% | 1 20.0% | 3 | 60.0%
outcomes. Kidney Int. | 1| 3.8% | 3 | 11.5% |22| 84.6%
2016 |0 | 0.0% 2.8% |35|97.2%
Statistical AJKD 0| 00% | 3| 71% |39]92.9%
Methods JASN 15| 57.7% | 2 7.7% |9 | 34.6%
1996 |18| 64.3% 71% |8 | 28.6% [
Methods for additional analyses, such 3|158% | 2 | 10.5% |14) 73.7%
as subgroup analyses and adjusted | 53 |44.9%| 10 | 8.5% | 55 [46.6%| 2006 |26]| 48.1% 9.3% (23| 42.6% |Lancet 3(60.0% | 0 0.0% |2 | 40.0%
analyses. Kidney Int. |13 50.0% | 1 | 3.8% |12|46.2%
2016 |9 |25.0% 8.3% (24| 66.7%
AJKD 19(452% | 5 | 11.9% |18| 42.9%
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Table 7: Quality assessment of clinical trials according to modified CONSORT criteria

JASN 21| 80.8% | 0 | 00% |5 |19.2%
1996 [26/92.9% | 0 | 0.0% |2 | 7.1%
NEM 10(52.6% | 0 | 0.0% |9 |47.4%
Diagramm 72 |61.0%| 0 | 0.0% |46 |39.0%| 2006 [30|55.6% | 0 | 0.0% |24|44.4% |Lancet 1/200%| 0 | 00% |4|80.0%
Kidney Int. |19(73.1% | 0 | 0.0% |7 |26.9%
2016 |16|44.4% | 0 | 0.0% |20|55.6%
AJKD 21(500% | 0 | 0.0% |21[50.0%
JASN 10| 38.5% | 10 | 38.5% | 6 [ 23.1%
1996 |12]|42.9% | 11 | 39.3% |5 | 17.9%
For each group, the numbers of ° ° ° INEM 1] 53% | 4 | 21.1% |14] 73.7%
L. participants who were randomly
Participant assigned, received intended 22 |18.6%| 37 |31.4% |59 |50.0%| 2006 |7 |13.0% | 17 | 31.5% (30| 55.6% |Lancet 1/200%| 0 | 00% |4|80.0%
flow -
treatment,aﬁdwereana/yzedforthe Kidney Int. 5(192% | 9 34.6% |12 46.2%
primary outcome 2016 |3 | 83% | 9 | 25.0% (24| 66.7%
AJKD 5| 11.9% | 14 | 33.3% (23| 54.8%
JASN 121 462% | 2 | 7.7% |12| 46.2%
1996 |14|50.0% | 4 | 14.3% |10| 35.7%
NEM 6|31.6% | 0 | 0.0% |[13|68.4%
For each group, losses and exclusions
after randomization, together with | 41 [34.7%| 13 |[11.0% | 64 [54.2%| 2006 [15]|27.8% [ 7 | 13.0% |32| 59.3% Lancet 1]20.0%| 0 0.0% |4 |80.0%
reasons. Kidney Int. |10|38.5% | 3 | 11.5% [13]50.0%
2016 |12(333% | 2 | 5.6% |22 61.1%
AJKD 12| 28.6% | 8 | 19.0% |22|52.4%
JASN 5119.2% | 17 | 65.4% | 4 | 15.4%
1996 |7 |25.0% | 18 | 64.3% |3 | 10.7%
NEM 1| 53% | 3| 15.8% |15| 78.9%
Dr‘:tc‘z:;f;”n";i’:gigz;‘;dj:f 18 |15.3%| 57 | 48.3% | 43 |36.4%| 2006 |10|185% | 24 | 44.4% |20| 37.0% |Lancet 2 |400% | 2 | 40.0% |1 |20.0%
Kidney Int. | 7 | 26.9% | 14 | 53.8% |5 | 19.2%
2016 | 1| 2.8% | 15 | 41.7% (20| 55.6%
Recrui AIKD 3| 71% |21 50.0% |18| 42.9%
ecruitment
JASN 23/885% | 0 | 0.0% |[3]11.5%
1996 |24|857% | 2 | 7.1% |2 | 7.1%
NEJM 141737% | 1 | 53% |4 |21.1%
Why the trial ended or was stopped. |104(88.1%| 5 42% | 9 | 76% | 2006 |48(889% | O 0.0% |6 | 11.1% |Lancet 41800%| 0 0.0% |1 |20.0%
Kidney Int. [24]923% | 2 | 7.7% |0 | 0.0%
2016 |32(889% | 3 | 83% |1 | 2.8%
AJKD 39(929% | 2 | 48% |1 | 2.4%
JASN 41154% | 5 | 19.2% |17| 65.4%
1996 |5|17.9% | 9 | 32.1% |14| 50.0%
NEM 21105% | 0 | 0.0% [17]89.5%
A table showing baseline demographic
Baseline Data | and clinical characteristics for each 10 | 85% | 16 | 13.6% | 92 |78.0%| 2006 2| 3.7% 7 13.0% |45] 83.3% |Lancet 0| 0.0% | 2 40.0% | 3 | 60.0%
group. KidneyInt. | 2| 7.7% | 4 | 15.4% |20| 76.9%
2016 |3 | 83% | 0 | 0.0% (33|91.7%
AJKD 2| 48% | 5 | 11.9% |35 83.3%
JASN 3|11.5% | 6 | 23.1% [17] 65.4%
1996 |5|17.9% | 8 | 28.6% |15| 53.6%
NEM 1|53% | 0| 00% |18]94.7%
Numbers For each group, number of
Analyzed participants (denominator) included in | 10 | 8.5% | 17 | 14.4% | 91 |77.1%| 2006 |5 | 9.3% | 9 | 16.7% |40| 74.1% |Lancet 1/200%| 0 | 00% |4|80.0%
each anaysis . KidneyInt. |2 | 7.7% | 4 | 15.4% [20] 76.9%
2016 |0 | 0.0% | 0 | 0.0% |36(100.0%
AJKD 3| 71% | 7 | 16.7% 32| 76.2%
JASN 18(69.2% | 3 | 11.5% |5 | 19.2%
1996 |18|64.3% | 5 | 17.9% |5 | 17.9%
NEJM 21105% | 2 | 10.5% |15| 78.9%
'"tet""°:'t°' regarding the primary endpoint | 51 |43.2%| 13 | 11.0% | 54 |45,8%| 2006 [22|40.7% | 5 | 9.3% |27 50.0% |Lancet 2|400% | 0 | 00% |3 |60.0%
rea
Kidney Int. |13|50.0% | 0 | 0.0% |13|50.0%
2016 |13(36.1% | 1 | 2.8% |22|61.1%
AJKD 17| 405% | 7 | 16.7% |18| 42.9%
JASN 10.6% all papers, 21.3% w. Calculable
1996 8.3% all papers, 25.7% w. Calculabe L-t-A
L-t-A NEIM 0.0% all papers, 0.4% w. Caluclable
Lt-A
Loss -to- |(nrandomly assigned -n in analysis)/n|8,79 % all papers, 19,04 with Calculable| - 6.0% all papers, 18.1% w. Calculable |Lancet 12,2% all papers, 30,5% w. Calcuclable
Analysis randomly assigned L-t-A L-t-A L-t-A
Kidney Int. 6.5% all papers, 21.2% w. Calculable
016 6.8% all papers, 22.1% w. Calculable L-t-A
L-t-A AJKD 7.3% all papars, 20.6% w. Calculable
L-t-A
JASN 0| 0.0% | 15| 57.7% |11| 42.3%
For each primary and secondary 1996 0| 0.0% 25 | 89.3% | 3 | 10.7% NEIM ol 0.0% 2 105% |17] 89.5%
outcome, results for each group, and . | ‘
the estimated effect size and its 0 |0.0%| 52 [44.1% | 66 [55.9%| 2006 |0 | 0.0% | 23 | 42.6% |31| 57.4% |Lancet 0| 00% | 3 | 60.0% |2 |40.0%
prec:s:on(su'chas9Séconfldence Kidney Int. ol 0.0% | 16| 61.5% |10| 38.5%
interval). 2016 |0 | 0.0% | 4 | 11.1% (32| 88.9%
Outcomes & AJKD 0| 00% |16 38.1% |26| 61.9%
Estimation JASN 20(769% | 2 | 7.7% |4 |15.4%
1996 |24|857% | 2 | 7.1% |2 | 7.1%
NEM 3|15.8% | 3 | 15.8% [13| 68.4%
Forbinary outcomes, presentation of | 5 6 500 | 10 | 8.59% |37 [31.4%| 2006 |33]61.1% | 3 | 5.6% |18|33.3% |Lancet 21400% | 0 | 00% |3]|60.0%
both absolute and relative effect sizes.
Kidney Int. |20( 76.9% | 1 | 3.8% |5 |19.2%
2016 |14(38.9% | 5 | 13.9% (17| 47.2%
AJKD 26|61.9% | 4 | 95% |12]28.6%
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Results

JASN 14(53.8% | 3 | 11.5% |9 | 34.6%
Results of any other analyses 1996 |15] 53.6% 17.9% | 8 | 28.6% NEIM 4| 211% | 1 53% |14| 73.7%
Ancillary performed, including subgroup

Analyses analyses and adjusted analyses, 43 136.4%| 17 | 14.4% | 58 [49.2%| 2006 |[20]| 37.0% 14.8% (26| 48.1% |Lancet 2 (40.0% | 1 | 20.0% | 2 | 40.0%
distinguishing pre-specified from Kidney Int. 9 |346%| 4 15.4% | 13| 50.0%

exploratory. 2016 |8 |22.2% 8.3% (24| 66.7%
AJKD 14| 333% | 8 | 19.0% |20| 47.6%
JASN 12(46.2% | 1 | 3.8% |[13]50.0%

1996 (18| 64.3% 10.7% | 7 | 25.0%
NEM 1| 53% | 5| 26.3% |13| 68.4%
Harms Allimportant harms or unintended | 44 |33 99| 17 | 10.2% | 66 |55.9%| 2006 |16] 29.6% 11.1% |32| 59.3% [Lancet 3(600%| 0| 00% |2|400%

effects in each group.

Kidney Int. |11 423% | 1 | 3.8% |14|53.8%

2016 |6 | 16.7% 8.3% (27| 75.0%
AJKD 13| 31.0% | 5 | 11.9% |24 57.1%

65




Results

Abstract

A Title
i B
Title Abstract | :

Background a

Background a Background b

Trial Design a
Trial Design b
Participants a

Background b
Trial Design a

Trial Design b

Participants a o
Participants b

Participants b i
Interventions

Interventions

Outcomes a
Outcomes a
Qutcomes b
Outcomesb
Sample Size a
Sample Size a
Sample Size b
Sample Size b
o Randomization al WJASN
Randomization al
o Randomization a2
Randomization a2 ENEIM
Randomization b
Randomization b m1996
L Randomization ¢ B Lancet
Randomization ¢ w2006
B||'nd|'ng a Bllndlng a 5] KidnE\j Int.
o m2016 Blinding b
Blinding b Slindin O AJKD
Blinding c 8

Statistical Methods a Statistical Methods a

Statistical Methods b Statistical Methods b
Participant flow a Participant flow a
Participant flow b Participant flow b
Participant flow c Participant flow ¢

Recruitment a Recruitment a
Recruitment b Recruitment b
Baseline Data Baseline Data

.

Numbers Analyzed [ ————

Intention-to-treat

Numbers Analyzed

Intention-to-treat
Loss - to - Analysis Loss - to - Analysis
Qutcomes & Estimation a Outcomes & Estimation a

Qutcomes & Estimation b Outcomes & Estimation b

Ancillary Analyses Ancillary Analyses

Harms Harms

T 1
0 50 100% 0 50 100%

Figure 19: Quality assessment of reporting clinical trials in the main final paper according to
CONSORT criteria. Each of the CONSORT criteria was assessed in representative samples selected
from The NEJM, The Lancet, JASN, AJKD, and Kidney International of the years 1996, 2006, and 2016.
Shown are the percentages of papers fulfilling the criterion “sufficiently reported” for (A) all journals
in each of the 3 years to detect changes over time or (B) each of the journals across all time points.
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Results

3.2.2. Quality of preclinical trial reporting in kidney research

For quality assessment of preclinical studies, we selected 209 publications from JASN, Kidney

International, and NDT. Seventy-four had to be deleted for invalidity criteria as shown in

Figure 20 (3 articles not found, 4 only in vitro studies, 7 articles proved to be clinical trials, 1

belonged to the “Nephrology Image” category, 59 were non-original articles).

)

Records identified through
database searching
(n=209)

Additional records identified
through other sources
(n=0)

Identification

[

|

Eligibility Screening

Included

Records after duplicates removed

(n=209)

h 4

Records screened
(n=209)

h

Records excluded
(3 articles not found)
(n=3)

Full-text articles assessed
for eligibility
(n =206)

Y

Studies included in
qualitative synthesis
(n=135)

Full-text articles excluded
(4 in vitro studies, 7
clinical trials, 1
‘Nephrology Image’, 59
non-original articles)
(n=71)

Studies included in
quantitative synthesis
(meta-analysis)
(n=135)

Figure 20: Flow chart illustrating the identification and selection of preclinical study reports papers

for the quality analysis.
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The remaining 135 papers were graded for the modified ARRIVE criteria as specified in

Methods and in Table 6.

The experimental rationales were almost always sufficiently explained, while any form of
explanation of why the specific animal model was used or the study’s relevance to human
biology was completely absent in more than half the articles (Table 8). Objectives or a
hypothesis were specified in the introduction in 73%. The methods specified a detailed
ethical statement in 81% and clearly defined the number or type of experimental groups in
65%. However, details on randomization, details on blinding, and a timeline diagram were
scarce, being provided in only 17%, 1%, and 12%, respectively. Experimental procedures and
specifics on the type of animals used were generally well described (98% and 97%,
respectively), although adequate information on housing and husbandry were largely lacking
(34%, in 41.5% no mention at all). Information on sample size calculation was always absent
(0%), and also, numbers of independent replications were rare (19%), while almost in two
fifths of the articles no mention of the number of animals in the experiments was made.
More than three fourths of the articles provided no information regarding allocation method
of the animals. Only a minority of studies (13%) specified the primary and secondary
outcomes. Regarding statistical methods, the types of tests were almost always reported
(95%), but the unit of analysis for each dataset and whether the data met the pre-specified
assumptions of the statistical approach were not reported (0%). Baseline data were reported
in only 12% of the studies, and the numbers analyzed for each test were thoroughly

reported in only a third of the time. Adverse events were hardly ever reported (2%) [1].

Analyzing trends over time revealed linear improvements from 1996 to 2016 in reporting the
relevance of the animal model to the human biology, ethical statements, blinding,
experimental procedures and timeline diagrams (Figure 21A, Table 8). Reverse trends were
found for describing the primary and secondary objectives or a research hypothesis and
defining primary or secondary outcomes. Completely neglected across the entire study
period was reporting details on group size calculations and whether the data obtained met
the assumptions of the statistical approach. Importantly, any form of randomization, the
method of allocation concealment and the number of animal in analysis were rarely

reported and even showed a reverse trend from 2006 to 2016 (Table 8, Figure 21A) [1].

68



Results

Table 8: Quality assessment of preclinical studies according to modified ARRIVE criteria

1: /[ 2: - 1: /[ 2: . 1: /[ 2:
Total 209, 74 0:Not 1, U[;'c'ea:rl/ Sufficient} ;ggé >22 0:Not 1, Uf’;’c?a:*l/ Sufficienth :(AleS(I)t s| 07Not |, Uj;uc.eartl/ Sufficienth
> .
invalid, valid 135 reported nsufficiently | Sufficiently reported nsufficiently |Sufficiently |Ki nley n reported nsufficiently |Sufficiently
Reported Reported |2016-->44 Reported | Reported |NDT:29 Reported | Reported
Provide as accurate and 1996 JASN
1. Title concise a description of the Subjective, not examined by the 2006 Subjective, not examined by the Kidney Int Subjective, not examined by the
: content of the article as researchers researchers v int researchers
possible 2016 NDT
Provide an accurate
summary of the 1996 JASN
backround, research
objectives, including details Subjective, not examined by the Subjective, not examined by the i Subjective, not examined by the
2. Abstract . . 2006 Kid Int.
strac of the species or strain of researchers researchers laney in researchers
animal used, key methods,
principal findings and 2016 NDT
conclusion of the study
1996 0| 0.0% 3 10.0% |27| 90.0% [JASN 0| 0.0% 1 2.0% |49] 98.0%
. Stud, text and
g Study context an 0| 00% | 4 |30%]|131|97.0%| 2006 |0 0.0% | 0 | 0.0% |61]100.0%|kidreyint. | 0| 0.0% | 1 | 1.8% |55] 98.2%
experimental rationale
2016 0| 0.0% 1 2.3% (43| 97.7% [NDT 0| 0.0% 2 6.9% |27] 93.1%
3. Background m T vp—
ow anda why anima 1996 |13[43.3% | 10 | 33.3% | 7 | 23.3% [JASN 29(58.0% | 10 | 20.0% |11 22.0%
species and models being
used adress the objectives, | 72 | 53.3% | 29 |21.5%| 34 |25.0%| 2006 |30|49.2% | 16 | 26.2% [15| 24.6% |Kidney Int. |28| 50.0% | 14 | 25.0% |14| 25.0%
study's relevance to
h biology 2016 29| 65.9% 3 6.8% (12| 27.3% [NDT 151 51.7% | 5 17.2% | 9 | 31.0%
. 1996 0] 0.0% 5 16.7% | 25| 83.3% |JASN 0| 0.0% | 19 | 38.0% |31]| 62.0%
Primary and any
4. Objectives | secondary objectives or 0 | 0.0% 37 |27.4%| 98 |72.6%| 2006 0] 0.0% | 14 | 23.0% |47| 77.0% |Kidney Int. | 0| 0.0% | 15 | 26.8% |41] 73.2%
hypotheses
2016 0| 0.0% | 18 | 40.9% (26| 59.1% |[NDT 0| 0.0% 3 | 10.3% (26 89.7%
Indicate the nature of the
ethical review permissions, 1996 [23(767% | 7 | 233% |7 | 23.3% |JASN 1| 2.0% 0 0.0% |49] 98.0%
relevant licences (e.g.
5. Ethical Animal [Scientific
-Eieal o cedures) Act 1986), and | 26 | 19.3% | 0 | 0.0% | 109|80.7%| 2006 [2| 33% | 0 | 0.0% |59 96.7% |Kidney Int. [15|26.8% | 0 | 0.0% |41|73.2%
statement ) S
national or institutional
guidelines for the care and
use of animals, that cover 2016 1| 23% 0 0.0% |43| 97.7% |NDT 10| 345% | O 0.0% |19| 65.5%
the research.
1996 1| 33% | 13 | 43.3% [16| 53.3% |JASN 0| 0.0% | 17 | 34.0% |33| 66.0%
a. The number of
experimental and control | 2 1.5% 45 ([33.3%| 88 [65.2%| 2006 0| 0.0% | 10 | 16.4% |51 83.6% |Kidney Int. |2 | 3.6% | 23 | 41.1% |31| 55.4%
groups
2016 1| 23% 22 | 50.0% (21| 47.7% |[NDT 0| 0.0% 5 17.2% |24| 82.8%
1996 |26]| 86.7% 1 3.3% |3 | 10.0% |JASN 39(78.0% | 3 6.0% | 8 | 16.0%
b,c. Randomization and
details of the experimental | 108 | 80.0% 4 3.0% | 23 [17.0%| 2006 |44]|72.1% | 2 3.3% |15| 24.6% |Kidney Int. |49| 87.5% | 1 1.8% | 6| 10.7%
unit
2016 |[38] 86.4% 1 23% |5 | 11.4% [NDT 20| 69.0% | O 0.0% | 9| 31.0%
6. Study design
1996 [27]|90.0% | 3 10.0% | 0 | 0.0% |JASN 34(68.0% | 14 | 28.0% | 2 | 4.0%
b. Blinding performed 97 | 71.9% | 36 |26.7%| 2 | 1.5% 2006 (41| 67.2% | 20 | 32.8% | 0 | 0.0% |Kidney Int. [42]| 75.0% | 14 | 25.0% [ 0 | 0.0%
2016 |29( 65.9% 1 23% (14] 31.8% |NDT 21(724% | 8 |27.6% |0 | 0.0%
1996 [30/100.0%| O 0.0% | 0| 0.0% |JASN 43(86.0% | O 0.0% | 7 | 14.0%
d’“”’}‘;:;’;i:","rf’”’"o’ 119(88.1% | 0 |0.0% | 16 |11.9%| 2006 |[54|885% | 0 | 0.0% |7 | 11.5% |KidneyInt. |49| 87.5% | 0 | 0.0% |7 |12.5%
2016 |[35(795% | O 0.0% |9 | 20.5% |NDT 27(93.1% | O 00% | 2| 6.9%
For each experiment and 1996 [0 | 0.0% | 3 | 10.0% |27|90.0% [JASN 0| 00% | 0 | 00% |50|100.0%
7. each experimental group,
Experimental | including controls, provide | 0 | 0.0% 3 2.2% | 132|97.8%| 2006 0| 0.0% 0 0.0% |61|100.0%|Kidney Int. | 0 | 0.0% 0 0.0% |56]100.0%
d precise details of all
procedures . 2016 [0 0.0% | 0 | 0.0% |44|100.0%|NDT 0| 00% | 3 |103%|26|89.7%
procedures carried out.
a,b. Provide details of the
animals used, including 1996 2| 6.7% 4 13.3% |24| 80.0% [JASN 2 [ 4.0% 6 | 12.0% (42| 84.0%
8 species, strain, sex,
Experimental | cevelopmentalstage, |, 500 | 7 |15 60| 114 |8a.4%| 2006 [1| 1.6% | 4 | 6.6% |56|91.8% |Kidneymnt. |2 | 3.6% | 8 | 14.3% |a6| 82.1%
imals weight and other relevant
anima ; :
inforamtion(e.g. Source,
96”“’“’"""’{"5‘“""” 2016 |1 23% | 9 |20.5% |34|77.3% |NDT 0| 00% | 3 |103% |26|89.7%
status,
. 1996 14| 46.7% | 9 30.0% | 7 | 23.3% |JASN 21| 42.0% | 16 | 32.0% |13| 26.0%
9. Housing and Housing, husbandry and
husbandry welfare-related 56 | 41.5% | 33 |24.4%| 46 [34.1%| 2006 |[25|41.0% | 9 14.8% 27| 44.3% |Kidney Int. |24 42.9% | 11 | 19.6% |21 37.5%
assessments
2016 17]| 38.6% | 15 | 34.1% |12]| 27.3% |NDT 11{379% | 6 | 20.7% |12| 41.4%
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Table 8: Quality assessment of preclinical studies according to modified ARRIVE criteria

a. Specify the total number 1996 |14(46.7% | 7 23.3% | 9 | 30.0% |JASN 19| 38.0% | 11 | 22.0% |20| 40.0%
of animals used in each
experiment, and the 53 (39.3% | 27 |20.0%| 55 |40.7%| 2006 |16|26.2% | 13 | 21.3% |32| 52.5% |Kidney Int. |29| 51.8% | 9 | 16.1% |18] 32.1%
number of animals in each
experimental group. 2016 [23[523% | 7 | 15.9% [14| 31.8% |NDT 5(172% | 7 |24.1% |17 58.6%
b. Explain how the number 1996 |30{100.0%| 0 | 0.0% |0 | 0.0% |ASN 50|100.0%| 0 | 0.0% |0 | 0.0%
10. Sample | of gnimals was arrived at.
size Provide details of any ~ |135|100.0%| 0 |0.0% | 0 | 0.0% | 2006 [61|100.0%| 0 | 0.0% |0 | 0.0% |KidneyInt. [56{100.0%| 0 | 0.0% |0 | 0.0%
sample size calculation
used. 2016 [44[100.0%| 0 | 0.0% [0 | 0.0% |NDT 29(100.0%| 0 | 0.0% |0 | 0.0%
c. Indicate the number of 1996 22| 733% | 2 6.7% | 6 | 20.0% |JASN 31(62.0% | 7 | 14.0% |12 24.0%
independent replicati
fnaepenaent reprications | o3 | 6g 990 | 16 |11.9%| 26 |19.3%| 2006 |45|73.8% | 8 | 13.1% | 8 | 13.1% [Kidney Int. [39| 69.6% | 6 | 10.7% |11 19.6%
of each experiment, if
relevant. 2016 [26]59.1% | 6 | 13.6% [12|27.3% |NDT 23(793% | 3 |103% |3 | 10.3%
11. Allocating 1996 |26(86.7% | 1 | 3.3% |3 |10.0% [JASN 37(74.0% | 5 |10.0% | 8 | 16.0%
animals to X i i
experimental ab Det‘:gzgo‘g"’c‘""’" 104|77.0% | 6 |4.4% |25 |185%| 2006 [41|67.2% | 2 | 3.3% |18| 29.5% |Kidney Int. |49|87.5% | 0 | 0.0% |7 |12.5%
groups 2016 |37(841% | 3 | 6.8% |4 | 9.1% |NDT 18 62.1% | 1 | 3.4% [10| 34.5%
) 1996 |18[60.0% | 8 | 26.7% | 4 | 13.3% [JIASN 31| 62.0% | 10 | 20.0% | 9 | 18.0%
12. Primary and secondary
Experimental | experimentaloutcomes | 94 | 69.6% | 24 |17.8%| 17 [12.6%| 2006 [39]63.9% | 13 | 21.3% | 9 | 14.8% [Kidney Int. |45| 80.4% | 5 | 8.9% |6 | 10.7%
t assessed
outcomes 2016 |[37|841% | 3 | 6.8% |4 | 9.1% |NDT 18] 62.1% | 9 |31.0% |2 | 6.9%
) 1996 |4 [133% | 0 | 0.0% [26|86.7% [JASN 1| 20% | 1 | 20% |48| 96.0%
a. Provide details of the
statistical methodsused | 6 | 4.4% 1 0.7% | 128 (94.8%| 2006 1] 1.6% 0 0.0% |60| 98.4% |KidneyInt. |3 | 54% | O | 0.0% |53| 94.6%
for each analysis.
2016 [1] 23% | 1 | 2.3% [42]95.5% |NDT 2| 69% | 0| 00% [27]93.1%
b. Specify the unit of 1996 |25[833% | 5 |16.7% |0 | 0.0% [IASN 47|94.0% | 2 | 40% | 1] 2.0%
13. Statistical i
analysis for each dataset | 17| g6 700 | 14 |10.4%| 4 | 3.0% | 2006 |56|91.8% | 4 | 6.6% |1| 1.6% |Kidneymt. [47|839% | 8 |143% 1| 1.8%
methods (e.g. single animal, group
of animals, single neuron ). 2016 |36(81.8% | 5 | 11.4% |3 | 6.8% |NDT 23(793% | 4 |13.8% |2 | 6.9%
¢. Describe any methods 1996 |30[100.0%| 0 | 0.0% |0 | 0.0% [IASN 50(100.0%| 0 | 0.0% |0 | 0.0%
used to assess whetherthe | 3,1 g9 300 | 9 | 079% | 0 | 0.0% | 2006 |60]98.4% | 1 | 1.6% |0 | 0.0% [Kidneymt. [55]98.2% | 1 | 1.8% | 0| 0.0%
data met the assumptions
of the statistical approach. 2016 [44[100.0%| 0 | 0.0% [0 | 0.0% |NDT 29(100.0%| 0 | 0.0% |0 | 0.0%
For each experimental 1996 |22(733% | 5 | 16.7% | 3 | 10.0% |JASN 34| 68.0% | 11 | 22.0% | 5 | 10.0%
14. Baseline group, relevant
data characteristics and health | 95 | 24.0% | 24 [17.8%| 16 [11.9%| 2006 (38| 62.3% | 14 | 23.0% | 9 | 14.8% [Kidney Int. |41|73.2% | 8 |14.3% |7 | 12.5%
status of animals prior to 2016 [35[795% | 5 | 11.4% |4 | 9.1% |NDT 20(69.0% | 5 |17.2% | 4 | 13.8%
treatment or testing. 270 e i K70 &7 070
Numbers analysed 1996 |7 |23.3% | 18 | 60.0% | 5 | 16.7% |JASN 2| 40% | 29 | 58.0% |19 38.0%
15. Numb i
umbers | (includednumbersof | yg | 13300 | 73 |54.1%| 44 [32.6%| 2006 |6 | 9.8% | 28 | 45.9% [27] 44.3% [kidneymt. |7 | 12.5% | 33 | 58.9% |16 28.6%
analysed animals not included and
why) 2016 |5 |11.4% | 27 | 61.4% [12] 27.3% |NDT 9 (31.0% | 11 | 37.9% | 9 | 31.0%
Report the results for each 1996 3110.0% | O 0.0% |27| 90.0% |JASN 1] 2.0% 3 6.0% |46] 92.0%
16. Outcomes | gnalysis carried out, with
and measure of precision (e.g. | 5 3.7% 3 2.2% | 127|94.1%| 2006 1| 1.6% 1 1.6% |59 96.7% |KidneyInt. | 2 | 3.6% 0 0.0% |54 96.4%
estimation standard error or
confidence interval). 2016 1] 2.3% 2 4.5% |41 93.2% |NDT 2| 6.9% 0 0.0% |27 93.1%
) ) 1996 |30[100.0%| 0 | 0.0% |0 | 0.0% [JIASN 4896.0% | 1 | 20% | 1] 2.0%
17. Adverse Details of allimportant
events adverseeventsand (131 97.0% | 1 [07% | 3 [22% | 2006 [59(967% | 0 | 0.0% |2 | 3.3% |KidneyInt. |54][96.4% | 0 | 0.0% |2 | 3.6%
modifications
2016 (42 955% | 1 | 23% |1 | 2.3% [NDT 29(100.0%| 0 | 0.0% |0 | 0.0%
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Figure 21: Quality assessment of reporting preclinical studies in the main paper according to the
ARRIVE criteria. Each of the ARRIVE criteria was assessed in representative samples selected from
JASN, Kidney International and NDT of the years 1996, 2006, and 2016. Shown are the percentages of
papers fulfilling the criterion “sufficiently reported” for (A) all journals in each of the 3 years to detect

changes over time or (B) each of the journals across all time points.
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Instead, rationale, experimental procedures, statistical methods, and outcomes were

generally well reported.

Among the evaluated journals (JASN, Kidney International, and NDT), reporting of preclinical
studies according to the ARRIVE quality criteria revealed some but no profound differences
(Figure 21B, Table 8). JASN scored higher on ethics statement reporting and numbers of
analysis. NDT reported objectives, number of groups and their allocation methods and
randomization procedures better. Kidney International did not stand out compared to the
other two journals in any category. All journals rarely reported details on group size
calculations, whether the data obtained met the assumptions of the statistical approach,

blinding, the unit of the analysis, baseline data and adverse events [1].

3.2.3. Reproducibility analysis

In order to assess the reproducibility of our review and to define interobserver variability,
the two independent investigators were in total agreement on 542/600. This represents an
interobserver analytical coherence of 90.3%, corresponding to an interobserver variability of
9.67%. When analysing the discrepant cases, we did not find a systematic error or a
repeated misinterpretation of a criterion, rather isolated differences of opinions or human

errors from the two investigators.

3.2.4. Registration analysis

We tried to define the percentage of nephrological RCTs registered in a public trials registry,
according to the ICJME recommendation for clinical trials, which applies to all clinical trials
that started enrolment after July 1, 2005 [361]. From the initial sample of 100 clinical papers,
six articles, from which no Registration Number could be identified, referred to trials
concluded before the ICMJE recommendation for registration. One article was a purely
observational RCT, which according to the recommendation does not require registration.
From the remaining 93 articles, 65 referred to trials registered in a public registry (69.8%). If
we limit results to articles published after 2015, in order to examine the more recent status

of registration, the percentage of registered trials improves to 73.5% (25/34).
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We also checked the frequency of kidney trial registration before enrolment of the first
participant, a request by the ICMIJE since 2005. We then tried to identify the trials, which not
only had a registration number, but were already registered prior to enrolment of the first
participant, by comparing the ‘First Submitted Date’ with the ‘Study Start Date’. Trials that
had already started enrolment before July 1, 2005 and were registered were graded
positively in this category regardless of submission date. 52 out of the 65 registered trials
were registered prospectively (80%), which means that 55.9% (52/93) of the whole sample
of trials were registered before the start of the study. Limiting results to articles published

after 2015, the percentage of registered trials prior to first patient enrolment is 61.8%.

3.2.5. Trial design vs. trial reporting

We tried to assess whether the results of the current study could also have a meaningful

translation to design quality and not only study reporting.

12 articles from the original 125 RCT analyzed were sampled. For 6 of the 12 articles
examined, no registration number or further information about the trials could be found (3

articles originally published in 2006, 3 in 1996).

For 3 trials (2 articles published in 2016, 1 in 2006) we could identify a registration number
but no other protocols or previous published articles providing information about study
design. For one of them further information about trial location could be found, for another
more detailed criteria about inclusion and exclusion of patients and for two of the trials in
question further information about trial design (such as parallel, factorial and allocation

ratio).

Regarding the 3 remaining trials of the subgroup analysis, 2 of them had registration
information, and all 3 of them had other articles or protocols published, from which many
additional data about study design could be extracted, significantly improving grading in
many key categories, such as: Trial Design, Eligibility Criteria, Settings & Locations,
Interventions, Outcomes, Sample Size Determination, Randomization Criteria (Sequence

generation, Allocation concealment mechanism, Implementation), Blinding (Who was
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blinded, Similarity of interventions), Methods for Additional Analyses, Participant Flow,

Recruitment, Ancillary Analysis and Harms.

In conclusion, the results of this subgroup analysis showed that for some of the articles
examined, the qualitative score for trial reporting was matching the quality of the study’s
design, since no further information about the trial in question could be found. On the other
hand, for half of the sample examined, important information regarding study design and
trial conduction could be extracted, and in the case of 3 of the articles examined,
significantly altering the original grading. Thus, our analysis is only valid for the main paper

published and not for previous or subsequent publications reporting additional details.

74



4. Discussion

We had hypothesized that the numbers of kidney-related clinical trials would have increased
within the last 15 years, maybe even compared with other medical disciplines. We had
further speculated that reporting quality should have improved since the introduction of
reporting guidelines for clinical trials such as the CONSORT Statement and that both
assumptions also apply to preclinical studies of nephrology, something that to our

knowledge had not been assessed before [1].

4.1. The amount of nephrological trials and studies remains low

In 2004, Strippoli, et al. [34] documented the low quantity of kidney disease—related clinical
trials among the other medical disciplines, which raised some disappointment in the field.
Other than updating their findings, we also tried to exclude that this could have been a false
negative result due to omitting trials on RRTs and UTI by introducing “expanded nephrology”
definitions, adding the above terms in all other kidney related diseases. This, however, did

not substantially change the outcome [1].

The analysis on the quantity of preclinical studies provided similar findings, again showing
that research activity in nephrology compares negatively to all other fields of internal
medicine, both currently and through the last half century. Expanding the nephrology-
related MeSH term also did not result in a relevant increase in study numbers. Nephrology
lacks the profound increases in published preclinical studies reported from other medical

disciplines in the given timeframe [1].

Among the kidney trials themselves, research activity was biased towards hypertension and
RRTs. One possible explanation could be that these topics of research allow trial conduction
with specified end points being able to be evaluated within a short timeframe, allowing
shorter trials and quicker outcome evaluation. In contrast, some disease entities such as CKD
not only require a trial design spanning over many years to accurately observe outcomes

regarding for example ESKD, but also come with limitations of sufficiently identifying trials
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outcomes that can predict ESKD. This can also be tied with industry activity. Clinical trials
with budgets of hundreds of million dollars need financial support, i.e. frequently industry
support. Trials on disease entities more likely to produce instant profitable results may
benefit from stronger financial support, while at the same time disciplines with strong
publication output also enjoy more frequent funding, creating a vicious cycle that leaves
clinically significant disease entities such as AKI, CKD or GN on the edge of the research
activity and interest, while favouring more marketable diseases and interventions such as

hypertension or RRT.

While hypertension remained the main research subject in preclinical studies, we observed a
more equal distribution among the rest of the disease entities, mirroring major trends in
nephrology through the years, such as the implementation of kidney transplantation in the
1960’s, novel classifications for AKlI and CKD, and the evolving global epidemic of type 2
diabetes [1].

Be it because of lack of interventional questions asked, as Strippoli, et al [34] suggested
based on their findings, or the block in the translation from basic science to human studies,
as other have hypothesized [23], [27], [452] the fact is that the lack of evidence-based
medical interventions, and especially in specific fields such as GN or AKI, can have a negative

impact on the treatment of concerned patients and stands for improvement.

4.2.RCT reporting quality has improved but further advancements are needed

Firstly, it is important to note, as will be explained in detail below, that our main analysis did
not include supplementary information or previously published study protocols, and does
not refer to or grade the design of the trials examined, rather the reporting. At this point, it
is of interest to compare the results of the current study to those of previous similar reviews,
both regarding the reporting quality of kidney trials but also analyses of other medical
disciplines, so as to see if our results are in line with those of previous publications, but also
to examine whether the problems identified here are also prevalent in other medical fields.

In the parenthesis are presented the results of our study for comparative reasons.
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Zheng, et al. conducted a study aiming to systematically identify RCTs from 1996-2015
investigating the efficacy of pharmacological therapies in heart failure with preserved
ejection fraction and to assess the quality of reporting using the CONSORT 2010 statement
[453]. In the 33 RCTs included, eligibility criteria for participants were adequately reported in
97% of the studies (81.4%), precise mention of interventions in 78.8% (67%), prespecified
primary outcomes in 66.7% (60.2%), determination of sample size in 69.7% (47.5%). The
method of allocation was sufficient in 33.3% (35.6%), the type of randomization in 33.3%
(32.2%), the mechanism used to implement the random allocation in 12.1% (19.5%), who
generated the random allocation sequence, who enrolled participants and who assigned
participants to interventions in 21.2% (14.4%), mention of blinding in 32.3% (13.6%),
statistical methods in 97.0% (90.7%). Baseline data were reported in 90.9% (78.0%) and
number of participants included in each analysis and whether the analysis was by original
assigned groups in 54.5% (77.1%). Another study aiming to examine the reporting guidelines
and trial registration policies within cardiac and cardiovascular-system journals in 2016
showed that, of the trials surveyed, 42.8% (39%) published a CONSORT diagram in their
manuscript, while 80.8% (69.8% in our analysis, 73.5% for articles published after 2015)

published a trial registry number [454].

There are a lot of similarities in the quality of items examined between the studies. It is
important to note that in 11 of the 14 items presented above, reporting quality of RCTs in
cardiology compare favorably to our analysis of clinical kidney studies. Despite of that fact,
the authors of the above studies both concluded that “cardiac and cardiovascular system
journals infrequently require, recommend or enforce the use of reporting guidelines” and
that “there remains a considerable variation in reporting quality, with many important

aspects relating to trial methodology and results consistently under reported”.

Liu, et al. performed a study aiming to assess to what extent reports of RCTs in solid organ
transplantation adhere to the 2010 CONSORT statement, analyzing 290 RCTs published
between 2007 and 2009. The authors found that 98% of reports provided an adequate
description of the scientific background (93%) and 97% of specific objectives and hypotheses
(82%). 17% of reports described the trial design, such as parallel or factorial (18%). 52% of
trials prespecified primary outcomes (60%). Sample size calculation was described in 40% of

reports (48%), 32% included a flow chart of participants at each study stage (39%). 36% of
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trials described an appropriate method to generate the randomization sequence (36%) and
18% described a double-blinded study (31%). The authors concluded that the analysis
showed “considerable poor compliance to the CONSORT statement” and that the “the

reporting of the Methods, Results and Discussion domains were substandard” [455].

An evaluation published in 2018 of the adherence to the CONSORT checklist from 2011-2014
of 182 RCTs on Otolaryngology — Head and Neck Surgery (ORL-HNS) showed that only 6.5%
of RCTs described the individual responsible for enrolling and assigning subjects and method
of randomization (14.4%). 58.6% described the method used to generate the random
allocation sequence (35.6%), 24.7% mentioned the type of randomization (32.2%), 62.1%
described the mechanism used to implement the random allocation sequence (19.5%),
59.7% reported who was blinded and how (13.6%), 32.4% reported the estimated effect size
and precision (55.9%) and 40.6% reported a sample size calculation (47.5%). Eligibility
criteria of participants were adequately reported in 92.3% (81.4%), 99.5% provided sufficient
details of interventions (66.9%), 42.3% pre-specified primary outcomes (60.2%), and 96.7%
specified statistical methods (90.7%) [456].

A study published in 2009 evaluating the quality of reporting internal and external validity
data in published reports of RCTs from 2003 to 2008 on stents for percutaneous coronary
interventions found that the generation of the allocation sequence was adequate in 58.3%
of the reports (35.6%). Adequate blinding was reported in one-fifth of the reports (30.5%)
and an intention-to-treat analysis was described in 79.5% (45.8%) [457]. Another study
examining one hundred fifty published surgical RCTs of the same year concluded that the
overall reporting quality was low, with only 55% of CONSORT items addressed and with 45%
of trials describing adequate methods for sample size calculation (47.5%), 43% random
sequence generation (35.6%), 45% allocation concealment (19.5%), and 37% blinding

(30.5%) [458].

A neurological study of 2019 assessing the reporting quality of 44 published RCTs from 1998
to 2017 on the restless legs syndrome, based on a checklist arising from the CONSORT,
shows that only 14 of the 38 checklist items (36.8%) were addressed in 75% or more of the

studies examined and found that the reporting of RLS-related RCTs is suboptimal [459].
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While of course differences can be observed between the studies presented, not only due to
the different medical fields examined, but also due to the varied methodological procedures
of each study, the different years of publication and the different timelines of the trials,
many important items of trial quality remain underreported irrespective of the medical
discipline. Reporting of prespecified outcomes, information on randomization procedures
and allocation method, blinding, calculation of sample size, and method of analysis are
essential elements to the reproducibility and reliability of a trial and were universally
suboptimal, irrespective of the medical field. This enhances our belief that the current
findings of this study regarding reporting quality refer to problems not only prevalent in

kidney trials, but can be generalized to other medical domains.

But also previous works on kidney trials produced similar results to ours. Deo, et al.
conducted an evaluation of RCTs published in 2007 and 2008 in patients with CKD [33]. 57%
of the studies included a flow diagram (39%) as requested by the CONSORT guidelines, 27%
did not clearly describe a primary outcome (40 %), 42% included all participants randomly
assigned in the primary outcome analysis (46%) and 54% claimed to have done an ITT
analysis (56%), but in 56% of these, the primary outcome analysis did not include all
randomly assigned participants. Median loss to analysis in those with loss to analysis was

10% (19%).

In their qualitative analysis Strippoli, et al. found that 89% of the clinical trials examined
lacked clear allocation concealment, while more than half did not report double blinding. An
ITT analysis was only performed 30% of the time [34]. Our study seems to verify the above
results, with unclear or complete lack of reporting regarding allocation methods in 80% of
the trials examined, lack of double-blinding in 64% of the trials and clear and adequate ITT
analysis conducted in 46% of the trials. Examining trends over time, while Strippoli, et al.
concluded that there has been little variation over the years in the quality domains of
blinding, ITT analysis and only a small but statistically significant decrease in the proportion
of trials with unclear allocation concealment, our analysis could show upward trends for the
quality domains in question, with clear improvement in the reporting of allocation
concealment, double-blinding and ITT analysis. It is important to note that the timelines

examined for the studies differ, as the timeline of the analysis of Strippoli, et al. spans from
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1966 to 2002, while our study shows trends from 1996 to 2016, so these results can be

interpreted as a positive step in the reporting quality of kidney studies.

Furthermore, we observed a steady and clear improvement regarding the quality of
reporting of clinical trials not only in the domains above, but to most items of quality
reporting in the current study. Our study seems to verify findings also of other previous
publications on other medical disciplines, which also have found a clear improvement of
reporting quality in RCTs over time [453]. The CONSORT checklist and the underlying
rationale have become increasingly familiar to clinical trialists, and there appears to be buy-
in to these standards. Also further evidence on the effectiveness of the adoption of the
CONSORT guidelines has accumulated the last years [455]. After an analysis in 2006 showed
that journal adoption of CONSORT is associated with improved reporting of RCTs, a review
with similar findings in 2013 demonstrate that “despite the general inadequacies of
reporting of RCTs, journal endorsement of the CONSORT Statement may beneficially

influence the completeness of reporting of trials published in medical journals” [460][461].

4.3. Preclinical reporting quality analysis overts no improvements with time

The quality assessment of preclinical studies from kidney journals raises additional concerns.
Around 5 years ago started a debate regarding the lack of reproducibility of preclinical
results, potentially wasting millions of dollars on resulting clinical trials on inappropriate
drug targets or candidates [14]. The increasing awareness on the lack of proper reporting
and reproducibility of preclinical studies [13][17][21] lead to a general acknowledgment of
the problem [462] and to concerns about the reliability of preclinical research as a predictor
of human outcomes as a whole. Ironically, nephrology may have initially escaped the
backlash of this crisis due to lack of quantity in both clinical and preclinical studies. To this
aim, the ARRIVE guidelines on reporting of preclinical studies were published in 2010 [28].
The hope was that such guidelines would help improve the reporting of preclinical studies,
resulting in more thorough reviews on publication of animal experiments, and so lead to an
improvement of the design, conduction and finally reproducibility, reliability and translation

of preclinical study results.
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We conducted this qualitative analysis assessing animal studies both before and after the
publication of these guidelines in nephrological articles from kidney specific journals. The
rationale for assessing compliance with these guidelines even before their publications, i.e.
the years 1996 and 2006, as the ARRIVE guidelines were originally published in 2010, is that
we thought that a comparison of the time before and after their publication can provide
information on their effect. Of course quality criteria existed even before the establishment
of these guidelines, their creation was needed to endorse adherence, and hopefully such an
analysis helps to identify areas of improvement and progress and areas that are lagging

behind.

Our analysis revealed significant deficiencies in adhering to these guidelines not only before,
but also after this date. In particular, providing precise information on animal sub strains and
housing conditions, naming the assumptions for group size calculations, randomization,
defining primary end points that are also relevant for human disease in animal studies,
reporting of baseline data for the animals used such as gender, age or comorbidities [20] are
important deficits that can have a major impact on the reproducibility and the reliability of a

study’s result [21] [1].

Across the kidney journals included in the study, differences were minimal, with various
strengths and deficiencies identified between JASN, Kidney International and NDT. In the
core issues identified in the ‘reproducibility’ discussion, these journals collectively earn a
failing grade. It would have been interesting to also analyse other important journals, such
as Journal of Clinical Investigation, Nature Medicine, Nature, Science, JCI Insight, etc., but
these multidisciplinary journals publish kidney-related preclinical studies less frequently and

only in low numbers within the set time periods [1].

At this point, it would also be interesting to compare the results of this current study to
those of previous publications assessing the quality of reporting both on animal research as
a whole and on animal research of other medical disciplines, so as to see if the problems
identified here can also be generalized beyond the scope of kidney research. Another point
of interest is to examine if other fields have observed an improvement in the reporting
quality over time, and especially since the publication of the ARRIVE guidelines, something
that our analysis did not indicate. The results of our analysis are presented in the

parentheses for comparative reasons.
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One of the largest and most comprehensive reviews of published animal research,
commissioned by the NC3Rs, which resulted in the introduction of the ARRIVE guidelines,
found that only 59% of the 271 articles assessed stated the hypothesis or objective of the
study, and characteristics of the animals (72.6% and 84.4% respectively in our study). 87% of
the articles did not report using randomisation (80.0%) and 86% (71.9%) had no mention of
blinding [17].

Vesterinen, et al. examined 156 publication to assess the study design, statistical analyses,
and reporting of cerebrovascular research during the year 2008 [463]. They found that 27%
of the animal studies clearly stated the primary research hypothesis (72.6%), 22%
adequately reported randomization procedures (17%), 8% mentioned any forms of
allocation concealment (18.5%), 15% reported a blinded assessment of the outcomes (1.5%)

and only 1% of the articles mentioned any form of sample size calculation (0.0%).

A more recent study from Ting, et al., investigating the quality of reporting of 41 published
interventional animal studies in experimental rheumatology in 2012, found that an ethical
statement was not reported in 22% (19.3%) [464]. 65.9% clearly described an objective or
stated a hypothesis (72.6%). Reporting of randomization and assessor blinding occurred in
17.1% and 29.3%, respectively (17.0% and 1.5%, respectively in our study). None of the
studies reported sample size calculation or details of allocation method (0% and 18.5%,
respectively). Details of animal strain and species were reported in 53.7% (84.4%), and
housing and husbandry reported in only 4.9% (34.1%). 61% failed to clearly define
experimental outcomes (69.6%). 75.6% adequately reported statistical methods (94.8%) and

9.8% of papers reported important adverse events (2.2%).

We can see that while differences between the fields can be found, with kidney studies for
example better defining objectives or hypotheses and giving more precise information on
the animals used and their environment, important deficiencies on design traits can be
identified universally. The authors of the above studies concluded that the reporting quality
in their respective fields exhibits “poor reporting of key design principles” and that “a
number of factors should be addressed if the quality of research in basic and translational
biomedicine is to be improved”, while strongly endorsing the adoption and the widespread

implementation of the ARRIVE statement.
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The hope was that enforcing adherence to the ARRIVE standards and reporting methods and
results accordingly may help to improve what has been labelled the “reproducibility crisis” in
preclinical research. Assuring proper group size calculations, randomization, a blinded
analysis and considering sex disparities in experimental animals should be important in this
context. But these guidelines have shown little evidence of resulting in any major
improvement in reporting quality until now. In our analysis, only the reporting of the
relevance of the animal model to the human biology, ethical statements, blinding, and
timeline diagrams improved over time, whereas many other criteria did not. A number of
important traits essential to a robust design of a preclinical study [18] [19] even showed a
negative tendency, with investigators more likely to neglect information in 2016 rather than
in 2006 on primary objectives and hypothesis, numbers of groups examined and numbers
included in the analysis, any details on or if randomization occurred or any details on other
forms of allocation methods between groups, details on the animals used and their housing
and husbandry or information on their baseline data, definition on primary and secondary

outcomes assessed.

This seems to verify results of other previous publications on this topic. An analysis of papers
published in PLOS and Nature journals indicates that there had been very little improvement
in reporting standards two years after the endorsement of the ARRIVE guidelines by all
Nature and PLOS journals [465]. Baker, et al. evaluated key areas of reporting and found that
the percentage of studies reporting blinding and randomization in their experimental design
was similar to that in past surveys, leading the authors to state that “despite their
endorsement by these journals, the guidelines have had little impact on reporting standards
in published papers, at least in the neuroimmunological field, but the problem is likely to be
more widespread”. Another review from 2015 on 83 publications on Chagas disease
preclinical drug research showed similar results when examining quality items before and
after the ARRIVE publication, with the authors stating that “publication of ARRIVE guidelines
did not seem to enhance reporting quality, compared to papers appeared before ARRIVE
publication” [466]. Other reviews examining their effect also in other fields of medicine have

provided similarly disappointing results [467] [468].

Why these guidelines have largely proven to be unsuccessful is up for debate, but their

implementation appears to be more difficult for journals and editors compared to guidelines
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such as CONSORT. Problems may arise from the varied nature of preclinical studies, since
exploratory studies in initial hypothesis generating phase of research should be allowed to
have greater flexibility both in their pre-specification of outcomes and in general design than
validation studies aiming to test a preformed hypothesis or clinical trials. At a practical level,
for some journals the length of this checklist with 20 items may have caused problems in
implementation, especially since traditionally preclinical studies are more bound to include
ancillary experimental analyses, which can make application of the ARRIVE guidelines for

each of them burdensome [469].

But even journal-requested completion of an ARRIVE checklist does not appear do have
major effect on the quality of reporting. A randomized controlled trial by Hair, et al. aiming
to assess the effect of an email request to authors to complete an ARRIVE checklist on
compliance with the ARRIVE guidelines, showed that details of animal husbandry was the
only item to show improvements in reporting and that simply requesting completion of an
ARRIVE checklist at submission does not significantly increase adherence to the ARRIVE
guidelines [470]. Other approaches, such as more stringent editorial policies, editorial checks
of compliance, a targeted approach on key quality items and further measures to mandate
checklist completion may be required to see improvements in quality, measures that in

reviews of other specialties have resulted in an increase of reporting quality [468].

4.4. Further perspectives

The results of our analysis, both regarding the number of trials and studies published in
nephrology but also concerning their quality, make clear that improvements are needed in
order to overcome the deficits we highlighted. There needs to be an understanding of why
the amount and the quality of published articles in nephrology is lacking and an urgency to
try and find solutions to increase research activity on kidney diseases and ensure more

robust reporting and reliable results.

The relatively low number of clinical and preclinical studies in the field of nephrology may
reflect the low levels of funding from governmental agencies, industry and non-profits,
relative to other fields that are included in the analyses. A fact sheet from the American

Society of Nephrology (https://www.asn-online.org/policy/webdocs/FactSheet-

Unbalanced.pdf) recently published highlighted the fact, that the U.S. government invests
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what equals to less than 1% of Medicare kidney care costs in kidney research. Of course
pharmaceutical companies and governmental authorities would prefer to allocate money in
diseases with more immediate profit and more marketing power. Even so, an increase in
funding of research on kidney diseases could help to most importantly improve the
treatment outlook and the quality of life of many kidney patients, but also would probably

be profitable on the level of health care costs of nephrological diseases.

Even the US government and the White House recently acknowledged the problem,
publishing an executive order in July of 2019, which among others stated that “the state of
care for patients with CKD and ESKD is unacceptable: too many at-risk patients progress to
late-stage kidney failure; the mortality rate is too high; current treatment options are
expensive and do not produce an acceptable quality of life”, while pledging to “support
research regarding preventing, treating, and slowing progression of kidney disease” in order
to “prevent kidney failure whenever possible through better diagnosis, treatment, and
incentives for preventive care” [3]. The hope is that this will boost kidney research and ESKD

management in the next years.

But even if kidney research activity improves, it would not alleviate the fact that the quality
of the manuscripts published on the field overts major deficiencies. New strategies are
needed in order to ensure that the articles being printed and published reach a high
standard of quality, ensuring the reliability and reproducibility of their results. Changes in
editorial and review policies, with more strict and mandatory requirements for the
guidelines, rather than simple endorsement or support from the journals, can be one of
many steps in the right direction. This applies for both clinical trials and most importantly
animal studies, since they are the ones presenting a substantially lower quality of reporting
and no significant improvement could be observed since the introduction of reporting

guidelines both in our analysis and previous reviews of other fields [468][465][470].

Already some journals included in our study have taken important steps to tackle the
problems highlighted, with JASN for example making changes to their editorial procedures
for preclinical studies, requiring now a structured abstract as a mandatory prerequisite,
eliminating word limits in the Methods section, highlighting its importance in the

Information for Authors, moving it to a more prominent position after the Introduction, and
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paying closer attention and more thoroughly reviewing the reporting of the statistical

analysis [469].

Another possible solution which has been suggested before and has also been analyzed in
the current study comes in the form of study registration [8]. Since 2005 the International
Committee of Medical Journal Editors (ICMJE) requests the registration of clinical trials prior
to the enrolment of the first participant [361][362]. Simultaneously, there are some journals
that require a protocol before publication. The rationale is that if a study is registered prior
to its conduction, its progress can more easily be followed; their primary and secondary end
points and outcomes can be prespecified before conduction or analysis, thus avoiding the
publication of trials with different primary end points than those originally identified
because the originally hypothesis was disproved. Also, there is a logic pattern suggesting
that trials already registered are more likely to be published even if their results are
disappointing, thus contributing to the solution of the problem of publication bias, which
refers to trials producing positive or significant results heavily circulating in journals, while
studies with disproved or null results almost never getting published, creating a distorted
view of the scientific status and neglecting the importance of recognizing disproved

hypotheses.

The analysis we conducted on trial registration showed that almost 70% of the trials
examined were registered, while this number climbs to 73.5% if limited to trials published
from 2015 on. When analyzing the same fact but with stricter criteria, meaning registration
before enrollment of the first participants, these numbers fell to 56% and 62% respectively.
It becomes thus evident that even after the recommendations for trial registration and
despite the endorsement of various journals, many trials remain unregistered. Of course, in
order to allow a comparison of the analytical data after trial commencement and the design
protocol before patient enrolment, not only a registration number is required, but even
more design characteristics should be noted and registered, which in reality is not always the
case. A study from Ross, et al. found that reporting of optional data elements varied and
publication rates among completed trials registered within ClinicalTrials.gov were low, while
advocating for greater attention to reporting of all data elements [471]. Rasmussen, et al.
concluded, after comparing the prevalence of favorable results of registered and

unregistered randomized controlled trials in oncology, that trial registration alone, without a
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requirement for full reporting of research results, does not appear to reduce a bias, while
the authors support “the inclusion of full results reporting in trial registers, as well as

protocols to allow assessment of whether results have been completely reported” [472].

But the above described measures are meant to tackle reporting problems in the field of
clinical research and are not applied or focused on basic science. It is possible that measures
like study registration with accompanied reporting of data elements also for animal research
would have positive effects on reporting transparency or publication bias, similar to the
desired effect of clinical trial registration. By registering before the start of the experiment,
selective reporting of results can be minimized and reviewers and readers can be allowed to
compare the initial study plan to the final publications. Of course, avoiding duplication of
preclinical studies has also important ethical parameters and can improve the welfare of
animals. Furthermore, study registration of animal experiments requiring a pre-planned
design and coming with specific requirements could also help substantially improve the
implementation of reporting guidelines like the ARRIVE, which up to now has proved to be

challenging [469][468].

Such efforts have slowly started to arise. In April of 2018 the site https://preclinicaltrials.eu
launched, an international register of preclinical trial protocols, and since January 7, 2019
the Animal Study Registry is in function and can be used worldwide for registration of
preclinical studies. The latter is an initiative of The German Federal Institute for Risk
Assessment (BfR), a scientifically independent research institution and it provides a freely
accessible platform, with its main purpose to register animal experiments with detailed
information on methods as well as the statistical planning, working hypotheses and
biometric planning prior to the start of the study [473], hoping to improve transparency,

quality and reproducibility of animal experiments [474].

Of course it is clear that such initiatives are doomed, if they are not met with support from
the scientific community, but more importantly if they are not endorsed in a journalistic
level and become essential elements of the publication process, which in the end is what
most members of the research field are interested in. A mandatory registration and protocol
requirements, along with mandatory adherence to the respective guidelines for reporting
would be great steps in the direction of improved and adequate reporting quality of both

clinical trials and preclinical studies.
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4.5. Study limitations

One important limitation of our study is that our analysis could not distinguish between true
trial design deficits or simply underreporting. It is important to clarify that the main analysis
conducted and the criteria selected and developed are for trial reporting, and specifically for
important information in the main body of a manuscript, without even considering the
Supplementary Material or previously published study protocols, hence our results do not
necessarily question and are not meant to examine the quality of trial or study design or
conduction but mostly, question underreporting in the main body of the final paper, which
may be hampered by space or other reporting limitations. As the results of our subgroup
analysis examining on this fact showed, sometimes the qualitative score for trial reporting
was matching the quality of the study’s design, since no further information about the trial
in question could be found, but also, for some of the studies assessed, important differences
could be found between our assessment of the main body of the paper published and the
assessment of the design methods. However, many of the items assessed for quality
reporting, such as details of randomization, blinding, precise definitions of pre-specified end
points and performing an intention-to-treat analysis are essential to avoid erroneous
conclusions and these important aspects should always be reported in the main body of the

final paper.

A detailed and careful analysis of study design deficits could of course be very informative
and would help to further examine the qualitative status of trials in the nephrological field.
Such an analysis would require specific criteria and protocol and is unfortunately beyond the
scope of this study. The qualitative analysis of our study, both for the RCTs and the
preclinical trials, refers to the quality of trial reporting, and is not to be interpreted as

grading of study design or trial conduction.

Another point to be discussed regarding the numbers analysis of nephrological studies is
that a lot of trials assess kidney outcomes as secondary outcomes. For example, type 2
diabetes may define the primary outcome as mortality, but secondary outcomes may
include kidney endpoints. Unfortunately, no sufficient way to address that in the database
analysis was found. To do so would have required looking at all existing literature one by one
to check that, and this not only for the kidney domain but also for all other domains, which

would have been tens of thousands of trial reports. Defining robust criteria for this would
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have been impossible. Finally, as the same argument will apply to all other disciplines (also
cardiovascular complications are secondary endpoints in kidney trials) we do not think this

point would significantly affect our conclusions.

Another important limitation of our study refers to the phase analysis conducted for the RCT
trials using the Cochrane Library. While the phase-analysis using the clinicaltrials.gov
database was carried out using integrated limits of the database itself, in the phase-analysis
form the CENTRAL database the terms “Phase 1/2/3/4”or “Phase I/1I/lII/IV” were added
manually. This fact raises the question as to whether the results are truly phase-specified
trials or not. To add to the concerns regarding this fact, a test using the term “Phase 5” also
brought back results, although fewer in comparison to phases 0-4, although no phase 5
clinical trials exist. Due to this fact, the phase categorization of the total number of trials
both for the specialties and for the coverage inside nephrology should be looked upon with a

critical eye.

As illustrated in the flow chart of the clinical analysis (Figure 18), seven out of 127 papers
(5.6%) during our quality analysis had to be excluded for not being true interventional trials.
It is likely that there is a similar rate of misclassified articles in the quantitative analysis. We
do not see how this error can be avoided without reading all the thousands articles
published one by one. However, as this rate should distribute in a random manner equally
among all the disciplines or kidney disease entities, it should not affect the conclusions of

the analyses.

Regarding the preclinical part of the manuscript, many papers were omitted from the
qualitative analysis of the preclinical studies, because we limited inclusion criteria to apply
only to original articles of in vivo animal experiments, so as to be compatible with the
ARRIVE criteria, upon which the qualitative analysis was based. This should again not be
concerning regarding misclassification of trials in the quantitative analysis, the aim of which
was to show preclinical animal research activity in the various fields, so the inclusion of non-
original articles such as editorials or reviews should not be counted as a limiting factor of the
analysis. Of course a misclassification of articles is possible, but as it would spread randomly

among the fields, it should not bias the conclusions.
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A bigger point of discussion and subsequently a limitation of our study could be the lack of
reliable databases and methods to navigate and search through records of preclinical
studies. The only reliable method which could be identified by the researchers was the use
of the Limits: animals in the Pubmed database, the sensitivity and reliability of which can be
questioned, as evident by the amount of studies misclassified in our analysis. Further efforts
should be made for the construction of reliable preclinical databases, similar to efforts such
as the Cochrane Library and the CENTRAL system or clinicaltrials.gov, in order to improve the
research quality of preclinical fields. This could also have an impact on the problems
mentioned above regarding the translation of preclinical studies to clinical trials and
applications, as a reliable and easy way for researchers to navigate through and access
preclinical studies could of course help the availability of preclinical studies, thus allowing
important preclinical information to circulate more reliably among the scientific community,
avoiding unneeded replication of dead end studies or allowing replication when needed and
in the end helping the formulation of more specific, concrete questions and the conduction

of more clinic relevant studies.

Finally, another limitation of our study could be the fact that only a single investigator
conducted the analysis of the manuscripts, thus making it more vulnerable to possible bias.
In order to tackle this problem and to examine the reproducibility of our study, we
conducted an analysis of a subgroup of papers, explained and described in detail above,
which resulted in an interobserver coherence of 90.3%. Furthermore, we did not find a
systematic error or a repeated misinterpretation of a criterion, and we are thus confident in

the reproducibility and reliability of our results.

4.6.Conclusion

In summary, the numbers of clinical and preclinical research papers in nephrology have
remained low compared to those of other medical disciplines. While currently improved
research activity in a broader area of the nephrological scope could be identified, important
disease entities are neglected compared to more profitable diseases. The quality of data
reporting in the main body of papers presenting clinical trials keeps improving but is still
suboptimal in many ways. The quality of data reporting of preclinical studies is still in its

infancy and may contribute to reproducibility problems and problems of translation.
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Efforts at all levels are needed to overcome these deficits in the future. Given the central
role of kidney disease—related morbidity and mortality, as well as health care costs, greater
investments in kidney research are needed in order to improve research activity and further

progress the treatments and interventions of kidney patients.

Of equal importance are further efforts to ensure that the quality of clinical trials on kidney
diseases keeps trending upwards and that nephrological preclinical studies finally start to
show improvement in major areas of reporting affecting reproducibility, reliability and
transparency. In order to reach these goals, more thorough editorial and review procedures
during the publication process, a renewed focus on the methods of the experiments and on
reporting guidelines and finally, registration of studies and preplanned design and statistical
analysis prior to conduction could potentially prove to be important steps in the right

direction.
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