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(Kovesdy, NDT 2019)

A relative dearth of clinical trials in nephrology: why?

Current Phase 3 trial end-points for treatment interventions in CKD:
- death
- dialysis/transplantation (renal replacement)
- doubling of serum creatinine (57% decline in eGFR – 40% decline now accepted – delay in reaching)
- (albuminuria, eGFR slope, and albuminuria + eGFR slope are under consideration)

Note relatively small sample sizes – includes all study types 

(May take >5 years)
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Generic flow of a drug development project from target 
identification to registration (at the end of clinical development)

– use of MRI

(Taken from Allegrini, Eur Pharm Rev 2012)



Cost and attrition

(Linder & Link, Circ Cardiovasc Imaging 2018)

Progression from Phase 2 
to 3 is often the challenge 
and ‘bottleneck’

High attrition rate
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conclusions, and this number becomes even 

smaller if looking at successful transitions to 

launch of a medicine.

It should be noted that this is a single 

assessment from a single company, based on 

a limited number of projects, and over a lim-

ited timeframe. Nevertheless, we think that 

insights from this work could help to guide 

future teams and improve R&D productivity.

Methods. The aim of the review was to 

identify key ‘lessons learned’ in projects that 

could be used to improve the R&D produc-

tivity of the company. As such, the review 

was performed by a cross-functional group 

of scientists and clinicians drawn from the 

project team community, and conducted in 

a peer-to-peer manner. To be as objective 

as possible, structured questionnaires were 

used when interviewing teams and, where 

possible, contemporaneous documents were 

analysed to provide supporting evidence for 

assessments. In addition, to further avoid 

any potential bias, senior leaders who had 

been associated with the governance deci-

sions over the assessment period were not 

involved in the review.

For this analysis, the drug development  

process was divided into four distinct 

phases: preclinical, Phase I, Phase IIa and 

Phase IIb. The preclinical phase was defined 

as the phase from the first good laboratory 

practice (GLP) toxicology dose of a candi-

date drug through to an investigational new 

drug (IND) application or first clinical trial 

application (CTA) before first-in-human 

testing. Phase I was defined as the phase that 

included the first-in-human trials within a 

small trial population (typically <50 patients) 

and included safety, tolerability and dose-

ranging studies. These studies were often 

conducted in healthy volunteers, but in 

some indications (for example, oncology) 

they could include patients. Phase II trials 

were defined as trials that were aimed at 

evaluating the candidate drug’s efficacy in 

a patient population, leading up to clinical 

proof of concept. Within our analysis, we sub-

divided Phase II into Phase IIa and Phase IIb. 

Phase IIa studies were generally smaller  

(typically <200 patients) and designed to 

mainly address early evidence of drug activity,  

whereas Phase IIb studies included larger 

numbers of patients (typically <400 patients) 

and were designed to demonstrate clinical 

proof of concept and an understanding of 

dose response.

For each of these phases, projects were 

classified as being ‘active’ (still in that phase), 

‘closed’ (shut during that phase) or ‘success-

ful’ (transitioned from this phase to the next 

one). Every project was analysed separately 

in each phase of its development path; so, for 

example, a project that had reached Phase 

III trials was analysed four times across the 

entire development process. Data were col-

lected for each project, for each of the devel-

opment phases that it had completed, using 

comprehensive surveys and questionnaires 

with over 200 questions covering all aspects 

of the project (for example, the scientific 

rationale, target validation and physico-

chemical properties of the candidate drug). 

Questionnaires were adapted so that they 

were specific to each phase of the review to 

allow for the retrospective understanding 

of the data that were available for a project 

at that stage, and to analyse how the project 

knowledge and data developed as the project 

passed through different phases. Written 

surveys were supplemented with in-depth 

peer-to-peer interviews with project teams. 

Responses to the questionnaires and inter-

views were subjected to rigorous peer review 

by a team of experienced scientists and 

clinicians to ensure consistent evaluation 

across all projects. In-depth ‘root-cause’ 

analysis was used to reach conclusions as to 

why projects had failed. Analyses that were 

based on answers to specific questions in 

the questionnaires were only performed on 

projects that had provided a complete set of 

answers to the relevant questions.

Results. Overall, we gathered data from more 

than 80% of the 142 AstraZeneca projects 

within the scope of the review, and for 95% 

of projects in clinical phases. Of the pro-

jects analysed, 94 closed during the period 

assessed; 33 closed before clinical testing and 

a further 61 closed during clinical testing. 

The remaining projects were still active at 

the time of this review.

We compared the success rates for our 

projects to pharmaceutical industry bench-

marks, obtained from the Pharmaceutical 

Benchmarking Forum (FIG. 1a). Our success  

rate in the preclinical phase (defined as 

the percentage of projects completing this 

phase and moving to the next phase of 

development) was comparable with industry 

benchmarks (66% versus 63%; see the KMR 

Group website for further information on 

the Pharmaceutical Benchmarking Forum). 

Our data suggested that we had a higher suc-

cess rate in completing Phase I (59% versus 

48%) but a markedly lower success rate in 

completing Phase II (15% versus 29%), com-

pared to industry benchmarks. In addition, 

Figure 1 | Overview of project success rates and reasons for closure. a | Overall project success 

rates for the AstraZeneca portfolio during the 2005–2010 period compared to the Pharmaceutical 

Benchmarking Forum (PBF) data. Briefly, the PBF collects performance data from across the pharma-

ceutical sector and measures it against a number of carefully defined research and development (R&D) 

performance metrics. Data are aggregated in an anonymized form and provide a benchmark for 

performance across the industry. Success was defined as the percentage of projects that moved from 

the indicated phase to the next phase, and this percentage was compared to the industry median. 

The percentage success rate is shown above each respective bar. *Only five projects reached Phase III 

during this period. b | Stacked column plot showing primary reasons for project closure. Project 

closures were classified as failing because of safety (toxicology or clinical safety), efficacy (failure  

to achieve sufficient efficacy), pharmacokinetics/pharmacodynamics (PK/PD) or the strategy.  

The percentage of project closures at each of the indicated phases of development is shown in the 

bars and the number of projects assessed is shown in brackets below the bars.

PERSPECTIVES

420 | JUNE 2014 | VOLUM E 13  www.nature.com/ reviews/drugdisc

© 2014 Macmillan Publishers Limited. All rights reserved

Project closures

High Medium Low

13

49
38

Number of projects

c

p
re

c
li
n
ic

a
l

a
y

Nature Reviews | Drug Discovery

a  Organ systems involved in safety failures
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signals rarely failed as a result of clinical 

safety issues (FIG. 2c). It should, however,  

be noted that a lack of preclinical safety  

signals was not sufficient to be a predictor  

of project success in later stages of 

development.

Overall, our analysis demonstrated an 

intuitive but crucial need for teams to pay 

attention to preclinical safety signals, and 

also highlighted that safety signals become 

more problematic as a project progresses, 

resulting in project delays. It also indicated 

the progression of molecules that could have 

been stopped earlier through the application 

of more robust criteria.

The next highest cause of project closure 

overall was a lack of efficacy in the chosen dis-

ease indication. Over half of the project failures 

in Phase IIa, and 88% in Phase IIb, were due 

to lack of efficacy (FIG. 1b). Overall, 65% of pro-

jects failed owing to efficacy issues in Phase II: 

a level that was, like safety failures, slightly 

higher than that published for the industry 

overall9 (51% of project failures between 2008 

and 2010; 59% between 2011 and 2012).

We surveyed teams to understand the  

reasons why projects did not achieve clinical  

efficacy. The reasons were complex, with 

teams often reporting more than one contrib-

uting factor (FIG. 3a). The ‘cleanest’ reason for 

failure was when a project was able to clearly 

demonstrate that pharmacological engage-

ment of a proposed mechanism of action did 

not result in clinical benefit in the patient 

population tested. In these instances, 40% of 

project responses indicated that teams lacked 

data demonstrating a clear linkage of the tar-

get to the disease or access to a well-validated 

animal model of the disease. Programmes in 

this category were considered to have a poor 

understanding of the role of the target in the 

underlying disease pathophysiology; however, 

they were also thought of as ‘good’ failures as 

there was little doubt that the hypothesis was 

tested and that it was proven to be wrong.

Figure 2 | Analysis of project closures due to safety issues. Preclinical 

and clinical projects that had been closed because of safety issues were 

analysed to understand the principal causes of failure. a | Major organ 

systems involved in preclinical (red bars) and clinical (light brown bars) 

safety closures. b | Safety closures in the preclinical and clinical phases were 

categorized as either being related to the action of the drug at the primary 

biological target (red bars) or to other properties of the candidate drug 

(light brown bars). Percentages are shown within the bars and total numbers 

of projects shown under each bar. c | The level of confidence that teams had 

in their preclinical safety profile (lower graph) was compared to the reasons 

for project closure in the clinical phase (upper graph). Percentages of 

projects in each category are shown within bars, and numbers of project 

closures analysed are shown underneath each bar. d | Table showing the 

breakdown of major organ systems associated with safety closures in pro-

jects from different therapeutic areas. Only major organ toxicities are 

shown. *All musculoskeletal closures in the respiratory and inflammation 

area were associated with projects involving matrix metalloproteinase 

inhibitors.‡60% of nervous system failures in the cardiovascular and gastro-

intestinal area were associated with projects involving cannabinoid receptor 

antagonists. CNS, central nervous system.
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By contrast, 29% of project responses 

indicated that the properties of the com-

pound either limited the dose and/or could 

not establish compound exposure in the 

relevant target tissue (FIG. 3a). For example, 

AZD3778, a novel chemokine receptor 

antagonist that was being developed for the 

treatment of asthma, had undesirable phar-

macokinetic properties with high protein 

binding and a much shorter half-life than 

expected in humans. In addition, safety con-

cerns associated with the compound placed 

limits on human dosing. AZD3778 failed to 

show efficacy in a clinical proof-of-principle 

study, and because of the compound’s 

properties it was unclear whether adequate 

receptor exposure had been achieved, so the 

team was no closer to validating or invalidat-

ing the approach or the target (see also the 

case study in BOX 1). For 21% of projects that 

were classified as efficacy failures in Phase II 

(notably in neuroscience), there was no way 

to determine target engagement or pharma-

codynamic activity. In all such cases, it was 

unclear whether a compound had tested 

the mechanistic hypothesis, as there was no 

demonstration of compound exposure and/

or evidence of pharmacological engagement 

at the target tissue. Such projects were clas-

sified as ‘poor’ failures as they failed to vali-

date or invalidate the target hypothesis and 

thus left teams with no improvement in the 

understanding of their target hypothesis.

Projects that showed greater confidence 

in target validation, genetic target linkage to 

the disease or a stronger understanding of 

the role of the target in the disease aetiology 

were less likely to fail owing to a lack of effi-

cacy. 73% of projects with some genetic link-

age of the target to the disease were active or 

successful in Phase II compared with 43% of 

projects without such data (FIG. 3b). Patient 

selection was also a contributing factor in 

project success; high confidence in patient 

selection positively correlated with active 

projects in Phase IIb, whereas low confi-

dence in patient selection correlated with 

project closures in the same phase owing  

to a lack of clinical efficacy (FIG. 4a).

Surprisingly, for a number of projects  

(9 out of 28) it was indicated that their  

development plans had not targeted the  

optimal patient population based on the  

scientific understanding of the disease at  

the time (FIG. 3a). To better understand this, 

we examined how confidence levels changed 

in teams with regard to their target in the 

disease indication and population, based  

on the scientific evidence, compared to the  

confidence in the perceived commercial 

value (FIG. 4b). Early in development, project 

teams demonstrated greater confidence that 

they were studying the most appropriate 

indication and patient population for their 

target, whereas commercial confidence was 

low. Conversely, in later phases there was 

high commercial confidence in the projects 

but low confidence that the projects were 

in the indication and patient population for 

which the scientific rationale was strongest. 

This suggests that some teams were driven 

by commercial value in addition to studying  

the most appropriate patient population 

based on the scientific understanding of the 

disease at the time.

A surprising factor contributing to pro-

ject failure was the transitioning of projects 

to the next phase in the absence of suf-

ficiently robust data (FIG. 3a). For example, 

18% of projects that failed in Phase II owing 

to a lack of clinical efficacy (5 out of 28) 

Figure 3 | Analysis of project closures due to efficacy issues. Projects that were terminated owing 

to efficacy-related issues were analysed to understand the causes for failure and identify potential 

predictors of success. a | Project teams were surveyed for the reasons why their projects failed, and 

their responses were categorized as shown. Project teams could report more than one contributing 

factor for the lack of clinical efficacy observed. Percentages of project responses for each category are 

given in bars. The numbers in brackets represent the number of projects that reported each category 

as a contributing factor for the failure of the project. b a c a aay

for evidence of genetic linkage of their biological target to the disease indication. Responses were 

compared against the project status — whether it was still active or closed. Right panel: projects in 

a a aay cacy a aaa -

c a a c a aa c a

it was still active or closed. Percentages for each category are shown within the bars and the number 

of projects are shown in brackets on the x axis. c | Team confidence in the target biology was assessed 

and categorized as ‘high’, ‘medium’ or ‘low’ based on the scientific evidence supporting a role for the 

target or pathway in the indication being studied at that particular phase. 
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were identified as having transitioned into 

this phase based on weak clinical evidence, 

which is indicative of inadequate project 

governance. One potential reason for this 

observation might be that, as noted previ-

ously, the use of volume-based metrics 

encouraged project teams and leadership 

groups to progress projects to the next phase 

in order to meet yearly goals.

Only 5% of projects failed because the 

candidate molecules did not have the neces-

sary pharmaceutical properties (for example, 

properties relating to drug metabolism, 

pharmacokinetics, bioavailability, and so 

on). This is in line with previous analyses11 

demonstrating the reduction in attrition for 

such compound-related reasons over the 

past two decades.

The remaining project failures were 

categorized as ‘strategic’ and represented 

decisions to close projects for non-technical 

or non-scientific reasons. For example, 

AstraZeneca exited osteoarthritis R&D  

during the period analysed, and conse-

quently closed a number of projects in this 

indication (mainly before GLP toxicology 

testing). Strategic closures accounted for 7% 

(seven projects) of project closures, and four 

clinical projects were terminated for strate-

gic reasons during this assessment period. 

In contrast to failures that were either due 

to safety or to lack of efficacy, this figure 

is much lower than that published for the 

industry overall9 (29% of project closures 

in Phase II between 2008 and 2010; 16% 

between 2011 and 2012). This may, in part, 

be because in our analysis we made a con-

siderable effort to uncover the underlying 

reasons for ‘strategic’ closures and often sub-

sequently categorized them as either ‘safety’ 

or ‘efficacy’ failures. This may also be why 

our failures in these two categories are also 

apparently higher than the published cross-

industry metrics. However, it should be 

noted that repeated strategic shifts in disease 

area focus can also contribute to increased 

attrition and reduced productivity.

Overall, these data highlight that, 

throughout every phase of early R&D, it is 

crucial for scientists and clinicians to gain 

an understanding of, and confidence in, the 

disease biology, the relationship of the target 

to the disease indication, and the proposed 

mechanism of action of a potential drug in 

the context of the right patient.

Key factors underlying project failures

Using the data from our analyses, we identi-

fied five key technical factors as substantial 

contributors to project failures. These were 

as follows: the strength and quality of target 

validation (the right target), demonstration 

of target engagement (the right tissue), safety 

margins (the right safety), patient stratifica-

tion plans (the right patient) and the medical  

value proposition (the right commercial 

potential). We called these five categories the 

five ‘R’s (FIG. 5). 

Right target: the importance of solid  

biological and disease understanding.  

Lack of efficacy was the most important 

cause of project failure in clinical trials 

(FIG. 1b). It is obvious that selecting the biolog-

ical target for a drug discovery programme is 

one of the most important decisions a team 

will make. The safest and most potent  

molecule will still fail if a team is working on 

the wrong target for the disease of interest.

Given the importance of target selection, 

one would expect that confidence in the target 

would increase as a project progresses through 

the pipeline stages, and this would be driven 

by a range of evidence. This can include direct 

evidence of target linkage to human disease, 

genetic evidence from animal models, an 

understanding of the biology underpinning 

the target and/or disease aetiology, confidence 

in preclinical and clinical data generated using 

animal models, data generated with tool com-

pounds in the preclinical or clinical setting, 

and validated efficacy biomarkers.

In our analysis, a high level of confidence 

in the biological role of the target in human 

disease was a predictor of successful pro-

jects. For example, the availability of human 

genetic data linking the target to the disease 

before candidate drug nomination was more 

common in projects that remained active in 

Phase II (73% of projects for which there was 

evidence of genetic linkage of the target to 

the disease were still active in, or successfully 

completed, Phase II), whereas the absence of 

such data was more common in projects that 

failed (57% of projects that failed owing to 

efficacy did not have any evidence of genetic 

validation; see FIG. 3b, left-hand panel). The 

availability of efficacy biomarkers was simi-

larly associated with active projects; 82% of 

projects with an efficacy biomarker were 

active or successful in Phase IIa compared  

to less than 30% of projects without such  

biomarkers (see FIG. 3b, right-hand panel).

Figure 4 | Analysis of patient selection and commercial positioning. a | Confidence in patient 

c a a ay a c ac a c a ca a

or ‘low’ based on whether teams were able to confidently select a stratified or enriched patient popu-

lation during their trial. Responses were compared against projects that were still active (blue bars) or 

closed (light brown bars). Percentages are shown within the bars and the total numbers of projects 

shown under each bar. b | Upper panel: confidence that the teams were studying the right target in 

the right patient population was assessed based on the scientific evidence available at the time in each 

phase and categorized as being either ‘high’ (high scientific confidence that the team was pursuing 

the right target in the right patient population) or ‘low’ (low scientific confidence the team was pursuing 

the right target in the right patient population; that is, the study was probably being carried out in the 

wrong patient population). Lower panel: confidence in the perceived commercial value was assessed 

by teams and categorized as follows: either there was ‘high’ (dark grey bars) or ‘low’ (dark red bars) 

confidence that the indication being pursued was commercially attractive. 
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Lessons from AstraZeneca’s drug pipeline (2005-10)

(Cook et al, Nat Drug Dis 2014)

 Genetic support
 Efficacy biomarker(s)

Need for:
Non-invasive disease classifiers
(diagnostic biomarkers)

Means to stratify patients
Reliable surrogate end-points
(prognostic biomarkers)

Efficacy biomarkers
(treatment response biomarkers)

‘5 Rs’



Non-proteinuric CKD
or

What do we do if we cannot use and monitor albuminuria?

Why do we use albuminuria/proteinuria?
• It is a feature of glomerular disease pathology and is characteristic of many patients with DKD
• It is easily measured in urine (usually as UACR or UPCR)
• It has been shown to be linked to CKD (DKD) progression (cause and/or effect?)
• It is assumed that its reduction is a marker of a treatment benefit
• It is assumed to link animal models with human disease (mainly DKD)
• While not (yet) a regulatory approved end-point in clinical trials*, it is used in Phase 2 to build confidence for Phase 3

However:
• Glomerular disease with albuminuria/proteinuria accounts for only around 20% of CKD patients reaching ESRD
• 60% of CKD is non-proteinuric
• 20-30% of DKD is non-albuminuric
• In general, those with DKD and albuminuria progress faster toward ESRD than those without
• Both groups more likely to reach ESRD than to die of a CV-related event

*Proteinuria reduction is  accepted as a treatment end-point in FSGS, membranous and IgA



(Bolignano & Zoccali, NDT 2017)

Proteinuric and non-proteinuric CKD: hypothesized disease mechanisms 



Vicious cycle of vascular
(peritubular) rarefaction and 
its relationship to fibrosis

Detecting renal vasculopathy – a key driver in CKD

(Ballermann & Obeidat, KI 2014)(Afsar et al, CJK 2018)



(Yu et al, KJR 2018)

MRI’s potential in CKD drug development

Clinical assessment of renal function currently relies on:
- serum creatinine
- albuminuria/proteinuria
- renal ultrasound (structure and size)
- renal biopsy*

Problems:
- limited reproducibility – need for large cohorts
- limited sensitivity to changes in disease progression
- limited prognostic value
- limited application to patient stratification
- limited justification for renal biopsy and its risks

Potential value of MRI:
- single integrated method for structure and function
- high precision and likely (serial) reproducibility
- potential for adaptation to drug mechanism of action
- early detection and monitoring of disease progression
- potential for ‘stress testing’ (cf. CFR in cardiology)



Diffusion MRI

BOLD MRI

MR elastography

Magnetization transfer imaging

MRI and renal fibrosis

(Jiang et al, Trans Res 2019)

Normal (eGFR>90 ml/min) CKD4 (eGFR<30 ml/min)CKD3 (eGFR<60 ml/min)



Oxygenation

Haemodynamics

Kidney volume, cortical volume
medullary volume

T1, Diffusion (ADC)

BOLD T2*
(oxygenation)

Renal
artery

resistive
Index (RARI)

Renal perfusion
(ASL)

Mean arterial flow, 
peak velocity

systole/diastole

Microstructure

Macrostructure

(With thanks to Paul Hockings)

Study AM-01 CKD (over 2 years): evaluating a broad range of renal 
imaging variables, including sensitivity and repeatability

Subjects:
38 DKD patients (CKD2-4)
20 healthy controls
(age- and sex-matched)

Study design

Day 1 <3 weeks post V1             2-3 weeks post V2 2 years post V1                <3 weeks post VC1

Visit 1 
Iohexol clearance

Blood/urine

Visit 2 
Baseline MRI 
Blood/urine

Visit 3 
Repeat MRI  
Blood/urine

50% of subjectsAll subjectsAll subjects

Visit C1 
Iohexol clearance

Blood/urine

Visit C2 
2-year MRI  
Blood/urine

All subjects* All subjects*

PART 1 PART 2



MRI measurement Units
Healthy

Controls
CKD3 CKD4

mGFR

correlation (r)

p-value of 

correlation

coefficient of 

variation

Hemodynamics

Mean arterial flow ml/s 9.43 (1.76) 6.39 (1.46) 4.30 (1.28) 0.85 <0.0001 0.07

RARI No units 0.68 (0.06) 0.81 (0.06) 0.84 (0.06) 0.76 <0.0001 0.02

End diastolic velocity cm/s 17.0 (3.9) 11.3 (3.2) 6.7 (2.5) 0.79 <0.0001 0.12

Peak systolic velocity cm/s 54.3 (8.3) 59.8 (14.2) 43.1 (11.1) 0.32 0.02 0.09

Global perfusion ml/100g/min 458 (54) 339 (54) 267 (86) 0.78 <0.0001 0.08

Macrostructure
Kidney volume

(BSA corrected)
ml 109.0 (12.8) 98.1 (25.6) 86.3 (19.0) 0.42 0.001 0.04

Oxygenation
R2* cortex s-1 17.3 (1.4) 17.2 (1.6) 17. 0 (1.2) 0.07 0.59 0.04

R2* medulla s-1 26.0 (2.3) 24.5 (3.7) 22.8 (3.6) 0.35 0.01 0.05

Microstructure

R1 cortex s-1 1.17 (0.10) 1.02 (0.07) 0.95 (0.12) 0.70 <0.0001 0.05

R1 medulla s-1 0.77 (0.05) 0.78 (0.04) 0.76 (0.07) 0.08 0.53 0.04

ADC cortex mm2s-1 x 10-3 2.52 (0.19) 2.37 (0.17) 2.27 (0.22) 0.48 0.0002 0.06

ADC medulla mm2s-1 x 10-3 2.33 (0.18) 2.21 (0.24) 2.17 (0.24) 0.29 0.03 0.05

(With thanks to Paul Hockings)

MRI measurements, CKD stage and correlation with mGFR



MRI measurement Units Correlation to UACR
p value of 

correlation

Hemodynamics

Mean arterial flow ml/s -0.73 <0.0001

RARI No unit 0.67 <0.0001

End diastolic velocity cm/s -0.73 <0.0001

Peak systolic velocity cm/s -0.29 0.03

Global perfusion ml/100g/min -0.68 <0.0001

Macrostructure Kidney volume ml -0.44 0.0005

Oxygenation
R2* cortex s-1 -0.06 0.67

R2* medulla s-1 -0.32 0.02

Microstructure

R1 cortex s-1 -0.72 <0.0001

R1 medulla s-1 -0.25 0.06

ADC cortex mm2s-1 x 10-3 -0.38 0.003

ADC medulla mm2s-1 x 10-3 -0.32 0.02

MRI measurements shows correlation with albuminuria

(With thanks to Paul Hockings)



The Future: multiparametric MRI imaging

A need for the equivalent of CVD clinical trial MACE* – a composite end-point of clinical events (or measures) that can show benefit

*Major Adverse Cardiac Events
(Cox et al, Front Physiol 2017)



• CKD has few targeted therapies and currently only late disease outcome measures 

- death, dialysis or transplantation

• Need for better validated kidney disease targets

• Need for better validated kidney disease measures of progression and outcome

• Opportunity to re-classify kidney disease

Prospective 4-yr London-based study of 500 DKD (Diabetic Kidney Disease -
type 1 and 2) patients aiming to:

• Recruit patients with biopsy-confirmed DKD risk stratified by proteinuria
and eGFR slope 

• Apply ‘phenomics’ (blood, urine and tissue) to identify genetic and other 
risk factors for progression and complications, including Heart Failure

• Serially record cardiorenal MRI imaging at 0, 1 and 3 years and non-
invasive retinal angiography (OCT)

• Patient segment, target identify, and target validate

• (Full recruitment expected by early 2021)

Prospective long-term UK-based study of 3000 ‘all-cause’ CKD 
patients aiming to:

• Elucidate risk factors for progression and outcomes

• Identify stratification biomarkers (blood, urine and tissue)

• Link to NHS GP/hospital EMRs and UK Renal Registry

• Exploit genetically rich steroid resistant nephrotic 
syndrome (SRNS) patient subset (ca. 1100)

• Patient segment, target identify, and target validate

• (Full recruitment expected by late 2019)

CKD and prospective observational studies



(Farah et al, Nat Rev Cardiol 2019)

Precision profiling (stratification): use of retinal imaging

CVD is a significant co-morbidity with eGFR <60 ml/min (‘Stage 3’)



Potential for a ’game change’ in CKD clinical trial design:
cardio-renal (multi-morbidity) integration?

Aortic stiffness
(Pulse wave velocity)

Diastolic dysfunction
(EDV, Strain)

Microvascular function
Oxygenation: reactive hyperemia

Significant vs placebo

(With thanks to Paul Hockings)



• Which MRI parameters can detect and diagnose early kidney injury (refine CKD staging)?

• Which MRI parameters can point to a predominant pathological process (fibrosis, 

inflammation, microvascular loss)?

• Which MRI parameters at baseline (correlate with and) can predict a decline in renal function 

and likely outcome (help to stratify patients)?

• Which MRI parameters can track disease progression (a surrogate end-point)?

• Which MRI parameters can monitor drug action (right target, right tissue and safety)?

• (Cost, convenience, time taken, and opportunity for re-analysis?)

Some (of my) questions for inclusion of MRI in future CKD 
intervention clinical trials

Apart from needing standardized protocols across machines and agreed observer-
independent analytical methods:

Phase 2 Phase 3 


