
Screen, triage and treat – a digital paradigm for 
risk stratification in CKD

Navdeep Tangri MD PhD
Associate Professor, Dept of Medicine
University of Manitoba, Canada



Disclosures

Roche

AZ

Janssen

Bayer

BI-Lilly

Otsuka 

Tricida

Mesentech

Pulsedata

Renibus

Consultant Equity

Mesentech

Renibus

Quanta 

Healthlogic

Tricida

Pulsedata

Klinrisk, ClinpredictFounder: 



Over 840 million people suffer from CKD worldwide1…

CKD, chronic kidney disease
1. Jager KJ, et al. Nephrol Dial Transplant 2019;34:1803–1805; 2. Hill NR, et al. PLoS One 2016;11:e0158765

Meta-analysis estimating the global prevalence of CKD (stages 3–5)2

North America

Canada,
USA

14.44%
(8.52, 20.36)

Asia

India,
Bangladesh

6.76%
(3.68, 9.85)

China, Taiwan, 
Mongolia

10.06
(6.63, 13.49)

Japan, 
South Korea, 

Oceania

11.73
(5.36, 18.10)

Middle East

Iran 11.68%
(4.51, 18.84)

Latin America

Chile 12.10%
(11.72, 12.48)

Africa

South Africa, 
Senegal, Congo

7.60% 
(6.10, 9.10)

Australasia

Australia 8.14%
(4.48, 11.79)

Europe

11.86%
(9.93, 13.79)



CKD prevalence is significantly higher in the early stages

CKD, chronic kidney disease; NHANES, National Health and Nutrition Examination Survey
USRDS. 2020 Annual data report: CKD in the general population. Available at: https://adr.usrds.org/2020/chronic-kidney-disease/1-ckd-in-the-general-population 
(Accessed March 2021)

Prevalence of CKD by stage in the NHANES population (2015–2018)
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CKD prevalence is highest at stages 1-3

https://adr.usrds.org/2020/chronic-kidney-disease/1-ckd-in-the-general-population


…with patient awareness of CKD significantly lower at early-stage CKD 
compared with late-stage CKD

CKD awareness by CKD stage in the NHANES population (2015–2018)1,a

aAwareness was assessed as those who reported being told that they had kidney disease

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; NHANES, National Health and Nutrition Examination Survey
1. USRDS. 2020 Annual data report: CKD in the general population. Avaialble at: https://adr.usrds.org/2020/chronic-kidney-disease/1-ckd-in-the-general-population 
(Accessed March 20210); 2 Ravera M et al Am J Kidney Dis 2011;57:71 77; 3 Ryan TP et al Am J Med 2007;120:981 986
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Therefore, diagnosis of CKD predominantly occurs at the appearance of 
symptoms at CKD stage 4–5

CKD, chronic kidney disease

1 Qaseem A et al Ann Intern Med 2013;159:835 847; 2 Ryan TP et al Am J Med 2007;120:981 986; 3 Fishbane S et al Clin Kidney J 2015;8:54 60; 4 Shlipak MG et al Kidney Int 2021;99:34 47

Therefore, the diagnosis of CKD is likely to occur at the
appearance of symptoms2

Once late-stage CKD is reached, there are few opportunities to delay 
further progression and avoid complications3

…especially in at-risk asymptomatic patients such as those with 
diabetes, hypertension, and cardiovascular disease4

Stage 3

Stage 5

Stage 4

Stage 1

CKD stages 1–3 are often asymptomatic1

Stage 2
Detection of CKD to optimize patient outcomes requires active 
screening in the early stages of CKD…



Can Machine Learning Help

Machine learning can enable better prognostication when

Machine learning models are already a part of our everyday lives

Data is high dimensional Non linear interactions exist Missingness is common



Machine Learning based Prediction 
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Applications of machine learning to the CKD problem

Can we identify patients with late stage CKD (G3B-G5) who will 
progress to dialysis? 

Can we identify patients at earlier stages of CKD who will 
progress to the later stages?

Can we create a solution that enables risk based care and truly 
prevents kidney failure



Triage – Who will develop CKD Progression

Tangri et al. JAMA 2011, Tangri et al. JAMA 2016



The Kidney Failure Risk Equation

Laboratory based
equation – Age, Sex, eGFR, 

Urine ACR

C statistics 0.85-0.92 –
Validated in pediatric, 

transplant and ethnically 
diverse populations

Validated in more than 
30 countries, > 1 M individuals

Incorporated in national and 
international clinical practice 

guidelines

Used by > 50’000
physicians worldwide

Part of the updated
UK NICE CKD guidance



KidneyFailureRisk.com



Who with early stage CKD will develop progression

The KFREs do not predict CKD progression in earlier stages of CKD

Patients with CKD Stage 1-5

Predict kidney function decline
• Composite of 40 % decline in eGFR or kidney failure
• FDA approved endpoint

Use routinely collected laboratory data

Do not require biomarkers – difficult to assay, impractical cost 

Do not require EHR access – difficult to obtain

Models for everyone



Why not just use albuminuria/heatmap



Low Risk* Intermediate Risk* High Risk*

BP control 73% 66% 58%

Statins 37% 47% 40%

RAASi 52% 60% 47%

Care is not aligned with risk

80

10

Age

EG
FR

High-Risk Patients

5.0 ml/min/year

2.0 ml/min/year

64 85
21 extra dialysis-free years

Dialysis

50

80

10

Age 100

Low-Risk Patients

1.0 ml/min/year

0.8 ml/min/year

Dialysis

50

EG
FR

eGFR without treatment 
eGFR with treatment

*Data from 7,384 patients in primary care practices

Patients are not recognized as high risk till eGFR < 30-45 – by that time, majority of kidney 
function is lost and window to start effective therapeutics is narrowed significantly



Our Datasets

Manitoba Population Health repository

Random Forest Survival Analysis

• > 1.2 million individuals
• Population wide coverage
• Every claim, drug, lab test, encounter captured

77’000 individuals with eGFR > 10 and urine ACR data available

• Nearest lab tests acquired within 12 months
• External validation in 100,167 individuals in Alberta



Our Machine Models are accurate, accessible and generalizable

Our Machine Models renalytix

Accuracy C statistic 0.87

Sample Size 77’196 internal, 100,167 
external

Predictors and 
Outcomes

4’000 events

Require commonly ordered lab 
tests (LIS or EHR)- CBC, 
Chemistry panels, LFTs, urine

Require

C statistic 0.77

1’146 internal only 

171 events

Require 3 biomarkers, multiple 
clinical, demographic and laboratory 
tests over time, medication data, 
complete EHR access

* Both models are not FDA approved and this is not a claim of superiority



Our models are widely validated across clinical trials and representative 
US Populations owns the most widely validated algorithm for CKD progression

n = ~10,000, 

CANVAS / CREDENCE 
Trials,

Janssen / George 
Clinical

External validation in 
clinical trial dataset 

n=77,196

Province of Manitoba, 
Canada

Initial development and 
internal validation

Large US Health System 
– Prospective 

Implementation

External validation and 
implementation in 

health system

Commercial, Medicare, 
and Medicaid 

populations –n>4 M

External validation in 
large US payer cohorts

n=100,167

Province of Alberta, 
Canada

External validation in 
independent sample

Q1 – Q3

2021

Q4

2021

Q3

2022

Q4

2022

Q1

2023



Klinrisk models are generalizable and ready for implementation

External Validation is essential for machine models
The Only Externally Validated Algorithm for CKD Progression

Internal Validation External Validation

Full Dataset

Training

Dataset
Testing 
Dataset

1. Split the dataset into training set and testing set

2. Training set 
used to train model

Model

Model4. Model is tested 
against the testing set 
to check for accuracy

Train

Test

3. Testing set is 
set aside for 
model validation

Full Dataset

Model
Independent Dataset

Independent Dataset

Independent Dataset

1. All the data is used 
for training the model

2. Independent dataset(s) 
are used to validate the 
model

Train

Model

Test
3. A high accuracy or 
positive performance in EV 
means that the model is 
robust

External validation is the gold 
standard for assessing 
reliability and generalizability 
of models

Particularly important in 
machine models which have 
a tendency to overfit data

Our models are externally 
validated in an independent 
sample of 100,000+ 
individuals

No loss of discrimination 
accuracy was found 
confirming that the models 
are robust to new datasets

Highlights



External Validation in Clinical Trial Dataset

Preliminary Results from CANVAS/CREDENCE

• We were able to score 14,000 participants in the combined CANVAS/CREDENCE population 

• We achieved an AUC of >0.80 with optimal calibration

• 15 fold separation in risk between high and low risk groups

• Low risk group eGFR slope benefit (0.4 ml/min.year) vs  intermediate risk group (1.5 ml/min/year) and 
high risk group (3.5 ml/min/year)

• Clear statistically significant change in risk profile between drug/placebo groups over time
– Treatment group risk decreased by 5.4 % over time
– Placebo group increased by 13.2 % over time
– Separation of risk significant at all time points (>15-20 %)

• Replicating same analyses in FIDELITY (Bayer-Finerenone) in Q3/Q4 2022



Enabling Risk Based Care



Integrating risk based care into workflow



Our test identifies high risk patients early before eGFR declines



Enabling Risk Based Care



Integrating risk based care into workflow



Summary

Accurate risk prediction tools can 
help physicians make better 

treatment decisions

For risk prediction in CKD – eGFR 
and albuminuria are essential and 

should be part of screening and 
ongoing management

Our disease progression models are 
entirely lab based and can be 

operationalized easily in labs or 
EMRs

All models only work when they are 
integrated in clinical workflow



Making risk visible
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