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Polycystic Kidney Disease Outcomes Consortium:  
The Need

• Autosomal Dominant Polycystic Kidney Disease (ADPKD) is a debilitating 
genetic disease affecting more than 600,000 Americans and 12 million 
people worldwide and for which there is currently no known cure or effective 
treatment. 

• Critical need for a biomarker that will predict disease progression at an 
earlier stage when patients may be more likely to respond to new therapies.

Observational data from the following five sources has 
been aggregated (CDISC SDTM):

• University of Colorado – Denver

• Mayo Clinic

• Emory University

• Consortium for Radiologic Imaging Studies of 
Polycystic Kidney Disease  1 (CRISP1)

• Consortium for Radiologic Imaging Studies of 
Polycystic Kidney Disease  2 (CRISP2)

A total of 2355 patients with TKV 
measurement available in the database.



Challenges

• This effort involved simultaneously modeling

• Biomarker trajectory (longitudinal time-varying covariates)

• Disease Endpoint, hazard function (time-to-event)

• Joint modeling is considered as the gold standard method for assessing the
effect of longitudinal time-varying covariates in a time-to-event analysis of
clinical endpoint (Sweeting et al., 2011; Tsiatis, & Davidian, 2004)
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• Baseline Total Kidney Volume (TKV) is predictive of kidney function decline 
regardless of age or baseline kidney function
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FDA and EMA Qualified Total Kidney Volume as a 
Prognostic Enrichment Biomarker for Use in PKD Trials 



Application: Trial Enrichment

Trial Enrichment

• Improve the likelihood of clinical
trial success by identifying a
patient population that can
discriminate between active and
inactive drug treatment.

• Calculations may be performed
to determine the sample size for

• specific clinical cut-offs

• patient characteristics

• study duration

• Provide sufficient power to detect
statistically and clinically-relevant
differences between a candidate
drug vs. placebo
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Clinical Trial Planning Example
30% Worsening of eGFR

Follow-Up (Years)

0.86

mL

Age TKV Follow-Up 

Period

1-Probability of

30% Worsening of eGFR

Median Lower Upper

Baseline

age=30yrs

Baseline 

TKV 1.7L

1 0.98 0.96 0.99

2 0.93 0.90 0.96

3 0.86 0.80 0.90

4 0.77 0.67 0.83

5 0.71 0.59 0.79

6 0.63 0.49 0.72

7 0.52 0.36 0.64

8 0.43 0.26 0.56

9 0.36 0.19 0.51

10 0.29 0.12 0.45



So…

Pre-defined cutoff points:

• Not needed if full distribution of quantitative biomarker is modeled as a
continuous covariate.

Cutoff definition:

• Can be done in a trial-specific manner, based on simulations, given a robust
quantitative understanding of disease progression.

Advantage:

• Optimized efficiency for the specific context of a given drug development
program.
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Duchenne Muscular Dystrophy
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Duchenne Muscular Dystrophy
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Study ID Number with 
Baseline FVC

Number with Follow 
up FVC

DMD-1000 70 44

DMD-1002 92 92

DMD-1003 397 364

DMD-1004 34 34

DMD-1005 115 110

DMD-1006 43 24



Context-of-Use for DAT Imaging as an Enrichment 
Biomarker in Early PD Trials (EMA)
General Area:

• Enrichment biomarker for clinical trials in early Parkinson’s disease.

Target Population for Use:

• Patients with early PD, defined by the UK Brain Bank Criteria.

• With at least two of the following: resting tremor, bradykinesia, rigidity
(must have either resting tremor or bradykinesia); OR either asymmetric
resting tremor or asymmetric bradykinesia.

• Hoehn and Yahr Stage I or II at baseline.

Out of Scope:

• Diagnosis.

• Quantitative analysis for baseline enrichment or longitudinal follow-up.
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Molecular Neuroimaging of the Dopamine Transporter as      
a Prognostic Enrichment Biomarker in Early PD Trials

DAT imaging illustrating 
reduced uptake in PD 
patients

PD patients 
(PPMI and 
PRECEPT) with 
and without DAT 
deficit

PD patients with 
DAT deficit 
progress faster

Faster progressors

Stephenson D et al. https://c-path.org/wp-content/uploads/2016/05/ppmi_dat_poster_final_4-29-16_rev.pdf 

Observed harmonized motor scores. Records were binned by month and bins with less than 15 records were not plotted. 
The continuous line is a linear smooth, and the shaded area is the respective 90% confidence interval (CI).



Analysis Data came from PPMI and PRECEPT
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PPMI (Parkinson’s Progression 
Markers Initiative)

N=481
Ongoing, 5-year, multicenter 

observational trial 

PRECEPT (Parkinson Research 
Examination of CEP-1347 Trial)

N=191
2-year, multicenter, randomized, 
double-blind, placebo-controlled 

study 

Datasets analyzed for qualification of the DAT 
imaging biomarker

Outcome: Harmonized MDS-UPDRS Part III
DAT Imaging: visual interpretation at baseline 

in both data sources

INTEGRATED

Harmonization of clinical outcome measures according to Goetz CG, Stebbins GT, Tilley BC. 
Calibration of unified Parkinson's disease rating scale scores to Movement Disorder Society-unified

Parkinson's disease rating scale scores. Mov. Disord. 2012 Sep. 1;27(10):1239-42.



Rate of Motor Decline in SWEDD and DAT-Deficient
Subjects was Different - Statistically and Clinically

Average monthly progression in the
harmonized score (point/month):

▪ SWEDD = 0.05 (90% CI: -0.04, 0.13)

▪ DAT-deficient = 0.18 (90% CI: 0.14, 0.21)

▪ Difference = -0.13 (90% CI: -0.23, -0.04),
one-tailed P-value=0.01

Average difference in the change from
baseline of motor scores at 24 months
between SWEDD and DAT-deficient
subjects (points):

▪ -3.16 (90% CI: -0.96, -5.42)

CI = confidence interval



DAT Enrichment allows ~24% Reduction of Trial Size to 
detect a Disease-modifying Drug Effect with 80% Power

Under these assumptions:

▪ 24-month placebo-controlled trials.

▪ Enriched trials had only subjects with
DAT deficit, while non-enriched trials
included 15% of SWEDD.

▪ Disease-modifying drug effect of 50%
reduction in the progression rate.

▪ Power was calculated as the
proportion of trials for which the
parameter estimate for the interaction
between time and treatment showed
a beneficial drug effect with a two-
tailed P-value < 0.05.

-
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FDA & EMA Issue Letter of Support for Use of DAT Imaging        
as Prognostic Enrichment Biomarker in Early PD Trials



So…

What about sensitivity, specificity and predictive values?

• Not needed when modeling the contribution of a binary covariate (DAT
imaging) to the longitudinal progression along an outcome scale (UPDRS).

How to know enrichment magnitudes:

• Can be done in a trial-specific manner, based on simulations of disease
progression patterns.

Advantage:

• Optimized efficiency for the specific context of a given drug development
program.
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Mild-to-moderate AD CTS tool
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MCI disease progression model
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So…

Models and biomarkers?

• Quantitatively understanding disease progression helps improve the
understanding of biomarkers and other relevant sources of variability, and
can streamline the pathway towards regulatory acceptance of drug
development tools, while improving clinical trial design efficiency.

20



Thank You

www.c-path.org


