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Evidentiary 
Criteria

Need
Statement

RiskCOU
(Context of Use)

Benefit

Informs Required Stringency of EC 

In Drug Development Factor likelihood and  magnitude

Statement of need
• TKV has been evaluated by the FDA and approved as a clinical 

trials enrichment biomarker for clinical trials in ADPKD
• Although progress has been made toward approval of htTKV as a 

surrogate endpoint or response biomarker, this is not yet 
complete

• Significant need is present to allow for testing of 
more therapies in the most common hereditary 
renal disease accounting for 10% of ESRD 
patients under 65 years of age. 

Surrogate Endpoint Evidentiary Issues
• Universality

• htTKV has been used in many countries in multiple testing sites
• the sensitivity to change from beneficial, neutral and adverse effects can 

be easily detected. Studies have focused on adults and those with early 
disease

• Plausibility: Evidence exists today for plausible use of the htTKV marker in disease 
progression.

• Causality: Impact on cyst burden or htTKV and its consequences on progressive 
loss of kidney function can be demonstrated

• Proportionality: equal to or superior to existing traditional models involving 
kidney function

• Specificity and potential for off target effects: The measurement is the disease, ie
cyst growth and expansion and cyst burden.

Biomarker Evidentiary Framework

1. A surrogate endpoint for use in clinical trials of 
early stage ADPKD where kidney function remains 
stable despite progressive increase in cyst burden

2. Reduced need for long trials aimed at loss of 
kidney function that would take decades to 
complete

Benefits of the marker
• Earlier benefits = lives saved on drug, shorter trial duration
• Increased safety with only those at risk for progression tested
• Time saved without the need for dialysis or transplant
• Reduced costs of drug development, earlier access to benefits
Risks of the marker
• A drug that benefits cyst burden and does not slow progression to 

ESRD
• Lost benefits of drug & increased costs
• Safety issue discovered during marketing = lives lost
What is the acceptable level of uncertainty?
• The patient population is highly functional and would not tolerate high 

longer term side effects.

What is the acceptable level of uncertainty?
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Need Statement
• Current problems facing risk for progression to ESRD in ADPKD:

– Despite some recent advances, much of the risk for progression to ESRD in ADPKD remains unresolved by today’s 

treatments

– Renal disease progression trials are prohibitively expensive (in 1988 the NIH funded MDRD study enrolled 1600 

subjects over 3-5 years at a cost at that time of $ 90,000,000.00. These expenses:

• Elevate the cost of development of new drugs

• Shortens the patent life and payback period for new drugs (with likely impact on pricing)

• Make this field of investigation less attractive for research than cancer or cardiovascular disease even though 

the ESRD/transplant program exceeds $2,000,000,000.00/year in costs

– Although the most common hereditary kidney disease, ADPKD is rare and has orphan disease status in the USA 

(where less than 300,000 cases are diagnosed). 

– Limiting study duration and studying patients at an appropriate stage with risk for progression to ESRD makes more 

therapy testing feasible. 

• These problems would be addressed by a reliable surrogate endpoint such as htTKV

• Major challenge: Increased htTKV in ADPKD occurs early (in childhood) and is upstream of loss of kidney 

function (by years or decades) and ESRD (by decades). Cyst growth, what htTKV measures, is due to 

multiple biologic pathways, genetic factors and diverse environmental influences.
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Contexts of Use

1. As a surrogate endpoint for use in pivotal clinical trials in the orphan disease 
ADPKD to predict kidney function decline

– Primary prevention studies in participants with high risk for progression to ESRD (Mayo classification 
1C-1E, early CKD stage 3, or those who have an elevated PROPKD score) 

• Background standard of care for hypertension, antiproteinuric therapy, fluid intake, reduced dietary protein 
intake

• The intervention is added to the standard of care in at least one parallel arm, or more likely, dose ranging with 
more than one parallel arm

• Studies are of a size and duration for adequate assessment of safety and can also evaluate clinically meaningful 
reduction in the rate of htTKV growth

• Sample size for the surrogate is calculated using the known variance of the measurement and the expected 
difference due to the intervention. If it is smaller than the safety study then the size of the clinical trial would be 
driven by safety.  

– Secondary prevention studies in participants with known chronic kidney disease (same design issues 
as #1)
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A imaging biomarker is now available that meets prognostic and predictive 
standards, approved by the FDA as a clinical trial enrichment biomarker and 
has potential to be approved as a surrogate endpoint.

• htTKV
– Magnetic resonance based imaging (CT not used secondary to radiation exposure, 

but equally precise and reproducible). Height correction is done to adjust for 
different body sizes found in men and women.

– Scanning acquisitions available on all MR scanners and is considered a clinical test.
– Volume measurement methods range from intense manual stereologic measures 

(up to 2 hours to complete), to automated ROI measurements or ellipsoid 
calculations completed in less than 30 minutes 

– Inter-observer and intra-observer reliability of <2.5%
– Within patient day-to-day variability < 2.5%
– Median increase in htTKV is approximately 5%/year or 80 mls, well above the 

threshold of detection.

Examples of two patients who 
would be considered (b) eligible 

for study and (d) with mild 
disease, not eligible for study


[image: image1.png]
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Benefit Assessment
High to medium benefits

Context of Use and Benefits of True 
Results:
COU = Surrogate endpoint in pivotal  ADPKD 
trials

Value to patients & society

1a. Approval, true +ve Earlier benefits = lives saved on drug, 
years of dialysis free or transplant free 
increased

1b. Termination, true -ve Reduced costs, more drugs tested, less 
patient burden reducing the numbers 
needed in trials.

2a. Safety issue detected, true +ve Lives and kidney function saved during 
outcomes trial? Unsure as cyst burden 
measured

2b. Safety issue absent, true -ve Unsure as this is directly measuring
cyst burden
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Hazard Assessment
High to medium adverse consequences

Context of Use and Consequences of 
False Results:
COU = Surrogate in pivotal  CV trials
COU#2 = Surrogate replaces safety study

Adverse consequences to patients & 
society

1a. Approval, false +ve Ineffective drug is approved, burden 
and safety to patients altered

1b. Termination, false –ve Lost benefits of drug 

2a. Safety issue detected, false +ve Lost benefits of drug 

2b. Renal safety study absent, false -ve Safety issue discovered during 
marketing = accelerated progression to 
ESRD or transplant
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Increased Kidney Volume is Due 
to Increased Cyst Volume

Measurement variability= Inter-observer 2.1%, Intra-observer 2.4%, Day-to-Day 2.4%
Grantham, NEJM CRISP 2006; Chapman Kidney Int 64; 1035–1045, 2003

Total Kidney Volume Total Cyst Volume

Kidney growth is highly variable and 
each individual has their own growth curve
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Changes in volume occur before the change in function
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95% CI = (0.79, 0.90)
Sensitivity = 74%
Specificity = 75%
Cut Point = 600 (cc/m)
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8 years out
Baseline predictors of CKD Stage 3 endpoint

Variable Units AUC Sensitivity Specificity Cut-point
95%CI of 

AUC P*

htTKV cc/m 0.84 0.74 0.7 600 (0.79, 0.90)

Serum Creatinine mg/dL 0.75 0.58 0.81 1.1 (0.67, 0.82) 0.02
BUN mg/dL 0.76 0.63 0.79 16 (0.70, 0.83) 0.04
Urine Albumin mg/d 0.70 0.66 0.67 30 (0.61, 0.78) 0.002
MCP-1 pg/mg 0.75 0.80 0.62 410 (0.68, 0.83) 0.02
Baseline age y 0.66 0.60 0.65 35 (0.59, 0.74) < 0.001
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Quality

Study designs
• All the studies for prediction have been prospective observational cohorts and long 

term study registries
• Response biomarkers have been in the form of RCT with appropriate power to 

evaluate change in htTKV and eGFR decline
MRI Assessment of htTKV
• Originally developed at a single site with quality control built in, then moved to 

multicenter clinical trials both with single reading centers and multiple reading centers 
with built in quality control, to now being utilized clinically from clinical images for risk 
prognostication using a modified ellipsoid formula. 

Clinical endpoints in RCTs
• All the studies have well-adjudicated outcomes by experts and independent data 

coordinating centers and external review board
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Characteristics of the PKDOC Participants leading 
to FDA approval for enrichment biomarker status 


 Baseline characteristics of patients included in the PKDOC dataset

		Baseline characteristics

		Population for the analysis of 30% decline of eGFR

(n=1140)a

		Population for the analysis of progression to ESRD

(n=1619)



		TKV (ml)b

		1494.6 ± 1426.7

		1460.7 ± 1456.2



		Age (yr)

		38.8 ± 15.8

		38.8 ± 16.0



		Age (yr)

		

		



		0-<20

		156 (13.7)

		230 (14.2)



		20-<40

		404 (35.4)

		569 (35.1)



		40-<60

		489 (42.9)

		682 (42.1)



		60-<80

		83 (7.3)

		128 (7.9)



		80-100

		8 (0.7)

		10 (0.6)



		eGFR (ml/min per 1.73 m2)

		70.1 ± 37.8

		69.9 ± 37.6



		CKD stagesc

		

		



		1

		281 (24.6)

		398 (24.6)



		2

		406 (35.6)

		579 (35.8)



		3

		274 (24.0)

		385 (23.8)



		4

		117 (10.3)

		169 (10.4)



		5

		62 (5.4)

		88 (5.4)



		Sex

		

		



		Male

		464 (40.7)

		641 (39.6)



		Female

		676 (59.3)

		978 (60.4)



		Race

		

		



		White

		1042 (91.4)

		1452 (89.7)



		Black 

		40 (3.5)

		50 (3.1)



		Other

		58 (5.1)

		117 (7.2)



		Genotype

		

		



		PKD1

		585 (51.3)

		740 (45.7)



		PKD2

		70 (6.1)

		76 (4.7)



		Missing

		466 (40.9)

		780 (48.2)



		No mutation detected

		20 (1.8)

		23 (1.4)



		Data sourceb

		

		



		CRISP studies

		233

		236



		University of Colorado

		359

		568



		Emory University

		177

		253



		Mayo Clinic

		498

		690



		Imaging modalityb

		

		



		Ultrasound

		90

		801



		CT

		528

		558



		MRI

		392

		663





ADPKD, autosomal dominant polycystic kidney disease; CKD, chronic kidney disease; CRISP, Consortium for Radiologic Imaging Studies of Polycystic Kidney Disease; CT, computed tomography; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; MRI, magnetic resonance imaging; PKDOC, Polycystic Kidney Disease Outcomes Consortium; TKV, total kidney volume.

Values are mean ± SD, n (%), or absolute n numbers.

aThe population for the analysis of a 57% decline of eGFR presented the same baseline characteristics.

bTKV measured using all imaging modalities (i.e., ultrasound and MRI/CT).

cCKD stages 1, 2, 3, 4, and 5: eGFR >90, 89 to 60, 59 to 30, 29 to 15, and <15 ml/min per 1.73 m2, respectively.
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In old, young, those with or without renal 
insufficiency, TKV has independent predictive value
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Irazabal Imaging Classification, Type 1 or Typical 
(98%) and Type 2 or Atypical (2%) 

Irazabal J Am Soc Nephrol
26:160–172, 2015

Class Sub-
class Term Description

1
Typical 
ADPKD

Cyst distribution is bilateral and diffuse with 
relatively evencontribution to TKV 

2
Atypical 
ADPKD

A

Unilateral Normal contralateral kidney with ≤2 cysts

Asymmetric 
Mild involvement of contralateral kidney with 
3–9 cysts and <30 % of TKV

Segmental Involvement only one pole of one or both kidneys

Lop-sided Mild replacement of kidney tissue with ≤5 cysts 
accounting for ≥50% TKV

B

Bilateral presentation w/ 
acquired unilateral atrophy Atrophy of contralateral kidney

Bilateral presentation w/ 
bilateral kidney atrophy

Length <14.5 cm, atrophy of parenchyma and 
SCr ≥ =1.5 mg/dL
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http://www.mayo.edu/research/documents/pkd-center-adpkd-classification/doc-20094754

Irazabal JASN, 2014
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Classification by Estimated Rate of Growth 
(from age and starting HtTKV = 150 ml/m)
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CRISP Renal survival and Model Prediction of
Age at Different CKD Milestones
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n =   538 436 334 195 133 98
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Renal Survival

Mean ESRD age
54           52         40       yrs

Class
Age at which patient reaches 

GFR (mL/min/1.73 m2)
60 30 15

A 64.0 73.3 77.4
B 51.8 59.3 62.5
C 48.0 55.1 58.1
D 38.0 44.6 47.4
E 36.5 41.7 44.0
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State of Evidence (1): Effect of BP intervention in HALT A by 
Irazabal Risk Strata
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State of Evidence (1): Effect of BP intervention in HALT A by 
Irazabal Risk Strata


Effects of blood pressure intervention in the HALT A Trial on TKV and eGFR by Irazabal risk strata 

		

		All patients 

(n=533)

		Low (class 1A, 2A)

(n=64)

		Intermediate (class 1B, 1C)

(n=300)

		High (class 1D, 1E)

(n=187)



		Log-transformed TKV slope (%/year)



		Group

		Std

		Low

		Std (n=33)

		Low (n=31)

		Std (n=142)

		Low (n=158)

		Std (n=105)

		Low (n=82)



		Slope

		6.58

		5.62

		4.61

		4.20

		6.20

		5.47

		7.80

		6.44



		Diff (95% CI)

		-0.90 

(-1.53, -0.26)

		

		-0.39 

(-2.04, 1.29)

		

		-0.68 

(-1.51, 0.15)

		

		-1.26 

(-2.40, -0.10)

		



		P-value

		0.006

		

		0.645

		

		0.108

		

		0.034

		



		eGFR slope, overall (F0-F96) (ml/min/1.73 m2/year)



		Group

		Std

		Low

		Std

		Low

		Std

		Low

		Std

		Low



		Slope

		-2.99

		-2.85

		-1.16

		-1.20

		-2.47

		-2.84

		-4.37

		-3.57



		Diff (95% CI)

		0.13 

(-0.30, 0.57)

		

		-0.04 

(-1.01, 0.93)

		

		-0.37 

(-0.88, 0.13)

		

		0.80 

(-0.01, 1.61)

		



		P-value

		0.547

		

		0.940

		

		0.145

		

		0.052

		



		eGFR slope, chronic (F5-F96) (ml/min/1.73 m2/year)



		Group

		Std

		Low

		Std

		Low

		Std

		Low

		Std

		Low



		Slope 

		-3.12

		-2.67

		-1.40

		-0.97

		-2.63

		-2.67

		-4.45

		-3.36



		Diff (95% CI)

		0.45 

(0.00, 0.90)

		

		0.43

(-0.60, 1.46)

		

		-0.04 

(-0.56, 0.48)

		

		1.09 

(0.25, 1.92)

		



		P-value

		0.048

		

		0.412

		

		0.878

		

		0.011a

		





CI, confidence interval; Diff, difference; eGFR, estimated glomerular filtration rate; Std, standard; TKV, total kidney volume.

aSignificant after controlling for 5% false discovery rate (FDR) using Benjamini–Hochberg step-up procedure.
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State of Evidence (2): TEMPO trial evaluating medication 
with a different mechanism of action 

39% reduction in % increase in htTKV over 3 years

= 
Reduction in loss of eGFR of 1 ml/min/year in early ADPKD
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0.35

Baseline TKV and eGFR in ADPKD clinical trials

Ong. A et al. Autosomal dominant polycystic kidney disease: the changing face of clinical management. 
Lancet vol 385 (2015)
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Ong. A et al. Autosomal dominant polycystic kidney disease: the 
changing face of clinical management. Lancet vol 385 (2015)

Effect of therapeutic interventions
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Issues of focus to be discussed
■ Universality

• The prognostic performance is assessed across a wide range of geographies and ethnicities

• However, the impact on those not yet at terminal growth states (i.e. children) and those with later stage CKD ) < 25 
mls/min may not pertain

■ Plausibility

• The association between htTKV and kidney function (eGFR or true clearance measures) is moderately strong in the 
same time frame. The strength of this relationship increases with increasing time, making the prediction of htTKV
extremely strong. Off target medication effects on eGFR complicate the interpretation of the value of slowing htTKV
growth.

■ Causality

• Causation can be assumed, as individuals with small htTKV do not lose kidney function even though it is likely that 
some change in kidney function may not relate specifically to htTKV (age, nephrotoxins, episodes of acute kidney 
injury, inhibitors of RAAS) 

■ Proportionality

• The degree of reduction of htTKV growth will be equal to or superior to existing standard of care in ADPKD.  

■ Specificity and potential for off target effects

• Despite the prognostic or diagnostic signature (?) of cysts in ADPKD, there are a small subset of patients (< 4%) who 
demonstrate atypical cyst burden (one kidney only, lopsided, a single segment of a kidney). 

• In addition there is a small subset of patients (< 3%) who do not have mutations in the PKD genes but have increased 
htTKV and renal cysts. htTKV is limited to ADPKD currently.



26Partners for Innovation, Discovery, Health  l   www.fnih.org

Question and Answer Session

■ The concordance of impact of therapy on htTKV and eGFR is not 
consistent across studies. 
• Does this affect COU or negate surrogacy?

■ htTKV changes may not additionally contribute to measures of disease 
progression in later stage ADPKD (CKD stage 3b and beyond).
• COU and population

■ The impact of therapy on htTKV changes early in high risk ADPKD 
predates any measurable decline in kidney function by close to 10 years. 
• Does this timeframe make the evidence required exceed a reasonable 

timeframe for qualification?
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Backup


Table 3. Predicted probabilities of observing a 30% decline of eGFR as a function of baseline TKV, eGFR, or age in a clinical trial simulation

		

		Predicted probabilities of a 30% decline of eGFR



		

		Baseline TKV 

(ml)

		Baseline eGFR

(ml/min per 1.73 m2)

		Baseline age

(yr)



		Time (year)

		≥1000

		<1000

		<50

		≥50

		≥40

		<40



		1

		1.75%

		0.85%

		1.41%

		1.20%

		1.32%

		1.29%



		2

		3.97%

		1.97%

		3.20%

		2.74%

		3.01%

		2.93%



		3

		9.88%

		5.09%

		8.03%

		6.94%

		7.61%

		7.36%



		4

		15.8%

		8.40%

		12.9%

		11.3%

		12.3%

		11.9%



		5

		20.8%

		11.3%

		17.1%

		15.0%

		16.3%

		15.8%



		6

		25.2%

		14.1%

		20.8%

		18.4%

		20.0%

		19.3%



		7

		34.8%

		20.3%

		29.0%

		26.1%

		28.0%

		27.1%



		8

		42.9%

		26.2%

		36.2%

		33.0%

		35.0%

		34.1%



		9

		48.0%

		30.1%

		40.7%

		37.4%

		39.5%

		38.6%



		10

		53.1%

		34.3%

		45.3%

		42.0%

		44.1%

		43.2%





eGFR, estimated glomerular filtration rate; TKV, total kidney volume; yr, years.
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