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We are now in the Golden Age for 
Rare Disease Treatments
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Treating Genetics Disorders in Golden Age
The last 10 years have greatly changed the available modalities
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Expertise and Experience is Rare in Rare
• Development is distinctly different
• Complexity of diseases and lack of knowledge
• No prior history of drug development
• New biomarkers and measures
• Statistics and analyses are difficult in small populations
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A specialized Center of Excellence group at FDA with 
specific insight and experience could be of great benefit to 

review divisions struggling with rare disease drugs
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What is the largest problem in translating rare disease 
treatments into approvals?

Heterogeneity
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Heterogeneity distinguishes and uniquely 
complicates rare disease development

• Diagnosis, Age, Genetics, null and missense
• Disease severity
• Distribution of disease within a single patient
• Progression/irreversibility in different symptoms
• History of treatment, specific or palliative
• Small numbers of patients
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The Development Paradigm for Phase 3

• Single population
• Single primary endpoint
• Randomized 1:1 study
• Single analysis, ITT-based
• Multiplicity adjustments for other endpoints

The paradigm leads to a crafted simplistic and at times 
uninformed study for rare diseases that fails to capture 
disease variation and efficacy
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The Development Paradigm Is Not Adapted to Highly 
Heterogeneous Small Populations

• Cannot screen and select study patients efficiently
• Cannot over-power variation with large “n”
• Difficult to craft a single endpoint answer
• Statistics are hard to manage/adequate power
• Variation is often 10 fold larger than a clinical 

meaningful treatment effect size
• Multiplicity adjustments crush any hope and 

oversimplify results
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Heterogeneity Topics for Concern in the Paradigm

• Selection of Populations for Study
– Intent to Treat (ITT) analysis and its negative impact 

on understanding

• Single endpoints to assess a complex disease
– Missed opportunities to learn more

• Multiplicity adjustments that violate scientific 
analysis and insight
– Current approach reduces accuracy of decisions by 

limiting the meaning of supportive data



Selection of Patients For Study
All of these patients have the same MPS I Disease
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Heterogeneity Within a Patient 
Mucopolysaccharidosis Type I
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Aldurazyme Phase 3 Study*: 
Heterogeneity Across Disease

*Information derived from slides at the Aldurazyme AdCom Jan 2003
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Phase 3 Study:
Baseline 6MWT Patient Characteristics

Placebo Aldurazyme
(n=23) (n=22)

6MWT (meters)
Median 360.0 348.5
Range 60 - 571 14 - 591

Age Mean (Range) 15.4 (6,39) 15.6 (7,43)

Range is 10x the MID of 54 meters Used!
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Phase 3 Study: The Miracle 1o Endpoint
Aldurazyme Increases 6MWT Distance

Baseline                                                        Week 26                                                      Week 62

p= 0.066*
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Heterogeneity Complications

 Ages 6 to 43 years in one study
Range of baseline walking 14m to 591m
 Could not select for impaired walkers (ITT)
–Subset <300m baselines was stat significant
 +42m difference (p=0.066 Wilcoxon)
–With ANCOVA for age and baseline p=0.039*

Conclusion made then: Endpoint missed

15
*Prespecified exploratory analysis of the primary endpoint



ITT driven analyses and inadvertent impact on 
secondary endpoints  

Shoulder flexion 2nd endpoint missed for ITT analysis
– Subset with restriction at baseline  was positive

Sleep apnea 2nd endpoint also missed
– Subset with Sleep apnea at baseline positive
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What could be improved in the analytical 
approach?

 Statistical non-parametric method 
– Use of covariables help reduce impact of variation: ANCOVA positive

 Use of ITT as the only valued approach
– Misguided application in rare diseases

 Time Course/Time integration not assessed
– Multiple assessments verify a biologic pattern and cross over impact

 Other endpoints showed same pattern  
confirm the effect is biological and not random
– Anti-multiplicity-mindset fails to recognition overall pattern of response 

that contributes to likely true effect
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Another way to capture effect on multiple domains
Multi-Domain Responder Index (MDRI)

Captures large important changes in both directions and combine

• Large (>MID) Change in individual patients
• Accommodates patient heterogeneity
• Several domains with thresholds of 

clinically significant change (+1, 0, -1)
• Endpoints

– Responders
• Proportion of patients with net improvement 

– Net Change
• Improvements minus declines per patient
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Phase 3 Study: Composite Endpoint

FVC ± 11%
6MWT ± 54m
AHI ± 10 events/hour
Shoulder Flexion ± 20 degrees
Visual Acuity ± 2 lines on eye chart

Domains Clinically Significant 
Thresholds
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Phase 3 Study: MDRI

Patient FVC 6MWT SHFLEX AHI ACUITY Patient FVC 6MWT SHFLEX AHI ACUITY
11% 54m 20 deg 10 ev/hr 2-lines 11% 54m 20 deg 10 ev/hr 2-lines

1 24
2 25
3 26
4 27
5 28
6 29
7 30
8 31
9 32
10 33
11 34
12 35
13 36
14 37
15 38
16 39
17 40
18 41
19 42
20 43
21 44
22 45
23

Placebo                                Aldurazyme
Improvement              Decline No Change    NA Not Available

Clinically Significant Changes


)))))6Mo

				TxGroup		Patient		Age		FVC-26		6MWT26		FLEXION26		AHI0		AHICHG26		LEYE26		REYE26				Net Ch

										11% Raw		54m		20				10/25%		2 lines				Net

		1		Placebo		10202		5.67		-3.3		-8		-25										-1		-3		-2		-1		0

		2		Placebo		10303		11.75		6.8		-11		4		12.4		-0.9		-0.2		-0.1		0		0		3		10		5

		3		Placebo		10505		17.75		10.3		-170		-5		14.3		1.4		0.2		0		-1

		4		Placebo		10707		21.5		-12.7		37		20		17.6		-7.7		-0.3		0.3		0		1		2		3

		5		Placebo		10909		9.67		-4.5		-81		1.5		8.2		-0.5		0.1		0		-1		3		2		0

		6		Placebo		11312		14.92		-4.4		-94		25		10.6		11.4						-1

		7		Placebo		30101		29.25		-6.5		62		9.5		4.8		-1.4		0		0		1

		8		Placebo		30203		23.83		0		-7		13		3.7				0.1		0.1		0

		9		Placebo		30309		16.92		11.1		-19		14.5		39.9		-12.4		-0.1		0		2

		10		Placebo		30502		6.67		-33.7		-16		6.5										-1

		11		Placebo		30705		39.33		-6.6		29		17.5		61.4		-16.7		-0.1		-0.1		1

		12		Placebo		40202		11.42		3.9		-102		9		4.6		1.1		0		0.2		-1

		13		Placebo		40303		11.6		-12.2		-73		17		5.1		1.3		0		-0.1		-2

		14		Placebo		40505		9.5		21.8		94		5.5		1.9		0.4		0		0		2

		15		Placebo		50202		9		-11.4		45		-37.5		4.7		-1.6						-2

		16		Placebo		50403		8.5		0		55		-1.5		3.5		-2.9						1

		17		Placebo		50605		13.83		0		15		-104		10.1		18.1		0		0		-2

		18		Placebo		50807		14.17		4.2		45		-26.5		12.7		-9.7		0		0		-1

		19		Placebo		60202		12.58		8.7		-36		-26		3.9		1.3		0		0		-1

		20		Placebo		60303		5.75		-5.6		-150		-19.5		19		9.4		0		0		-1

		21		Placebo		60607		14.92		70		-30		-0.5		41.6		11.3						0

		22		Placebo		60705		16.16		0		-12		9		19.3				-0.1		-0.2		0

		23		Placebo		60809		19.5		5.9		5		-20		9.6		6.2		0		0		-1

		24		rhIDU		10101		7.63		35.6		30		-23		27.5		-9.8		0		0		0		-3		-2		-1		0

		25		rhIDU		10404		21.16		22.4		57		-16		51.7		1		-0.5		-0.3		3		0		1		3		5

		26		rhIDU		10606		19.75		1		-96		0		16.2		-4.3		0		0		-1

		27		rhIDU		10808		16.92		1.4		-74		9.5		11.2		7.8		0		0		-1		1		2		3		4

		28		rhIDU		11010		22.83		6.2		155		25.5		6.9		3		-0.5		-0.3		3		4		5		3		1

		29		rhIDU		11211		14.25		4.5		-15		-15		32.3		-13.6		0		-0.1		1

		30		rhIDU		30404		9.33		-34.2		108		26						-0.3		-0.3		2

		31		rhIDU		30608		7		32.5		67		37		7.9		0.7		0		-0.4		3

		32		rhIDU		30806		43.25		28.9		-51		9.5		78.9		-9.1		-0.4		-0.2		2

		33		rhIDU		30910		28		3.6		68		20.5		3.2		-2		0		0		2

		34		rhIDU		40101		12.5		5.3		78		-28.5		8		-4.1		0		-0.1		0

		35		rhIDU		40404		8		18.1		58		47		2.9		4.1		-0.2		-0.3		4

		36		rhIDU		40606		7		39.1		73		15		4		0.6		-0.1		0.2		2

		37		rhIDU		50101		20.1		-6		6				33.3		-12.4		0		0.1		1

		38		rhIDU		50504		12.83		13.6		-13		-85		6.6		2.3		0		0		0

		39		rhIDU		50706		14.1		11.2		84		-36		30.6		-12.8		0.1		0		2

		40		rhIDU		60101		24		2.8		-81		-22.5		26.7		0.6		0		0		-2

		41		rhIDU		60404		11.5		0		1		8		10.9		2.4		0		-0.1		0

		42		rhIDU		60506		11.25		-8.7		25												0

		43		rhIDU		60908		10.33		7.8		-100		-3.5		5.4		-0.4		0.1		0.1		-1

		44		rhIDU		61010		12.42		77.4		19				21.8		2.4						1

		45		rhIDU		61111		11		4.6		35		3.5		23.1		-13.3		0		0		1

				Placebo		Improve				3		3		2				2		0				10

						Decline				-4		-6		-6				-3		0				-19

						Net				-1		-3		-4				-1		0				-9

				rhIDU		Improve				9		9		5				4		5				32

						Decline				-1		-4		-5				0		0				-10

						Net				8		5		0				4		5				22

		Net Change

		New		-5		-4		-3		-2		-1		0		1		2		3		4		5

		Placebo		0		0		0		3		10		5		3		2		0		0		0

		rhIDU		0		0		0		1		3		5		4		5		3		1		0

		Old No Liver

		Placebo		0		0		0		3		10		5		3		2		0		0		0

		rhIDU		0		0		0		1		3		5		6		5		2		0		0

		Old Liver

		Placebo		0		0		1		4		6		8		2		1		1		0		0

		rhIDU		0		0		0		0		1		4		7		6		2		2		0

		Improve		0		1		2		3		4		5

		Placebo		15		6		2		0		0		0

		rhIDU		6		7		3		5		1		0

		Decline		0		1		2		3		4		5

		Placebo		8		11		4		0		0		0

		rhIDU		13		8		1		0		0		0
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rhIDU

Net Change Per Patient

Number of Patients

Phase 3 Double-Blind
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Placebo-New

Placebo-Old

Net Change Per Patient

Number of Patients

New Vs. Old Composite: Placebo



)))))Pre vs Post 483
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New Vs. Old Composite: rhIDU



)))))Liver vs Net Change
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)))))Spreadsheet for FDA
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)))))Histogram

								Placebo-6Mo						CATEGORIES												Placebo/rhIDU-Ext 6 Mo						CATEGORIES

				TxGroup		Patient		Age		FVC-26		6MWT26		SHFLEX26		AHI0		AHICHG26		LEYE26		REYE26		Net		Patient #		FVC		6MWT		SHFLX		AHI		ACUITY		Net

								Threshold		>11% Raw		>54 m		>20 degr				10e/hr&25%		>-0.2				Change		Threshold		>11% Bsln		>54 m		>20 degr		10e/hr&25%		>-0.2		Change

		1		Placebo		10202		5.67		-3.3		-8		-25										-1		1												0

		2		Placebo		10303		11.75		6.8		-11		4		12.4		-0.9		-0.2		-0.1		0		2												0

		3		Placebo		10505		17.75		10.3		-170		-5		14.3		1.4		0.2		0		-1		3				X								1

		4		Placebo		10707		21.5		-12.7		37		20		17.6		-7.7		-0.3		0.3		0		4												0

		5		Placebo		10909		9.67		-4.5		-81		1.5		8.2		-0.5		0.1		0		-1		5												0

		6		Placebo		11312		14.92		-4.4		-94		25		10.6		11.4						-1		6								X				1

		7		Placebo		30101		29.25		-6.5		62		9.5		4.8		-1.4		0		0		1		7												0

		8		Placebo		30203		23.83		0		-7		13		3.7				0.1		0.1		0		8												0

		9		Placebo		30309		16.92		11.1		-19		14.5		39.9		-12.4		-0.1		0		2		9		X				X		X				3

		10		Placebo		30502		6.67		-33.7		-16		6.5										-1		*Deceased 10		NA		NA		NA		NA		NA		0

		11		Placebo		30705		39.33		-6.6		29		17.5		61.4		-16.7		-0.1		-0.1		1		11												0

		12		Placebo		40202		11.42		3.9		-102		9		4.6		1.1		0		0.2		-1		12												0

		13		Placebo		40303		11.6		-12.2		-73		17		5.1		1.3		0		-0.1		-2		13												0

		14		Placebo		40505		9.5		21.8		94		5.5		1.9		0.4		0		0		2		14		O										-1

		15		Placebo		50202		9		-11.4		45		-37.5		4.7		-1.6						-2		15				X		X						2

		16		Placebo		50403		8.5		0		55		-1.5		3.5		-2.9						1		16				O		X		O				-1

		17		Placebo		50605		13.83		0		15		-104		10.1		18.1		0		0		-2		*Myelopathy 17						X		X				2

		18		Placebo		50807		14.17		4.2		45		-26.5		12.7		-9.7		0		0		-1		18						X						1

		19		Placebo		60202		12.58		8.7		-36		-26		3.9		1.3		0		0		-1		19						X						1

		20		Placebo		60303		5.75		-5.6		-150		-19.5		19		9.4		0		0		-1		20		X		X								2

		21		Placebo		60607		14.92		70		-30		-0.5		41.6		11.3						0		21		O						X				0

		22		Placebo		60705		16.16		0		-12		9		19.3				-0.1		-0.2		0		22												0

		23		Placebo		60809		19.5		5.9		5		-20		9.6		6.2		0		0		-1		23				X		X						2

				Placebo		X		X		3		3		2				2		0				10		X		2		4		7		4		0		17

						O		O		4		6		6				3		0				19		O		2		1		0		1		0		4

						Net		Net Dom		-1		-3		-4				-1		0				-9		Net		0		3		7		3		0		13

								rhIDU-6Mo						CATEGORIES												rhIDU/rhIDU-1Yr						CATEGORIES

								Patient #		FVC50		6MWT50		SHFLX50				AHI50		ACU50				Net		Patient #		FVC		6MWT		SHFLX		AHI		ACUITY		Net

								Threshold		>11% Raw		>54 m		>20 degr				10e/hr&25%		>-0.2				Change		Threshold		>11% Bsln		>54 m		>20 degr		10e/hr&25%		>-0.2		Change

		24		rhIDU		10101		7.63		35.6		30		-23		27.5		-9.8		0		0		0		24		X				O		X				1

		25		rhIDU		10404		21.16		22.4		57		-16		51.7		1		-0.5		-0.3		3		25		X		X				X		X		4

		26		rhIDU		10606		19.75		1		-96		0		16.2		-4.3		0		0		-1		26				O								-1

		27		rhIDU		10808		16.92		1.4		-74		9.5		11.2		7.8		0		0		-1		27				O						O		-2

		28		rhIDU		11010		22.83		6.2		155		25.5		6.9		3		-0.5		-0.3		3		28				X		X				X		3

		29		rhIDU		11211		14.25		4.5		-15		-15		32.3		-13.6		0		-0.1		1		29												0

		30		rhIDU		30404		9.33		-34.2		108		26						-0.3		-0.3		2		30		X		X		X						3

		31		rhIDU		30608		7		32.5		67		37		7.9		0.7		0		-0.4		3		31		X		X		X						3

		32		rhIDU		30806		43.25		28.9		-51		9.5		78.9		-9.1		-0.4		-0.2		2		32												0

		33		rhIDU		30910		28		3.6		68		20.5		3.2		-2		0		0		2		33				X								1

		34		rhIDU		40101		12.5		5.3		78		-28.5		8		-4.1		0		-0.1		0		34				X								1

		35		rhIDU		40404		8		18.1		58		47		2.9		4.1		-0.2		-0.3		4		35		X		X								2

		36		rhIDU		40606		7		39.1		73		15		4		0.6		-0.1		0.2		2		36		X										1

		37		rhIDU		50101		20.1		-6		6				33.3		-12.4		0		0.1		1		37						NA				X		1

		38		rhIDU		50504		12.83		13.6		-13		-85		6.6		2.3		0		0		0		Myelopathy 38						O						-1

		39		rhIDU		50706		14.1		11.2		84		-36		30.6		-12.8		0.1		0		2		39				X		O						0

		40		rhIDU		60101		24		2.8		-81		-22.5		26.7		0.6		0		0		-2		40										X		1

		41		rhIDU		60404		11.5		0		1		8		10.9		2.4		0		-0.1		0		41				X				O				0

		42		rhIDU		60506		11.25		-8.7		25												0		42		X		X		NA						2

		43		rhIDU		60908		10.33		7.8		-100		-3.5		5.4		-0.4		0.1		0.1		-1		43		X				X						2

		44		rhIDU		61010		12.42		77.4		19				21.8		2.4						1		44						NA		X				1

		45		rhIDU		61111		11		4.6		35		3.5		23.1		-13.3		0		0		1		45		X				X						2

				rhIDU		X		X		9		9		5				4		5				32		X		9		10		5		3		4		31

						O		O		1		4		5				0		0				-10		O		0		2		3		1		1		7

						Net		Net Dom		8		5		0				4		5				22		Net Dom		9		8		2		2		3		24

														Net Change														Total		Per Patient

				6 Mo		-5		-4		-3		-2		-1		0		1		2		3		4		5

				rhIDU		0		0		0		3		10		5		3		2		0		0		0		22		1

				Placebo		0		0		0		1		3		5		4		5		3		1		0		-9		-0.39

				1 Yr-rhIDU		0		0		0		1		2		4		7		4		3		1		0		24		1.09

				Ext-Placebo		0		0		0		0		2		11		4		4		1		0		0		13		0.56

						Responders				NonResponders

				rhIDU		n		%		n		%

				1 Yr		15		68		7		32

				6 Mo		13		59		9		41

				Placebo		n		%		n		%

				6 Mo Ext		9		39		13		61

				6 Mo DB		5		22		18		78
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				TxGroup		Patient		Age		FVC-26		6MWT26		FLEXION26		AHI0		AHICHG26		LEYE26		REYE26				Liver% Change

										11% Raw		54m		20				10/25%		2 lines				Net

		1		Placebo		10202		5.67		-3.3		-8		-25										-1		8.7

		2		Placebo		10303		11.75		6.8		-11		4		12.4		-0.9		-0.2		-0.1		0		-2

		3		Placebo		10505		17.75		10.3		-170		-5		14.3		1.4		0.2		0		-1		2.6

		4		Placebo		10707		21.5		-12.7		37		20		17.6		-7.7		-0.3		0.3		0		3.7

		5		Placebo		10909		9.67		-4.5		-81		1.5		8.2		-0.5		0.1		0		-1		-7.6

		6		Placebo		11312		14.92		-4.4		-94		25		10.6		11.4						-1		-1.6

		7		Placebo		30101		29.25		-6.5		62		9.5		4.8		-1.4		0		0		1		1.7

		8		Placebo		30203		23.83		0		-7		13		3.7				0.1		0.1		0		-9.3

		9		Placebo		30309		16.92		11.1		-19		14.5		39.9		-12.4		-0.1		0		2

		10		Placebo		30502		6.67		-33.7		-16		6.5										-1		64.3

		11		Placebo		30705		39.33		-6.6		29		17.5		61.4		-16.7		-0.1		-0.1		1		-4.3

		12		Placebo		40202		11.42		3.9		-102		9		4.6		1.1		0		0.2		-1		-11.9

		13		Placebo		40303		11.6		-12.2		-73		17		5.1		1.3		0		-0.1		-2		0.8

		14		Placebo		40505		9.5		21.8		94		5.5		1.9		0.4		0		0		2		-26.8

		15		Placebo		50202		9		-11.4		45		-37.5		4.7		-1.6						-2		-40.3

		16		Placebo		50403		8.5		0		55		-1.5		3.5		-2.9						1		11.2

		17		Placebo		50605		13.83		0		15		-104		10.1		18.1		0		0		-2		16.8

		18		Placebo		50807		14.17		4.2		45		-26.5		12.7		-9.7		0		0		-1		13.2

		19		Placebo		60202		12.58		8.7		-36		-26		3.9		1.3		0		0		-1		1.3

		20		Placebo		60303		5.75		-5.6		-150		-19.5		19		9.4		0		0		-1		-10.9

		21		Placebo		60607		14.92		70		-30		-0.5		41.6		11.3						0		-0.8

		22		Placebo		60705		16.16		0		-12		9		19.3				-0.1		-0.2		0		9.1

		23		Placebo		60809		19.5		5.9		5		-20		9.6		6.2		0		0		-1		11.4

		24		rhIDU		10101		7.63		35.6		30		-23		27.5		-9.8		0		0		0		-25.3

		25		rhIDU		10404		21.16		22.4		57		-16		51.7		1		-0.5		-0.3		3		43.5

		26		rhIDU		10606		19.75		1		-96		0		16.2		-4.3		0		0		-1		-22.5

		27		rhIDU		10808		16.92		1.4		-74		9.5		11.2		7.8		0		0		-1		-20.2

		28		rhIDU		11010		22.83		6.2		155		25.5		6.9		3		-0.5		-0.3		3		-32

		29		rhIDU		11211		14.25		4.5		-15		-15		32.3		-13.6		0		-0.1		1		-24

		30		rhIDU		30404		9.33		-34.2		108		26						-0.3		-0.3		2		-19.1

		31		rhIDU		30608		7		32.5		67		37		7.9		0.7		0		-0.4		3		-29.5

		32		rhIDU		30806		43.25		28.9		-51		9.5		78.9		-9.1		-0.4		-0.2		2		13.2

		33		rhIDU		30910		28		3.6		68		20.5		3.2		-2		0		0		2		-8.2

		34		rhIDU		40101		12.5		5.3		78		-28.5		8		-4.1		0		-0.1		0		-35.7

		35		rhIDU		40404		8		18.1		58		47		2.9		4.1		-0.2		-0.3		4		-34.8

		36		rhIDU		40606		7		39.1		73		15		4		0.6		-0.1		0.2		2		-31.8

		37		rhIDU		50101		20.1		-6		6				33.3		-12.4		0		0.1		1		-19

		38		rhIDU		50504		12.83		13.6		-13		-85		6.6		2.3		0		0		0		-34.5

		39		rhIDU		50706		14.1		11.2		84		-36		30.6		-12.8		0.1		0		2		11.9

		40		rhIDU		60101		24		2.8		-81		-22.5		26.7		0.6		0		0		-2		-28.9

		41		rhIDU		60404		11.5		0		1		8		10.9		2.4		0		-0.1		0		-26.6

		42		rhIDU		60506		11.25		-8.7		25												0		-11.5

		43		rhIDU		60908		10.33		7.8		-100		-3.5		5.4		-0.4		0.1		0.1		-1		-36.2

		44		rhIDU		61010		12.42		77.4		19				21.8		2.4						1		-14.4

		45		rhIDU		61111		11		4.6		35		3.5		23.1		-13.3		0		0		1		-29.6
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Age

Composite Score

Composite vs Age



		Patient		FVC		6MWT		SHFLEX		AHI		ACUITY				Patient		FVC		6MWT		SHFLEX		AHI		ACUITY

				11%		54m		20 deg		10 ev/hr		2-lines						11%		54m		20 deg		10 ev/hr		2-lines

		1														24

		2														25

		3														26

		4														27

		5														28

		6														29

		7														30

		8														31

		9														32

		10														33

		11														34

		12														35

		13														36

		14														37

		15														38

		16														39

		17														40

		18														41

		19														42

		20														43

		21														44

		22														45

		23

		Placebo		Improve		2		3		2		2

				Decline		-3		-6		-6		-3

				Net		-1		-3		-4		-1

		rhIDU		Improve		9		9		5		4

				Decline		-1		-4		-5		0

				Net		8		5		0		4

		-5		-4		-2		-1		0		2

		0		0		2		11		5		1

		0		0		1		3		5		5

		0		0		3		10		5		2

		0		0		1		3		5		5

		0		0		4		6		8		1

		0		0		0		1		4		6

		0		1		3		4		5

		15		7		0		0		0

		6		7		5		1		0

		0		1		3		4		5

		8		12		0		0		0

		13		8		0		0		0
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				TxGroup		Patient		Age		FVC-26		6MWT26		FLEXION26		AHI0		AHICHG26		LEYE26		REYE26				Net Ch

										11% Raw		54m		20				10/25%		2 lines				Net

		1		Placebo		10202		5.67		-3.3		-8		-25										-1		-3		-2		-1		0

		2		Placebo		10303		11.75		6.8		-11		4		12.4		-0.9		-0.2		-0.1		0		0		2		11		5

		3		Placebo		10505		17.75		10.3		-170		-5		14.3		1.4		0.2		0		-1

		4		Placebo		10707		21.5		-12.7		37		20		17.6		-7.7		-0.3		0.3		0		1		2		3

		5		Placebo		10909		9.67		-4.5		-81		1.5		8.2		-0.5		0.1		0		-1		4		1		0

		6		Placebo		11312		14.92		-4.4		-94		25		10.6		11.4						-1

		7		Placebo		30101		29.25		-6.5		62		9.5		4.8		-1.4		0		0		1

		8		Placebo		30203		23.83		0		-7		13		3.7				0.1		0.1		0

		9		Placebo		30309		16.92		11.1		-19		14.5		39.9		-12.4		-0.1		0		2

		10		Placebo		30502		6.67		-33.7		-16		6.5										-1

		11		Placebo		30705		39.33		-6.6		29		17.5		61.4		-16.7		-0.1		-0.1		1

		12		Placebo		40202		11.42		-0.01		-102		9		4.6		1.1		0		0.2		-1

		13		Placebo		40303		11.6		1.9		-73		17		5.1		1.3		0		-0.1		-1

		14		Placebo		40505		9.5		3.8		94		5.5		1.9		0.4		0		0		1						Corrected FVC at Site 4: 483 10.30.02

		15		Placebo		50202		9		-11.4		45		-37.5		4.7		-1.6						-2						40303 decline->no change

		16		Placebo		50403		8.5		0		55		-1.5		3.5		-2.9						1						40505 improve->no change

		17		Placebo		50605		13.83		0		15		-104		10.1		18.1		0		0		-2

		18		Placebo		50807		14.17		4.2		45		-26.5		12.7		-9.7		0		0		-1

		19		Placebo		60202		12.58		8.7		-36		-26		3.9		1.3		0		0		-1

		20		Placebo		60303		5.75		-5.6		-150		-19.5		19		9.4		0		0		-1

		21		Placebo		60607		14.92		70		-30		-0.5		41.6		11.3						0

		22		Placebo		60705		16.16		0		-12		9		19.3				-0.1		-0.2		0

		23		Placebo		60809		19.5		5.9		5		-20		9.6		6.2		0		0		-1

		24		rhIDU		10101		7.63		35.6		30		-23		27.5		-9.8		0		0		0		-3		-2		-1		0

		25		rhIDU		10404		21.16		22.4		57		-16		51.7		1		-0.5		-0.3		3		0		1		3		5

		26		rhIDU		10606		19.75		1		-96		0		16.2		-4.3		0		0		-1

		27		rhIDU		10808		16.92		1.4		-74		9.5		11.2		7.8		0		0		-1		1		2		3		4

		28		rhIDU		11010		22.83		6.2		155		25.5		6.9		3		-0.5		-0.3		3		4		5		3		1

		29		rhIDU		11211		14.25		4.5		-15		-15		32.3		-13.6		0		-0.1		1

		30		rhIDU		30404		9.33		-34.2		108		26						-0.3		-0.3		2

		31		rhIDU		30608		7		32.5		67		37		7.9		0.7		0		-0.4		3

		32		rhIDU		30806		43.25		28.9		-51		9.5		78.9		-9.1		-0.4		-0.2		2

		33		rhIDU		30910		28		3.6		68		20.5		3.2		-2		0		0		2

		34		rhIDU		40101		12.5		4.4		78		-28.5		8		-4.1		0		-0.1		0

		35		rhIDU		40404		8		18.1		58		47		2.9		4.1		-0.2		-0.3		4

		36		rhIDU		40606		7		20.2		73		15		4		0.6		-0.1		0.2		2

		37		rhIDU		50101		20.1		-6		6				33.3		-12.4		0		0.1		1

		38		rhIDU		50504		12.83		13.6		-13		-85		6.6		2.3		0		0		0

		39		rhIDU		50706		14.1		11.2		84		-36		30.6		-12.8		0.1		0		2

		40		rhIDU		60101		24		2.8		-81		-22.5		26.7		0.6		0		0		-2

		41		rhIDU		60404		11.5		0		1		8		10.9		2.4		0		-0.1		0

		42		rhIDU		60506		11.25		-8.7		25												0

		43		rhIDU		60908		10.33		7.8		-100		-3.5		5.4		-0.4		0.1		0.1		-1

		44		rhIDU		61010		12.42		77.4		19				21.8		2.4						1

		45		rhIDU		61111		11		4.6		35		3.5		23.1		-13.3		0		0		1

				Placebo		Improve				2		3		2				2		0				9

						Decline				-3		-6		-6				-3		0				-18

						Net				-1		-3		-4				-1		0				-9

				rhIDU		Improve				9		9		5				4		5				32

						Decline				-1		-4		-5				0		0				-10

						Net				8		5		0				4		5				22

		Net Change: corrected for 483 edits on 10.30.02

		New		-5		-4		-3		-2		-1		0		1		2		3		4		5

		Placebo		0		0		0		2		11		5		4		1		0		0		0

		rhIDU		0		0		0		1		3		5		4		5		3		1		0

		Old No Liver

		Placebo		0		0		0		3		10		5		3		2		0		0		0

		rhIDU		0		0		0		1		3		5		6		5		2		0		0

		Old Liver

		Placebo		0		0		1		4		6		8		2		1		1		0		0

		rhIDU		0		0		0		0		1		4		7		6		2		2		0
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Learning from Aldurazyme and 
Managing Heterogeneity:
rhGUS enzyme for MPS VII

Reduce randomization bias

 Enhance power by 
measuring all

 BioMarker measured in all 

Captures multiple domains 
and avoid multiplicity issue
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BLIND START
STUDY DESIGN

URINE GAG SHOWS
BIOLOGIC EFFECT

MDRI ANALYSIS



Managing Heterogeneity rhGUS ERT in MPS 7
Combining New Study Design with MDRI

 MPS 7: Glycosaminoglycans (GAG) storage 
caused by enzyme deficiency

 Key symptoms/prognosis
– Large liver/spleen, airway/pulmonary disease, 

joint stiffness, etc.
– Death: teens-30s; hydrops1 < 1 year

 Treatment: No approved drug therapy

 Prevalence: ~200 patients worldwide
 Status: 

– Positive Phase 3 data presented 2016
– Pre-filing meetings held with FDA and EMA
– Plan to submit US & EU regulatory filings 1H17

22
1Non-immune hydrops fetalis, a very severe neonatal condition             

Sly Syndrome



Managing Heterogeneity During Randomization
Blind Start Design: 5X more powerful
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 12 Patients enrolled with no disease entry criterion, “All Comers”
 Primary efficacy endpoint (in EU): Percentage change in urinary 

GAG excretion from baseline after 24 weeks of treatment 
 BioMarker is assessable in all subjects

 Key Secondary: Multi-domain Responder Index (MDRI) score
 Assessing six different domains as one endpoint



Enzyme therapy in MPS 7: Managing heterogeneity 
Rapid and Sustained BioMarker (uGAG) Reduction
64.8 percent reduction at 24 weeks in 12 patients, Blind Start Design
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MDRI Shows Signs of Clinical Improvement
Mean improvement of + 0.5 domains (p=0.0527)
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 6/12 patients: MDRI score improvement of +1 or more
 5/12  patients: No worsening of this progressive disease
 1/12 patient:  Worsening with MDRI score of -1

 

    

MDRI

Missing post baseline Not assessable at baseline

Shift toward improved with 3:1 ratio of improved to worse domains



MDRI Advantages in Heterogeneity

 Study effective in unselected populations
–Assess what is assessable
–No dilution of effect size for unaffected or unassessed
 Multiple domains evaluated
–Broader view of efficacy across the population
 ITT is irrelevant as no impact on outcome
–No disease manifestation does not dilute result
– If not assessable, also does not impact the result
 The guesswork of endpoint choice is reduced
 Randomization bias and negative impact removed
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Multiplicity Adjustments in Rare Diseases

 Designed to avoid fishing expeditions for positives
 Often used incorrectly in wrong situations
 Anti-multiplicity attitude fails to appreciate the 
insight from secondary and other endpoints
Need to have better insights when it is appropriate

27

Statistical 
Purity

Getting 
The Science

Correct



Extreme example for misuse of 
multiplicity testing in science
Nine Tissues Tested with a Student “t” test, all p<0.02
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Reviewer requested Bonferroni multiplicity adjustment,
– Claimed that with 9 tests, that none would remain positive
 So doing fewer tissues gives us more truth? 

All tissues 
p<0.02



Multiplicity and Heterogeneity in Icatibant Phase 3

Phase 3 primary endpoint failed and FDA did not approve
Multiplicity did not allow the review of secondaries

29
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Extensive positive results throughout the studies
Supportive data demonstrate efficacy
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p<.05

p<.10

P<.001

P<.001

Patient View

Doctor view



What was the impact?

 Approved by EMA in 2008
Second Phase 3 conducted and positive: approved 
in the US ~3 years later in 2011

 But what else happened?
–Jerini stock collapsed on failure to get US approval
–Company put into play and eventually sold to Shire
–Assets divided up and product retained
–Technology and effective team lost

• Peptide modeling technology developed by Jerini and its 
team lost as well as essentially their company

31



Burosumab MAb Against FGF23 for XLH
Increased low serum phosphate associated with bone disease

 XLH: Excess FGF231 causes excess 
renal phosphate loss 

 Key symptoms: Rickets, deformity, 
short stature, fractures, pain, 
osteomalacia, stiffness 

 Standard of care: Oral phosphate + 
Vitamin D (nephrocalcinosis risk)

 US prevalence: ~12,000

 Regulatory Review Status: 
– EU: Positive CHMP opinion 12/2017

• EC decision expected early 2018 
– US: PDUFA date: April 17, 2018

32

1Fibroblast growth factor 23     



Secondary Endpoints: Crysvita
Multiplicity Adjustment: What does it mean?

WEEK 24:  Only Stiffness Positive

WEEK 48:  All Three Positive

P=.0122

P=.0478

P=.09

Exploratory Endpoint:
Fracture Healing p <.001, OR 17



Value of a Rare Disease 
Center of Excellence (COE) at FDA

 Centralized support for new methodology and endorsement of 
innovation in dev programs
 Support for individual divisions less familiar with new methods or 
management of rare diseases
 A driving force for innovation in studies and analyses to enhance 
the discovery of truth
 Assures rigor in how approaches are taken in details beyond 
expertise of review divisions
 Heterogeneity issues for rare diseases can be addressed and 
managed optimally
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The Golden Age of Rare Disease Treatments

• Exciting times for rare diseases
• More diseases, more technologies
• Opportunity to change the future for all time
• Time for all of us to do our best in assuring we 

get the right answers for patients

Managing Heterogeneity Is Key
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