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The Best of Times, the Worst of Times

• Poor transition of basic or clinical 

observations into interventions that 

tangibly improve human health

• Intervention development failure-

prone and expensive

• Poor adoption of demonstrably useful 

interventions

Fundamental science unprecedentedly advanced, but:

Enormous opportunity/need to deliver 
on promise of science for patients
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So…



NCATS Mission

To catalyze the generation of innovative methods and technologies

that will enhance the development, testing and implementation of 

diagnostics and therapeutics across a wide range of human 

diseases and conditions.



What is Translational Science?

Translational Science is the field of investigation 

focused on understanding the scientific and

operational principles underlying each

step of the translational process.

NCATS studies translation as a 

scientific and organizational problem.



Translational Science Spectrum



Some of the Translational
Problems on NCATS’ To-do List

➢ Predictive toxicology

➢ Predictive efficacy

➢ De-risking undruggable

targets/untreatable diseases

➢ Data interoperability

➢ Biomarker qualification process

➢ Clinical trial networks 

➢ Patient recruitment

➢ Electronic Health Records for 

research

➢ Harmonized IRBs

➢ Clinical diagnostic criteria

➢ Clinical outcome criteria (e.g., 

PROs)

➢ Adaptive clinical trial designs

➢ Shortening time of 

intervention adoption

➢ Adherence

➢ Methods to better measure 

impact on health…



NCATS Modus Operandi: the “3D’s”

evelop

emonstrate
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“Clinical trials in this country take too long, cost too much, and too often don’t give 

us the answers we need to take care of our patients.  Other than that, the system 

works great.”
- Rob Califf, M.D.

Chair of Board, Patient-Centered Research Foundation

Formerly: FDA Commissioner, Duke CTSA PI, Founding Director of Duke Clinical 

Research Institute and Clinical Trials Transformation Initiative (CTTI)

• Cycle time for testing a clinical hypothesis (funding of clinical intervention concept to completion 

of test of therapeutic hypothesis) in an adequately powered study can easily be >10 years

• Time from approval/funding to start of clinical study can easily be two years

• Time for recruitment of participants can easily be 3-5 years

• Large percentage may be ultimately futile due to inability to recruit, and/or results being irrelevant 

by time study is completed due to science having moved on

Enormous losses to health and lives of patients, careers of 

investigators, and advancement of science and medicine 

The “Clinical Problem” writ large



Some of the scientific translational 
problems on NCATS’ to-do list

➢ Predictive toxicology

➢ Predictive efficacy

➢ Derisking undruggable

targets/untreatable diseases

➢ Data interoperability

➢ Biomarker qualification process

➢ Harmonized IRBs

➢ Patient recruitment

➢ Flexible “JIT” clinical research studies 

➢ Electronic Health Records for research

➢ Clinical diagnostic criteria

➢ Clinical outcome criteria (e.g., PROs)

➢ Adaptive clinical trial designs

➢ Shortening time of intervention adoption

➢ Methods to better measure impact on 

health (or lack thereof)



The Scope of Rare Diseases

➢
~7000 diseases

• ~80% Mendelian genetic

• ~50% onset in childhood

• ~250 new rare diseases identified each year

➢ Population prevalence ~8% (US ~25M; EU ~30M, World 350M)

➢ Definition of “rare disease” varies by country

• Absolute prevalence: USA <200K; Japan  <50K; S Korea <20K…

• Percentage prevalence: EU <5 in 10K; Australia <1 in 2K…

➢ <5% of rare diseases have a regulatorily approved treatment

• USA ~300 diseases

• At current rate 3–5 newly treatable diseases/yr… >1000 yrs to all



First-in-class GALK Inhibitors for Classic Galactosemia

1
Galactosemias: Rare autosomal recessive disorders in 

which the body cannot properly metabolize galactose

Classic Galactosemia - most common 
& severe of the galactosemias
(~1 in 30,000-60,000 births)

• Results from GALT deficiency
• Lethal without dietary galactose

restriction
• Leads to mental deficits, ovarian 

dysfunction 
• No current therapy

2 GALK as a drug target

3 GALK high-throughput inhibitor screen

Type II galactosemics (GALK deficient) do not suffer from 
same clinical manifestations and long term problems 
associated with Classic Galactosemia

Hypothesis: GALK inhibition will phenocopy Type II 
Galactosemia in Classic Galactosemics, leading to 
milder, more easily manageable disease

Screened 350,000+ compounds 
for human GALK inhibition

Performed med chem on 
top active scaffolds

Further refinement to 
improve ADME/PK

GALK IC50: 7.6 uM
Solubility: <1 ug/mL

Hit

GALK IC50: 330 nM
Solubility: 64 ug/mL

Lead
ADME:
Kin. Sol: 64 ug/mL
RLMS t1/2: >30 min
MLMS: 93% rem @ 15 min

In vivo PK:
47 mg/kg, IP
t1/2: 1.73 hr
Cmax: 226 uM
AUCinf 28,358 h* ng/mL



Compounds very effectively lower gal-1-p levels in Classic 
Galactosemia primary patient fibroblasts with no galactose
challenge (clinically relevant assay)

Primary Patient Cell Data

4 Lead characterization & cellular activity

5 Patient cell activity and upcoming in vivo models

SPR demonstrating high affinity
GALK binding of lead

Human GALK co-crystal 
w/ lead

CETSA demonstrating on-target 
binding of GALK in cells

Ratio of non-galactosylated IgG (G0) to mono-

galactosylated IgG (G1) in wild type (red boxes) 

vs GalT-gene trapped (GalT-“knockout”) (GK, 

blue boxes) mice

5 day 5 day

11 day 11 day

1.5 month 1.5 month

4.5 month 4.5 month

Wild-type Mutant

WT vs mutant mouse 
ovary histopathologyGalT-gene trapped mice



Development of platform-based technologies
Example: Gene Therapy

• NCATS Therapeutics for Rare and Neglected Diseases 
(TRND) Program has established a portfolio of gene therapy 
development projects to develop and test solutions to 
common bottlenecks

• Some technologies under development:
• Manufacturing

• Plug-and-Play platform manufacturing processes for AAV serotypes

• Compendium of standard analytical methods

• Cell suspension technology

• Cell potentiation method

• Delivery toolbox

• Devices for CNS delivery in infants



“Demonstration” Project
Aromatic L-Amino Acid Decarboxylase (AADC) Deficiency



AADC Deficiency is a well-defined 
disorder amenable to gene therapy



▪ Collaborators: Agilis Biotherapeutics and NCATS TRND

▪ Intervention: single dose AAV-hAADC injection into brain 
(putamen)

▪ Challenges

– Ultra-rare disease (underdiagnosed) – small market

– Stereotactic surgery in infant brains

– Regulatory: phase 1-2 human data outside of U.S.

– 18 AADC patients received GT with some remarkable 
clinical responses

▪ TRND collaboration catalyzing development of AAV-AADC

– NCATS collaboration started May 2016

– GMP grade AAV-AADC manufacturing production

– GLP animal bio-distribution and toxicology testing

– Patient finding / epidemiology study

– Device development

– Regulatory milestone achieved: successful FDA EOP2 
meeting, July 2017

– No additional clinical studies required for Agilis to file for 
BLA, expected 2018

– Currently most advanced CNS gene therapy in 
development

PET imaging demonstrates de novo
dopamine production in putamen

NCATS collaborative project to develop gene therapy for 

AADC Deficiency



Why Drugs Fail in Development

Human Toxicities Found in Animals

Arrowsmith and Miller, Nature Reviews Drug Discovery, Volume 12, 569 (2013)

Cook et al., Nature Reviews Drug Discovery, Volume 13, 419 (2014)

55%28%

7%
5% 5%

Drug Failure Modes

Efficacy Safety

Strategic Commercial

Operational



Human Tissue Chip Program
Goal: develop biochips to test for safe, effective drugs

2012-13 2013-14 2014-15 2015-16 2016-17

Phase 1:

Individual chips
Phase 2:

Cell incorporation and organ integration

▪ Current focus: 

– Integration (DARPA and NIH); insight/expertise (FDA); compound 

testing, validation

– Partnerships (MTA: GSK; Pfizer; AZ; MOU: IQ Consortium)

– Adoptions of the tech to the community



Barth Syndrome Heart on a Chip Model 
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Connect With NCATS

https://ncats.nih.gov/connect

Website: ncats.nih.gov

Facebook: facebook.com/ncats.nih.gov

Twitter: twitter.com/ncats_nih_gov

YouTube: youtube.com/user/ncatsmedia

E-Newsletter: https://ncats.nih.gov/enews

https://ncats.nih.gov/connect

