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Preclinical Research
• Target identification/validation

• Lead identification/optimization 
• PKPD/ADME

• Toxicity in Rodents, Canines, NHP
• Drug Efficacy in a Disease Model

Clinical Trials
Safety and 

Efficacy in Humans

What is preclinical research ?

In therapy development preclinical research is the stage of research that begins 
before clinical trials (testing in humans) can begin, and during which important 

feasibility, iterative testing and drug safety data is collected.



What are the Needs to be Addressed ? 

The Failure Of AD Therapies in the Clinic

• The extremely high rate of attrition of drugs in Phase II (92%) and Phase  
III (98%) with more than half failing due to issues of efficacy.

• During the decade 2002-2012 -244 compounds were tested in 413 clinical 
trials (Ph I-Ph III) and one (memantine) was advanced to the FDA and 
approved for marketing, giving an approval rate of 0.4% (>99% attrition). 

Cummings et al. Alzheimer's Research & Therapy 2014, 6:37



Status of AD Drugs in the Clinic

Failure due to lack of efficacy or toxicity



AD Clinical Trial Failures by Year

Total of 85 
just  since 

2008



Has Stanford University 
found a cure for 
Alzheimer's disease

This Alzheimer’s Breakthrough 
Could Be a Game Changer

There is no lack of successful drug 
treatment trials in AD mouse models



Problem: Preclinical Drug Efficacy has Not Translated to the Clinic

• More than 300 therapeutic agents have been reported to be 
efficacious in ameliorating pathology and/or cognitive deficits 
in transgenic  AD animal models. 

• This success has not translated to success in the clinic. In fact, 
none of these agents have been advanced to the FDA for 
approval to market as an effective disease modifying therapy 
for AD. 

• Evidence of the Poor Translational Validity of Drug Trials in AD 
Animal Models

Zahs & Ashe Trends in Neurosciences, 2010



Key Factors Contributing to the Poor Translation of Efficacy Studies in AD Animal Models

• The AD animal  models  do not accurately recapitulate human AD

• Lack of reliable preclinical biomarkers that translate to the clinic

• Failure to match outcome measures used in clinical studies

• Lack of standardization and rigor in study design and analysis of data

• Publication bias due to under reporting of negative results in the literature

• Poor reproducibility of published data

Shineman et. al., Alzheimer’s Research &Therapy, 2011



Common Critical Elements of Clinical Trial Study Design

1. Power Analysis and Sample Size Calculation

2. Randomization

3. Blinding (treatment allocation and outcome measures)

4. Balancing for Sex/Gender 

5. Age Matching

6. Eligibility Criteria (inclusion and exclusion criteria)

7. Use of Biomarkers as Key Outcome Measures

van der Worp et al  PLoS, 2010

., 



Relationship Between Use of  Critical Design Elements and 
Estimates of Preclinical Efficacy

Sena et al, Trends in Neurosciences, 2007

It’s a inverse relationship



Review of the Neuroscience Literature Reveals that the Majority of Animal Studies Lack Rigor in Study Design

Sena et al, Journal of Cerebral Blood Flow & Metabolism, 2014



DG Hackam, JAMA , 296:1731-2, 2006 12

 76 articles in 7 leading scientific journals
( e.g., Nature, Science,  Cell,  Neuron etc)

 Published between 1980-2000

Preclinical Studies Published in Leading Scientific Journals Lack Scientific Rigor in Study Design





Poorly conducted preclinical efficacy studies can lead to failure in the clinic



Advisory Meetings and Workshops examining  the causes of the 
poor predictive power/translatability of animal models preclinical 
efficacy studies:

• National Institute on Aging
-Advisory Meeting: “Advancing AD Therapy Development”2010
-NIH AD Summits 2012 & 2015

• Alzheimer’s Drug Discovery Foundation 
-Advisory Panel 2010

• National Institute of Neurological Disorders and Stroke 
- Workshop 2012 

• Institute of Medicine
- Workshop  2012

What Program Development Work has Already Been Completed ?



Recommendations Aimed at Increasing Predictive Power of 
Drug Efficacy in AD Animal Models:

Develop a publicly available 
database of preclinical 
efficacy studies that houses 
experimental designs and 
analyses of positive and 
negative data to overcome 
publication bias.

1
The database should be a 
knowledge platform for data 
sharing, mining and analysis 
relating to the preclinical 
testing of candidate 
therapeutic agents in AD 
animal models. 

2
The database should help 
identify critical experimental 
design elements and 
methodology missing from 
studies, reducing their rigor, 
reproducibility and 
translational value.

3



-Power Analysis/Sample Size

-Statistical Analysis Plan

-Inclusion, Exclusion Criteria

-Randomization 

-Blinding (treatment allocation and outcome measures)

-Balance for Sex as a Biological Variable

- Report Age of Animals 

-Report Genetic Background

- Dose, Frequency of Administration, Route of Delivery

-Employ Translatable Biomarkers

-Use  PK/PD, ADME to Characterize Candidate Therapeutic Agents

- Report Toxicology Measures

-Report Potential Conflicts of Interest

Recommendations: Best Practices and Study Design Guidelines for Preclinical Animal Studies



Responding to the Recommendations: 
Alzheimer’s Disease Preclinical Efficacy Database

Launched Jan 2016



Overview of Scope:
• Provide researchers  and information scientists with a facile way to survey existing 

AD preclinical therapy development literature and raise awareness about the 
elements of rigorous study design and requirements for transparent reporting

• Provide search capability across relevant translational criteria data sets:

- Therapy Type

- Therapeutic Agent

- Therapeutic Target

- Animal Model

- PI Name

- Funding source

• Influence the development and implementation of reproducibility strategies 
including guidelines for standardized best practices for the rigorous preclinical 
testing of AD candidate therapeutics.

• Provide funding agencies with a tool for enforcement of requirements for 
transparent reporting and rigorous study design



Data Sources: 

• Published data is extracted from the scientific literature and curated.

• In collaboration with Sage Bionetworks Unpublished (positive and negative data) 
data is obtained directly from researchers.



AlzPED Data Submission Portal



Center for Open Science

Open Science Partners: AlzPED and Sage Bionetworks

The AlzPED and Sage Bionetworks partnership aims at enabling the curating unpublished
preclinical efficacy studies and creating searchable online reports that are available in a pdf
format. Submitting PIs will receive a citable DOI.



AlzPED Unpublished Data Submission Process
Submit unpublished preclinical 

efficacy study to AlzPED
Unpublished Data Submission Portal

Submitted study reviewed by two 
NIA experts in Alzheimer’s Disease

Accepted study published on 
SYNAPSE-SAGE BIONETWORKS Open 

Science Knowledge Portal 

Citable DOI generated for 
accepted submitted study 

Searchable online report of study in pdf format 



AlzPED Search Functions



AlzPED Search Functions





Sample of a Curated Record on AlzPED



AlzPED Curated Record on PubMed



AlzPED Tracks Critical Elements of Design for Each Curated Study



• Hosts curated summaries from 720 published preclinical efficacy studies

• Searchable by: 
• Therapeutic Target (146 Therapeutic Targets) 
• Therapeutic Agent (641 Therapeutic Agents)
• Animal Model (149 Models)
• Principal Investigator
• Funding Agency

• Includes links to databases for: 
• Related Publications (PubMed)
• Therapeutic Targets (Open Targets & Pharos)
• Therapeutic Agents (PubChem)
• Related Clinical Trials (ClinicalTrials.gov)
• Patents (Google Patents)

• Provides a platform for creating citable reports/preprints of unpublished studies, including studies with negative data. Full 
reports and data hosted on Synapse/AMP-AD Knowledge Portal

• Summarizes Elements of Experimental Design (reports on RIGOR of each study)

Summary of Capabilities



AlzPED Identifies 24 Experimental Design Elements that Improve Rigor and 
Translational Value of Preclinical Studies

Most Reported Elements
Data presented as percentage reported, calculated from 720 curated studies

Least Reported Elements

EXPERIMENTAL DESIGN ELEMENTS %
Power/Sample Size Calculation 1
Number of Excluded Animals 4
ADME Measures 4
Inclusion/Exclusion Criteria Included 5
Number of Premature Deaths 7
Blinded for Treatment 7
Biomarkers 17
Study Balanced for Sex as a Biological Variable 25
Randomized into Groups 26
Pharmacokinetic Measures 26
Blinded for Outcome Measures 31
Pharmacodynamic Measures 33
Toxicology Measures 37
Conflict of Interest 49
Genetic Background 56
Sex as a Biological Variable 76
Age of Animal at the End of Treatment 94
Formulation 95
Age of Animal at the Beginning of Treatment 96
Statistical Plan 97
Dose 98
Frequency of Administration 99
Duration of Treatment 99
Route of Delivery 100



CORE EXPERIMENTAL DESIGN ELEMENTS %
Power/Sample Size Calculation 1
Inclusion/Exclusion Criteria Included 5
Blinded for Treatment 7
Study Balanced for Sex as a Biological Variable 25
Randomized into Groups 26
Blinded for Outcome Measures 31
Conflict of Interest 49
Genetic Background 56
Sex as a Biological Variable 76

AlzPED Identifies 9 Core Experimental Design Elements that are Essential for 
Improving Rigor and Translational Value of Preclinical Studies

Data presented as percentage reported, calculated from 720 curated studies



DATA PRESENTED AS PERCENTAGE REPORTED, CALCULATED FROM 720 CURATED STUDIES

AlzPED Summary: Percentage of Curated Studies Reporting 0-8 Core 
Experimental Design Elements Essential for Rigor and Reproducibility
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Data presented as percentage reported, calculated from 275 NIH-funded studies and 445 non-NIH funded studies, and analyzed using
two-tailed t test; **p=0.0126, ***p=0.0019

AlzPED Compares the Reporting Trends in 9 Core Experimental Design Elements 
Between NIH-Funded and Non-NIH Funded Studies



AlzPED LinkedIn Page

Join at:
linkedin.com/in/alzheimer’s-disease-preclinical-
efficacy-database-alzped-13631a177

https://www.linkedin.com/in/alzheimer%E2%80%99s-disease-preclinical-efficacy-database-alzped-13631a177


Member Organizations



AlzPED Contact Information

Website Homepage:
https://alzped.nia.nih.gov/

Free Registration Page:
https://alzped.nia.nih.gov/user/register

Email Address:
alzped@nih.gov

https://alzped.nia.nih.gov/
https://alzped.nia.nih.gov/user/register
mailto:alzped@nih.gov


AlzPED Team
NIA

Shreaya Chakroborty  
Katerina Mancevska

Zane Martin
Suzana Petanceska

Lorenzo Refolo

NIH Library  
Cindy Sheffield  

James King

Sage Bionetworks  
Kenneth Daily  
Mette Peters


	Improving the Rigor, Reproducibility and Translatability of Preclinical Research for Alzheimer’s Disease:
	  
	What are the Needs to be Addressed ? 
	Slide Number 4
	AD Clinical Trial Failures by Year
	Slide Number 6
	Problem: Preclinical Drug Efficacy has Not Translated to the Clinic�
	Key Factors Contributing to the Poor Translation of Efficacy Studies in AD Animal Models
	Common Critical Elements of Clinical Trial Study Design�
	Slide Number 10
	        Review of the Neuroscience Literature Reveals that the Majority of Animal Studies Lack Rigor in Study Design
	Preclinical Studies Published in Leading Scientific Journals Lack Scientific Rigor in Study Design
	Slide Number 13
	 Poorly conducted preclinical efficacy studies can lead to failure in the clinic
	�Advisory Meetings and Workshops examining  the causes of the poor predictive power/translatability of animal models preclinical efficacy studies:�
	Recommendations Aimed at Increasing Predictive Power of Drug Efficacy in AD Animal Models:
	Recommendations: Best Practices and Study Design Guidelines for Preclinical Animal Studies
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	AlzPED Team

