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Have Questions?
Type them into questions box!
“Why am I muted?”
Don’t worry. Everyone is muted
except the presenter and host.
Thank you and enjoy the show.
Contact ACS Webinars ® at acswebinars@acs.org
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Join a global community of over 150,000 chemistry professionals

Find the many benefits of ACS membership!

http://bit.ly/ACSmembership
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Benefits of ACS Membership
Chemical & Engineering News (C&EN)
The preeminent weekly digital and print news source.

NEW! ACS SciFinder
ACS Members receive 25 complimentary SciFinder® research
activities per year.

NEW! ACS Career Navigator
Your source for leadership development, professional
education, career services, and much more.
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http://bit.ly/ACSmembership

@AmerChemSociety
@AmericanChemicalSociety

@AmericanChemicalSociety

https://www.linkedin.com/company/american-chemical-society

Contact ACS Webinars ® at acswebinars@acs.org
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“Students experienced
professional-level
discussion using topics
and vocabulary with
which they were
familiar but extending
far beyond the
classroom depth.”

http://bit.ly/DDDS5video

Steve Schulz
High School Chemistry Teacher
Manheim Township High School

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org
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Learn from the best and brightest minds in chemistry! Hundreds of webinars on
diverse topics presented by experts in the chemical sciences and enterprise.
Recordings are an exclusive ACS member benefit and are made available to
registrants via an email invitation once the recording has been edited and posted.
Live Broadcasts of ACS Webinars® continue to be available to the general public
every Thursday from 2-3pm ET!
www.acs.org/acswebinars
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An individual development
planning tool for you!

ChemIDP.org
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Celebrating 4 years & 40 Drug Discovery Webinars!
http://bit.ly/acsDrugDiscoveryArchive
2014

2015

2016

2017
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Upcoming ACS Webinars
www.acs.org/acswebinars
Thursday, July 12, 2018

Become a Science Advocate: How to Engage Your Elected Officials
Co-produced with ACS External Affairs & Communications

Thursday, July 19, 2018

How Sustainable Chemistry is Safer Chemistry
Co-produced with the ACS Green Chemistry Institute, the ACS Division of Chemical Health & Safety, and the ACS Committee on Chemical Safety
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Contact ACS Webinars ® at acswebinars@acs.org

Chemical Entity and Biomolecule Scientific Program Tracks:
• Preclinical (including Discovery)
• Bioanalytical
• Clinical Pharmacology
• Manufacturing & Bioprocessing
• Formulation & Quality
YouTube video:
https://www.youtube.com/watch?v=1DOxLBg0Ouw

Website: www.aapspharmsci360.org
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Join the Division Today!

For $25 ($10 for students), You Will Receive:
• A free digital copy of our annual medicinal chemistry
review volume (over 600 pages, $160 retail price)
• Abstracts of MEDI programming at national meetings
• Access to student travel grants and fellowships

Find out more about the ACS MEDI Division! www.acsmedchem.org
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Journal Scope
ACS Pharmacology & Translational
Science publishes high-quality,
innovative research across the broad
spectrum of pharmacology,
biochemistry, and experimental
medicine—from basic and molecular
sciences to translational preclinical
studies. We also consider clinical
studies that address novel mechanisms
of action and methodological papers
that drive innovation and advance
translational research.
https://pubs.acs.org/journal/aptsfn
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Next Month… Register for Free Now!

https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/cns-therapeutics.html

13

Pitfalls and Promise of Central Nervous System Drug Discovery
Session 6 of the 2018 Drug Design and Delivery Symposium

Valentin Gribkoff

Nick Meanwell

Founder, TheraStat LLC
Associate Professor Adjunct, Yale
University School of Medicine

Executive Director,
Bristol-Myers Squibb

Slides available now and an invitation to view the recording will be sent when available.

www.acs.org/acswebinars
Co-produced with the ACS Division of Medicinal Chemistry and the American Association of Pharmaceutical Scientists
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TheraStat LLC

Yale University School of Medicine
Woods Hole Marine Biological Laboratory
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What We Will Discuss in the Webinar
1) What constitutes the CNS and why is CNS drug
discovery so difficult
2) Categories of targets for drug discovery in the CNS
(types of diseases and conditions)
3) What has happened to CNS drug discovery
programs over the last 2 decades
4) Notable failures and successes

5) What has changed/is changing that should
increase interest in CNS targets
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Drug Discovery is Very Difficult
• Pharmaceutical industry among the most heavily regulated
• As of Dec., 2013, only ~1500 drugs (new molecular entities, or NMEs) had been
approved by the FDA since its creation in 1938, and only a handful had been developed
prior to this.
• Failure rates for drug candidates at the pre-clinical stage is >99%, from Phase 1 >90%.
This varies by discipline, with CNS drugs failing at a higher rate than most other areas.
Successes in the CNS area are dominated by psychiatric drugs.
• Drug discovery is expensive. Tufts study suggests ~$1B and >12 years to market. This
cost estimate is probably inaccurate, but it’s expensive. The time required from
benchtop to bedside has been improved where possible, but long timelines are
anathema to activist investors.
• The CNS is a particularly difficult organ system.
17
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The Central Nervous System as a Drug Target
• Ultimate targets are usually neurons and glia, primary cells of the CNS
Billions of neurons, many different types, numerous functional regional differences.

• Many different neurotransmitter systems with specific receptors,
hormonal systems, many voltage-gated and ligand-gated ion channels and
ion pumps, enzyme systems, and metabolic pathways.
• Complexity of biology means diseases may affect many different systems
• For many conditions similar disease phenotypes may result from very
different underlying pathologies
• Neurons, for the most part, do not regenerate. Function that is already lost
to disease may not be re-attained even with successful drug treatment
• Difficult to get drugs into the brain
• Behavior is easily affected by drugs that enter CNS; this can be
therapeutic, or a negative side-effect
19

The Blood-Brain Barrier
• Formed by capillary endothelium in most brain regions, exclude
hydrophylic compounds and pathogens
• Specific transporter systems (mediated by p-glycoprotein) also exist
to exclude specific lipophylic compounds and toxins
• Excludes nearly all large molecule therapeutics and greater than
95% of small molecule drugs
• Significant barrier to development of CNS drugs
• Often require highly lipophylic compounds in order to circumvent
BBB
• Different barriers determine entry into and out of the cerebrospinal
fluid and the retina
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CNS Diseases and Conditions
• Genetic/Developmental Disorders: Fragile-X, Tourette’s, Seizure disorders of infancy (e.g. MMPSI), Autism.
Many other CNS disorders have some degree of genetic linkage (e.g. neurodegenerative disorder cohorts,
schizophrenia).
• Degenerative (e.g. Huntington’s, Alzheimer’s, Parkinson’s, ALS, MS and other neuromuscular disorders)
• Psychiatric (e.g. schizophrenia, depression, anxiety, ADHD…)
• Infectious Diseases and their sequelae (e.g. meningitis, encephalitis…)
• CNS Injury (e.g. TBI, spinal trauma, ischemic and hemorrhagic stroke, epilepsies…)
• Pain Syndromes including migraine (include central and peripheral components)
• Brain Cancers (e.g. glioma)
• Addiction

This is only a fractional list
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If you live long enough,
you will almost certainly
exhibit some form of CNS
disorder or condition
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A Question…And Yet Another
Can you think of a single CNS disease or
indication that has been adequately treated by
existing therapy?
Despite many clinical attempts to treat
Alzheimer’s Disease, there is no successful
disease-modifying treatment yet available.
Why do you think this is?
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According to the Alzheimer's Association® how many people are living with this
disease in 2018?
• 500,000 (about the population of Atlanta)

• 1.5 Million (about the population of Philadelphia)
• 2.7 Million (about the population of Chicago)
• 5.7 Million (about the population of Los Angeles, San Diego, and Oakland combined)
• 8.5 Million (about the population of New York City)
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The Problem: CNS Drug Discovery Is Uniquely Challenging
• Failure rates for some CNS targets have been extremely high
• For disease modifying treatments of chronic neurodegenerative disorders (NDDs) the failure
rate has been 100% with the exception of MS

•
•
•
•

Chronic NDDs
Alzheimer’s Disease (AD) 5.7 M in US 2018
Parkinson’s Disease (PD) 1M in US in 2018
Huntington’s Disease 30,000 in US in 2018
Amyotrophic Lateral Sclerosis (ALS) 15,000 in

Acute NDDs
• Stroke (with the exception of clot
dissolving/removal agents such as tPA)
• Traumatic Brain Injury (TBI)

US in 2016

• Multiple Sclerosis (MS) 400,000 in US in 2015
https://www.alz.org/alzheimers-dementia/facts-figures
https://www.floridahospital.com/parkinsons-disease-pd/statistics-parkinsons-disease-pd
http://www.healthcommunities.com/huntingtons-disease/overview-of-huntingtons.shtml
https://www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/Fact-Sheets/Amyotrophic-Lateral-Sclerosis-ALS-Fact-Sheet
https://www.healthline.com/health/multiple-sclerosis/facts-statistics-infographic#1
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The Problem: CNS Drug Discovery Is Uniquely Challenging
• Many CNS treatments are palliative, providing relief of some symptoms (often
temporary) without significantly affecting the course of the disease. E.g.
acetylcholinesterase (AChE) inhibitors for AD-Aricept®
• Many CNS diseases and conditions have a genetic component, or are hereditary
diseases. Many of the changes to the CNS are created during early development, prior
to symptom appearance. It is unclear what can be done once the disease has progressed.
• Some CNS diseases/conditions have become very politicized. Think autism and vaccines.
• Many CNS diseases have a behavioral phenotype that is uniquely human. Treatment of
these diseases requires the use of animal models, and these models often lack both face
and predictive validity (psychiatric disorders). Even worse, when they have face validity,
the model looks like the condition, they often lack predictive validity (pain models).
• The BBB represents a significant impediment to treatment with existing medications.
E.g. brain cancers and CNS infections.
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Consequences
• Many billions of dollars have been spent in select
CNS areas without any real success (NDDs, nonopiate pain treatments, ischemic stroke)
• Success has been limited even in relatively
successful areas such as the epilepsies. While there
are many effective anti-epileptic drugs (AEDs), from
25-35% of all patients are refractory to existing
treatments and a further 25-35% are not fully
stabilized with treatment (at risk for seizure)
• Many CNS programs have been scaled back or shut
down entirely, particularly in large pharma
companies. Capital has been hard to obtain for
biopharm ventures targeting the CNS
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Why Did This Happen?
• Neuroscience came of age in the decades between the 1970s and 1990s

• Building on new knowledge, hypotheses were generated, and drug discovery programs were initiated based
on these hypotheses. This is as it should be.
• We often thought we knew more than we did. Hubris, and an example of the over-reliance on academic
‘experts’. This would be fine, as long as everyone pinky-swore to go where the drug discovery data indicated.
• Hypotheses became political, with much time and money spent defending hypotheses rather than thinking
deeply and freely about alternatives.
• Failures, which should be informative, often did not lead to retooling of hypotheses, but rather to program
rejection and the wholesale abandonment of certain diseases.
• Animal models, even in areas where there was seemingly good face validity, were often constructed for
convenience and hence resulted in little predictive validity.
• Marketing often dictated what science we could do, rather than the other way around. I’ll explain with an
example below.
• Regulatory agencies took a dim view of multi-drug approaches to many CNS diseases in areas where no
single drug had shown approvable efficacy.
I promise this will end on a positive note after a few examples

28
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A Multi-Part Question
What do I mean when I say that hypotheses
became politicized, and what were the
outcomes of this?
Did disease foundations play a role?
Can you give any examples of a disease area
where this occurred, in either CNS or another
DD field?
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Ischemic Stroke
• About 87% of all strokes; nearly 800,000
strokes/yr. in US
5th leading cause of death; ~140,000 deaths/yr. in US
• Caused by a blood clot (thrombotic) or an
embolism
• ~7 million survivors with varying degrees of
disability
Cost of strokes ~$34B/yr in US; stroke is the leading
cause of long-term disability
• Many improvements in emergency and poststroke care and support
Clot reduction/dissolution remains most effective
intervention
Limited time window for treatment
Image Credit: The Internet Stroke Center

An ischemic stroke occurs when an artery in the brain becomes blocked.
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Ischemic strokes consist of a core region of dead tissue,
and a penumbra of potentially salvageable tissue
CORE INFARCT (red)

The difference between diffusion-weighted MRI
(DWI) and perfusion-weighted CT (PWI) images
reveals the area of reduced blood flow and areas
‘at risk’ for the spread of the core stroke
Increasing the flow of blood to the penumbra
can reduce or eliminate further risk. In the figure
on the right, recanalization of the vascular blockage
seen in ‘b.’(white arrow) results in salvage of most
of the tissue in the penumbra.

PENUMBRA
(green)

Recanalization has a limited time window, although
it is longer than once thought.
Efforts to ‘protect’ the penumbral neurons, even
In the absence of clot-busting therapy, formed the
basis of most efforts at stroke therapeutics
*C.J. Ledezma & M. Wintermark,Radiol Clin North Am. 2009 January ; 47(1): 109–116.
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Ischemic Stroke Intervention: Why We Thought This Would Work
• Ischemic neurons lose their membrane potential (ischemic depolarization)
- Massive release of neurotransmitter, particularly glutamic acid
- Pathological levels of calcium entry and intracellular calcium release
- Calcium initiates a number of processes leading to cell death
• Excitotoxic cascade hypothesis
• A number of mechanisms were postulated to protect neurons at risk from this cascade;
receptor antagonists, calcium channel blockers, potassium channel openers, caspase
inhibitors…
• Many of these mechanisms looked very good in the animal models used.
• Many were tested in the clinic
• All failed to demonstrate any significant efficacy (est. $2B spent)
• Almost all efforts at neuroprotection were ended
• I don’t think any of these hypotheses were adequately tested, and I’ll explain why below.
Note that they may not be valid, I just don’t think they were tested properly.
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Which of the following contributed to clinical failure in stroke neuroprotection and
loss of industry participation?
• No longer a large unmet medical need, since clot dissolution/removal adequately treats stroke
patients
• Lack of understanding of the disease process
• Marketing groups insisted that successful treatments could only be given for the period of current
insurance-driven standard of care
• Only gyrencephalic species were used as stroke models, and they were too expensive
• Animal models did not adequately represent the disease

What We Got Wrong And Why
• Nearly everything except the need to initiate treatment quickly
• While mechanisms of ischemic cell death and neuroprotection may have been valid, we did not
understand the disease target
• Assumptions were made about how to treat that resulted from incomplete clinical knowledge and
market driven priorities
-Stroke evolves over a much longer time course, and treatment has to be
continued during the period of potential risk
-Other aspects of the natural history of the disease were ignored or unappreciated (e.g. role of
inflammation)
-You can’t ignore the BBB
-Inclusion in clinical trials was probably not restrictive enough
-Not enough attention paid to dosage form
-Drug cocktails, exploiting multiple neuroprotective mechanisms, might be more effective

• Animal models used to propel drugs into the clinic were badly designed, and we knew it
-Non-gyrencephalic (lissencephalic, smooth cortex) species used almost excusively (mice and rats, as opposed

to pigs, cats, dogs, most primates)
-Short-duration treatment, damage assessed usually after only a few days to a week
-Young adult animals used, whereas most human strokes occur in older patients, and older patients have much
less ability to repair damage (neuronal plasticity)
In other words, almost everything we did was too
permissive, and led to poor trial clinical trial design

34
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Another Question

Is what we have discussed with the history
of ischemic stroke treatment unique,
or
are there other equally compelling
examples of missteps in CNS drug
discovery and development?
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Examples of Other CNS Disease Areas Where We
Could Readily Learn From Our Past Mistakes
• Alzheimer’s Disease
Many failures, no real success; current treatments are palliatives (temporary cognition
enhancement)

• Amyotrophic Lateral Sclerosis
Many failures, riluzole remains only successful drug and extends life only by several months

• Parkinson’s Disease
Palliative treatments only

• Pain
Opiates and NSAIDS remain most effective treatments

Many other examples…

36
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That Positive Note I Mentioned Earlier
• The pivotal mistakes were not on the medicinal chemistry side, and target
identification was largely competent if incomplete. Candidate molecules were usually
quite good as target ligands. We now better understand that disease models will greatly
affect probability of success or failure.
• Much has been done to improve our understanding of disease processes.
Understanding of mutations leading to CNS disease has advanced meteorically, although
the relationship to sporadic disease (often the vast majority of cases) remains unclear
(AD and ALS are 2 good examples).
• Future clinical trials should benefit greatly from enhanced knowledge about disease
causation and natural history. Companies have learned that it’s better to have a
successful treatment and learn how to market it, than to try and force-fit discovery and
development of a treatment to existing markets and standards of care….I hope.
• The FDA is more willing to entertain the idea of cocktail treatments, although the
logistics of such ventures are still a significant hurdle.
• There is renewed interest in many CNS targets: the diseases remain large unmet
medical needs, and the financial rewards are significant. Many efforts are targeting
orphan populations with the hope that these successes may have wider implications
• Programs more likely to find traction in small companies, with VC support, while larger
companies wait to step in at a time when large investments in clinical trials are required.
As a model this is not new but is more frequent and is a good one.
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Still Positive!
• Much of the work in CNS drug discovery is now carried out in small,
targeted biopharmaceutical companies. Venture capital has been
increasingly interested in CNS indications, and big pharma remains
involved, particularly as a development engine for advanced projects.
• Many CNS diseases represent a collection of similar symptoms, with
multiple underlying causes (epilepsies, autism, perhaps AD and ALS). It
has become increasingly easier to target sub-populations of patients as
this is recognized, and industry takes advantage of orphan drug status.
• Older mechanisms and molecules are finding new life, and new
programs are being started based on these earlier efforts.
• WE, the scientists at the bench level, the clinicians at the bedside, the
administrators of commercial entities, the distributors of capital and
the public at large and their representatives ALL remain committed to
finding new treatments for CNS diseases and conditions.
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THANK YOU
I would like to acknowledge the help
of my colleague Prof. Leonard
Kaczmarek, Dept. of Pharmacology,
Yale University School of Medicine,
and the many colleagues I have
worked with over the years at BMS
and at several small companies,
including Dr. Nicholas Meanwell, at
whose invitation I prepared this talk.
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Next Month… Register for Free Now!

https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/cns-therapeutics.html
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Chemical Entity and Biomolecule Scientific Program Tracks:
• Preclinical (including Discovery)
• Bioanalytical
• Clinical Pharmacology
• Manufacturing & Bioprocessing
• Formulation & Quality
YouTube video:
https://www.youtube.com/watch?v=1DOxLBg0Ouw
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Join the Division Today!

For $25 ($10 for students), You Will Receive:
• A free digital copy of our annual medicinal chemistry
review volume (over 600 pages, $160 retail price)
• Abstracts of MEDI programming at national meetings
• Access to student travel grants and fellowships

Find out more about the ACS MEDI Division! www.acsmedchem.org
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Journal Scope
ACS Pharmacology & Translational
Science publishes high-quality,
innovative research across the broad
spectrum of pharmacology,
biochemistry, and experimental
medicine—from basic and molecular
sciences to translational preclinical
studies. We also consider clinical
studies that address novel mechanisms
of action and methodological papers
that drive innovation and advance
translational research.
https://pubs.acs.org/journal/aptsfn

“Students experienced
professional-level
discussion using topics
and vocabulary with
which they were
familiar but extending
far beyond the
classroom depth.”
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http://bit.ly/DDDS5video

Steve Schulz
High School Chemistry Teacher
Manheim Township High School

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org
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Benefits of ACS Membership
Chemical & Engineering News (C&EN)
The preeminent weekly digital and print news source.

NEW! ACS SciFinder
ACS Members receive 25 complimentary SciFinder® research
activities per year.

NEW! ACS Career Navigator
Your source for leadership development, professional
education, career services, and much more.
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®

ACS Webinars does not endorse any products or services. The views
expressed in this presentation are those of the presenter and do not
necessarily reflect the views or policies of the American Chemical Society.

Contact ACS Webinars ® at acswebinars@acs.org
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