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Legal Disclaimer
This presentation and other related material may contain a number of “forward-looking statements” within the meaning of the Private Securities
Litigation Reform Act of 1995, as amended, including statements regarding Karuna’s expectation about any or all of the following: (i) the timing,
progress and results of preclinical studies and clinical trials for KarXT in Karuna’s current indications and other product candidates it may
develop, including statements regarding the timing of initiation and completion of studies or trials and related preparatory work and the period
during which the results of the trials will become available; (ii) Karuna’s research and development plans, including its plans to explore the
therapeutic potential of KarXT in additional indications; (iii) Karuna’s plans to develop and commercialize KarXT and other product candidates;
(iv) the timing of and Karuna’s ability to obtain and maintain marketing approvals for its product candidates; and (v) the rate and degree of
market acceptance and clinical utility of any product candidates for which Karuna receives marketing approval. Forward-looking statements can
be identified by terms such as “believes,” “expects,” “plans,” “potential,” “would” or similar expressions and the negative of those terms Karuna
has based these forward-looking statements largely on its current expectations and projections about future events and financial trends that it
believes may affect its business, financial condition and results of operations. Although Karuna believes that such statements are based on
reasonable assumptions, forward-looking statements are neither promises nor guarantees and they are necessarily subject to a high degree of
uncertainty and risk. Because forward-looking statements are inherently subject to risks and uncertainties, some of which cannot be predicted or
quantified and some of which are beyond Karuna’s control, you should not rely on these forward-looking statements as predictions of future
events. These risks and uncertainties include, among others: outcomes of Karuna’s planned clinical trials and studies may not be favorable; that
one or more of Karuna’s product candidate programs will not proceed as planned for technical, scientific or commercial reasons; availability and
timing of results from preclinical studies and clinical trials; uncertainty about regulatory approval to conduct clinical trials or to market a products;
uncertainties regarding intellection property protection; and those risk and uncertainties described under the heading “Risk Factors” in Karuna’s
final prospectus supplement filed with the Securities and Exchange Commission on Registration Statement on July 28, 2019, and in any other
subsequent filings made by Karuna with the U.S. Securities and Exchange Commission, which are available at www.sec.gov. Existing and
prospectus investors are cautioned not to place undue reliance on these forward-looking statements, which speak only as of the date they are
made. Karuna disclaims any obligation or undertaking to update or revise any forward-looking statements contained in this presentation, other
than to the extent required by law.
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Karuna at-a-glance
•

KarXT

KarXT is a novel mechanism of action therapeutic targeting CNS indications
representing large and underserved patient populations characterized by psychosis and
cognitive deficit
Supported by two third-party Phase 2 clinical trials with xanomeline and two Phase 1
clinical trials with KarXT

•

•

Pipeline-ina-Product

Experienced
Team

Ongoing Phase 2 clinical trial in psychosis in schizophrenia
Near term development opportunities in

•
•
•
•

Negative and cognitive symptoms of schizophrenia
Psychosis in Alzheimer’s disease
Non-opioid for pain

•

Advanced formulation development underway to optimize therapeutic window and
improve compliance

•

Leadership with proven expertise in CNS drug development and commercialization
Advised by world experts in schizophrenia, Alzheimer’s disease, and neuroscience
Well-seasoned board of directors and blue-chip biotech investors

•
•

OVERVIEW
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Karuna financing summary
• $117 million raised privately since inception: supported by leading biotech investors
• Gross IPO proceeds: $102.6 million

• Pro-Forma Cash Balance as of June 30, 2019*: $168.5 million
• Expected cash runway: through at least mid-2021

* Cash balance pro forma for $93.2m net IPO proceeds which were received in July 2019

OVERVIEW
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Leadership team with deep expertise in neuroscience
and drug development
Steve Paul, M.D. | Chairman and CEO

David Hewitt, M.D. | SVP, Medical

Former EVP and president at Eli Lilly Research Labs;
Co-founder, board member at Sage Therapeutics &
Voyager Therapeutics; Former scientific director of NIMH

Former CMO, Syneos Health and inVentiv Health; Former
Executive Director at Merck; Former Senior Director OrthoMcNeil and Johnson & Johnson

Troy Ignelzi | CFO

Christian Felder, Ph.D. | VP, Discovery Research

Former CFO at scPharmaceuticals and Juventas;
Finance, BD, operations and sales executive at Esperion
Therapeutics, Insys Therapeutics and Eli Lilly

Adjunct faculty at Monash University and UVA; Former
Research Fellow/Director at Eli Lilly; Former Unit Chief at
NIMH; Former faculty at Georgetown University

Andrew Miller, Ph.D. | Founder and COO

Giorgio Attardo, Ph.D. | VP, CMC & Preclinical Development

Founder and inventor of KarXT technology; Former VP at
PureTech; 40 under 40 innovators award from MedTech
Boston; Director and Former COO at Entrega

Former VP of Discovery and Preclinical Development at Avid
Radiopharmaceuticals (Eli Lilly); Held senior CMC and research
positions at Gemin X, Shire, BioChem Pharma and Chlorion

Stephen Brannan, M.D. | CMO

Gregory Brophy, Ph.D. | Senior Regulatory Consultant

Former Therapeutic Head of Neuroscience at Takeda;
senior positions at Novartis (Exelon patch), Eli Lilly
(Cymbalta), Cyberonics, & Forum Pharmaceuticals

Former Senior Head of Neuroscience Regulatory at Eli Lilly;
Former executive leader of regulatory (consulting) at Acadia

OUR TEAM
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Antipsychotics: Blockbuster sales, but little innovation
• Today’s drugs rely on same mechanism as drugs of the 1950s (first antipsychotic drug, chlorpromazine,
discovered in 1952)
• Sales of antipsychotic drugs were >$11B in 2015 and are expected to be >$14B by 2025 worldwide
• Despite limited efficacy, severe side effects, and the availability of generic medicines, antipsychotic drugs such as
Zyprexa, Seroquel and Abilify each achieved >$5B peak sales worldwide

• Antipsychotics are a protected Medicare Part D class

1989

1993

1996

1997

2001

2002

2006

2009

2009

2010

2015

THE OPPORTUNITY
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Schizophrenia: The “cancer of psychiatry”
•

Chronic, disabling disorder typically diagnosed
in late teenage years or early adulthood

•

Characterized by recurring episodes of
psychosis requiring long-term treatment with
antipsychotic drugs in most patients

•

Affects over 21 million people worldwide
– 2.7 million Americans (0.5% - 1.0% of U.S.

population) had schizophrenia in 2017



People with Schizophrenia have a 10 - 15 year
reduction in life expectancy and struggle to
maintain meaningful interpersonal relationships



The World Health Organization ranks
psychosis as the third-most disabling
medical condition in the world
KarXT IN SCHIZOPHRENIA
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Unmet need. Significant opportunity.
Schizophrenia
• Positive (psychosis), negative and cognitive
symptom domains
• Antipsychotics currently approved only to treat
psychosis; nothing to treat negative and
cognitive symptoms

Alzheimer’s disease psychosis
•

No medicines approved for treatment

•

Current antipsychotics used despite black box
warning for increased morbidity and mortality

•

Afflicts up to 50% of AD patients; 5.8m AD
patients in the US

Pain
• Multiple opportunities across different pain
modalities: acute (post-op), inflammatory, and
neuropathic
• Reducing or eliminating opioid use is major
public health need

• Significant side effects including movement
disorders, weight gain, sedation, etc.
• Significant refractory population and frequent
medication switching

THE OPPORTUNITY
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Karuna’s portfolio of muscarinic receptor-targeted
programs
Indication
Schizophrenia
Psychosis

Schizophrenia

KarXT

Cognitive Symptoms

Schizophrenia
Negative Symptoms

Alzheimer’s Disease
Psychosis

Other

Pain

Muscarinic
Targeted Drug Candidate

Discovery/
Preclinical

Phase 1

Phase 2

Phase 3

Upcoming
Milestone
Topline
Phase 2 data
End of 2019
Phase 1b
initiation
1H 2020
Phase 1b
initiation
1H 2020
Phase 1b
initiation
2H 2019
Phase 1b
initiation
2H 2019
IND-enabling
studies
2020

THE OPPORTUNITY
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The Rationale for KarXT

Target validation: Muscarinic receptors and xanomeline
•

Muscarinic receptors: G-protein coupled acetylcholine receptors

•

Five different subtypes of muscarinic receptors
- All five express in the brain, but also expressed in peripheral tissues
(especially M2/M3)
- Biology and preclinical studies indicate M1 and M4 muscarinic receptors
are the subtypes believed to mediate the antipsychotic, procognitive and
analgesic effects of xanomeline and other muscarinic agonists

•
•

•

xanomeline

Muscarinic receptor

Receptor

EC50 (nM)8

M1

7.6

M2

125

M3

67

M4

20

M5

508

Xanomeline has robust brain penetration (human PET study)1
Xanomeline is M1/M4 preferring agonist that shows potential therapeutic
benefit in multiple models of psychosis as well as negative and cognitive
symptoms of schizophrenia2-6 and pain7
Human PoC in double-blind, placebo-controlled trials with xanomeline in
schizophrenia and Alzheimer’s9,10

1. Farde et Al. (1996) 2. Shannon et al. Schizophrenia Research (2000) 42: 249–259.; 3. Stanhope et al. JPET (2001) 299: 782–792.; 4. Mirza et al. CNS Drug Reviews (2003) 9: 159186.; 5. Thompson et al. Psychopharmacology (2010) 208: 401–416.; 6. Barak et al. Int J Neuropsychopharmacol. (2011) Jan 7:1-14. 7. Martino et al. (2011). 8. Unpublished data from
NIMH psychoactive drug screening program. 9. Shekhar et al (2008) Am J Psych. 10. Bodick et al. (1997) Arch Neur

RATIONALE FOR KarXT
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Unrealized potential of muscarinic receptors

Muscarinic receptors
in the brain are
promising targets for
schizophrenia,
Alzheimer’s and pain

Many companies pursued
development, but were
stymied by side effects
caused by peripheral
muscarinic receptors

A novel approach is
needed to realize potential
of muscarinic agonists

RATIONALE FOR KarXT
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KarXT selectively activates
muscarinic receptors in the brain
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System
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Our proprietary lead product candidate: KarXT

•

xanomeline

trospium chloride

(muscarinic agonist)

(muscarinic antagonist)

Human PoC in double-blind,
placebo-controlled trials in
schizophrenia and Alzheimer’s

•

Trials enrolled over 800 patients
including 68 patients for ≥ 1year

•

Exclusively licensed from Eli Lilly

KarXT

•

Does not meaningfully cross the
blood brain barrier, limiting
effects to peripheral tissues

•

No known metabolic overlap with
xanomeline

•

Generic drug for overactive
bladder used since the 1960s

xanomeline + trospium chloride

KarXT is designed to maintain
efficacy of xanomeline while
ameliorating its cholinergic AEs

RATIONALE FOR KarXT
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Trospium’s effect is limited to peripheral tissues

• There is robust evidence that trospium does not appreciably cross the blood brain barrier, confining its
effects to peripheral tissues
• Trospium in undetectable in the CSF in human clinical trial, providing robust evidence that trospium
does not appreciably cross the BBB or achieve therapeutically relevant concentrations in the brain
• No central effects of trospium reported on quantitative EEG-based biomarker that is sensitive to
CNS-penetrant muscarinic antagonists, such as oxybutynin
1. Staskin et al. Int J of Clin Pract (2010) 64, 1294-1300; 2. Todorova et al. J of Clin Pharmacol. 2001: 41, 636-644.

RATIONALE FOR KarXT
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KarXT builds upon robust data across
multiple clinical trials

1

2

3

xanomeline activity in

xanomeline activity in

Limitations of xanomeline and

Alzheimer’s

Schizophrenia

The KarXT Solution

Double-blind, placebo-controlled,
Phase 2 trial of xanomeline (n=343)

Double-blind, placebo-controlled trial of
xanomeline in acute psychosis (n=20)

•

•

Dose-dependent reduction in
psychotic symptoms

•

Beneficial effect on cognition

•

Xanomeline treatment not associated
with sedation, weight gain, movement
disorders or other side effects of
current drugs

24 pt. reduction over placebo on total
PANSS (p<0.05); larger than currently
approved antipsychotics typically show

•

Cognitive improvement, particularly in
working memory domains

•

Benefit on negative symptoms

Despite potential impact on
schizophrenia and Alzheimer’s,
xanomeline had tolerability limitations
•

Cholinergic AEs associated with
activation of peripheral muscarinic
receptors hindered further development
of xanomeline

Trospium offsets xanomeline effects on
peripheral muscarinic receptors
•

Two phase 1 trials show tolerability of
KarXT in healthy volunteers (n=139)

RATIONALE FOR KarXT
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1

Xanomeline for the
Treatment of
Psychosis in
Alzheimer’s Disease

Xanomeline evaluated in large
Phase 2 Alzheimer’s disease trial

Trial design

• 343 patient placebo-controlled, double-blind clinical trial with active treatment for 24 weeks
• Three xanomeline doses (75, 150, and 225 mg/d) and placebo
• Endpoints:
- Co-primary: ADAS-Cog and CIBIC+

- Secondary: Behavior (ADSS, includes psychotic symptoms) and Nurses' Observation Scale for Geriatric Patients

Bodick and Paul. Arch Neurol. 1997; 54:465

XANOMELINE FOR THE TREATMENT OF ALZHEIMER’S
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Significant remission of psychotic symptoms observed
% of patients with symptom at baseline whose symptoms stopped during treatment (ITT analysis)
60%

p=0.003
(p=0.008)

p=0.020
(p=0.005)

p=0.063
(p=0.021)

p=0.011
(p=0.017)

p=0.063
(p=0.028)

p=0.066
(p=0.012)

p=0.003
(p=0.015)

50%
40%
30%
20%
10%
0%
Hallucinations

Compulsivness

p value is 225 mg/d xanomeline vs. placebo
(p value is dose-response analysis)

Delusions

Suspiciousness

Vocal Outbursts

Mood Swings

Unsafe Use of
Appliances

xanomeline alone
Bodick and Paul. Arch Neurol. 1997; 54:465

Placebo

75 mg/d

150 mg/d

225 mg/d

XANOMELINE FOR THE TREATMENT OF ALZHEIMER’S
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Significant prevention of psychosis onset observed
% of patients who developed symptom during trial (ITT analysis)
60%

p=0.011
(p=0.012)

p=0.001
(p=0.001)

p=0.001
(p=0.003)

p=0.002
(p=0.002)

p=0.017
(p=0.019)

p=0.001
(p<0.001)

p=0.013
(p=0.004)

Delusions

Suspiciousness

Vocal
Outburst

Agitation

Wandering

Fearfulness

50%

40%

30%

20%

10%

0%
Hallucinations

p value is 225 mg/d xanomeline vs. placebo
(p value is dose-response analysis)

xanomeline alone
Bodick and Paul. Arch Neurol. 1997; 54:465

Placebo

75 mg/d

150 mg/d

225 mg/d

XANOMELINE FOR THE TREATMENT OF ALZHEIMER’S
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Evidence of cognitive benefit in Alzheimer’s

ADAS-Cog†
ITT-LOCF
[Completers]

Placebo

xanomeline
75 mg/d

xanomeline
150 mg/d

xanomeline
225 mg/d

0
[0]

0.29
[0.39]

0.01
[1.34]

1.31
[2.84*]

† Placebo-adjusted change
*p < 0.05

• In completers analysis, cognitive benefit on ADAS-cog similar to donepezil (Aricept®)
• Early trial dropouts (59% on 225 mg/d vs. 35% on placebo) due to tolerability limited
statistical power of cognitive analysis
• Statistically significant benefit in ITT analysis at 150 mg/d dose on CIBIC+ (data not shown)
Bodick and Paul. Arch Neurol. 1997; 54:465

XANOMELINE FOR THE TREATMENT OF ALZHEIMER’S
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2

Xanomeline for the
Treatment
of schizophrenia

22

Xanomeline evaluated in small third-party
Phase 2 schizophrenia trial

XANOMELINE FOR THE TREATMENT OF SCHIZOPHRENIA
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Promising antipsychotic effect in schizophrenia trial
PANSS change in xanomeline
schizophrenia trial (n=20)
Placebo

100

Xanomeline

Trial design
• Randomized, placebo-controlled, doubleblind, monotherapy trial
†

*

• Primary endpoint: Total PANSS

• 225 mg/d (high dose from Alzheimer’s
trial) vs. placebo

PANNS Score

90

80

Results

70

• Robust (P<0.05) reduction in total PANSS
(24 pt. change vs. placebo)

60

50
0

5

10

15

Days of Treatment
* p<0.05
†PANSS

– Positive and Negative Syndrome Scale

1. Shekhar et al. Am. J. Psych. (2008) 165, 1033; 2. Davis et al. Molecular Psych. (2009) 14, 429;

20

• Meta-analysis indicate approved drugs
average ~9 pts vs. placebo on PANSS
• 5 and 6 pt separation on PANSS-positive
PANSS-negative subscales respectively
• Beneficial effect on several cognitive tests
XANOMELINE FOR THE TREATMENT OF SCHIZOPHRENIA
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Promising procognitive benefit in schizophrenia
• Largest cognitive improvement seen in working
memory domains
• Trial design (acute psychosis) not intended to
provide definitive assessment of cognitive
improvement
• Converging lines of evidence suggest the
procognitive effects of xanomeline: Alzheimer’s
disease trial, schizophrenia trial, preclinical data and
biology

Shekhar et al. Am. J. Psych. (2008) 165, 1033

XANOMELINE FOR THE TREATMENT OF SCHIZOPHRENIA

25

3

Limitations of
xanomeline and
the KarXT Solution

Key limitation of xanomeline: Cholinergic AEs
Most common AEs reported in Phase 2 xanomeline AD trial

•
•

Placebo
(n=87)

225 mg/d
(n=87)

Excessive Sweating

5%

76%

Nausea

20%

52%

Vomiting

9%

43%

Diarrhea

17%

32%

Increased Salivation

0%

24%

No dose titration performed in the AD study
Also observed syncope (13% vs. 5%) and transient increases in heart rate and liver function tests
that returned to baseline by conclusion of the trial

Cholinergic AEs believed to be associated with activation of peripheral muscarinic receptors
hindered further development of xanomeline
Boddick and Paul. Arch Neurol. 1997; 54:465

RATIONALE FOR KarXT
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Phase 1 KarXT POC trial suggests improved
tolerability to xanomeline
Trial design
•
•

Double-blind, randomized, seven-day trial, with
two-day lead-in period, in 70 healthy volunteers
225 mg/d xanomeline dose (same dose tested in
SZ study and the high dose in the AD study) and
40 mg/d trospium (approved dose)

Results
•
•
•

Significant reduction in the common xanomeline
adverse events (p=0.016)
KarXT rate of cholinergic AEs (34%) similar to
placebo lead-in period (32%)
Vast majority of cholinergic AEs were mild and
transient, lasting fewer than three hours

Reduction in cholinergic incidence rates
xanomeline
+ placebo
n= 33

KarXT
n= 35

% Reduction
in Incidence
Rates

Any cholinergic AE
(p=0.016)

64%

34%

46%

Nausea

24%

17%

29%

Vomiting

15%

6%

62%

Diarrhea

21%

6%

73%

Sweating

49%

20%

59%

Salivation

36%

26%

29%

ChAE Incidence
Rates

KarXT IN SCHIZOPHRENIA
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Phase 1 KarXT co-formulation ascending dose trial
Trial design

KarXT co-formulation

• Test tolerability and PK of twice-a-day KarXT
co-formulation and to explore higher doses of xanomeline
(100-125-150 BID) and trospium (20-40 BID)

• 7-day in patient trial in healthy volunteers
• 69 subjects randomized to KarXT or placebo (3:1 ratio)

xanomeline
+
trospium

High level results
• Co-formulation led to robust human exposures, with 100
mg BID xanomeline exposure equal to, or exceeding, 75
mg TID xanomeline exposures from previous Phase 1 trial
• Co-formulation well tolerated at therapeutic dose levels of
xanomeline

• Variable xanomeline/trospium ratios

• Scalable, established manufacturing
process

• Two doses (100/20 and 125/30) advanced into Phase 2

KarXT IN SCHIZOPHRENIA
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Overall tolerability: grouped cholinergic AEs
Combined
Placebo Groups

•

Co-formulation Study

Tolerability POC Study

Dose

0/0
(n=46)

100/20
(n=18)

125/40
(n=18)

75 TID/20 BID
(n=35)

75 mg TID
xanomeline-alone
(n=33)

Total cholinergic
AE

24%

39%

39%

34%

64%

100 and 125 mg BID xanomeline well tolerated when paired with 20 and 40 mg BID trospium respectively
-

94% of patients experienced no ChAEs or only mild transient ChAEs (most less than 3 hours)

•

Current antipsychotics are not well tolerated at therapeutic dose levels in healthy volunteers

•

150 mg BID xanomeline dose was associated with moderate cholinergic AEs and was not as well tolerated as 100 mg
and 125 mg xanomeline when paired with trospium

•

Mild anticholinergic AEs observed at 40 mg trospium dose level, max trospium dose set at 30 mg in Phase 2

KarXT IN SCHIZOPHRENIA
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KarXT in Schizophrenia

Schizophrenia symptom domains

Positive Symptoms
(Psychosis)
•
•
•
•

Hallucinations
Delusions
Conceptual disorganization
Confused thoughts and speech

Negative Symptoms
• Flat, constricted affect
• Social withdrawal
• Lack of ability to initiate
and sustain activities
• Loss of motivation

Cognitive Symptoms
•
•
•
•

Impaired executive function
Memory deficits
Decreased attention
Reduced processing speed

KarXT IN SCHIZOPHRENIA
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Phase 2 in schizophrenia patients with acute psychosis
Design characteristics
• Same trial design used as the pivotal study design to support registration of
other antipsychotic drugs
• Randomized, double-blind, placebo-controlled trial
– N=180, 1:1 randomization
– 5-week inpatient treatment period
– Patients washed out from current antipsychotic drugs prior to randomization

• Inpatient

• Number of sites – 12
– Average patients per site – 15

• Independent, centralized patient-rating, in addition to on-site rating
• All patients screened against historical trial participation databases

• Exclude patients with ≥ 20% screening to baseline reduction in PANSS

KarXT IN SCHIZOPHRENIA
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Phase 2 in schizophrenia patients with acute psychosis
Dosing and endpoints
• KarXT vs. placebo (1:1 randomization)
• Flexible KarXT dose

KarXT

– Three day titration up to 100/20 BID
– Potential increase to 125/30 BID after the first week based on tolerability

• Primary endpoint
– PANSS change from baseline vs. placebo
– Same as previous xanomeline trial and consistent with many registrational trials
of antipsychotic medicines

• Other endpoints: PANSS Marder Factor score (including negative
symptoms), cognitive battery, etc.

KarXT IN SCHIZOPHRENIA
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Ongoing Phase 2 Status Update
 Three Independent Safety Monitoring Committee (ISMC) interim reviews of
unblinded safety data recommended to “continue study without
modification”
 Approximately 90% of patients in the trial are escalating the dose of either
KarXT or placebo after the first week of treatment. Less than 5% of patients
de-escalating back to lower dose.
 The early termination rate is between approximately 20-25%, below the
30% rate assumed when initiating the trial

Topline Data expected in late 2019

KarXT IN SCHIZOPHRENIA
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Additional Programs

Phase 1b healthy elderly trial foundational
for Alzheimer’s disease
Trial Design
• Similar design to previous ascending dose trial in
healthy volunteers

Trial initiation planned
for 2H 2019

• Several design aspects under consideration:
– Titration schedule and overall treatment duration
– Flexible dose design to allow for individual MTD
determination
– Concomitant medication use
• Currently evaluating the need and design of trials to
evaluate co-administration with acetylcholinesterase
inhibitors and other medicines in preparation for
Phase 2 development

Protocol refinement and
CRO/site engagement
ongoing

KarXT IN ALZHEIMER’S PSYCHOSIS
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Phase 1b experimental pain trial
Trial Objectives
• Confirm preclinical analgesic signal in healthy
volunteers using a induced-pain model

Trial initiation
planned for 2H 2019

• Inform most appropriate Phase 2 indications
(acute/inflammatory/neuropathic pain)

Trial with Dr. Klaus Schaffler in Munich
• Validated laser-based stimulation as model of acute,
inflammatory, and neuropathic pain
• Both qualitative (VAS) and quantitative (pain
stimulus amplitude via EEG & quantitative skin
colorimetry) data readouts
• Randomizing healthy volunteers using crossover
design to control variability

Protocol refinement,
preparation of regulatory
filings, and selection of
oversight CRO/CRA/study
monitors ongoing

ADDITIONAL DEVELOPMENT OPPORTUNITIES
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New KarXT formulations and pipeline expansion
demonstrate strong pipeline potential
Optimizing KarXT with new
formulations designed to

Multiple opportunities for pipeline
expansion

• Increase therapeutic window by reducing Cmax
(side effects) for a given AUC (efficacy)

• Potential to position Karuna as leading
muscarinic and CNS-focused company

• Increase bioavailability, thereby reducing
inter/intrasubject variability

• Ongoing discovery program with novel series
of compounds targeting muscarinic receptors

• Decrease dosing frequency & increase
adherence for target populations (particularly
schizophrenia and Alzheimer’s disease)

• Potential to license additional programs, either
muscarinic or non-muscarinic targeted CNS
programs

• Create new intellectual property

ADDITIONAL DEVELOPMENT OPPORTUNITIES
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Corporate Overview

KarXT is a new chemical entity with a broad IP portfolio
•

Xanomeline was never approved in any country  KarXT eligible for regulatory exclusivity in all territories worldwide

•

Regulatory exclusivity of up to 8 years in the U.S. including 30-month patent stay and 6-month pediatric extension

•

Xanomeline is not a generic drug; we don’t anticipate xanomeline being available outside of the KarXT combination

•

ANDA challenge would have to provide bioequivalence to KarXT combination

•

Issued patents in the US and EU around KarXT with expiration date in 2030 + PTE

•

Co-formulation patent applications offer potential protection through 2039 + PTE

Patent Family 1

Patent Family 2

• 4 issued US patents, 1 issued EU patent, 3 pending

•

Priority date 2018

applications across Japan, HK and Canada

•

Pending U.S. provisional

• Covering methods and compositions of KarXT

•

Covering co-formulation compositions, PK, and
xanomeline:trospium ratios

CORPORATE OVERVIEW

41

Board of Directors: Biotech and drug development leaders
Steve Paul, M.D. | Chairman and CEO

Jeff Jonas, M.D.

Former EVP and president of Eli Lilly Research Labs.
Co-founder, board member Sage Therapeutics & Voyager
Therapeutics. Former scientific director of NIMH

CEO of SAGE Therapeutics. Former President of Regenerative
Medicine and SVP of R&D at Shire; CMO and EVP at Forest
Labs; EVP at Ionis/ISIS

Bharat Chowrira, JD, Ph.D.

Bob Nelsen

President and Chief of Business and Strategy at PureTech
Health. Former President of Synlogic; COO at Auspex
Pharmaceuticals; President and CEO of Addex Therapeutics

Co-founder and a Managing Director of ARCH Venture Partners,
responsible for early sourcing, financing and development of
more than 100 companies

Ed Harrigan, M.D.

Atul Pande, M.D.

Development lead for antipsychotic Geodon® (>$1B peak sales).
Former Pfizer SVP, Head of Worldwide Business Development
and Head of Worldwide Regulatory Affairs and Quality Assurance,
VP, Head of Neuroscience and Ophthalmology

Former SVP, Head of Neuroscience and Senior Advisor of
Pharmaceutical R&D at GSK. Senior roles at Pfizer, ParkeDavis/Warner-Lambert and Eli Lilly. Former CMO of PureTech
Health.

Jim Healy, M.D., Ph.D.

Heather Preston, M.D.

General Partner of Sofinnova Investments. Formerly with
Sanderling Ventures, Bayer Healthcare Pharmaceuticals and
ISTA Pharmaceuticals.

Managing Partner, Pivotal bioVenture Partners. Former Firm
Partner and Managing Director, TPG Biotech; Venture Capital
Investor, JP Morgan Partners
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A steady cadence of clinical milestones and catalysts

Phase 2
clinical trial in
psychosis in
schizophrenia

Topline data
end of 2019

Phase 1b
clinical trial in
Alzheimer's
disease
psychosis in
healthy elderly
volunteers

Phase 1b
proof-ofconcept
studies in pain

Phase 1b
studies in
cognitive
symptoms of
schizophrenia

Phase 1b
studies in
negative
symptoms of
schizophrenia

Phase 1b
initiation
2H 2019

Phase 1b
initiation
2H 2019

Phase 1b
initiation
1H 2020

Phase 1b
initiation
1H 2020

2019

IND-Enabling
Studies
in muscarinic
targeted program

2020

2020
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Karuna at-a-glance
•

KarXT

KarXT is a novel mechanism of action therapeutic targeting CNS indications
representing large and underserved patient populations characterized by psychosis and
cognitive deficit
Supported by two third-party Phase 2 clinical trials with xanomeline and two Phase 1
clinical trials with KarXT

•

•

Pipeline-ina-Product

Experienced
Team

Ongoing Phase 2 clinical trial in psychosis in schizophrenia
Near term development opportunities in

•
•
•
•

Negative and cognitive symptoms of schizophrenia
Psychosis in Alzheimer’s disease
Non-opioid for pain

•

Advanced formulation development underway to optimize therapeutic window and
improve compliance

•

Leadership with proven expertise in CNS drug development and commercialization
Advised by world experts in schizophrenia, Alzheimer’s disease, and neuroscience
Well-seasoned board of directors and blue-chip biotech investors

•
•

SUMMARY
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Developing novel therapies to dramatically
improve the lives of people with psychiatric and
neurological disorders
Confidential

SAB comprised of world experts in schizophrenia,
Alzheimer’s and neuroscience
Alan Breier, M.D. | Chief Clinical Advisor and SAB Chair

Atul Pande, M.D. | SAB Member

Former chief medical officer, Eli Lilly; team leader for Zyprexa ®
(>$5B peak sales); vice chair of clinical research at Indiana
University School of Medicine

Former GSK SVP, head of neuroscience; 25+ years
experience in neuroscience drug development

Richard Keefe, Ph.D. | SAB Member
Duke University School of Medicine Professor in Psychiatry
and Behavioral Sciences; focus on schizophrenia, psychosis
and cognition

Alan Levey, M.D., Ph.D. | SAB Member
Professor and Chairman of the Department of Neurology at
Emory University; Director of the Emory Alzheimer’s Disease
Research Center; internationally recognized for work in
neurodegenerative disease

Jeffrey Lieberman, M.D. | SAB Member
Professor and Chairman, Department of Psychiatry, Columbia
University; Director, New York State Psychiatric Institute;
Former president of the American Psychiatric Association (APA)

William Potter, M.D., Ph.D. | SAB Member
Former VP of Translational Neuroscience at Merck;
former Head of Early Clinical Development at Eli Lilly

Anantha Shekhar, M.D., Ph.D. | SAB Member
Director of the Indiana Clinical and Translational Sciences
Institute, Professor of Psychiatry, of Neurobiology and of
Pharmacology & Toxicology at the IU School of Medicine

Carol Tamminga, M.D. | SAB Member
Lou and Ellen McGinley Distinguished Chair and the
McKenzie Chair in Psychiatry at the University of Texas
Southwestern Medical School; Chairman of the Department of
Psychiatry; Chief of the Translational Neuroscience Division in
Schizophrenia at UTSW
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KarXT for the Treatment
of Psychosis in
Alzheimer’s Disease

Compelling rationale for development in pain
• Public health need for non-opioid-based pain
agents and significant medical need for new
chronic pain treatments
• Significant biological rationale and preclinical
data supporting the efficacy of muscarinic
agonists including xanomeline1-3
• Preclinical data spans multiple types of pain
(post-operative, inflammatory, neuropathic)
• Xanomeline efficacy tied to CNS, not
peripheral, muscarinic receptors

Muscarinic agonists show benefit across
multiple animal models of pain
Pain
modality

Model/test

Muscarinic
agonist

Acute
nociceptive
pain

Hot plate
Tail flick
Formalin, 1st phase
Visceral pain

Oxotremorine,
Pilocarpine,
Arecoline,
Xanomeline

Peuvry and Tobias,
1971 Ghelardini et al.,
2000 Sheardown et al.,
1997 Capone et al.,
1999

Tissue injury/
persistent pain

Formalin, 2nd phase
Paw incision
Paw incision

Oxotremorine
Bethanechol
WAY-132983

Capone et al., 1999
Prado and Dias, 2009
Sullivan et al., 2007

Inflammationinduced pain

Carrageenan
Complete Freund’s adjuvant
Complete Freund’s adjuvant

Vedaclidine
WAY-132983
Xanomeline

Shannon et al., 2001,
Sullivan et al., 2007
Martino et al., 2011

Neuropathic
(nerve injury)
pain

Spinal nerve ligation
Spared nerve injury
CIPN

WAY-132983
Xanomeline
Oxotremorine

Sullivan et al., 2007
Martino et al., 2011
Ferrier et al., 2015
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