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1. Unmet needs
A. Symptom clusters

. Refractory positive symptoms - TRS
. Prominent negative symptoms* -
. Neurocognitive impairment*

B. Tolerability
. Weight gain
C. Adherence

2. Thinking outside the box
Cholinergic system
e Other

3. The way forward
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Negative symptoms Cognitive impairment
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Symptom domains and functional outcome
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Contributors to poor outcomes
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Innovative
treatments
unavailable

Existing treatments not used:
Clozapine and LAls
underutilized’2
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TRS as a biological subtype (?) o iy academy

e Clinical differences _

* Earlier age of onset
* Not more common in males
* Worse outcome (circular reasoning)

* Biological differences
 More familial and greater genetic loading
* Possible specific cognitive deficits
* Response to clozapine but not other antipsychotics

* Pathophysiology
* Not dopamine-driven
* Inflammation

* Majority are resistant at presentation; minority develops resistance over time
(related to relapse)

magheme, org
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Pimavanserin for TRS Psychiatry Academny

* Mechanism of action? EIRESIEY

* Antagonist/inverse agonist at serotonin 5HT2A receptors
* Less potent antagonist/inverse agonist at 5SHT2C receptors

* 2016 FDA-approval for psychosis in Parkinson’s disease (Nuplazid)?3
* Clinical case series (N=10) for TRS*

* Phase Ill 6-week add-on trial in (somewhat) TRS (Acadia’s ENHANCE-
1)°

* Negative results for psychosis (PANSS total score)
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Evenamide for TRS Psychiatry Acaderny

I

* Evanamide = NW-5309 (Newron)

* Mechanism: VGSC blocker (glutamate modulator)
* Selective voltage-gated sodium channel (VGSC) blocker
including (and not limited to) subtypes Nav1.3, Navl.7, and Nav1.8

* Phase 2 study 014/015!
* Add-on for treatment-resistant schizophrenia (not on clozapine)
* 6-week, randomized, rater-blinded, open-label, international, multi-site + 6-month extension

* Encouraging efficacy
* 12% reduction in PANSS score
* CGI-SO0.7
* High response rate of 77%
* Too-good-to-be-true 1-year results: 25% remission

* Phase 2/3 study 008A?

* 4-week, short term add-on trial
* Effects size d=0.33

* ENIGMA phase 3 trials ongoing/initiated
« ENIGMA TRS 1 and ENIGMA TRS 2 (NCT07184619)

mghcme.org
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* D3 has interesting brain distribution
e Limbic system (ventral striatum) and thalamus

* D3 is of interest for several areas of psychiatry
* Negative symptoms
* Drug addiction
* Mood disorders
* Cognition

. :EnPtSeresting observation that a pure D2/3 antagonist [amisulpride] does not cause

* Full D3 antagonists: antipsychotic without causing EPS?
» D3-preferring antipsychotic candidate F17464 under development?3

* D3 agonist drugs [pramipexole, ropinirole; signal for ari iprazole]sincreased risk
for pathological gambling, hypersexuality, compulsive shopping®*

Syhepseoso1ssaa3is
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Cariprazine for negative symptoms Psychiatry Academy

* Cariprazine is high-affinity D3 preferring D3/D2 partial agonist

» 26-week double-blind phase Il RCT

 Cariprazine 3 to 6 mg/d (N=227) versus risperidone 4 mg/d (N=229) as active
reference antipsychotic

 Stable schizophrenia patients with prominent negative symptoms but no
prominent psychosis or depression

* Minimum score of 24 on the PANSS-negative factor score (NFS)

e OQutcome variables
* Primary endpoint: PANSS-NFS
» Secondary endpoint: Personal and Social Performance Scale (PSP)

mghcme,(])l@'neth G et al. Lancet. 2017;389:1103-13.
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Indications Typical dose Binding Comments
range affinities (Ki)
Aripiprazole Schizophrenia 10 to 30 mg/d D2/30.21/0.93 Half-life 94 h**
Bipolar disorder D2/D3 =0.22 CYP3A4
Adjunct depression 5-HT1la 1.7 CYP2D6
Tourette 5-HT 2a 3.4 High affinity for
Autism 5-HT 2c
Brexpiprazole  Schizophrenia 2 to4 mg/d D2/30.30/1.1  Half-life91 h
Adjunct depression 0.5 to 2mg/d D2/D3 = 0.27 CYP3A4
5-HT1a 0.12 CYP2D6
5-HT 2a 0.47
Cariprazine***  Schizophrenia 1.5 to 6 mg/d D2/3 0.49/0.09 Longest half-life
Acute mania/mixed 3 to 6 mg/d D2/D3 =5.76 (1-3 weeks)**
Negative symptoms* 5-HT 1a 2.6 CYP3A4
5-HT 2a 18.8

inghcme.org
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Ami SU I P ri d e Psychiatry Academy

* Pure, high-affinity D2/3 antagonist
* Not available in US for schizophrenia (but for PONV as injection)
* Low EPS and weight gain risk; prolactin elevation

* Excellent efficacy and effectiveness in clinical trials
* EUFEST: first-episode patients
e CUtLASS 1: quality of life
* OPTiIMISE: first-episode patients
* BeSt InTro: amisulpride vs. olanzapine vs. aripiprazole?!

» Best efficacy for positive symptoms after clozapine
* Effective clozapine augmentation

* Drug development (phase 2)
* Methylated amisulpride (LB-102)?

mgheme . org
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D2/D3/5-HT7 receptor antagonist

EI Change from baseline in PANSS total score
D- _

& LB-102, 50 mg
(baseline=93.9; n=107)
LE-102, 50 myg vs placebo:

ll

: P=_001 (multiplicity adjusted)
A LB-102, 75mg
(baseline =93.6; n= 10E)
LE-102, 75 myg vs placebo:
=101 P=.002 (multiplicity adjusted)

B LE-102, 100 mg
(baseline=93.9; n=36)
LE-102Z, 100 myg vs placebo:
P=.002

Placebao

(baseline =93_8; n= 10E)

L% mean change from baseline
in PAMSS total score

s
n
*

-ID T T T L
Baselina Week 1 Week 2 Week 3 Waalk 4
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| SS1A = Selective Serotonin Inverse Agonist |
* Mechanism of action | 5-HT2A inverse agonist |

* Antagonist/inverse agonist at serotonin 5SHT2A receptors
* Less potent antagonist/inverse agonist at 5SHT2C receptors

» 2016 FDA-approval for psychosis in Parkinson’s disease (Nuplazid)?3
* Phase 2 add-on trial for depression*
* Clinical case series (N=10) for TRS>

* Phase 3 add-on trial in (somewhat) TRS (Acadia’s ENHANCE-1)°
* Negative results for psychosis (PANSS total score)

* Phase 2 add-on trial for negative symptoms (Acadia’s ADVANCE)’-®
* Positive results, small effect size (ES = 0.2)
 Better efficacy for higher dose (34 mg)°

mahcme . org
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* Phase 3 ADVANCE-2 SAN DIEGO—(BUSINESS WIRE)-Mar. 11, 2024— Acadia

Pharmaceuticals Inc. (Nasdaqg: ACAD) today announced top-line
results from the Phase 3 ADVANCE-2 trial evaluating
pimavanserin for the treatment of negative symptoms of
schizophrenia. Pimavanserin did not demonstrate a
statistically significant improvement over placebo on the
years of failed expansion efforts” study’s primary endpoint, the change from baseline to week
By Zoey Becker 26 on the Negative Symptom Assessment-16 (NSA-16) total
Mar 12, 2024 score (-11.8 vs. -11.1; p=0.4825; effect size=0.07). The safety
and tolerability profile of pimavanserin was consistent with
previous clinical trials, showing a low rate of adverse events.

Fierce Pharma:
“Acadia to end Nuplazid testing
after schizophrenia trial flop and

mghcme.org



https://acadia.com/media/news-releases/acadia-pharmaceuticals-announces-top-line-results-from-phase-3-advance-2-trial-of-pimavanserin-in-negative-symptoms-of-schizophrenia/
https://www.fiercepharma.com/pharma/acadia-officially-end-further-testing-its-nuplazid-after-schizophrenia-trial-flop-and-years

= Massachusetts General Hospital

=== Founding Member, Mass General Brigham

Deuterated medicines Psychiatry Academy

* Hydrogen isotopes
* Hydrogen (H); “heavy” H = deuterium (D); tritium (T) @ suzcrron

* Dis stable (not radioactive!) and not toxic (1-2 gm) ‘ ‘

* (Remember “heavy water”)

* Deuteration of a molecule

e Same 3-D structure!
* Preserves pharmacodynamic properties

* C-D bond 10x stronger than C-H bond

* Changes pharmacokinetics: slows metabolism = longer half-life
* First FDA-approved deuterated product: Austedo

* AVP-786 = deuterated (d6)-dextromethorphan + ultra-low dose quinidine
* Terminated after phase 3 failure for aggression in DAT
* Terminated phase2/3 for schizophrenia due to futility
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CIAS = Cognitive Impairment Associated with Schizophrenia

* Avoid adding insult to injury _
e Reduce anticholinergic burden

* Short-term and long-term risks (10% of dementia cases)*
* Quit smoking!?
 Treat cardiovascular risk factors3

* Consider cognitive remediation, if available*
* Active therapist, structured, integrated with rehab

* Psychopharmacology add-on strategies

* Graveyard of drug development

* CONNEX trial program for GlyT1 inhibitor iclepertin (Bl 425809) once looked promising...>
* Medication combined with computerized cognitive training®

e Kar-XT with benefit for subgroup (more severe impairment, with M1
downregulation)?”/:8

icme.org
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GlyT-1 inhikitors for CIAS i, ™
@/C‘ glycine transporter 1

&
* Iclepertin = BI 425809™\F #,

* Glycine is co-agonist at NMD %@ Qr
* Blockade of GlyT1 transporter el 60/;91/ DA receptor-mediated glutamatergic
neurotransmission and, consequen @k&, e cognitive function
* Boehringer Ingelheim O/

* Key published phase-2 trial (NCT02832037 O%g
 Typical add-on trial @p@/
* Plus: add-on computerized cognitive training Op
* Positive for primary outcome (MCBB) @/72‘

* CONNEX trial program failed?
* FDA Breakthrough Therapy Designation
* Phase 3 CONNEX-1,2,3 and CONNEX-X extension trial

mobomae.nro
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Exercise for CIAS Psychiatry Academy

* The challenge
e Cardiovascular morbidity and mortality in SMI patients
* Sedentary life-style associated with poor cognition?

* The simple solution
* Exercise is “neuroprotective”

 Exercise has broad effects on well-being?
* Improves global cognition3
* Key pathways: inflammatory pathways, BDNF (hippocampus)*

* Challenges
* Implementation: supported exercise
* Maintaining gains: sustaining exercise

* Need clinical trial with physical activity as end-point
* Improving Cognition Via Exercise (ICE) in Schizophrenia® _

phrHallo2015:41(4):!
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e ALKS 3831 = samidorphan + olanzapine _

e Samidorphan?
* 3-carboxamido-4-hydroxynaltrexone
* Potent mu-opioid receptor antagonist

* Alkermes development program

* ENLIGHTEN phase 3 development program
* Short-term (4 weeks) ENLIGHTEN-1 established efficacy?
* Long-tem (6 months) ENLIGHTEN-2 (completed)?
* Lower percent weight gain and lower proportion 10% or more
* ENLIGHTEN-Early showed less weight gain in early-course patients*

* No benefit for schizophrenia and alcohol use disorder’
* 4-year long-term study completed®

Samidorphan/olanzapine (ALKS 3831)

42020;8342):22:94 Wafn




GLP-1 = glucagon-like peptide-1
GIP = glucose-dependent insulinotropic polypeptide
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Incretin mimetics
| Weight loss + improved glucose control |

 Antipsychotics increase glucagon'

Newer class (2010) of glucagon-like peptide-1
receptor agonist (GLP-1 receptor agonist)
* Increctin hormone effect
* Tirzepatide also agonizes a second hormone, GIP
* Triagonists: GLP-1 + GIP + glucagon receptor
* Low risk of hypoglycemia
* Adding bimagrumab to prevent muscle loss?

Medications
* “Hot” new medication class for weight loss
* Semaglutide3
* 16% weight loss in 68-week trial with weekly
injection
* Liraglutide®
* First GLP-1 agonist studied in schizophrenia
* Loss of metabolic benefit once stopped?

Founding Member, Mass General Brigham

chiatry Academ

o
Ps

liraglutide
\

O reduce glucagon

I|ver

reduce glucagon-mediated

glycogenolysis

O reduce fatty reduce glucagon-mediated
acuds release gluconeogenesus

release (0 -cells)

O stimulate insulin
secretion (f§ -cells)

( insulin secretion ]A ((insulin sensmvnty )% ] ( hepatic 9'“0059 output |}

A
I improve glucose metabolism I

Yanai H et al. ) Med Cases. 2011;2(2):76-80.
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COaST =Clozapine Obesity and Semaglutide Treatment trial
1. Methods
* Schizophrenia patients on clozapine from Queensland, 5— Treatment group
Australia __ Placebo

* Obese and stable
* 36-week phase 2 RCT with blinding
* Semaglutide 2 mg SQ every week

2. Results . © [oamweientios |
« N=31 (premature end of enroliment) H‘I‘x
* Effective ““-1[..%__

|
(=]
T

* Primary: weight loss (15.2 kg, majority 5 to 10%)
* Secondary: HBAlc improvement (5.4 = 5.0%)
» Safe (psychiatric and medical)
* Stable psychopathology
* Stable clozapine levels and low constipation rate

-
L
|
]
III
——

Least squares mean of percentage weight change

3. Significance 0T = 2
* First RCT of newer GLP-1 in metabolically high-risk _ o
psychiatric population Time since randomisation (weeks)
* As effective as in general population and psychiatrically ]
safe Percent weight change over 36 weeks

mabome o
J ”.‘ AT N

-
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CASE: GLP-1 agonist in clozapine-treated patient .
Psychiatry Academy
- * Started a dual GIP/GLP-1 receptor agonist Tirzepatide 2.5mg weekly
240}
w230t
T
5
,& 220} Clozapine titrated Increased Tirzepatide to 5mg weekly
¥ to 650mg/day Restarted
% 210} Tirzepatide 2.5mg weekly
3
200¢F
190F
- Started Clozapin_e _ Stopped Tirzepatide 5mg weekly
Started Metformin (titrated to 1000mg BID)  stgrted Phentermine 8mg BID & Topiramate 100mg ghs

170
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Antipsychotic Therapeutic Drug Monitoring (TDM) Psychiatry Academy

* Long history in psychiatry
 Lithium
 Tricyclic antidepressants

* Currently underutilized

e Renewed interest

* First guideline for TDM published by TDM taskforce of AGNP in 2004 (update
2011 and 2017)

* TDM best established for CLOZ, OLANZ, HAL, FLU, PER
* |nternational consensus statement 2020*

* Development of new assays for antipsychotics™**

6 i@l al e Psyebiatiy


https://saladax.com/saladax-biomedical-launches-clozapine-test-in-the-us-after-fda-grants-market-authorization/

Long-acting antipsychotic medications

* Broad selection with regards to dosing interval
* How long is too long??!

. Il:l/levc\j/_pIcatllclcirm for extended release [SteadyTeg™, a copolymer technology proprietary to
edinCe

* Risperidone extended-release SC injectable FDA-approved April 2023
* SOLARIS trial?

SOLARIS = Subcutaneous OLAnzapine Extended-Release Injection Study _
Positive phase 3 SC long-acting injectable olanzapine [, TEV-749], May 8, 2024

Pivotal phase 3 completed January 2025. No Post-Injection Delirium/Sedation Syndrome (PDSS), NDA Dec 2025

* Long-acting oral antipsychotics

° Once-weekly risperidone CapSU|e (LYN'OOS, Lynd ra Therapeutics) therapy is possible. The board is grateful to all the employees,

Phase 2 trial positive (NCT04567524)3
STARLYNG-1 positive (NCT05779241)*

Pivotal 6-month phase 3 safety study STARLYNG-2 did not happen

Lyndra’s LYNX platform acquired by Nortiva®

* Whatever happened to penfluridol?

T1/2 66 hours = “oral depot antipsychotic”
Once-a-week dosing

mghcme.org
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ll

“Lyndra is the first company to demonstrate weekly oral

partners and vendors that developed the LYNX drug delivery
platform and brought it to the point where it is ready for a
phase 3 safety study,” a spokesperson told Fierce Biotech in an
email. “In the current operating environment, the company
was unable to secure the financing required to complete the
phase 3 safety study. We look forward to the day when the
safety study can be executed and, if successful, allow oral
weekly therapies to reach physicians and patients who can
benefit from their remarkable potential.”>



https://www.fiercebiotech.com/biotech/langer-spin-out-lyndra-therapeutics-begins-winding-down-operations-lays-staff
https://nortivabio.com/platform/
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[Hint: note ester and choline as well as acetic acid]

HaC

H.C

mghcme.org
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“The cholinergic system has been described as a widely distributed
neuromodulatory system whose sources include local
interneurons that are present in multiple brain regions, and
cholinergic projection neurons that produce and release
acetylcholine from two distinct clusters: basal forebrain nuclei*
which innervate cortical, hippocampal, and thalamic areas; and the
brainstem nuclei which innervate midbrain, hindbrain, thalamic,
and cerebellar areas.”
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FIGURE 6. Activation of M4 receptors in the frontal cortex exerts top-down control
onto midbrain dopamine (DA) circuits®

ll

Neuroanatomy

FIGURE 5. Activation of M4 receptors modulates cholinergic tone within midbrain dopamine (DA)

centers to regulate terminal DA release® Frontal Cortex
A. Ventral Tegmental Area (VTA) B. Nucleus Accumbens (NAc) h
[ . Layer |
° \
J Inhib‘er Layer II/11l
GABAergic
interneuron
°
Frontal
ACh
S \ Cortex
Cholinergic 2 EXCItal:ory
 Afferent from LDT from VTA pyramidal
neuron Layer V
@ >
Nucleus Accumbens (NAc) Layer VI
Wy e 2
m Ms Ventral Tegmental Area (VTA) v
. . ~
@ Acetylcholine (ACh) —) ' ~/ =/ \ ‘B
; : i Cholinergic Hindbrain Laterodorsal
® Dopamine (DA) /) q/ Tegmental Nucleus (LDT) /') \
@ M agonist / m M; @ M Agonist - ‘ Glu
DA NeumW
{ Excitability
2The M4 receptor is an autoreceptor on cholinergic afferents (point 1 in panel A) that project into the ventral
tegmental area (VTA). Upon activation, M4 receptors reduce acetylcholine (ACh) release onto VTA DA neurons u
(point 2in panel A) and subsequently decrease neuron firing activity due to reduced activation of ACh receptors o »
located on DA cell bodies (point 3 in panel A). This leads to a downstream reduction of DA release within the Ventral Tegmental Area (VTA)
nucleus accumbens (NAc). Locally, within the NAc, M4 receptors are located on cholinergic interneurons (Chls) aps illustrated in panel A, activation of M, receptors expressed on layer 11/l inhibitory
(point 1 in panel B). Upon activation, M4 receptors decrease Chl spontaneous activity, and thus decrease GABASIICIAtEEIFERE (' ink)facilitatesinl’:ibitor Ve oRts e AU HGEGRE (8
cholinergic release from these neurons (point 2 in panel B). Reduced local cholinergic tone will also decrease 9 P Y y p e

stimulation (i.e., activation) of DA terminals (point 3 in panel B). pyramidal neurons; green). In panel B, enhanced inhibitory drive onto pyramidal neurons
decreases glutamatergicinput to the ventraltegmental area (VTA). A reduction of excitatory
input leads to a decrease in VTA dopamine (DA; red) neuron activity and reduced terminal

DA release.
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* Central and peripheral

* Muscarinic receptors

* G protein-coupled receptors
e Subtypes M1 to M5

* Available cholinergic drugs
* Cholinesterase inhibitors for Dementia of the Alzheimer type (DAT)
* Doneperzil, galantamine
* Directly-acting post-synaptic M1 agonists for DAT: xanomeline

e Anticholinergics
* Muscarinic antagonist: trospium

* Clozapine and its metabolite
* Sarin explains side effects of overstimulation

mghcme.org
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Cholinergic system and schizophrenia Psychiatry Academy

* Dopaminergic and cholinergic system
* Seesaw theory in neurology for Parkinson’s disease
* Clozapine is only mildly antidopaminergic but very anticholinergic

* Muscarinic hypothesis of schizophrenia
* Cholinergic interneuron deficit!?

* Schizophrenia subtype: low cortical M1 receptor density3*
» KarXT with cognitive benefit for this subgroup?>°

01120 38 By B3lS apgi
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Betel nut chewing Peyohinty Acadeny . B

* Betel nut
* Chewing common in Asian and Pacific cultures?

* Natural, active ingredient, arecoline is pan-muscarinic agonist

* Interesting epidemiological observation

e Palau, Micronesia

* Betel chewers with schizophrenia scored significantly lower on the positive (P
= 0.001) and negative (P = 0.002) sub-scales of the PANSS than did non-
chewers?

* Male high-consumption betel chewers significantly milder positive symptoms
than low-consumption chewers over 1 year?

280 200%; 164(a):670¢ 3.



https://blog.twmuseums.org.uk/an-unusual-addiction/
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Xanomeline for schizophrenia

Psychlatry Academy e
 Early interest in procholinergic drugs for schizophrenia IH
* Work in Alzheimer’s disease with cholinesterase inhibitors

* Mostly failed drug development with AChE inhibitors for schizophrenia®
 Synthetic dual M1/M4-preferring direct agonist xanomeline

 Xanomeline is effective for psychosis
» Serendipity: Bodick xanomeline trial in DAT?
* Proof-of-concept: Shekhar xanomeline trial in schizophrenia?

 Potential for further cholinergic drug development?

* Emraclidine: M4-selective positive allosteric modulator (PAM) (AbbVie)
* However: phase 2 EMPOWER-1 and -2 emraclidine failed*

* NBI-1117568: M4-selective orthosteric agonist in phase 3 after positive phase 2
(Neurocrine)?

mahcme.org
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e Xanomeline = mAChR M1/M4 agonist -
» Poor oral tolerability (cholinergic syndrome) A PANSSTotal Score

0
Placebo +\+

P<0.001

Xanomeline + trospium = KarXT

 Tolerability improved by co-formulating
with trospium as KarXT (Karuna)

* Trospium (brand name Sanctura) = FDA-
approved peripheral muscarinic antagonist
for overactive bladder

* EMERGENT clinical trials program
* Positive phase 2 trial published?
* Two positive phase 3 trial published?3

I
L
I

|
-
T

|
-
L
|

Change from Baseline

Xanomeline—trospium

|
Pod
o

I
Baseline 2 4 5

48B)- 785256001 (0
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y EW ENGLAND JOURNAL of MEDICINE
ﬁ ‘ ORIGINAL ARTICLE ‘

Phase 2 EMERGENT 1 (5 weeks) Muscarinic Cholinergic Receptor Agonist
and Peripheral Antagonist for Schizophrenia

hase 3 EMERGENT 2 (5 weeks) ﬁ Stephen K. Brannan, M.D., Sharon Sawchak, R.N., Andrew C. Miller, Ph.D.,
KarXT vs. placeby EMERGENT 3 (5 weeks)
In inpatients
experiencing acute
psychosis

Monotherapy: EMERGENT

@ ® Efficacy and safety of the muscarinic receptor agonist KarXT
~ (xanomeline-trospium) in schizophrenia (EMERGENT-2) in

the USA: results from a randomised, double-blind, placebo-
M controlled, flexible-dose phase 3 trial

Inder Kaul, Sharon Sawchak, Christoph U Correll, Rishi Kakar, Alan Breier, Haiyuan Zhu, Andrew C Miller, Steven M Paul, Stephen K Brannan

Summary
Lancet 2024; 403:160-70  Background New treatments with new mechanisms are urgently needed for people with schizophrenia. Xanomeline
PublishedOnline 15 @ dual M, and M,-preferring muscarinic receptor agonist that does not block D, dopamine receptors, unlike all
December14,2023  currently approved treatments for schizophrenia. Xanomeline—trospium (KarXT) combines xanomeline with the
S';‘;:;:';‘:;g‘:g;‘;::éi peripherally restricted muscarinic receptor antagonist trospium chloride with the goal of ameliorating xanomeline-
e Commentpage 120 related adverse events associated with peripheral muscarinic receptors. The EMERGENT-2 trial aimed to assess the

Lo n g te r m P h a Se 3 E M E RG E \ arums Therapetics, Boston efficacy and safety of KarXT in people with schizophrenia experiencing acute psychosis.

MA, USA (1 Kaul MD,

5 SawchakrN, Hzhuphp, Methods EMERGENT-2 was a randomised, double-blind, placebo-controlled, flexible-dose, 5-week, inpatient, phase 3
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Safety & tolerability EMERGENT 2 & 3 3¢y and Safety of Xanomeline-Trospium Chloride in Schizophrenia
of KarXT ized Clinical Trial

D, MIPH; Sharon Sawchak. RN; David P 'Walling, PhD; Carol A. Tamminga, MID; Alan Breser, MD:
u, Ph: Andrew . Miller, PhD: Steven M. Paul. MD: St=phen K. Erannan, MD

mghcme.org

EMERGENT 5 (56 weeks)
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Xanomeline update Psychiatry Acaderny
Long-term trials'2 Number needed to treat (NNT)3

e EMERGENT-4 and EMERGENT-5 e Data from the three 5-week,
. - randomized, double blind,
Durable improvement placebo controlled EMERGENT-

* Good tolerability 1, EMERGENT-2, and
* Nausea and vomiting EMERGENT-34
* No prolactin elevation e NNT=5 [95% CI, 4-8]
* Noweight gain * For response = at least 30% PANSS
* No tardive dyskinesia reduction

* NNH over 10 except for N/V

moncme.ore
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Adjunctive treatment with xanomeline

RATIONAL ARISE

* Biological heterogeneity * Target population
* Partial response to antipsychotics * OQutpatients with some treatment resistance

* Treatment-resistance to antidopaminergic antipsychotics ARISE-1 (KAR-12)' 6-week safety and efficacy study
ARISE-2 (KAR-13): 52-week open-label extension
* Preclinical animal trials * Preliminary results ARISE-1

* M1 positive allosteric modulator adjunct---enhanced * Failed to r.each sgmﬁcancg for primary end-pc?lnt o
procognitive effect * Perhaps differential benefit depending on antipsychotic it was

Clozapine metabolite (norclozapine) acts on M1 added to

* M4 positive allosteric modulator adjunct---augmented
conditioned avoidance

* Combining agents with differing mechanisms of action can
bring additive, synergistic effect

¢ M4 receptors are also present on cortical glutamatergic afferent
terminals in the striatum and post-synaptically on dopamine D1-
expressing spiny projection neurons

* Xanomeline adjunct— attenuated hyperactivity induced by
NMDAR antagonist
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Scientific progress is not linear




Ulotaront

Ulotaront: SEP-363856 [Sunovion]

“First in class”
* Non-D2-receptor-binding antipsychotic
* MOA: TAAR1 + 5-HT1A

Phase Il trial [NCT02969382]!

* 4-week RCT (drug versus placebo)
» Efficacy for PANSS total score

* ES0.45
» Safety and tolerability

= Massachusetts General Hospital
= Founding Member, Mass General Brigham

Psychiatry Academy

* One death in treatment group (patient had heart disease)

» 26-week extension results [NCT02970929]?

Two negative phase 3 trials (DIAMOND 1 and 2) [NCT04072354, NCT04092686]

* High placebo response

mGhome arg



https://doi.org/10.1038/s41537-021-00190-z
https://www.empr.com/home/news/drugs-in-the-pipeline/disappointing-results-for-ulotaront-in-two-phase-3-schizophrenia-trials/
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Targeting neurocircuits .. i ooy e

* Lesion-based module disruption

* Critical lesion takes out brain module
 Classical neurology

* Distributed yet delineated circuit dysfunction
» Alexander’s parallel, segregated circuits?!
* Neuropsychiatry

 Large-scale network disruption

* The search for specific cellular pathology (e.g., chandelier interneurons and
GABA?)

* Magnetic and electric stimulation
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Diets — food and fasting as treatment Psychiatry Academy

* Nutritional psychiatry?!

* Types of dietary interventions?
* Adding something (vitamins, micronutrients)
* Removing something (toxins, allergens)
 Combination in the form of “healthy diets”
* Gut microbiome
* Fasting and ketogenic diet

» Ketogenic diet3
* Well-established in treatment-resistant epilepsy

* Mechanism: restoration of normal energy metabolism; anti-inflammatory
* Possible broad benefits beyond symptoms*

e Controlled trial results pending
* Clozapine, TRS and gut microbiome

1i20ph1 Reass 2019120
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Th € way fO rwa rd Psychiatry Academy

* Focus on biology of treatment-resistance
* Focus on other sources of treatment resistance
* Focus on circuits underlying specific symptoms clusters

* Improve clinical trials methodology?

* Increasing placebo response and decreasing effect size in schizophrenia trials?
 Precision Clinical Trials (PCTs)3
* Treatment-targeted enrichment, adaptive treatment, precision measurement

* Take into account effects of dopamine blockade (!)
* Problem of add-on trials*

* Harness disruptive psychopharmacology?
* Repurpose psychiatric drugs®
* Move towards precision medicine’:2

Mghicimne.ong




Promising pipeline for CNS drugs

spg302
CPL500036

Evanamide
Brilaroxazine

(Oxaripiprazole)

Milsaperidone (BYSANTI)

TAK-831
Luvadaxistat

SEP-363856
Ulotaront

Bl 425809
Iclepertin

ALTO-101T

NBI-1117568
Direclidine

Synaptic regeneration (glutamate)

PDA10A inhibitor

VGSC blocker
Partial D2/D3 agonist

Dopamine antagonist (iloperidone metabolite)

DAAO inhibitor

TAAR-1

5-HT1A agonist

Glycine transporter-1 inhibitor

(Transdermal) PDE4 inhibitor

M4 agonist

General

General

TRS

General

General

Negative
Cognition

General
(Negative)
Cognition

Cognition

General

mghcme.org

)
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Massachusetts General Hospital
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Psychiatry Academy

Spinogenix

Celon

Newron

Reviva

Vanda

Takeda

Sunovion

Boeringer
Ingelheim

Alto Neuroscience

Neurocrine

N/A

2/3

06442462

05278156
Positive phase 2

07184619

05184335
2" phase 3 needed for FDA

Approved
February 20, 2026

03382639, 05182476
Pos (INTERACT), neg (ERUDITE)

04072354
Two negative trials

04860830
CANCELLED

NCT06502964
Negative proof-of-concept trial

06963034
Positive phase 2




—

= Massachusetts General Hospital

=== Founding Member, Mass General Brigham

: : : - ?
What is treatment resistance in psychiatry: Psychiatry Academy

* Failed concept
* Focus on acute illness mode and symptom remission
* Focus on psychopharmacology and symptoms

e Often used as endpoint!?
e Built-in pessimism
* Devoid of empathy
* Erodes care quality

* Difficult-to-treat schizophrenia?
* Emphasis on collaborative, multi-modal treatment
» Better fit for chronic illness where a cure is illusive
* Focus on quality of life

* Palliative psychiatry3
e Better approach to (pharmacological) futility



MGH Treatment-resistant schizophrenia (TRS) Service
MGH TRS ACCESS

* Director
* Oliver Freudenreich, MD, FACLP

* Mission
* To improve the care of patients with

treatment-resistant schizophrenia

e Goals

commy
FACING
SERIOUS

................................

Innovate: More effective and safer
treatments

Integrate: Fewer silos and more
partners

Instruct: Easier accessto
consultation

Influence: Disseminate knowledge

Abbie Donovan, MD

mancme.orq
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Psychiatry Academy

Clozapine
Clinic

Carol Lim, MD

Dissemination
and
Implementation

Clinical Trials
Group

Med-Psych
Integration
Working
Group

Psychosis
Consultation
Service




