
Muscarinic agonists have emerged as a new class of therapeutic agents for the 
treatment of psychosis with a mechanism distinct from typical and atypical 
antipsychotics. M1 and M4 receptor subtypes show the highest expression in brain 
regions implicated in psychosis, cognition, and negative symptoms, and thus have 
therapeutic potential across several neuropsychiatric disorders including 
Alzheimer’s disease psychosis and schizophrenia. ML-007C-MA is an 
investigational fixed-dose combination of a novel M1/M4 muscarinic agonist, ML-
007 and fesoterodine fumarate, a peripherally-acting muscarinic antagonist. 
Fesoterodine is ideally suited for the combination due to its low brain penetration, 
predictable pharmacokinetics, and favorable physicochemical properties that 
enabled precision matching of the exposure profiles. By synchronizing the 
pharmacokinetic exposures of agonist and antagonist components in the 
periphery, ML-007C-MA was designed to maintain strong activation of M1 and M4 
receptors in the brain to drive efficacy while mitigating cholinergic side effects that 
can result from modulation of muscarinic receptors in the periphery.
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Figure 9. Safety and tolerability results from the Phase 1 (Study 013) MAD portion in healthy 
elderly volunteers reported as N (%). Most treatment-emergent adverse events (TEAEs) were 
mild and transient in nature, with no severe or serious adverse events (AEs) observed. AEs 
include events occurring after administration of target dose until 24 hours after last dose. 
Procedural AEs were excluded. ECG = electrocardiogram.

Figure 4. ML-007 activity in the brain drives the potential beneficial effects of muscarinic 
agonism, while combination with the peripherally-acting muscarinic antagonist, fesoterodine 
fumarate, is designed to offset potential cholinergic side effects associated with muscarinic 
receptor activation in the periphery.

Figure 2. Dose-dependent reduction in amphetamine-induced hyperlocomotion (AIH) model of 
psychosis. (A) ****P < 0.0001 compared with the vehicle-treated group, mean ± standard error 
of mean, 1-way analysis of variance. (B) Dose-response testing in genetic knockout mice shows 
sensitivity to the loss of both M1 and M4 (Chatterjee et al., 2026).
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Figure 1. Intrinsic activity of ML-007 at the human M1 and M4 receptor subtypes measured in 
the GTPγS assay. Data were normalized to the responses of control agonist, oxotremorine. 
Compared to xanomeline, the first muscarinic agent to be approved for the treatment of 
schizophrenia, ML-007 has higher peak intrinsic activity at both M1 and M4 receptors. ML-007 
also has high oral bioavailability, low protein binding, and low tissue accumulation.

Figure 6. Observed and predicted mean plasma PK concentrations at steady state of ML-007 
(dark blue, top) and the active metabolite of fesoterodine, 5-HMT (light blue, bottom), with BID 
and QD dosing. The shaded area (gray, middle) represents the range of agonist/antagonist that 
mitigate peripheral cholinergic side effects, as established in early Phase 1 studies. Predicted 
mean concentration ratios (gold, middle) maintained within target range at steady state for the 
majority of the dosing period. Steady state PK exposures showed low variability.

N = 58
• Dose dependent target 

engagement with ML-007

• Single agent maximum 
tolerated dose achieved

• Pairing with feso blocked 
peripheral cholinergic effects

N = 106
• Wide range of ML-007 to feso

ratios evaluated across 13 
cohorts

• Identified optimal ratios to 
balance pro- and anti-
cholinergic peripheral effects

N = 24
• Close matching of ML-007 

and feso peripheral 
exposures

• Low rates of TEAEs 
observed that were mild and 
transient in nature

• Exposure profile supported 
potential BID / QD dosing

N = 82
• First study that evaluated co-

formulated bi-layer tablet

• Four cohort design, included two 
cohorts with multi-day dosing 
paradigm

• Evaluated food effects, titration 
and dosing in healthy adults and 
healthy elderly

• Finalized study design of Phase 
2 trials in schizophrenia & ADP
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Steady State Plasma Concentrations From Phase 1 Study
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§ Co-formulated combination of 
ML-007/feso in mg

§ Data points show geometric 
mean observed data from 
Phase 1 study

§ Lines represent model-
simulated values

§ Steady state observations after 
7 days of maintenance dosing

Figure 5. Four Phase 1 clinical trials were conducted, with a total of 270 healthy participants 
and more than 1,500 doses of ML-007 administered alone, co-administered, or co-formulated 
with fesoterodine. A broad range of doses and dose ratios were evaluated to identify a target 
range of agonist/antagonist ratios that mitigate peripheral cholinergic side effects. Study 013 
assessed the safety, tolerability and pharmacokinetics of the extended-release, fixed-dose 
combination of ML-007C-MA in healthy adults and elderly participants to inform dosing for 
Phase 2.

Figure 8. Safety and tolerability results from the Phase 1 (Study 013) MAD portion in healthy 
adult volunteers reported as N (%). Most treatment-emergent adverse events (TEAEs) were mild 
and transient in nature, with no severe or serious adverse events (AEs) observed. AEs include 
events occurring after administration of target dose until 24 hours after last dose. Procedural AEs 
were excluded. ECG = electrocardiogram. • ML-007C-MA is an investigational fixed dose combination of ML-007, a novel 

M1/M4 agonist, and the approved peripherally-acting muscarinic antagonist, 
fesoterodine

• An extensive Phase 1 clinical development program identified a target range of 
agonist-to-antagonist ratios to mitigate peripheral cholinergic AEs

• Both once- and twice-daily dosing achieved plasma and CSF exposures that 
were maintained at or above anticipated clinically relevant levels at target doses 
selected for Phase 2

• ML-007C-MA was generally well tolerated with no fasting and minimal titration 
required at doses selected for Phase 2

• ML-007C-MA is currently being evaluated in two Phase 2 clinical trials: the 
VISTA trial for Alzheimer’s disease psychosis and the ZEPHYR trial for 
schizophrenia 

Figure 7. PK modeling of the observed Phase 1 plasma and CSF exposures was used to predict 
CSF concentration of ML-007 at steady state for target doses. The target doses of 210/3 mg BID 
and 330/6 mg QD resulted in predicted CSF exposures at or above the target range for all or 
most of the dosing period. 

210/3 mg BID Dose 330/6 mg QD Dose

Modeled Steady State CSF Concentrations Based on Sampling from Phase 1 Study 
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~120 ng/mL
ML-007 Cavg

~140 ng/mL

ED50 PCP (27 ng/mL)

ED50 AIH (14 ng/mL)

ED50 PCP (27 ng/mL) 

ED50 AIH (14 ng/mL) 

§ ML-007 was tested in 
multiple preclinical models. 
CSF exposures were 
correlated with 
pharmacodynamic effects to 
define a target efficacious 
range of 14 to 27 ng/mL, 
based on the AIH and PCP 
models, respectively.

CSF = cerebral spinal fluid
ED50 = median effective dose

Randomized Placebo-Controlled Study of Efficacy and Safety of ML-007C-MA in ADP

Follow-up 
Period

(7 + 2 days)
Blinded Treatment Period  (Day 0 to 49)

Screening 
Period

(Day -35 to -1)
Week 7Week 5Week 3Week 2Week 1

Placebo BID

ML-007C-MA 105/1.5 mg or 210/3 mg BID

Outpatient

Primary endpoint

N=300
Randomized

1:1

OLE

CFB = Change from Baseline, NPI-C = Neuropsychiatric Inventory Clinician, H+D = Hallucinations and Delusions 
domain scores, A+A = Agitation and Aggression domain score, CGI-S = Clinical Global Impression-Severity, One 
week titration; One-time dose reduction allowed for tolerability. OLE = Open Label Extension, a 52-week long-
term safety study in eligible Phase 2 completers. 

330/6 mg
QD

(N=6)

270/6 mg
QD

(N=6)

210/3 mg
BID

(N=6)

165/3 mg
BID

(N=6)

Placebo
Combined

(N=8)

4 (67%)3 (50%)3 (50%)6 (100%)2 (25%)Subjects With Any TEAE

Cholinergic Classification – Subjects (%)

4 (67%)2 (33%)3 (50%)4 (67%)0 (0%)Procholinergic

0 (0%)1 (17%)0 (0%)3 (50%)1 (13%)Anticholinergic

3 (50%)3 (50%)3 (50%)5 (83%)1 (13%)Other

% of TEAEs by Severity

86%93%95%100%100%Mild

14%7%5%0%0%Moderate

0%0%0%0%0%Severe

Phase 2 Target Doses for 
Schizophrenia

• 1-4 dose titration, followed by 
dosing at target doses for 7 days

• Generally favorable safety and 
tolerability observed, with mostly 
mild and transient TEAEs

• No serious or severe TEAEs

• Low rates of anticholinergic 
TEAEs at target doses

• No clinically meaningful changes 
in mean blood pressure or ECG 
parameters observed

• No liver-related findings observed

330/6 mg
QD

(with 7d titration)
(N=6)

210/3 mg
BID

(with 2-7d titration)
(N=11)

165/3 mg
BID

(with 2d titration)
(N=6)

Placebo
Combined

(N=7)

6 (100%)8 (73%)4 (67%)5 (71%)Subjects with Any TEAE

Cholinergic Classification – Subjects (%)

6 (100%)6 (55%)2 (33%)1 (14%)Procholinergic

04 (36%)1 (17%)1 (14%)Anticholinergic

6 (100%)8 (73%)3 (50%)3 (43%)Other

% of TEAEs by Severity

72%93%100%100%Mild

28%7%0%0%Moderate

0%0%0%0%Severe

Phase 2 Target Dose for 
AD Psychosis

• 2-7 day titration period, followed 
by dosing at target doses for 7 
days

• Generally favorable safety and 
tolerability with BID dosing, with 
mostly mild and transient TEAEs

• Highest dose given QD was not 
well tolerated – potential to 
explore lower QD doses

• Low rates of anticholinergic 
TEAEs

• No clinically meaningful changes 
in mean blood pressure or ECG 
parameters observed

• No liver-related findings observed

Key Secondary Endpoints:
§ CFB CGI-S at Week 7
§ CFB NPI-C A+A at Week 7

Safety, PK, and Exploratory 
Endpoints:
§ Safety and tolerability of 

ML-007C-MA
§ PK and exposure response
§ Cognitive battery

Study Population:
§ 55-90 years old with possible or probable 

AD and psychotic symptoms for at least 2 
months

§ NPI-C H+D score of ≥6; ≥2 on two items 
of either the H+D

§ CGI-S score ≥4 at Screening and 
Baseline

§ Sample size, n = 300

Primary Endpoint:
§ CFB to Week 7 on the NPI-C H+D

Four Phase 1 Studies Completed
270 Subjects Enrolled – Healthy Adults and Elderly
1,500+ Doses of ML-007 Administered

Figure 3. ML-007 has procognitive effects in the Tg257 mouse model of Alzheimer’s disease.  (A) 
ML-007 improved long-term spatial memory for the Barnes maze. *p<0.05, mean ± SEM, 2-way 
ANOVA, Dunnett’s multiple comparisons. (B) Knockout of M1, but not the M4 receptor, significantly 
reduced novel arm discrimination compared to wild type (WT) in the Y-maze spatial memory assay.
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