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HFpEF is a Fibroinflammatory Disease Driven by 
Pathological Extracellular Matrix Remodeling
• Heart failure with preserved ejection fraction 

(HFpEF) is characterized by maladaptive ECM 
remodeling, myocardial fibrosis and impaired 
diastolic dysfunction

• Matrix metalloproteinases (MMPs) regulate ECM 
turnover and contribute to the pathologic collagen 
remodeling in HFpEF

• MMP-2 and MMP-9 cleave collagen VIα3 (COL6α3) to 
generate endotrophin (ETP), a bioactive matrikine 
linked to inflammation and metabolic dysfunction

• Serum ETP levels correlate with cardiac fibrosis in 
HFpEF as quantified by cMRI

• ETP demonstrates causal activity of 
fibroinflammation in preclinical models, and is 
independently correlated with HFpEF disease 
progression in clinical cohorts
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Endotrophin Levels are Independently Associated with 
Increased Mortality and Disease Severity
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• A meta-analysis of over 15,000 patients identified 
circulating ETP (measured via nordicPRO-C6TM 

assay) as an independent indicator of active ECM 
remodeling across diverse chronic diseases 
including HFpEF and CKD1

• Elevated ETP levels correlate with a two-fold 
increase in all-cause mortality over a three-year 
period across diverse chronic diseases including 
HFpEF and CKD1

• In the TOPCAT trial of 3,445 adults with HFpEF, 
elevated plasma ETP levels at baseline were 
associated with the risk of future death or heart 
failure admissions2

• ETP levels demonstrated improved discrimination 
for clinical outcomes beyond the MAGGIC risk 
score and NT-proBNP2

References: 1Genovese F. et al. Matrix Biol. 2024; 132:1-9. doi:10.1016/j.matbio.2024.06.003; 2Chirinos JA. et al. NEJM Evid. 2022;1(10):EVIDx2200258. doi:10.1056/EVIDoa2200091.
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VS-041: A Novel, Small-molecule Inhibitor of MMP-2 and MMP-9

• VS-041 is a potent, oral, narrow-
spectrum MMP inhibitor that primarily 
targets MMP-2 and MMP-9 implicated 
in fibrotic remodeling across 
cardiovascular and cardiorenal 
disease

• Through MMP inhibition, VS-041 is 
hypothesized to:
– Reduce generation of ETP 
– Slow or arrest maladaptive myocardial 

fibrosis
– Improve ventricular compliance and 

diastolic dysfunction
– Potentially alter progression of HFpEF 

beyond symptomatic management
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VS-041 Reduces Pathologic ECM Remodeling and 
Improves Diastolic Function in Preclinical HFpEF Models

VS-041 reduces cardiac fibrosis and LV 
hypertrophy, improves diastolic function

C57BL/6 mice exacerbated 
with angiotensin II infusion

Dahl salt sensitive 
HFpEF rat model

These findings support a mechanistic link between MMP inhibition, attenuation of 
pathological myocardial ECM remodeling, and reduced ETP generation

VS-041 inhibits formation of endotrophin 
in cardiac fibroblasts in vitro

Scar-in-a-jar model using 
primary human cardiac fibroblasts

DMSO DMSO 3 0.3 0.03

8

10

12

14
P

ro
C

6
 (

n
g

/m
L

)

uM

VS-041

PDGF-AB (10 ng/mL)

✱✱

✱✱

PR
O

-C
6 

(n
g/

m
L)



Phase I First in Human SAD/MAD Trial Demonstrated 
Early Safety and Tolerability of VS-041
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First-in-human Phase 1 trial* (VS-041-01, N=70) evaluated the safety, tolerability, and pharmacokinetics of 
VS-041 in healthy participants, administered orally in single and multiple escalated doses

VS-041 demonstrates 
ex-vivo key target engagement (MMP-2/9), with 

serum levels that approximate MED

Fluorogenic Ex Vivo Assay of MMP-2/9 Activity 
in Enriched Human Plasma

Target Engagement

Dose dependent increases in exposure
Steady state achieved within 2 days with 

no accumulation 
Terminal half-life ranged between 6-9 hours 

Pharmacokinetics

• No serious adverse events or 
treatment-emergent AEs leading 
to participant withdrawal

• All AEs were mild or moderate in 
severity and resolved by end of 
the trial

• No reports of musculoskeletal 
syndrome (MSS) typically 
reported with broad MMP 
inhibition

• Clinical chemistry, hematology, 
urinalysis, vital signs, or ECG 
effects revealed no clinically 
significant findings

Safety and Tolerability

*Healthy participants randomized 3:1 to oral VS-041 or placebo across 5 fasted SAD cohorts (30–500 mg, including a 200 mg fed cohort) and 4 fasted MAD cohorts (50 mg BID, 200 mg QD, 400 mg QD, and 400 mg BID)
for 7 days.



VS-041-102 Phase 1c Proof-of-Mechanism Study in HFpEF Patients 
with Elevated Endotrophin Actively Recruiting
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Primary:
Safety and tolerability of VS-041 
Effect of VS-041 on key biomarkers 
(e.g., nordicPRO-C6 , nordicEndotrophin , 
serum NT-proBNP)

Secondary:
PK of VS-041

Exploratory:
Effect of VS-041 in HFpEF (e.g. ECHO 
parameters, KCCQ) 

Endpoints:

Placebo

400 mg BID VS-041

200 mg BID VS-041HFpEF* ≥3 months
Age >50 yo

PRO-C6 >11 ng/mL

(N=42) 

1:1:1 
Randomization

28-day treatment period*As defined by ESC or 
ACC/AHA criteria

2-week FU

VS-041-102 is the first study to prospectively characterize participants by serum ETP

NCT07219511 
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VS-041 Advances to Patient Phase Following Strong 
Preclinical and Phase 1 Data

• Data from preclinical HFpEF models demonstrate that VS-041 is a potent, 
narrow-spectrum MMP inhibitor that significantly reduces cardiac fibrosis 
and improves diastolic function 

• The observed reduction in ETP in Scar-in-a jar model highlights its 
potential as a measurable biomarker for therapeutic target engagement

• Supported by a favorable Phase 1 safety and PK profile in healthy 
participants, VS-041 received Fast Track Designation from FDA for HFpEF

• A Phase 1 proof-of-mechanism study in HFpEF patients with elevated 
serum ETP levels is currently underway to evaluate:
• The safety of VS-041 
• Further validate the impact of MMP inhibition on key biomarkers of heart 

failure and ECM remodeling, including ETP
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