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ABSTRACT
Background and Aims: Neutrophil myeloperoxidase is involved in different inflammatory diseases, including metabolic 
dysfunction-associated steatohepatitis (MASH). Mitiperstat is a highly potent myeloperoxidase inhibitor. This phase 2a clini-
cal trial evaluated the efficacy, safety, pharmacokinetics, and pharmacodynamics of mitiperstat in patients with non-cirrhotic 
MASH.
Methods: The study enrolled 112 adult participants with histological MASH F1–3 fibrosis and increased alanine aminotrans-
ferase (ALT) levels. Participants were randomised 1:1 to once-daily mitiperstat 5 mg or placebo. Primary and secondary endpoints 
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were absolute and placebo-adjusted changes from baseline to week 12 in ALT and N-terminal type-III collagen propeptide (Pro-
C3) levels. Exploratory endpoints included other MASH-related biomarkers.
Results: At week 12, there were no significant changes versus placebo for ALT (+7.5%, p = 0.893) and Pro-C3 (−0.9%, p = 0.396), 
or any other MASH-related biomarkers. Mitiperstat was safe and well tolerated.
Conclusion: This study does not provide proof of concept that mitiperstat 5 mg exerts an anti-inflammatory/anti-fibrotic effect 
in MASH.
Trial Registration: Clinc​alTri​als.​gov identifier: NCT05638737

1   |   Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD) 
is the most common cause of chronic liver disease in Western in-
dustrialised countries [1]. Non-alcoholic steatohepatitis (NASH), 
more recently redefined as metabolic dysfunction-associated 
steatohepatitis (MASH), is the progressive inflammatory form 
of the disease, with a prevalence of approximately 2%–3% of the 
general population. MASH can lead to cirrhosis and related com-
plications, including hepatocellular carcinoma and end-stage 
liver disease [2], and is expected to become the leading cause for 
liver transplantation over the next decade [3].

In the face of this rapidly growing epidemic, few therapeutic op-
tions are available for MASH. Indeed, only two drugs have been ap-
proved by the US Food and Drug Administration for non-cirrhotic 
MASH to date [4, 5], with lifestyle changes still being the only avail-
able treatment in most countries. Therefore, there is a significant 
need for new therapies to manage MASH more effectively.

One of the key conditions that distinguishes MASH from simple 
steatosis is liver inflammation, to which lipotoxicity, oxidative 
stress, and mitochondrial dysfunction are key contributors [6]. 
Kupffer cells and neutrophils are the main players in this inflam-
matory process [7]. Neutrophils are elevated in patients with 
MASH and a high neutrophil to lymphocyte ratio is associated 
with advanced fibrosis [8]. Once recruited, neutrophils induce 
hepatocyte injury through the production of proinflammatory 
mediators and reactive oxygen species, as well as the release of 
granule proteins. Myeloperoxidase (MPO) is a highly abundant 
protein mainly present in azurophilic granules of neutrophils, 
constituting 5% of the dry weight of the cells, and is deposited 
and active in the livers of patients with MASH [9–11]. As such, 
MPO has been identified as a potential target for the treatment of 
MASH. Mitiperstat is a highly potent MPO inhibitor.

This phase 2a trial aimed to obtain proof of concept that mitiperstat 
can reduce the inflammation and fibrogenesis typical of MASH, 
while confirming a good safety profile in this patient population.

2   |   Methods

2.1   |   Study Oversight

This phase 2a clinical trial was a randomised, double-blind, 
placebo-controlled, parallel-group, multicenter study in adult par-
ticipants with biopsy-proven non-cirrhotic MASH (non-alcoholic 
fatty liver disease activity score [NAS] ≥ 4 and fibrosis stages 
F1–3). The study was conducted at 44 sites across 9 countries 

(Argentina, Denmark, Italy, Mexico, Norway, Portugal, Spain, 
Sweden, and the US) from 26 October 2022 to 4 April 2024.

Prior to study initiation, the protocol was approved by the inde-
pendent ethics committees at each participating center, and all 
participants provided their informed consent.

2.2   |   Mitiperstat Dose

The selection of the 5 mg dose was informed by prior clinical 
studies, including a multiple ascending dose study in healthy 
volunteers [12] and the phase 2a SATELLITE study in patients 
with heart failure with preserved ejection fraction [13]. In 
these studies, the 5 mg dose consistently achieved 40%–60% 
inhibition of MPO activity in the range of 40%–60% and was 
considered the upper safety dose, as no rash was observed at 
doses below 15 mg.

2.3   |   Patients

Participants were between 18 and 75 years of age, had histolog-
ically confirmed MASH with NAS ≥ 4 and F1–3 fibrosis as di-
agnosed by liver biopsy within 12 months of screening, and two 
elevated serum alanine aminotransferase (ALT) measurements 
(at screening and on at least one occasion in the 6 months prior 
to screening), defined as > 1.5 × upper limit of normal (ULN: 
48 U/L for male and 43 U/L for female).

Key exclusion criteria were excessive alcohol consumption; 
concomitant liver disease of other aetiology; ongoing clinically 
significant cardiovascular, respiratory, gastrointestinal, or psy-
chiatric disease; and recent use of weight loss drugs or therapies 
associated with the development of MASLD. For participants 
on glucagon-like peptide-1 receptor agonists, sodium-glucose 
co-transporter 2 inhibitors, or pioglitazone, the medication dose 
had to be stable for at least 6 months prior to randomization. 
All participants were required to have stable weight for at least 
3 months prior to randomization.

Following an 8-week screening period, participants were cen-
trally randomised 1:1 to receive once-daily mitiperstat 5 mg tab-
let or matching placebo using a computerised procedure.

2.4   |   Endpoints

The primary endpoint was change in ALT levels from baseline to 
Week 12 and over placebo. The secondary endpoint was change 
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in N-terminal type III collagen propeptide (Pro-C3) levels from 
baseline to Week 12 and over placebo. Exploratory endpoints 
were effects on circulating markers of hepatic injury and apop-
tosis/necrosis (i.e., cytokeratin-18 [CK-18]), fibrosis/fibrogenesis 
(i.e., fibrosis-4 [FIB4] index, enhanced liver fibrosis [ELF] score, 
and NASH Identification and Severity score [NIS4]), and lipid/
metabolic parameters.

Adverse events (AEs) and serious AEs (SAEs) were assessed at 
each scheduled visit during the 12-week treatment period and 
the 4-week safety follow-up period.

Pharmacokinetics and pharmacodynamics of mitiperstat were 
also assessed.

2.5   |   Statistical Analyses

2.5.1   |   Sample Size

Sample size calculations determined a target enrollment of 45 
participants per arm to have 80% power to detect a 25% decrease 
in ALT levels from baseline to week 12 for mitiperstat versus pla-
cebo. The calculation was based on the full analysis set (FAS), 
assuming 10% missing data, and a one-sided alpha of 0.05. The 
analysis employed a linear mixed effects model with participant 
as a random effect; treatment, visit, and treatment by visit inter-
action as fixed effects; and baseline as a covariate, including all 
participants in the FAS. An autoregressive variance–covariance 
structure was primarily used.

2.5.2   |   Endpoint Analysis

For the analysis of the primary and secondary endpoints, miss-
ing data were imputed before analysis. Non-monotone missing 
data were handled via multiple imputations using a Markov 
Chain Monte Carlo method. Monotone missing data were to 
be addressed using retrieved dropouts with predictive mean 
matching or, when this was not possible, placebo-washout im-
putations would be used. Sensitivity analyses were conducted, 
adjusting for factors like type 2 diabetes mellitus and fibrosis 
score, both with and without imputation.

Sparse pharmacokinetic sampling was employed in the present 
study. Pharmacokinetic analyses were conducted for all partic-
ipants in the FAS who received at least one dose of mitiperstat 

and who had at least one post-dose pharmacokinetic sample. 
Steady state predose plasma concentrations of mitiperstat were 
assessed at day 29 (week 4) and day 85 (week 12). In addition, 
day 29 included post-dose sampling at 0.5–1.5 h and 1.5–3 h fol-
lowing administration.

Safety analyses were performed using the safety analysis set, 
which included all participants who received at least one dose of 
mitiperstat or placebo.

3   |   Results

3.1   |   Study Population

Of the 296 participants screened, 112 were randomised: 56 to 
the mitiperstat 5 mg group and 56 participants to the placebo 
group. Of the 56 participants who received mitiperstat, 49 par-
ticipants (87.5%) completed the study, and 7 participants (12.5%) 
prematurely discontinued treatment, including four who met a 
protocol-specified withdrawal criterion. Of the 56 participants 
who received placebo, 52 (92.9%) completed the study, and four 
(7.1%) prematurely discontinued treatment, including three who 
met a protocol-specified withdrawal criterion (Figure 1).

Demographics and baseline characteristics were balanced be-
tween arms, and there was no statistically significant difference 
between the mitiperstat and placebo groups for any of the vari-
ables analysed (Table 1).

Participants had a mean age of 52.8 years, and 63 participants 
(56.3%) were male. Approximately half of the participants self-
reported as Hispanic or Latino (58 participants [51.8%]). At 
baseline, the mean (± standard deviation) body weight was 
96.1 ± 21.7 kg and body mass index was 34.7 ± 6.9 kg/m2; 36 par-
ticipants (32.1%) had type 2 diabetes mellitus, and 62 (55.4%) had 
hypertension.

3.2   |   Efficacy Outcomes

Placebo-adjusted change from baseline to week 12 in ALT 
level was +7.5%, not significant (95% confidence interval [CI]: 
−4.1%, +20.5%, p = 0.893) (Figure  2). Placebo-adjusted change 
from baseline to week 12 in Pro-C3 level was −0.9%, also not 
significant (95% CI: −7.5%, +6.1%, p = 0.396). In addition, there 
were no statistically significant effects on other MASH-related 
biomarkers such as CK-18, FIB4 index, ELF score, NIS4, or lipid 
and metabolic biomarkers (Table 2).

3.3   |   Safety

Mitiperstat was generally well tolerated (Table 3). The mean 
total duration of treatment was 76.1 days in the mitiperstat 
5 mg group, and 82.3 days in the placebo group. The propor-
tion of participants reporting AEs was comparable between 
the mitiperstat group and the placebo group. There were no 
SAEs reported in the mitiperstat group, while three partici-
pants (5.4%) reported SAEs in the placebo group. No deaths 
occurred.

Summary

•	 This study tested a new medicine called mitiperstat to 
see if it could help people with a type of liver disease 
called metabolic dysfunction-associated steatohepati-
tis (MASH).

•	 The results showed that mitiperstat did not reduce 
liver inflammation compared to a placebo, but it was 
safe and well tolerated.

•	 More research is needed to find better treatments for 
this liver condition.
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The proportion of participants with AEs leading to discontinua-
tion of investigational product was 7.1% in the mitiperstat group 
and 5.4% in the placebo group, with maculopapular rash being 
the most frequent AE leading to discontinuation.

There were no imbalances in the occurrence of AEs of infec-
tion in the mitiperstat group versus the placebo group (21.4% 
and 25%, respectively), and there was a similar occurrence of 
maculopapular skin reaction/rash between the mitiperstat and 
placebo groups (8.9% and 7.1%, respectively).

No clinically significant changes in clinical laboratory results, 
vital signs, or electrocardiogram were observed.

3.4   |   Pharmacokinetics

The geometric mean pre-dose plasma concentration of mitiper-
stat 5 mg appeared to reach steady state at week 4 (week 4 pre-
dose: 18.17 nmol/L, week 12 pre-dose: 16.84 nmol/L), consistent 

FIGURE 1    |    Participant disposition in the COSMOS study.

TABLE 1    |    Patient demographics and baseline characteristics.

Mitiperstat 
5 mg n = 56 Placebo n = 56

Age, years 52 ± 13.1 53.7 ± 9.7

Female, n (%) 22 (39.3) 27 (48.2)

Ethnicity—Hispanic/
Latino, n (%)

29 (51.8) 29 (51.8)

Weight, kg 97.9 ± 25.2 94.3 ± 17.7

BMI, kg/m2 35.3 ± 7.7 34.0 ± 5.9

Type 2 diabetes, n (%) 13 (23.2) 23 (41.1)

eGFR, mL/
min/1.73 m2

102.0 ± 18.2 99.1 ± 14.1

Baseline ALT, U/L 64.2 ± 32.3 68.1 ± 36.2

Baseline AST, U/L 43.4 ± 21.9 45.9 ± 22.2

Baseline Platelets 
(10^3/μL)

231.7 ± 51.2 251.0 ± 72.9

Plasma Glucose 
(mmol/L)

6.21 ± 1.41 6.25 ± 1.51

HbA1c (%) 5.93 ± 0.88 6.12 ± 1.08

Fibrosis stage, n (%)

F1 10 (17.9) 18 (32.1)

F2 31 (55.4) 27 (48.2)

F3 15 (26.8) 11 (19.6)

NAS 5.25 ± 1.00 5.46 ± 1.16

MPO mass, ng/mL 71.82 ± 83.3 76.96 ± 95.68

Note: Data are reported as mean ± standard deviation, unless otherwise 
state. The most common prior and concomitant medication (used by > 15% 
of participants) were metformin (41 [36.6%] participants), paracetamol (21 
[18.7%] participants each), atorvastatin (20 [17.8%] participants), propofol and 
tozinameran (18 [16%] participants), and acetylsalicylic acid and omeprazole (17 
[15.1%] participants).
Abbreviations: ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; BMI, body mass index; eGFR, estimated glomerular filtration 
rate; MPO, myeloperoxidase; NAS, NASH CRN NAFLD activity score.

FIGURE 2    |    ALT changes from baseline to week 12. No clinically 
significant changes in ALT levels occurred from baseline to week 12 for 
mitiperstat 5 mg versus placebo. ALT, alanine aminotransferase.
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with the long half-life of mitiperstat of 52.3 h [14]. The geomet-
ric mean plasma concentrations observed in week 4 from 0.5 to 
1.5 h post-dose and 1.5 to 3 h post-dose appeared to be similar at 
35.41 nmol/L and 36.91 nmol/L, respectively, and are consistent 

with steady-state maximum concentration exposures observed 
in a previous study (NCT03136991) [12].

4   |   Discussion

Inflammation plays a crucial role in both the pathogenesis and 
progression of MASH. This complex process involves intricate 
interactions between immune cells, signalling pathways, and 
molecular mediators. Upon hepatic injury, neutrophils infiltrate 
the liver, intensifying the inflammatory response by releasing 
MPO and reactive oxygen species. The release of MPO in the 
liver promotes apoptosis and fibrosis, primarily through the ac-
tivation of inflammatory myeloid cells and hepatic stellate cells, 
which drive disease progression. Furthermore, MPO enhances 
the activation of additional immune cells, such as macrophages, 
further amplifying the hepatic inflammatory environment. This 
persistent immune activation significantly contributes to fibro-
sis and the progression toward cirrhosis.

Nonclinical studies have shown that MPO deficiency may re-
duce fibrosis induced by MASH [10, 15]. In a diet-induced mouse 
model of MASH, mitiperstat was administered at a dose achiev-
ing a predicted plasma exposure corresponding to approximately 
75% inhibition of extracellular MPO activity, as estimated through 
pharmacokinetic–pharmacodynamic modelling. This interven-
tion resulted in significant improvements in the histological scor-
ing of liver inflammation and fibrosis (unpublished data). These 
insights suggested that targeting MPO activity through therapeu-
tic inhibition could be a promising strategy to mitigate liver in-
flammation and fibrosis associated with MASH.

In this phase 2a study, mitiperstat was well tolerated, with find-
ings consistent with the known clinical safety profile estab-
lished for mitiperstat in other patient populations [13]. Similarly, 

TABLE 2    |    MASH-related biomarker levels at baseline and week 12.

Mitiperstat 5 mg n = 56 Placebo n = 56

Baseline Week 12 Baseline Week 12

Pro-C3, ng/mL 41.31 ± 13.58 42.23 ± 13.95 40.84 ± 11.84 42.56 ± 14.31

ELF score 9.559 ± 0.805 9.728 ± 0.910 9.304 ± 0.780 9.489 ± 0.800

NIS4 0.643 ± 0.288 0.621 ± 0.299 0.604 ± 0.315 0.601 ± 0.331

FIB-4 index 1.306 ± 0.580 1.348 ± 0.802 1.389 ± 1.028 1.449 ± 0.937

APRI 0.51 ± 0.29 0.54 ± 0.55 0.52 ± 0.32 0.48 ± 0.29

NFS −1.428 ± 1.248 −1.436 ± 1.285 −1.622 ± 1.389 −1.279 ± 1.224

CK-18 M30, U/L 398.0 ± 350.5 394.1 ± 429.6 472.8 ± 481.4 397.1 ± 471.6

CK-18 M65, U/L 604.2 ± 389.4 719.5 ± 838.6 726.7 ± 593.0 634.3 ± 509.1

LDL, mg/dL 107.0 ± 25.6 106.9 ± 32.4 103.2 ± 37.0 94.0 ± 33.1

HDL, mg/dL 43.6 ± 10.7 42.9 ± 11.4 45.1 ± 12.1 45.9 1 ± 0.5

Total cholesterol, mg/dL 179.8 ± 29.8 178.9 ± 36.9 181.9 ± 41.8 176.0 ± 40.3

Triglycerides, mg/dL 146.1 ± 62.1 145.4 ± 66.3 190.9 ± 132.7 176.4 ± 91.7

Note: Data reported as mean ± standard deviation.
Abbreviations: APRI, aspartate aminotransferase to platelet ratio index; CK-18, cytokeratin-18; ELF, enhanced liver fibrosis; FIB4, fibrosis-4; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein; MASH, metabolic dysfunction-associated steatohepatitis; NASH, non-alcoholic steatohepatitis; NFS, NAFLD fibrosis score; 
NIS4, NASH Identification and Severity Score; Pro-C3, N-terminal type III collagen propeptide.

TABLE 3    |    Safety summary of adverse events.

Mitiperstat 
5 mg n = 56 Placebo n = 56

Any AE 33 (58.9) 36 (64.3)

Any SAE 0 3 (5.4)

Any SAE with 
outcome death

0 0

Any possibly related 
AEa

8 (14.3) 11 (19.6)

Any possibly related 
SAEa

0 0

Any AE leading to 
discontinuation of IP

4 (7.1) 3 (5.4)

Skin and 
subcutaneous 
disorders

4 (7.1) 3 (5.4)

Pruritus 0 1 (1.8)

Rash 1 (1.8) 0

Rash 
maculo-papular

3 (5.4) 2 (3.6)

Note: Data reported as n (%).
Abbreviations: AE, adverse event; IP, investigational product; SAE, serious 
adverse event.
aPossibly related is defined as reasonable possibility that the AE was caused by 
IP, as assessed by investigator.
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the pharmacokinetic properties of mitiperstat observed in the 
current study aligned with previous reports [16].

For the primary efficacy endpoint, no significant reduction in 
ALT levels at week 12 relative to baseline was observed for miti-
perstat compared with placebo. Additionally, treatment with 
mitiperstat versus placebo did not result in any significant re-
ductions from baseline to week 12 in Pro-C3 levels or any of the 
other exploratory biomarkers related to hepatic inflammation 
and fibrosis.

The lack of efficacy observed with the MPO inhibitor mitiper-
stat in patients with MASH may be explained, at least in part, 
by two key factors. First, although neutrophil-derived MPO 
contributes to oxidative stress and inflammation, its role may 
not be central or sufficient to drive the complex pathophysiol-
ogy of MASH. Moreover, the limited efficacy may not be due 
to targeting MPO per se, but rather to the specific targeting 
of inflammation. Although inflammation represents a central 
mechanism driving the transition from hepatic steatosis to ste-
atohepatitis, with the associated pro-fibrogenic switch, most 
clinical studies have shown that selective targeting of inflam-
matory pathways does not translate into meaningful benefits 
in MASH. For example, selonsertib, cenicriviroc, and several 
other agents directed against key inflammatory mediators all 
failed to demonstrate significant histological or clinical ben-
efits [17–21]. Collectively, these findings indicate that block-
ing individual inflammatory pathways alone has not been 
sufficient to improve outcomes in MASH, highlighting the 
complexity of the disease and the likely need for broader or 
combination therapeutic strategies.

Second, the lack of efficacy could be related to suboptimal 
drug exposure at the hepatic level. As outlined in the Methods 
section, the selected dose of mitiperstat was informed by prior 
studies that demonstrated a significant reduction in MPO ac-
tivity while maintaining an optimal safety profile [12, 13]. In 
these studies, neutrophil activity was measured in peripheral 
blood, a practical and widely accepted surrogate for MPO tar-
get engagement. However, circulating neutrophils may not 
fully reflect the activation state of neutrophils within the he-
patic microenvironment, where local inflammatory signals 
could modulate their behaviour. These considerations under-
score the importance of both comprehensive pathway valida-
tion and pharmacokinetic optimization in the development of 
targeted therapies for MASH.

Finally, a potential limitation of our study is the use of ALT 
and Pro-C3 as primary and secondary endpoints, as both are 
potentially affected by limited sensitivity. While ALT has been 
criticised as a relatively insensitive and non-specific marker 
in MASH [22], several prior studies involving effective agents 
have consistently reported robust ALT reductions in parallel 
with histological improvement [23–26]. Similarly, although 
fibrosis may not significantly change within 12 weeks, both 
Pro-C3 and the ELF score primarily reflect fibrogenic activity 
rather than fixed fibrosis. Multiple studies have shown that 
these biomarkers can undergo early changes in response to 
effective therapies [26]. In addition, given the mechanism of 
action of mitiperstat, we did not anticipate significant changes 
in intrahepatic fat content. While magnetic resonance imaging 

proton density fat fraction (MRI-PDFF) offers a reliable and 
noninvasive method for quantifying hepatic fat, its inclusion 
was not aligned with the expected pharmacodynamic profile 
of the compound.

In conclusion, the results from this phase 2a study do not sup-
port the hypothesis that the use of mitiperstat 5 mg is a clinically 
effective strategy for the treatment of MASH. Further research 
is required to better understand the complex inflammatory 
mechanisms underlying MASH pathogenesis and to identify 
more effective treatment strategies.
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