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The glucagon and GLP-1 receptor dual agonist DD01 for 
metabolic dysfunction-associated steatotic liver disease 
and steatohepatitis (DD01-DN-02): 12-week results 
from a randomised, double-blind, multicentre, 
placebo-controlled, phase 2 trial
Mazen Noureddin, Winston Dunn, Rashmee Patil, Dimple Desai, Rohit Puskoor, Jaehee Shin, Dennis To, Adam C Bell, Daniel R Lee, Yen-Huei Lin, 
Seulki Lee

Summary
Background Metabolic dysfunction-associated steatohepatitis (MASH) is a major public health problem arising in the 
context of metabolic syndrome and obesity. DD01 is a liver-targeted GLP-1 receptor and glucagon dual agonist being 
investigated for the treatment of metabolic dysfunction-associated steatotic liver disease (MASLD) and MASH. The 
DD01-DN-02 trial aimed to evaluate the efficacy and safety of DD01 in adults with MASLD or MASH; this initial 
analysis reports prespecified 12-week outcomes to assess early hepatic effects.

Methods DD01-DN-02 is an ongoing, randomised, double-blind, multicentre, placebo-controlled, phase 2 trial 
conducted at 12 outpatient clinical sites in the USA. Adults aged 18–70 years with obesity or who were overweight 
(BMI ≥25 kg/m²) were included in the study. Patients with MASLD or MASH underwent liver biopsy and MRI-proton 
density fat fraction (PDFF) and were eligible if liver fat content was 10% or higher with metabolic risk factors, or if the 
biopsy confirmed MASH with a non-alcoholic fatty liver disease activity score of at least 4. Participants were randomly 
assigned (1:1) to receive once-weekly subcutaneous DD01 40 mg or matched placebo over 48 weeks, dose-escalated 
over 2 weeks, using a centrally administered interactive response technology system. The randomisation sequence 
was computer-generated by an independent statistician. Participants, investigators, study staff, outcome assessors, 
and the sponsor were masked to treatment assignment. The primary endpoint was the proportion of participants 
having at least a 30% relative reduction in liver fat by MRI-PDFF at week 12, which was analysed in all randomly 
assigned participants receiving at least one dose of study drug or placebo. Safety analyses included all participants 
who received at least one dose of study drug. Missing primary endpoint data were handled using multiple imputation 
under a missing-at-random assumption. This trial is registered with ClinicalTrials.gov (NCT06410924) and is ongoing 
but closed to new participants. 

Findings Between June 13, 2024, and Jan 30, 2025, 67 eligible participants were enrolled, of whom 33 were randomly 
assigned to DD01 and 34 to placebo. The mean age of participants was 48·4 years (SD 10·6), 42 (63%) were female, 
25 (37%) were male, 57 (85%) were White, and 52 (78%) participants had biopsy-confirmed MASH. At week 12, 
25 (76%) of 33 participants receiving DD01 had a 30% or higher reduction in liver fat versus four (12%) of 
34 participants receiving placebo (adjusted common odds ratio 28·8 [95% CI 7·2–115·2]; adjusted relative risk 6·3 
[95% CI 2·5–15·9]; p<0·0001). Treatment-emergent adverse events occurred in 28 (85%) of 33 participants receiving 
DD01 and 23 (68%) of 34 participants receiving placebo. The most common adverse events were nausea (18 [55%] of 
33 participants assigned DD01; six [18%] of 34 participants assigned placebo), diarrhoea (nine [27%] of 33; six [18%] 
of 34), and vomiting (ten [30%] of 33; four [12%] of 34). Treatment-emergent adverse events led to treatment 
discontinuation in four (12%) of 33 participants in the DD01 group and one (3%) of 34 participants in the placebo 
group. Two (6%) treatment-emergent serious adverse events occurred in the DD01 group (abdominal pain and acute 
cholecystitis) and zero in the placebo group. No deaths occurred.

Interpretation In this prespecified 12-week primary analysis, DD01 produced rapid reductions in liver fat compared 
with placebo, supporting further evaluation in long-term studies.
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Introduction
Metabolic dysfunction-associated steatohepatitis (MASH) 
is a progressive liver disease arising in the context of 
obesity and insulin resistance and is projected to become 
a leading cause of liver-related morbidity and mortality.1,2 
The only approved incretin-based therapy is semaglutide, 
a GLP-1 receptor agonist, which received accelerated 
approval for MASH with moderate-to-advanced fibrosis.3 
However, in a 72-week phase 2 trial,4 semaglutide 
improved steatohepatitis resolution but did not show 
significant fibrosis improvement. Fibrosis improvement 
was only shown later in a phase 3 trial.3

Beyond semaglutide, several other incretin-based 
therapies are under clinical development for MASH. 
These agents (including dual and multi-agonists 
targeting GLP-1, glucose-dependent insulinotropic 
polypeptide, and glucagon pathways5–8) have shown 
improvements in steatosis and metabolic parameters in 
early-phase studies, although consistent and statistically 
significant antifibrotic effects have not yet been 
established. Despite these advances, several important 
unmet needs remain. First, across incretin-based therapy 
trials, steatosis and fibrosis responses have generally 
been assessed after substantial weight loss, typically at 
24–52 weeks,9,10 making it difficult to determine whether 

observed antisteatotic and antifibrotic effects are weight 
dependent or weight independent. Second, magnetic 
resonance elastography (MRE) has rarely been included, 
and, when assessed, early between-group improve
ments in liver stiffness have not been significant.11 
Third, incretin-based therapies, with the exception of 
pemvidutide,8 require prolonged, multi-step dose 
titration over 12–20 weeks to mitigate gastrointestinal 
adverse events, which is labour intensive for patients 
and providers and limits the proportion of patients who 
reach the target dose. Finally, many trials3,5,8 enrich 
enrolment for patients with significant (F2) or 
advanced (F3) fibrosis, often oversampling F3 disease to 
maximise the likelihood of showing fibrosis regression, 
which limits generalisability to the broad metabolic 
dysfunction-associated steatotic liver disease (MASLD)–
MASH population encountered in routine practice.

Hepatocytes do not have GLP-1 receptors but express 
abundant glucagon receptors. Therefore, GLP-1 and 
glucagon dual receptor agonism provides a mechanistic 
rationale for direct hepatic effects independent of weight 
loss.12 Activation of hepatic glucagon receptors stimulates 
fatty acid oxidation, suppresses de-novo lipogenesis, and 
mobilises intrahepatic triglyceride stores. DD01 is a 
once-weekly dual GLP-1 and glucagon receptor agonist 

Research in context

Evidence before this study
We searched PubMed from Jan 1, 2017, to Dec 15, 2025, 
without language restrictions, using the terms “metabolic 
dysfunction-associated steatohepatitis”, “nonalcoholic 
steatohepatitis”, “MASH”, “NASH”, “GLP-1”, “incretin”, “GIP”, 
and “glucagon”, and reviewed reference lists of relevant trials. 
Incretin-based therapies, including GLP-1 receptor agonists and 
multi-receptor agonists, have been shown to reduce liver fat 
and improve metabolic parameters in patients with metabolic 
dysfunction-associated steatohepatitis (MASH); histological 
benefits have been observed in selected populations. Across 
published phase 2 trials, improvements in steatosis and 
fibrosis have generally been evaluated at longer timepoints 
(24–52 weeks), after substantial weight loss has occurred, 
making it difficult to determine whether observed antisteatotic 
and antifibrotic effects are weight-dependent or weight 
independent. Few incretin-based MASH trials have 
incorporated magnetic resonance elastography (MRE), and 
in studies in which MRE was assessed, the effect of treatment 
on liver stiffness has not been shown at early time points. 
In addition, most incretin-based therapies require multi-step 
dose titration over several months, which is resource intensive 
for providers and often limits the proportion of patients who 
reach the highest intended dose. Finally, previous incretin-
based therapy trials have typically enriched enrolment for 
patients with significant (F2) or advanced (F3) fibrosis, often 
oversampling advanced fibrosis to increase the likelihood 
of demonstrating fibrosis regression, thereby limiting 

generalisability to the broad metabolic dysfunction-associated 
steatotic liver disease (MASLD) and MASH populations 
encountered in clinical practice.

Added value of this study
In this randomised, double-blind, placebo-controlled 
phase 2 trial, DD01 resulted in marked reductions in liver fat by 
MRI-proton density fat fraction and significant improvements 
in liver stiffness by MRE within 12 weeks. The study used a 
simplified, single-step titration strategy, and most participants 
were able to reach and maintain the target dose. DD01 had a 
safety profile consistent with other incretin-based therapies. 
By contrast to many previous incretin-based therapy trials, this 
study enrolled patients across the MASLD–MASH spectrum 
without enrichment for advanced fibrosis.

Implications of all the available evidence
Taken together, available evidence suggests that incretin-based 
therapies can modify liver disease activity in MASLD and MASH, 
but the relative contribution of weight-dependent versus 
weight-independent mechanisms has remained uncertain. 
In the present study, reductions in hepatic steatosis and liver 
stiffness were observed early, at a timepoint when weight loss 
was modest, suggesting a direct hepatic effect. The simplified 
titration and favourable tolerability profile of DD01 could 
facilitate broad implementation in routine practice. Ongoing 
follow-up will determine whether these early imaging 
responses translate into durable histological improvement 
and long-term clinical benefit over 48 weeks.
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with an 11:1 potency ratio designed to provide balanced 
metabolic and hepatic effects and a pharmacokinetic 
profile that enables rapid attainment of therapeutic 
concentrations without stepwise titration. Phase 1 
(NCT04812262) data showed 50% reduction in liver fat 
after 4 weeks.13 The objective of the present phase 2 trial 
is to evaluate the safety and efficacy DD01 in adults with 
MASLD or MASH, including those with various fibrosis 
stages, and reports prespecified 12-week outcomes to 
assess early hepatic effects before substantial weight loss 
occurs. In phase 2 MASLD and MASH trials, a 30% or 
higher relative reduction in liver fat is associated with 
steatohepatitis resolution and fibrosis improvement,14 
and has become a standard primary endpoint. It has also 
been adopted in clinical guidance for the treatment for 
MASH.15–17 However, given the limitations of MRI-PDFF, 
which only measures liver fat and not fibrosis, 
inflammation, or other components of MASH, we 
included MRE as a secondary endpoint.

Methods
Study design and participants
DD01-DN-02 is an ongoing, randomised, double-blind, 
multicentre, placebo-controlled, parallel-group, phase 2 
trial evaluating the efficacy, safety, and tolerability of 
DD01 over 48 weeks in adults with MASLD or MASH. 
The trial was conducted at 12 outpatient clinical sites in 
the USA. The primary, secondary, safety and tolerability, 
and exploratory endpoints for the prespecified 12-week 
primary analysis are reported here.

Eligible participants were adults aged 18–70 years with 
obesity or who were overweight (BMI ≥25 kg/m²) and 
evidence of MASLD or MASH. Participants were enrolled 
through one of two prespecified pathways: having biopsy-
proven MASH or meeting criteria for high-risk MASLD 
using non-invasive test results. All patients underwent 
liver biopsy and MRI-proton density fat fraction 
(MRI-PDFF) at baseline. For the MASH cohort, eligible 
participants had a liver biopsy within 6 months of 
screening confirming MASH on central histopathology 
review, defined by a non-alcoholic fatty liver disease 
activity score (NAS) of at least 4 with at least one point in 
each component (steatosis, lobular inflammation, and 
hepatocellular ballooning), and fibrosis stage F1–F3 
according to the Non-alcoholic Steatohepatitis Clinical 
Research Network classification. Historical biopsies were 
accepted provided there was no significant intervening 
change in metabolic status, including glycaemic control, 
lipid management, or bodyweight (>5% change). Details 
regarding liver biopsy interpretation are in appendix 1 
(p 2). For the MASLD cohort, eligible participants had 
hepatic steatosis of at least 10% on MRI-PDFF at 
screening and met at least two metabolic risk criteria, 
including low high-density lipoprotein cholesterol, 
elevated triglycerides, impaired fasting glucose or treated 
type 2 diabetes, or hypertension or antihypertensive treat
ment. Full inclusion criteria are in appendix 1 (pp 3–4).

Key exclusion criteria included clinically or 
histologically documented cirrhosis (F4), any history of 
hepatic decompensation (eg, ascites, variceal bleeding, 
hepatic encephalopathy, splenomegaly, thrombocyto
penia, or hospitalisation for chronic liver disease), or a 
model for end-stage liver disease (MELD) score of 
12 or higher. Participants were also excluded if they met 
laboratory criteria suggestive of advanced cirrhosis at 
screening. Full exclusion and withdrawal criteria are 
provided in appendix 1 (pp 4–6).

The study was conducted in accordance with the 
Declaration of Helsinki, International Council for 
Harmonization Good Clinical Practice guidelines, and 
applicable regulatory requirements.18 Patients and 
members of the public were not involved with study 
design, conduct, or reporting. The protocol and all 
amendments were approved by the institutional review 
boards at each site (central institutional review board: 
Advarra, Pro00077707). The protocol can be found in 
appendix 2. All participants provided written informed 
consent before any study-related activities were 
conducted. Sex was self-reported (male or female) and 
race and ethnicity were self-reported. The trial is 
registered with ClinicalTrials.gov (NCT06410924) and is 
ongoing but the trial is closed to new participants. 
Recruitment was completed on Jan 30, 2025. The 
prespecified 12-week primary analysis was conducted 
using data as of April 22, 2025. 

Randomisation and masking
Participants were randomly assigned in a 1:1 ratio to 
receive DD01 or matched placebo using a centrally 
administered interactive response technology system. 
The randomisation sequence was computer-generated 
by an independent statistician using permuted blocks 
(block size concealed) and stratified by baseline glycated 
haemoglobin (HbA1c; <7·5% vs ≥7·5%) and biopsy-
confirmed MASH status. Allocation was concealed via 
the interactive response system, which assigned treat
ment at the time of enrolment. Participants were 
enrolled by the investigators at the individual clinical 
sites. Participants, investigators, study staff, outcome 
assessors, and the sponsor remained masked to 
treatment assignment throughout the trial. The pre
specified 12-week primary analysis was conducted after 
database lock by an independent statistical team 
according to the protocol. The investigational product 
and matching placebo were identical in appearance to 
maintain masking.

Procedures
Following a screening period of up to 12 weeks, eligible 
participants entered a 48-week treatment period followed 
by a safety follow-up at week 60. Participants received 
20 mg DD01 for the first 2 weeks, followed by escalation 
to 40 mg once weekly from week 3 up to week 48, or 
placebo. Study drug or placebo were administered as a 

See Online for appendix 2

See Online for appendix 1
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once-weekly subcutaneous injection. The first four doses 
were administered by site staff; self-administration was 
allowed for the remaining doses. Temporary dose 
de-escalation of DD01 to 20 mg was permitted for 
tolerability at the investigator’s discretion.

MRI-PDFF and MRE were performed at screening and 
at week 12 using standardised acquisition protocols and 
central image analysis. All MRI-PDFF and MRE 
assessments were analysed centrally by readers masked 
to treatment assignment and visit order. Imaging 
assessments were performed under fasting conditions.

Clinical assessments, laboratory tests, and safety 
evaluations were conducted at regular intervals  through
out the study (appendix 2 pp 72–74). Adverse events were 
recorded from the time of informed consent until the 
end of follow-up (week 60) and graded according to the 
Common Terminology Criteria for Adverse Events 
(version 5.0). Operational details are provided in 
appendix 1 (pp 7–10).

Outcomes
The primary endpoint was the proportion of participants 
with at least a 30% relative reduction from baseline in 
liver fat content measured by MRI-PDFF at week 12.14 
A complete list of secondary and exploratory endpoints 
are reported in appendix 2 (pp 50–52). All 12-week 
endpoint outcomes that were available at the time of 
analysis are reported herein. Secondary endpoints 
included absolute and relative change measurements 
from baseline to week 12 in liver fat content (MRI-
PDFF),19 liver stiffness assessed by MRE and 
vibration-controlled transient elastography (VCTE; 
FibroScan, Echosens, Paris, France), controlled 
attenuation parameter (FibroScan), liver biochemistry 
(aspartate aminotransferase [AST], alanine amino
transferase [ALT], AST to ALT ratio, gamma-glutamyl 
transferase, and direct and total bilirubin), and glucose 
metabolism (fasting plasma glucose, insulin, C-peptide, 
and HbA1c) parameters. 12-week data on liver stiffness 
and controlled attenuation parameter by VCTE and 
fasting plasma glucose, insulin, and C-peptide were 
not available at the time of analysis. Safety and toler
ability endpoints at week 12 were treatment-emergent 
adverse events, laboratory abnormalities, vital signs, 
electrocardiograms, injection-site reactions, also physical 
examinations, and anti-drug antibody formation 
(appendix 2 pp 53–60 ). Exploratory endpoints at week 12 
included changes in bodyweight, serum lipid concen
trations, and circulating biomarkers of liver injury and 
fibrosis, including the Enhanced Liver Fibrosis score 
(ELF). An additional post-hoc exploratory analysis was 
performed to compare changes in MRI-PDFF and MRE 
at 12 weeks in participants with less than 5% bodyweight 
loss relative to baseline. Imaging was analysed centrally 
(eg, values for MRI-PDFF and MRE were assigned by a 
central reader) and reported to the sponsor, who oversaw 
the analysis of the data.

Statistical analysis
For the primary endpoint, assuming a 55% response rate 
in the treatment group and 20% in the placebo group, a 
sample size of 68 participants (34 per group) provided at 
least 80% power. Primary and available secondary and 
exploratory efficacy anlyses were conducted in the full 
analysis set, which included all randomly assigned 
participants who received at least one dose of study 
drug. The primary endpoint was analysed using a 
Cochran–Mantel–Haenszel test, adjusted for prespecified 
stratification factors, with treatment effect expressed as 
an odds ratio with 95% CIs. For clinical interpretability, 
a Mantel–Haenszel risk ratio and its 95% CI were 
additionally calculated using the same stratification 
factors. Missing primary endpoint data were handled 
using multiple imputation under a missing-at-random 
assumption.20 A prespecified sensitivity analysis was 
conducted on the per-protocol analysis set without 
imputation. Further details on the statistical analysis are 
in appendix 1 (p 11). 

Continuous endpoints were analysed using analysis of 
covariance, adjusting for baseline values, baseline HbA1c 
category, and baseline MASH status, which was 
considered appropriate given the single post-baseline 
timepoint reported. Safety analyses were summarised 
descriptively and included all participants who received 
at least one dose of study drug.

The 12-week analysis was prespecified in the protocol 
and conducted for efficacy and safety assessment only; 
no formal interim stopping boundaries were applied, 
and this analysis did not affect the type-I error for the 
final 48-week analysis. No independent data monitoring 
committee was convened for this phase 2 trial. All 
statistical analyses were performed with SAS 
(version 9.4).

Role of the funding source
The funders of the study had a role in the study design, 
data collection, data analysis, data interpretation, and 
writing of the report. 

Results
Between June 13, 2024, and Jan 30, 2025, 67 adults with 
obesity or who were overweight and had either MASLD 
or MASH were recruited from 12 clinics in the USA, 
33 were randomly assigned to once-weekly subcutaneous 
DD01 40 mg and 34 were randomly assigned matched 
placebo (figure 1). The primary analysis was completed 
on April 22, 2025, and the trial is expected to complete in 
June, 2026. At the time of database lock for this primary 
analysis, all 67 randomly assigned participants were 
included in the full-analysis set; all 67 participants who 
received at least one dose of DD01 or placebo were 
included in the safety analysis set. Of these participants, 
64 participants had evaluable MRI-PDFF measurements; 
the remaining three participants had missing data. 
Results reported here focus on the prespecified 12-week 
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endpoints; analyses of long-term outcomes will be 
presented once the trial is completed. 

Baseline characteristics were well balanced between 
the treatment groups (table 1). In 67 participants, the 
mean age was 48·4 years (SD 10·6), 42 (63%) were 
female, 25 (37%) were male, 42 (63%) were Hispanic or 
Latino, and 25 (37%) were not Hispanic or Latino. 
57 (85%) participants were White, four (6%) were Black 
or African American, three (5%) were Asian, and 
three (5%) were other races. 52 participants had MASH 
as confirmed by a baseline biopsy (appendix 1 p 12). 

At week 12, a significantly greater proportion of 
participants treated with DD01 had at least a 30% relative 
reduction in liver fat content by MRI-PDFF compared 
with placebo (25 [76%] of 33 participants assigned DD01 vs 
four [12%] of 34 participants assigned placebo; adjusted 
common odds ratio [OR] 28·8 [95% CI 7·2–115·2]; 
p<0·0001). This finding corresponded to an adjusted 
relative risk of 6·3 (95% CI 2·5–15·9; p<0·0001) for 
achieving the primary endpoint with DD01 compared 
with placebo. Consistent results were observed in the 
prespecified subgroup of participants with biopsy-
confirmed MASH at baseline (appendix 1 p 13). In a 
prespecified sensitivity analysis in which missing 
responses were imputed as non-response, DD01 remained 
superior to placebo (unadjusted OR 22·6 [95% CI 
6·1–83·9]; p<0·0001; appendix 1 p 13). Prespecified 
subgroup analysis by biopsy-confirmed MASH at baseline 
is reported here; other prespecified subgroups (including 

HbA1c at baseline, type 2 diabetes at baseline, BMI at 
baseline, sex, age, race, and ethnicity) will be analysed at 
the end of the trial and are not reported here.

In prespecified analyses, an at least 50% relative 
reduction in MRI-PDFF was reached by 24 (73%) of 
33 participants in the DD01 group compared with 

Figure 1: Trial profile
At the time of database lock for the week 12 primary analysis.

223 participants assessed for eligibility

67 enrolled

67 randomised

33 assigned DD01

28 treatment ongoing

33 included in the full
 analysis set
33 included in the
 safety analysis set

5 discontinued
 treatment
 4 adverse events
 1 lost to follow-up

34 assigned placebo

32 treatment ongoing

34 included in the full
 analysis set
34 included in the safety
 analysis set

2 discontinued
 treatment
 1 adverse event
 1 lost to follow-up

156 ineligible

DD01 (n=33) Placebo 
(n=34)

Age (years) 47·9 (10·7) 48·9 (10·6)

Sex

Female 22 (67%) 20 (59%)

Male 11 (33%) 14 (41%)

Race

White 28 (85%) 29 (85%)

Black or African American 3 (9%) 1 (3%)

Asian 2 (6%) 1 (3%)

American Indian or Alaska Native 0 0

Native Hawaiian or other Pacific 
Islander

0 0

Other 0 3 (9%)

Ethnicity

Hispanic or Latino 20 (61%) 22 (65%)

Not Hispanic or Latino 13 (39%) 12 (35%)

Weight (kg) 100·4 (21·0) 98·5 (17·6)

BMI (kg/m²) 36·6 (6·4) 35·7 (5·1)

Waist circumference (cm) 113·0 (14·2) 113·6 (12·9)

History of type 2 diabetes 5 (15%) 11 (32%)

HbA1c (%) 5·9 (0·4) 6·1 (0·8)

Biopsy-confirmed MASH at baseline 25 (76%) 27 (79%)

Fibrosis stage

F0 2 (6%) 1 (3%)

F1 17 (52%) 15 (44%)

F2 11 (33%) 13 (38%)

F3 3 (9%) 5 (15%)

F4 0 0

NAFLD activity score

0 0 0

1 0 0

2 2 (6%) 1 (3%)

3 4 (12%) 5 (15%)

4 9 (27%) 9 (26%)

5 15 (45%) 16 (47%)

6 3 (9%) 3 (9%)

7 0 0

8 0 0

Liver fat content by MRI-PDFF (%) 20·6 (7·7) 20·8 (8·0)

Liver stiffness by MRE (kPa) 2·9 (0·8) 2·7 (0·6)

Aspartate aminotransferase (U/L) 25·6 (8·7) 36·6 (26·0)

Alanine aminotransferase (U/L) 40·5 (20·9) 52·5 (38·8)

Data are n (%) or mean (SD). HbA1c=glycated haemoglobin. MASH=metabolic 
dysfunction-associated steatotic steatohepatitis. MRE=magnetic resonance 
elastography. MRI-PDFF=MRI proton density fat fraction. NAFLD=non-alcoholic 
fatty liver disease. 

Table 1: Baseline characteristics of the intention-to-treat population
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two (6%) of 34 participants in the placebo group 
(p<0·0001; appendix 1 p 17). An at least 70% relative 
reduction was observed in 19 (58%) of 33 participants 
assigned DD01 and in none of the participants assigned 
placebo (p<0·0001; appendix 1 p 17). Normalisation of 
liver fat (MRI-PDFF ≤5%) was reached in 16 (48%) of 
33 participants in the DD01 group, whereas no placebo-
treated participant reached this threshold at week 12 
(p<0·0001; appendix 1 p 17). DD01 produced substantially 
greater reductions in liver fat compared with placebo 
when assessed as a continuous outcome (appendix 1 
p 14). 

The mean relative change from baseline in MRI-PDFF 
was –62·3% (SE 5·4) in the DD01 group versus –8·3% 
(4·4) in the placebo group at week 12 (p<0·0001; figure 2). 
Absolute change from baseline to week 12 in liver fat 
content are shown in appendix 1 (pp 14–15). In the full 

analysis set, DD01 resulted in a greater relative reduction 
in MRE-measured liver stiffness compared with placebo 
at week 12 (least squares mean –19·7% [SE 8·1] vs –7·2% 
[7·7]; p=0·0016; figure 3). Absolute change from baseline 
to week 12 in liver stiffness are shown in appendix 1 
(pp 14–15). Ad-hoc analysis revealed that among 
participants with baseline fibrosis stage F2–F3, DD01 
also resulted in greater decreases in liver stiffness than 
placebo (–20·1% [SE 7·9] vs –8·7% [SE 7·2]; p=0·024; 
appendix 1 p 18).

Treatment with DD01 was also associated with a 
greater reduction in the ELF score at week 12 compared 
with placebo. In participants with fibrosis stage F2 or F3 
and biopsy-confirmed MASH at baseline, the least 
squares mean absolute change from baseline in ELF was 
–0·32 (SE 0·37) in participants receiving DD01 and 
0·47 (0·32) in those receiving placebo at week 12 
(between-group difference in absolute change –0·78 
[95% CI –1·39 to –0·17]; p=0·015).

At week 12, treatment with DD01 was associated with 
numerically greater improvements in liver biochemistry 
compared with placebo. The mean absolute change in 
ALT was –11·5 (SE 4·6) U/L in the DD01 group and 
–7·7 (3·2) U/L in the placebo group (least squares mean 
change from placebo –7·5 [95% CI –17·9 to 2·9]; 
p=0·16). Similarly, at week 12, AST declined by –4·9 
(SE 2·9) U/L with DD01, compared with –2·9 (3·4) U/L 
with placebo (least squares mean difference from placebo 
–3·3 [95% CI –12·6 or 6·0]; p=0·48; appendix 1 p 14). 
Other liver biochemistry parameters, including gamma-
glutamyl transferase, bilirubin fractions, and the AST to 
ALT ratio, remained stable over 12 weeks, with no 
evidence of hepatic synthetic dysfunction or drug-
induced liver injury (appendix 1 pp 14–15)). 

Least squares mean HbA1c decreased from baseline 
by –0·33 percentage points (SE 0·16) with DD01 
(–27·1 mmol/mol [SE –21·7]), compared with –0·19 per
centage points (SE 0·16) with placebo (–25·6 mmol/mol 
[SE –21·8]), with a significant between-group difference 
(least squares mean difference from placebo –0·15 
[95% CI –0·28 to –0·01]; p=0·037; appendix 1 p 15).

At the time of database lock, treatment-emergent 
adverse events were reported in 23 (68%) of 34 partici
pants assigned placebo and 28 (85%) of 33 assigned 
DD01 (table 2). No participants had treatment-emergent 
adverse events leading to down-titration or trial 
discontinuation; one (3%) of 33 participants in the 
DD01 group had a treatment-emergent adverse event 
leading to temporary interruption of study drug, and 
one (3%) of 34 placebo recipients and four (12%) of 
33 DD01 recipients had a treatment-emergent adverse 
event leading to temporary discontinuation of study 
drug. Among DD01 recipients, discontinuations were 
attributed primarily to abdominal pain (discontinuing 
treatment at week 15), nausea (week 8), vomiting 
(week 8), and injection-site pruritus (week 5). The 
placebo recepient discontinued due to breast cancer. 

Figure 2: Effects of DD01 on liver fat assessed by MRI-PDFF at week 12 in the 
full analysis set
Bars represent the mean relative change in liver fat content assessed by 
MRI-PDFF from baseline to week 12 with SE. Comparisons between DD01 
and placebo were performed using analysis of covariance adjusted for baseline 
MRI-PDFF values and prespecified stratification factors. MRI-PDFF=MRI-proton 
density fat fraction.

–8·3%

–62·3%

Placebo (n=33)DD01 (n=31)

Re
la

tiv
e 

ch
an

ge
  f

ro
m

 b
as

el
in

e

p<0·0001–80

–70

–60

–50

–40

–30

–20

–10

0

Figure 3: Change in liver stiffness assessed by MRE at week 12 in the full 
analysis set
Bars represent least squares mean relative change in liver stiffness measured by 
MRE from baseline to week 12 with SE. Comparisons between DD01 and placebo 
were performed using analysis of covariance adjusted for baseline values and 
prespecified stratification factors. 
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Gastrointestinal disorders were the most frequently 
reported treatment-emergent adverse events, occurring 
in 24 (73%) of 33 DD01 recipients and 15 (44%) of 
34 placebo recipients. The most common gastro
intestinal treatment-emergent adverse events were 
nausea (18 [55%] of 33 participants assigned DD01 vs 
six [18%] of 34 assigned placebo), diarrhoea (nine [27%] vs 
six [18%]), constipation (ten [30%] vs four [12%]), and 
vomiting (six [18%] vs one [3%]), which were generally 
mild and transient.

Serious adverse events occurred in two (6%) of 
33 participants in the DD01 group and one (3%) of 34 in 
the placebo group; no deaths occurred. At the time of 
database lock, there were three serious adverse events. 
One patient was diagnosed with breast cancer and 
two were hospitalised with abdominal pain, one of whom 
was hospitalised before treatment began and one was 
treatment-emergent (re-coded as cholecystitis after the 
current analysis occurred). Because the trial was ongoing 
at the time of manuscript preparation, the serious 
adverse event data are masked and it is not possible to 
identify the groups to which these participants are 
allocated. Treatment-emergent serious adverse events 
considered related to study drug were reported in 
two (6%) of 33 participants receiving DD01 
(one abdominal pain and one acute cholecystitis) and 
none receiving placebo. 

At week 12, treatment with DD01 was associated with 
significant improvements in bodyweight compared with 
placebo. Least squares mean bodyweight decreased from 
baseline by –3·8% (SE 1·4) in the DD01 group versus 
–0·4% (1·3) with placebo (least squares mean difference 
from placebo –3·4 [95% CI –4·6 to –2·1]; p<0·0001). 
A greater proportion of participants assigned DD01 had 
at least 5% weight reduction at week 12 compared with 
placebo (14 [42%] of 33 participants vs none; point 
estimate of proportion difference 42·3 [95% CI 
25·0 to 59·7]; p<0·0001). 

Treatment with DD01 resulted in favourable changes in 
lipid parameters at week 12. Least squares mean relative 
change from baseline in total cholesterol (–12·5% 
[SE 6·6] vs –0·9% [6·2]; least squares mean difference 
from placebo –11·4 [95% CI –17·5 to –5·4]; p=0·0002) 
and LDL cholesterol (–8·8% [SE 9·6] vs 1·3% [9·0]) were 
greater with DD01 than with placebo (least squares mean 
difference from placebo –9·9 [95% CI –18·7 to –1·1]; 
p=0·021). Absolute changes in total cholesterol, LDL 
cholesterol, and triglycerides are reported in the 
appendix 1 (p 16).

A post-hoc exploratory analysis stratified by weight 
loss (<5% vs ≥5%) at week 12 showed that among 
the 18 participants who lost less than 5% bodyweight at 
week 12, DD01 treatment was associated with a 
significantly greater reduction in liver fat than with 
placebo (least squares mean relative change –37·4% 
[SE 17·6] vs 1·6% [15·9]; least squares mean difference 
from placebo –39·1 [95% CI –56·8 to –21·3]; p<0·0001; 

appendix 1 p 19). In the same subgroup, DD01 resulted in 
greater improvement in MRE-measured liver stiffness 
compared with placebo (–19·2% [SE 9·1] vs –7·7% [8·2]; 
least squares mean difference from placebo –11·5 
[95% CI –20·9 to –2·1]; p=0·017; appendix 1 p 20). 

Discussion
In this prespecified analysis of early hepatic outcomes 
after 12 weeks of treatment, more than three-quarters of 
DD01-treated participants had at least 30% relative 
reduction in liver fat by MRI-PDFF, compared with 
around one in eight participants in the placebo group. 
Greater differences in response were noted at the 
50% or higher and 70% or higher reduction thresholds. 
Notably, almost half of participants in the DD01 group, 
compared with none in the placebo group, had 
normalisation of liver fat (MRI-PDFF ≤5%). These 
categorical responses were accompanied by a large 
relative reduction in liver fat on continuous analysis 
(–62·3% vs –8·3% with placebo) and by a significant 
improvement in MRE liver stiffness, a finding that has 
not been shown at early timepoints in previous incretin-
based therapy MASH trials. Importantly, the hepatic 
effects occurred in the setting of modest weight loss at 
week 12 (–3·8% least squares mean change compared 
with baseline in the DD01 group), supporting the concept 
that the antisteatotic and early antifibrotic effects of 
DD01 are not solely attributable to weight reduction.

Fibrosis stage is the strongest predictor of long-term 
outcomes in MASLD and MASH,1 and small differences 
in fibrosis progression rate influence outcomes.21,22 
Sustained weight reduction of at least 10% is associated 
with resolution of steatohepatitis and improvement in 
fibrosis in patients with MASH.23 Current incretin-based 
approaches aim to combine weight loss with direct 
antisteatotic or antifibrotic effects. GLP-1 receptor 

DD01 40 mg 
(n=33)

Placebo  
(n=34)

Any treatment-emergent adverse event 28 (85%) 23 (68%)

Gastrointestinal disorders

Nausea 18 (55%) 6 (18%)

Diarrhoea 9 (27%) 6 (18%)

Constipation 10 (30%) 4 (12%)

Vomiting 6 (18%) 1 (3%)

Abdominal distension 3 (9%) 4 (12%)

Abdominal pain 1 (3%) 4 (12%)

Nervous system disorders

Headache 4 (12%) 1 (3%)

General and administration site disorders

Fatigue 6 (18%) 3 (9%)

Metabolism and nutrition disorders

Decreased appetite 8 (24%) 2 (6%)

Table 2: Treatment-emergent adverse events, with at least 
10% incidence at week 12



Articles

www.thelancet.com/gastrohep   Published online July 21, 2026   https://doi.org/10.1016/S2468-1253(26)00130-58

agonists reduce appetite and bodyweight, but their 
hepatic benefits are largely indirect because hepatocytes 
do not express GLP-1 receptors.24–26 Dual GLP-1 and 
glucagon receptor agonists add direct liver actions 
including stimulation of β oxidation and suppression of 
de novo lipogenesis.25,26 DD01 incorporates a polyethylene 
glycol-conjugate to activate GLP-1 and glucagon receptors 
and a long elimination half-life, enabling rapid thera
peutic exposure without stepwise dose titration.25

The rapid, marked reduction in liver fat and stiffness 
observed with DD01 after only 12 weeks, in the overall 
population and also among participants who lost less 
than 5% of their bodyweight, shows that the drug’s 
hepatic benefits are not solely a consequence of weight 
loss. In fact, in an early study conducted in participants 
with MASLD, a 50% reduction in hepatic steatosis was 
already apparent after just 4 weeks of treatment, despite 
minimal weight loss.27 Dual GLP-1 and glucagon receptor 
agonists couple GLP-1-mediated appetite suppression 
with glucagon-mediated hepatic actions activation, 
increasing energy expenditure and promoting hepatic 
lipolysis and mobilisation of intrahepatic triglyceride 
stores.6 The magnitude and timing of these effects seem 
to depend on the relative balance of GLP-1 and glucagon 
receptor agonism,28 which varies across compounds and 
could influence weight loss, gastrointestinal tolerability, 
and the extent of direct hepatic effects. Consistent with 
this mechanism, in an exploratory analysis of the present 
study, among participants who lost less than 5% 
bodyweight at week 12, DD01 treatment was associated 
with a significantly greater relative reduction in liver fat 
measured by MRI-PDFF and liver stiffness measured by 
MRE compared with placebo. Similar observations have 
been reported with another dual GLP-1 and glucagon 
receptor agonist, efinopegdutide,29 in which substantial 
reductions in liver fat were observed among participants 
who lost less than 5% bodyweight at week 24, whereas 
only modest reductions were observed with the 
GLP-1 receptor agonist semaglutide in the same weight-
loss category. To our knowledge, the observed 
improvement in liver stiffness measured by MRE in the 
context of minimal weight loss has not been previously 
described and warrants confirmation in future studies.

DD01 was engineered to provide GLP-1-biased receptor 
activation (11:1), with the aim of achieving direct hepatic 
lipid mobilisation while limiting excessive glucagon-
related adverse effects. Within the current dual-agonist 
landscape, survodutide is the most relevant comparator, 
as it is also a GLP-1-heavy, GLP-1 and glucagon dual 
receptor agonist (8:1 GLP-1 to glucagon). Evidence from 
other incretin-based therapies supports the concept of 
weight-independent organ benefits: a prespecified 
analysis of the SELECT trial found that semaglutide 
reduced major adverse cardiovascular events inde
pendently of baseline adiposity and weight loss.30 
Analogous to the weight-independent cardiovascular 
benefits observed with semaglutide, these findings 

suggest that GLP-1 and glucagon dual receptor activation 
with DD01 might confer antisteatotic and early anti
fibrotic effects that are at least partly independent of 
weight loss.

Consistent with this framework, DD01 produced a 
markedly quicker and larger reduction in hepatic 
steatosis than other incretin-based agents3,6,7 and showed 
early fibrosis improvement. After only 12 weeks, more 
than three-quarters of participants receiving DD01 had at 
least a 30% reduction in liver fat, corresponding to a 
–62·3% relative change versus baseline (placebo –8·3%) 
and a significant decline in MRE-assessed stiffness 
(–19·7% vs –7·2%). Compared with the previous studies, 
DD01 appears to deliver a rapid and pronounced 
MRI-PDFF response over a short timeframe and showed 
liver stiffness improvement based on MRE, which is 
associated with liver-related outcomes.31 Notably, 
a 30% or higher relative reduction in MRI-PDFF has 
been associated with a roughly seven-fold increase 
(seven times the original value) in the odds of MASH 
resolution and a two-fold increase in the odds of fibrosis 
improvement,14 underscoring the clinical relevance of 
DD01’s early effects. DD01 also showed early and 
significant improvement in ELF, with reductions evident 
at earlier time points than previously reported.3,8 Together, 
these findings suggest that dual GLP-1 and glucagon 
receptor agonism could drive early antisteatotic and 
antifibrotic effects through glucagon-mediated mechan
isms, including enhanced hepatic lipid oxidation, 
increased energy expenditure, and direct effects on 
hepatic metabolic pathways, which might be at least 
partly independent of weight loss. Although these early 
biomarker signals are encouraging, confirmation of 
durable antifibrotic benefit will require long-term 
follow-up with histological assessment.

Across incretin-based therapies, gastrointestinal 
adverse events (nausea, vomiting, and diarrhoea) are the 
most important tolerability issue. DD01 appears to 
produce similar or lower rates of gastrointestinal adverse 
events compared with other incretin-based therapies, 
and discontinuations were fewer than those reported 
for other incretin-based therapies.4,10 Unlike most 
GLP-1-based agents, DD01 does not require prolonged 
dose titration, which could improve adherence in clinical 
practice. In the context of available data, DD01 was 
associated with low rates of serious adverse events and 
treatment discontinuations.5,8,9 These data suggest that 
GLP-1 and glucagon dual agonists such as DD01 could 
offer a more favourable tolerability profile than agents 
requiring higher GLP-1 exposure or triple agonism, but 
long-term studies are needed to confirm their safety 
profiles.

This phase 2 study has several strengths. First, it 
incorporated both MRI-PDFF and MRE, allowing 
assessment of changes in hepatic steatosis and liver 
stiffness.5–8 Second, the prespecified primary analysis at 
12 weeks was intentionally timed before substantial 
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weight loss occurred, allowing assessment of early 
hepatic imaging responses with little contemporaneous 
weight reduction.14 Third, eligibility criteria were not 
enriched for fibrosis, allowing generalisability across the 
MASLD–MASH spectrum.5–8 The trial population was 
also racially and ethnically diverse, representative of the 
population of patients in the USA affected by MASLD 
and MASH. Limitations include those inherent to 
phase 2 trials, including a modest sample size and short 
duration of follow-up, which limits the assessment of 
long-term safety, durability of response, and histological 
outcomes. Additionally, analyses were not available for 
some prespecified secondary outcomes (eg, controlled 
attenuation parameter, fasting plasma glucose, insulin, 
and C-peptide). Liver biopsy data will be reported with 
completion of the 48-week analysis.

In this randomised phase 2 trial, after 12 weeks, DD01 
resulted in rapid, substantial reductions in liver fat as 
assessed by MRI-PDFF, along with early improvements 
in fibrosis based on MRE. These changes occurred at a 
time when bodyweight reduction was modest, supporting 
the potential for direct hepatic effects of GLP-1 and 
glucagon dual receptor agonism beyond weight loss 
alone. DD01 had a safety profile consistent with other 
incretin-based therapies. The planned analysis at 
48 weeks will determine whether these early imaging 
responses translate into durable histological improve
ment and long-term clinical benefit.
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