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The MELD-ATG Trial: Key Findings and Implications
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The MELD-ATG trial was a phase 2, adaptive dose-ranging study that successfully identified a minimum effective dose of antithymocyte globulin (ATG) for preserving β-cell function in young people (aged 5-25) with recent-onset, stage 3 type 1 diabetes. The study confirmed the efficacy of a 2.5 mg/kg dose of ATG and, critically, established that a lower dose of 0.5 mg/kg is also effective, achieving the primary endpoint of reducing C-peptide loss at 12 months. This lower 0.5 mg/kg dose demonstrated a superior safety profile, with significantly lower rates of key side effects like serum sickness (32% vs. 82%) and a slightly lower incidence of cytokine release syndrome (24% vs. 33%) compared to the 2.5 mg/kg dose. The trial's innovative adaptive design proved highly efficient for testing multiple doses across a wide age range, accelerating the identification of an optimal therapeutic window. The findings present low-dose ATG as a promising, affordable, repurposed disease-modifying agent and underscore the importance of testing such interventions directly in younger populations where they may be most effective.
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1. Introduction and Study Rationale
Type 1 diabetes is a chronic autoimmune disease affecting approximately 9.5 million people globally, with incidence rates in children and adolescents increasing by over 2% annually for the past two decades. Despite growing insights into its pathogenesis, no disease-modifying therapies are currently available for individuals with recent-onset, clinical (stage 3) type 1 diabetes.
The development of such therapies has been slow, hampered by sequential drug testing against placebo and reliance on dosing schedules derived from other medical fields like transplantation. This process is particularly challenging for pediatric populations, as most trials have excluded children under 8 years due to safety concerns, despite evidence that the disease is most aggressive in the young and that immunotherapies may be more effective in this group.
Antithymocyte globulin (ATG), a polyclonal antibody, has shown promise in delaying β-cell destruction. Previous studies demonstrated that a low dose of 2.5 mg/kg was effective, whereas a higher dose of 6.5 mg/kg accelerated C-peptide loss. However, further dose-finding studies, particularly with lower doses or in younger children, had not been conducted.
The MELD-ATG trial was designed to address these gaps. Its primary aim was "to assess the efficacy and safety of a range of low ATG doses in preserving β-cell function 1 year after treatment in people with recent-onset, clinical type 1 diabetes, proceeding rapidly to include children as young as 5 years, using an adaptive trial design."
2. Trial Design and Methodology
Study Overview
The MELD-ATG trial was a phase 2, multicentre, double-blind, randomised, placebo-controlled, multi-arm, adaptive dose-ranging, parallel-cohort trial. It was conducted at 14 accredited trial centers across eight European countries.
• Trial Period: Recruitment and screening occurred between November 24, 2020, and December 13, 2023.
• Participants: 117 individuals were randomly assigned to treatment arms.
Participant Profile
• Age: 5–25 years at consent.
• Diagnosis: Clinical, stage 3 type 1 diabetes diagnosed 3–9 weeks before treatment.
• Inclusion Criteria: Random C-peptide concentrations of 0.2 nmol/L or more, and at least one diabetes-related autoantibody (GADA, IA-2A, or ZnT8).
• Demographics: 54% female, 46% male. The majority of participants were of European ethnicity. Baseline characteristics were generally well-balanced across the main treatment groups.
The Adaptive Design
A key innovation of the MELD-ATG trial was its adaptive design, which allowed for efficient dose evaluation. The trial was structured into seven consecutive cohorts with six planned interim analyses.
• Dose Arms: The study initially included placebo and four ATG doses: 0.1 mg/kg, 0.5 mg/kg, 1.5 mg/kg, and 2.5 mg/kg.
• Dose Selection: An unmasked dose determining committee used accruing data on safety, stimulated C-peptide concentrations, and CD4 to CD8 T-cell ratios to select which doses to advance to subsequent cohorts. This design "limit[s] experimentation at dose levels that show either a lack of response or unwanted side-effects, and can more rapidly and efficiently identify the lowest safe and efficacious dose."
• Dose Dropping: The 0.1 mg/kg dose was dropped after the first interim analysis, and the 1.5 mg/kg dose was dropped after the third. The final cohorts (4–7) focused on placebo, 0.5 mg/kg, and 2.5 mg/kg ATG.
Outcomes
• Primary Outcome: The area under the curve (AUC) of stimulated C-peptide concentration during a 2-hour mixed-meal tolerance test (MMTT) at 12 months, measured as ln(AUC C-peptide + 1).
• Secondary Outcomes: Included HbA1c, total daily insulin dose, continuous glucose monitoring (CGM) metrics, and the ratio of CD4 to CD8 T-cells.
3. Key Efficacy Findings
Primary Outcome: C-Peptide Preservation
The study successfully met its primary endpoint, demonstrating that both the 2.5 mg/kg and 0.5 mg/kg doses of ATG significantly preserved β-cell function compared to placebo at 12 months.
	Group
	Mean ln(AUC C-peptide + 1) at 12 months
	Mean Difference from Placebo (95% CI)
	p-value

	Placebo
	0.411 nmol/L per min
	—
	—

	2.5 mg/kg ATG
	0.535 nmol/L per min
	0.124 (0.043–0.205)
	0.0028

	0.5 mg/kg ATG
	0.513 nmol/L per min
	0.102 (0.021–0.183)
	0.014


Conditional on the significance of the 2.5 mg/kg dose, the 0.5 mg/kg dose was formally identified as the minimum effective dose. A post-hoc analysis using a quantitative response C-peptide metric, which adjusts for baseline C-peptide and age, confirmed these findings.
Metabolic Control
While both doses preserved C-peptide, the 0.5 mg/kg dose showed a statistically significant benefit in glycemic control as measured by HbA1c.
• HbA1c: At 12 months, the adjusted mean difference in HbA1c compared to placebo was -0.50% for the 0.5 mg/kg group (p=0.024), whereas the difference for the 2.5 mg/kg group was -0.36% (p=0.11), which was not statistically significant.
• Insulin Dose: There were no statistically significant differences in the average daily insulin dose per kg between the ATG groups and the placebo group at 12 months.
• CGM Metrics: While not statistically significant, CGM data at 12 months showed a higher mean time in range for both ATG groups (65% for 0.5 mg/kg and 64% for 2.5 mg/kg) compared to the placebo group (58%).
4. Safety and Tolerability Profile
The safety analysis included all 114 participants who received treatment. While all participants had at least one adverse event, most were mild or moderate (grade 1 or 2). The safety profile of the 0.5 mg/kg dose was notably more favorable than that of the 2.5 mg/kg dose, particularly regarding two known side effects of ATG.
Signature Adverse Events of ATG
	Adverse Event
	Placebo (n=30)
	0.5 mg/kg ATG (n=34)
	2.5 mg/kg ATG (n=33)

	Serum Sickness
	0 (0%)
	11 (32%)
	27 (82%)

	Cytokine Release Syndrome
	0 (0%)
	8 (24%)
	11 (33%)


• Serum Sickness: A reaction to the non-human antibodies, was significantly more prevalent in the higher-dose group.
• Cytokine Release Syndrome: Characterized by fever and other symptoms upon infusion, occurred at a slightly lower rate in the 0.5 mg/kg group. This was likely because both groups received 0.5 mg/kg on day 1 of the infusion, with the 2.5 mg/kg group receiving the remaining 2.0 mg/kg on day 2.
Other Safety Data
• Severe Adverse Events (Grade 3): Occurred in 9% of the 0.5 mg/kg group and 12% of the 2.5 mg/kg group.
• Lymphopenia: Occurred in 35% of the 0.5 mg/kg group and 42% of the 2.5 mg/kg group, but infection rates were not different between the groups.
• Deaths: There were no deaths related to adverse events.
5. Immunological and Mechanistic Insights
The study provided important insights into the immunological effects of different ATG doses, suggesting that the mechanism of action may be more complex than simple T-cell depletion.
• CD4 to CD8 T-Cell Ratio: A clear dose-dependent effect was observed.
    ◦ In the 2.5 mg/kg ATG group, the ratio decreased sharply after treatment and remained significantly reduced compared to baseline throughout the 12-month follow-up.
    ◦ In the 0.5 mg/kg ATG group, the ratio also decreased initially but was not significantly different from baseline at 6 months or from placebo at 12 months.
• Implications for Mechanism: The fact that the 0.5 mg/kg dose was effective despite the transient effect on the CD4 to CD8 ratio supports "previous data suggesting that the efficacy of ATG is not strictly related to the level of lymphocyte depletion." The authors suggest potential mechanisms could involve sparing of regulatory T-cells or inducing an exhausted signature in CD4 T-cells, warranting further investigation.
6. Conclusions and Broader Implications
The MELD-ATG trial yielded several crucial conclusions for the treatment of type 1 diabetes.
• Identification of an Optimal Dose: The trial confirmed the efficacy of 2.5 mg/kg ATG and successfully identified 0.5 mg/kg as a minimum effective dose that offers a superior balance of efficacy and safety. The study concludes that "in young people with recent-onset, clinical type 1 diabetes, 2.5 mg/kg and 0.5 mg/kg ATG reduced loss of β-cell function, showing the potential of an affordable, repurposed agent, ATG, in a low and safe dose."
• Validation of Adaptive Trial Design: The study serves as a powerful proof-of-concept for using adaptive designs in type 1 diabetes research. This approach "could allow an increased pace of finding treatments to arrest type 1 diabetes progression."
• Urgency for Pediatric Testing: The findings highlight the need to re-evaluate regulatory pathways that typically delay testing in children. The study argues that this process "might fail to identify agents potentially effective in younger people but not in adults and might lead to the premature rejection of effective treatments."
• Future Directions: While effective, ATG did not fully halt β-cell destruction. This suggests that future research should explore combination treatments or the potential for re-administration to achieve a more durable protective effect.
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