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Results
Dose-dependent plasma PK translates from nonclinical study to clinical healthy volunteer study
•	 In both NHPs and HVs, ENTR-601-44 had a dose-dependent plasma exposure (Figures 1A and 1B)7 and rapid systemic 

clearance 
	– The plasma exposure of ENTR-601-44 in adult HVs appeared to be approximately two- to three-fold higher vs levels in adult 

NHPs with body weight-matched doses
•	 No accumulation in plasma on repeated dosing was evident in participants with DMD (data not shown)
•	 The PMO-containing metabolite persisted in plasma longer vs ENTR-601-44 in NHPs (data not shown), HVs (Figure 1C; half-life of 

ENTR-601-44, 2−4 hours; half-life of the final PMO-containing metabolite, >100 hours), and participants with DMD (data not shown)

Figure 1. Plasma PK of ENTR-601-44 and final PMO-containing metabolite in NHPs and HVs
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Plasma concentration over time of ENTR-601-44 and the final PMO-containing 
metabolite in HVs (n=6) following administration of ENTR-601-44 6 mg/kg
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*ENTR-601-44 administered as a repeat dose Q6W; PK data post first-dose shown; ** Day 1 PK data following a single dose of ENTR-601-44; AUC: Area under the concentration-time curve; 
HV: Healthy volunteer; NHP: Nonhuman primate; PK: Pharmacokinetics; PMO: Phosphorodiamidate morpholino oligomer; Q6W: Every six weeks.

Juvenile vs adult PK differences
•	 Lower peak concentration (Cmax; mean 43% lower) and area under the concentration-time curve (AUC; mean 58% lower) were 

observed in pediatric participants with exon 44 skipping-amenable DMD vs adult HVs (Figure 2)
	– Similarly, in NHPs, lower Cmax (mean ~50% lower) and AUC (mean ~50% lower) were observed in juvenile vs adult animals  

•	 Juvenile vs adult PK differences were generally similar in NHPs and humans (data not shown) 

Figure 2. Plasma PK parameters in adult HVs and pediatric participants with DMD following  
ENTR-601-44 6 mg/kg administration
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Dose-dependent delivery of final PMO-containing metabolite to muscle and excretion in the 
urine in nonhuman primates and healthy volunteers
•	 Dose-dependent skeletal muscle concentrations of the final PMO-containing metabolite of ENTR-601-44 were observed in both 

adult HVs and NHPs (Figure 3)
	– Mean concentration of the final PMO-containing metabolite in muscle following a single dose of ENTR-601-44 suggested 

approximately three-fold higher exposure in HVs than in NHPs
•	 In participants with DMD, concentrations of the final PMO-containing metabolite in muscle biopsy were detectable six weeks after 

the third dose (data not shown)

Figure 3. Skeletal muscle concentration of the final PMO-containing metabolite after ENTR-601-44 
administration
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*In HVs, data are shown from needle muscle biopsies taken at 72 (±4) hours after a single ENTR-601-44 dose (3 mg/kg, n=3; 6 mg/kg, n=6); **In NHPs, data are shown from a muscle 
biopsy taken at 48 hours after the first dose (n=3 per group) of a repeat-dose study; HV: Healthy volunteer; NHP: Nonhuman primate.

•	 In both NHPs and HVs, the final PMO-containing metabolite of ENTR-601-44 was detected in urine (range of geometric means,  
22.9%−50.8%) (Figure 4)

•	 In HVs, for every doubling of dose, there was a more than doubling of metabolite excretion, suggesting saturation of uptake of 
PMO in the kidney7

•	 Greater urinary excretion of the final PMO-containing metabolite (geometric mean: 50.8%) was observed in HVs at 6 mg/kg than  
in NHPs (22.9%−24.9%)

•	 No clinically significant findings related to renal function were noted at 6 mg/kg in HVs7 or study participants with DMD8

Figure 4. Urinary excretion of the final PMO-containing metabolite in HVs and NHPs following  
single-dose administration of ENTR-601-44
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ENTR-601-44 PK/PD relationship in juveniles
•	 Dose-dependent exon skipping was observed in juvenile NHPs, with a nonlinear increase evident at the highest dose (Figure 5)
•	 Based on these findings, the higher exposures anticipated in pediatric participants from Cohorts 2 and 3 of the ELEVATE-44-201 

study (with ENTR-601-44 doses of ≥12 mg/kg) relative to Cohort 1 may result in greater PD effects

Figure 5. ENTR-601-44 plasma exposure and percentage of exon skipping after ENTR-601-44 
administration in juvenile NHPs*
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Background
•	 Currently approved antisense phosphorodiamidate morpholino oligomer (PMO)–mediated  

exon-skipping therapies for Duchenne muscular dystrophy (DMD) face challenges related  
to limited intracellular delivery1,2

•	 The Endosomal Escape Vehicle (EEV™) Platform was designed to improve cellular uptake and 
endosomal escape of therapeutic modalities, including PMO delivery to muscle1,3,4

•	 ENTR-601-44 is an EEV-PMO conjugate intended to target dystrophin pre-mRNA in the nucleus  
and induce exon 44 skipping, with the goal of restoring expression of near full-length and functional 
dystrophin protein 

	– In nonclinical studies, ENTR-601-44 induced exon 44 skipping, increased dystrophin production 
in patient-derived cells and in a DMD mouse model bearing an exon 44 skipping-amenable 
dystrophin mutation, and demonstrated exon 44 skipping in nonhuman primates (NHPs)5,6

	– In clinical studies of ENTR-601-44 in adult healthy volunteers (HVs) and in pediatric participants 
with DMD, ENTR-601-44 has had a generally favorable safety profile, with no serious adverse events 
and no clinically relevant changes in renal function or kidney injury biomarkers observed to date7,8

•	 Here, we present pharmacokinetic (PK) and pharmacodynamic (PD) data for ENTR-601-44 from 
NHPs and participants enrolled in clinical studies of ENTR-601-44 (HVs and pediatric participants 
with DMD)

Objective
•	 To evaluate the translational PK/PD profile of ENTR-601-44 based on data from NHPs and early 

clinical development in HVs and pediatric individuals with exon 44 skipping-amenable DMD

Methods
•	 Properties of ENTR-601-44 and its final PMO-containing metabolite were characterized in several studies, 

as follows:
	– Four NHP studies in either adult (34 to 44 months of age at study initiation) or juvenile (~14 months  

of age at study initiation) animals
•	 A single-dose study in adult animals (intravenous [IV] bolus)
•	 Two repeat-dose studies in adult animals (five dose levels administered either every six weeks 

[Q6W] or every eight weeks [Q8W] by IV infusion)
•	 A repeat-dose study in juvenile animals (three dose levels; Q6W IV infusion)

	– The Phase 1 ENTR-601-44-101 study in adult HVs (0.75−6 mg/kg IV infusion, single dose)7

	– The ongoing, double-blind, multiple-ascending dose (MAD) period of the Phase 1/2b ELEVATE-44-201  
study in participants with exon 44 skipping-amenable DMD (Cohort 1: ENTR-601-44 6 mg/kg or 
placebo IV infusion, administered Q6W for three doses)8

•	 Assessments included longitudinal plasma PK and 0 to 24-hour urine PK collected on multiple days 
post-dose; skeletal muscle biopsies were collected to evaluate both PK and PD assessments  
(eg, exon 44 skipping) 

	– Validated liquid chromatography with tandem mass spectrometry (LC-MS/MS) was used to measure 
the concentrations of ENTR-601-44 and its final PMO-containing metabolite in plasma, urine, and  
muscle biopsies

	– Total urinary excretion over multi-week periods was determined by calculating the mass of the final  
PMO-containing metabolite in each discrete 24-hour pool and chronologically summing them

•	 Data were summarized descriptively

Conclusions
•	 The EEV-PMO ENTR-601-44, which is under 

investigation for the potential treatment of individuals 
with DMD amenable to exon 44 skipping, demonstrated 
dose-dependent PK

•	 Supra-proportional uptake of the final PMO-containing 
metabolite in muscle and exponential urinary 
elimination in NHPs and HVs were also observed

•	 Results suggested differences between HVs and  
NHPs in plasma PK (two- to three-fold higher in HVs) 
and muscle PK (~ three-fold higher in HVs) at  
matched doses

•	 The final PMO-containing metabolite of ENTR-601-44  
demonstrated a long residence time in muscle of 
pediatric participants with DMD amenable to  
exon 44 skipping

•	 Juvenile vs adult PK differences appeared to be 
comparable in NHPs and humans

•	 In juvenile NHPs, exon skipping increased in a 
nonlinear manner, with a pronounced effect at the 
highest dose, which may result in greater exon 
skipping and other PD effects with ENTR-601-44 doses 
above 6 mg/kg in participants with DMD in the ongoing 
ELEVATE-44-201 study   


