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Background: While pruritus is the central symptom in atopic dermatitis (AD), 
disease severity is classically defined by extent of skin rash. However, patients with 
mild-to-moderate AD frequently exhibit severe itch, and treatments that specifically 
target the AD-related pruritus are lacking. Difelikefalin (DFK), a novel, selective 
kappa-opioid receptor (KOR) agonist, is being developed for chronic pruritic 
conditions and has demonstrated significant itch reduction in subjects undergoing 
hemodialysis. Difelikefalin injection is approved by the US Food and Drug 
Administration for the treatment of moderate-to-severe pruritus associated with 
chronic kidney disease in adults undergoing hemodialysis.  
 
Objective: Here, a mouse model of AD was used to test the effects of DFK on itch 
and lesional severity. These findings provide mechanistic insights into the results of 
a phase 2 study in AD subjects with pruritus. 
 

Methods: Mouse Study: C57BL/6 wild-type mice were treated with topical MC903 (1 

nmol) for up to 12 days. Mice were also treated with DFK (0.5 mg/kg) 

intraperitoneally BID. Scratching bouts were measured on days 0, 4, 8, and 12. 

Clinical Study: A phase 2, multicenter, randomized, double-blind, placebo (PBO)-

controlled study (NCT04018027) was conducted in adults (age 18–80 years) with AD 

(Investigator Global Assessment ≥2 and body surface area [BSA] ≤30%) and 

moderate-to-severe pruritus (Itch Numerical Rating Scale [I-NRS] score ≥5.0) who 

were inadequately controlled by topical therapy. Subjects received PBO or oral DFK 

0.25 mg, 0.5 mg, or 1.0 mg BID for 12 weeks. The primary and key secondary 

endpoints were change from baseline in weekly mean I-NRS and ≥4-point 

improvement in weekly mean I-NRS at week 12, respectively. A subgroup analysis 

based on lesional severity was conducted in subjects with mild-to-moderate AD. 

Safety data were summarized descriptively. 

 

Results: Single cell RNA-sequencing datasets reveal expression of Oprk1 (gene 

encoding KOR) primarily on mechanosensory A neurons. Further, calcium imaging 

demonstrates that DFK directly activates large diameter (i.e., A) sensory neurons. 

In mice, DFK promotes rapid and significant reduction in itch independently of effects 

on skin inflammation. In the phase 2 study, a total of 401 subjects were randomized, 

with ~64% having mild-to-moderate AD (BSA <10%). At baseline, the mean I-NRS 

score was 7.8 and the mean BSA was 8.6%. In the overall population, the treatment 

difference in mean change in I-NRS between the combined DFK group (all doses) 

and PBO was −0.43 at week 12 (P=0.144). In subjects with mild-to-moderate AD, a 



significant difference in I-NRS mean change from baseline was observed at week 12 

(−0.75) in the combined DFK group compared with PBO (P=0.036), and a 

significantly greater proportion of subjects achieved a ≥4-point improvement in I-NRS 

(Figure 1). Reduction in itch was observed as early as week 1. The most commonly 

reported treatment-emergent adverse events with DFK were abdominal pain, 

nausea, dry mouth, headache, dizziness, and hypertension (Table 1). 

 

Conclusions: A rapid and significant anti-pruritic effect of DFK was observed in a 

mouse model of AD, independently of observable skin inflammation. Further 

analyses indicate expression and activation of the DFK target receptor on sensory 

neurons. In the clinical study, DFK significantly reduced itch severity in subjects with 

mild-to-moderate AD and was well tolerated. Taken together, these findings support 

the role of DFK as a neuromodulatory agent that may be ideally suited for AD 

patients with itch-predominant disease. 

 

 

 



 

 


