
INTRODUCTION
•	 CR845 is a potent and selective kappa opioid receptor (KOR) 

agonist being developed for the treatment of moderate-to-
severe pruritus associated with chronic kidney disease  
(CKD-aP) in hemodialysis (HD) patients

–– Approximately 40% of HD patients in the United States 
(US) experience moderate-to-severe itching, which 
negatively affects their mental and physical health (eg, 
sleep loss, depression, higher antibiotic and erythropoietin 
use, and increased mortality) 

–– Although the etiology of this condition is still unknown, 
it is likely multi-factorial, including immune system 
dysfunction and imbalance of mu/kappa endogenous 
opioids 

–– Despite the availability of off-label treatments,  
CKD-aP remains highly prevalent. At present, nalfurafine 
(Remitch™), a mixed non-selective mu partial agonist/
kappa opioid agonist, has been approved in Japan, 
whereas there are no therapies approved for the treatment 
of CKD-aP in the US

WHAT IS CR845?
•	 CR845 is a novel, small synthetic D-amino acid peptide with 

the following properties:

–– Potent and full kappa agonist at human kappa opioid 
receptor (hKOR), with an EC50 of 0.16 nM

–– No detectable off-target activity at other receptors, ion 
channels, or transporters, including human mu opioid 
receptor (hMOR) and human delta opioid receptor (hDOR) 
(EC50>10,000 nM) (Table 1)

–– Restricted from entry into the central nervous system

§§ �Predominantly activating KORs on peripheral neurons 
and immune cells

§§ �Demonstrated minimal-to-no abuse potential

–– Not metabolized

§§ Predominantly renal excretion

§§ �In patients with end-stage renal disease (ESRD), CR845 
plasma levels remain relatively constant until cleared 
during dialysis

–– Dual anti-itch and anti-inflammatory properties

•	 Injectable (IV) formulation of CR845 can be administered 
immediately after dialysis (ie, 3 times per week), which is 
convenient for patients and ensures treatment compliance

Table 1. CR845 Is Highly Selective for Human Kappa Opioid Receptors
Compound hKOR (Ki, nM) hMOR (Ki, nM) hDOR (Ki, nM)
CR845 0.32 >10,000 >10,000
Nalfurafine* 0.36 0.71 49.9
Nalbuphine* 2.2 0.89 240

*Values for nalfurafine and nalbuphine are from the published 
literature.

METHODS
•	 The goal of the present study was to characterize the  

anti-pruritic properties of CR845 in HD patients with 
moderate-to-severe pruritus

•	 Key elements of the study design are presented in Table 2 
and Figure 1

Table 2. Study Design
Patient population Adult male and female HD patients suffering from chronic 

moderate-to-severe pruritus for an average of 5 years
Design �Multi-center (21 US sites), randomized (1:1), double-blind, 

placebo-controlled, parallel-group Phase 2 study with repeated 
IV doses of CR845 or placebo administered for  
2 weeks after each dialysis

�Antihistamines were discontinued 1 week prior to the study
Dosing (at the end of each  
dialysis session)

�CR845 1 mcg/kg IV 

�Placebo 
Primary efficacy endpoint Change from baseline to Days 12-15 in worst itch intensity 

measured by Visual Analog Scale (VAS, 0=no itching;  
100 mm=worst itching)

Secondary efficacy endpoints Change from baseline to Day 15 in pruritus-related quality of life 
(QOL) as measured by Skindex-10; itch-related sleep quality as 
measured by Itch Medical Outcome Survey (Itch MOS or SLP9)

Figure 1. Schematic of Study Design
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a�Patients self-categorized severity of itch on a 3-category scale, with A being 
least affected by itch and C being most affected by itch.

RESULTS
•	 65 Patients enrolled at 21 sites in the US

•	 Patient demographics were well balanced between treatment groups 
(Table 3)

Table 3. Demographic and Baseline Characteristics
Placebo (n= 32) CR845 (n=33)

Gender, n (%)
Male 15 (47) 16 (48)
Female 17 (53) 17 (52)

Age 
Mean 60.0 60.1
(Range) (35–88) (26–84)

Race, n (%)
White 18 (56.3) 18 (54.5)
Black or African American 10 (31.3) 12 (36.4)

Weight, kg
Mean±SD 87.0±21.2 86.6±20.7
(Range) (52–145) (37–124)

BMI, Mean±SD 31.0±7.9 32.1±8.6
Years since ESRD onset, Mean±SD 4.9±4.3 4.9±6.2
Years on chronic HD, Mean±SD (median) 4.6±4.2 (3.5) 4.2±4.9 (2.0)
Duration of daily or near daily itch (years), Mean±SD 4.3±5.7 5.2±7.8

SD=standard deviation.

Pharmacokinetics in HD Patients
•	 The pharmacokinetics of repeated IV doses of CR845 in HD patients was 

evaluated in a separate substudy, which showed:

–– Dose-proportional increase in Cmax and AUC (Figure 2)

–– Minimal to no accumulation with repeated dosing (cleared by dialysis)

Figure 2. Pharmacokinetics of CR845 in HD Patients Over Week 1 
(n=5-7 per group)
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CR845 Reduced Itch Intensity
•	 Patients in both groups demonstrated similar averages of 

daily worst itching VAS scores at baseline (Run-In period) 
(Figure 3)

•	 Patients receiving CR845 1 mcg/kg IV after each dialysis 
session for 2 weeks reported a 50% decrease in itch intensity 
compared with baseline (average reduction >30 mm from 
baseline score, ranging from 42 mm to 95 mm); there was a 
significant difference compared with itch intensity reported 
by placebo-treated HD patients (P=0.016) (Figure 3)

•	 The placebo effect was as expected for this type of study 

•	 CR845-treated patients exhibited statistically significant 
reductions in both daytime (P=0.03) and nighttime (P=0.007) 
worst itching scores compared with placebo

•	 Reduction in VAS itch intensity scores was similar when 
recorded in the dialysis unit or at home during non-dialysis 
days (Figure 4)

•	 The separation of CR845-treated patients from placebo-
treated patients in worst itching VAS scores reported during 
the day and at night was evident by Day 3 of treatment and 
continued to decrease into Week 2 (Figure 5)

Figure 3. Change in Weekly Average of Daily Worst Itching VAS Score 
From Baseline to Week 2 of Treatment
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Figure 4. Change in Weekly Average of Daily Worst Itching VAS Score 
From Baseline to Week 2 of Treatment Reported in the Dialysis Unit 
Compared With Non-dialysis Days

-40 

-30 

-20 

-10 

0 

Dialysis
Days

Non-Dialysis
Days

Placebo (n=30) CR845 (n=32) 

W
ee

kl
y 

Av
er

ag
e 

of
 D

ai
ly

W
or

st
 It

ch
in

g 
VA

S 
Sc

or
e

C
ha

ng
e 

Fr
om

 B
as

el
in

e
(m

ea
n 

± 
SE

)  

* **

*P<0.05, **P<0.01.

Figure 5. Change in Daily Worst Itching VAS Score During the Day 
and at Night
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Itch-related QOL Measures 
•	 Secondary endpoints were QOL measures associated with 

pruritus using patient-reported outcome measures, including 
Skindex-10 and the Itch MOS II (SLP-9)

•	 Developed specifically to evaluate pruritus in HD patients, the 
Skindex-10 is a validated instrument that measures changes 
in 3 QOL domains: disease/itching state, mood/emotional 
distress, and social functioning.1 Skindex-10 consists of 10 
questions (Figure 6). The total score was compared at the end 
of week 2 relative to baseline as well as scores related to each 
domain.

Figure 6. Skindex-10 – A Patient-reported Outcome Scale  
of Itch-related QOL

}  “During the past WEEK, how often have you been bothered by”:
1. Your itching.
2. The persistence/reoccurrence of your itching.
3. The appearance of your skin from scratching.
4. Frustration about your itching.
5. Being annoyed about your itching.
6. Feeling depressed about your itching.
7. Feeling embarassed about your itching.
8. The effects of your itching on your interactions
  with others.
9. The effects of your itching on your desire to be 
 with people.
10. The effect of your itching making it hard to work 
 or do what you enjoy. 

0 = Never bothered 6 = Always bothered
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•	 Patients in both groups demonstrated similar total Skindex-10 
scores at baseline (Figure 7)

•	 Patients treated with CR845 1 mcg/kg after each dialysis 
session for 2 weeks experienced significant improvement in 
total Skindex-10 scores compared with patients treated with 
placebo (Figure 7)

•	 CR845 significantly improved the Skindex-10 mood/emotional 
distress domain (P=0.046), with a trend toward improvement 
in social functioning and disease domains compared with 
placebo (Figure 8)

•	 The Itch MOS Sleep Index II was used to evaluate how the 
patient’s itch affected their sleep. Scoring was based on a 
total of 9 questions (SLP-9) (Figure 9)

•	 Treatment with CR845 resulted in a trend toward 
improvement in itch-related sleep disturbances (Figure 10)

Figure 7. Improvement in Itch-related QOL as Measured by Total 
Skindex-10 Score After 2 Weeks of Treatment
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Figure 8. Change from Baseline in Skindex-10 Domain Scores
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Figure 9. SLP-9 – A Patient-reported Outcome Scale of How Itch 
Affects Their Sleep 

}  SLP-9 questions:

“How often during the past week did you...”

§ How long did it usually take you to fall asleep during the past week?

§ Feel that your sleep was not quiet due to itchiness or scratching?
§ Get enough sleep to feel rested upon waking in the morning?
§ Awaken because of itchiness?
§ Feel drowsy or sleepy during the day?
§ Have trouble falling asleep because of itchiness?
§ Awaken during your sleep time and have trouble falling asleep 
 again because of itching?
§ Have trouble staying awake during the day?
§ Get the amount of sleep you needed?

1 = All of the Time 6 = None of the Time

(1 = 0-15 minutes 5 = More than 60 minutes)

Figure 10. Trend for Improvement in Itch-related Sleep Disturbances 
(SLP-9)
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Safety Profile
•	 CR845 was well tolerated, with an adverse event 

profile comparable to that of placebo-treated 
patients (Table 4)

•	 There were no serious treatment-related adverse 
events

Table 4. Safety Profile: Adverse Events in ≥2 Patients in 
Any Treatment Group
System Organ Class

Preferred Term
Placebo (N=32) 

n (%)
CR845 (N=33)  

n (%)
Gastrointestinal Disorders

Diarrhea 2 (6.3) 1 (3.0)
Nausea 2 (6.3) 2 (6.1)

Nervous System Disorders
Dizziness 0 (0.0) 2 (6.1)
Headache 2 (6.3) 2 (6.1)
Hypoesthesia 0 (0.0) 3 (9.1)

Skin and Subcutaneous Disorders 
Pruritus 1 (3.1) 2 (6.1)

Vascular Disorders 
Hypotension 2 (6.3) 2 (6.1)

CONCLUSIONS
•	 Short-term treatment with CR845, a selective 

and peripherally-restricted kappa opioid 
agonist with anti-itch and anti-inflammatory 
properties, significantly reduced itch intensity 
and improved itch-related quality of life in 
HD patients with moderate-to-severe pruritus

•	 CR845 was safe and well tolerated, with no 
significant difference in the incidence of 
adverse events compared to placebo

•	 These data may also support the opioid/
immune etiology of this condition and 
suggest that activation of peripheral kappa 
opioid receptors may reduce itch intensity in 
HD patients
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