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Abstract
Difelikefalin, a selective kappa opioid receptor agonist designed to limit central nerv-
ous system (CNS) penetration, is under development for the treatment of pruritus. Its 
hydrophilic, small- peptidic structure limits CNS entry, minimizing potential CNS- 
mediated adverse events (AEs). This study assessed the effect of difelikefalin on key 
relevant measures of respiratory depression in healthy volunteers. This single- center, 
randomized, double- blind, placebo- controlled, three- way crossover study enrolled 
healthy, nonsmoking volunteers. Subjects were randomized to 1 of 3 treatment se-
quences of difelikefalin (1.0 or 5.0 mcg/kg i.v.) or placebo on sequential days with 
an intervening 24 (±2) h washout period. The primary end points included incidence 
of increased end- tidal carbon dioxide (ETCO2) greater than or equal to 10 mm Hg 
versus baseline or a level greater than 50 mm Hg sustained greater than or equal to 
30 seconds, and incidence of reduction in saturation of peripheral oxygen (SpO2) to 
less than 92% sustained greater than or equal to 30 seconds. Secondary end points 
included incidence of reduced respiratory rate and other safety assessments. Fifteen 
subjects were randomized and completed the study. No subject on placebo or dife-
likefalin met the increased ETCO2 or reduced SpO2 primary end point criteria for 
respiratory depression. All respiratory measures in each group remained near baseline 
values during 4- h postdose observations. No subject met the reduced respiratory rate 
criterion or experienced clinically significant changes in ETCO2, SpO2, or respiratory 
rate. The most commonly reported treatment- emergent AEs (TEAEs; ≥20% of sub-
jects) were paresthesia, hypoesthesia, and somnolence in the difelikefalin arms. All 
TEAEs were mild and resolved without intervention. Difelikefalin 1.0 and 5.0 mcg/
kg i.v. did not produce respiratory depression.
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INTRODUCTION

Opioid receptors are involved in the modulation of pruritus 
and pain signals and consist of mainly 4 types, classified 
as mu, kappa, delta, and opioid receptor like- 1 (ORL1).1– 5 
Expression of opioid receptors occurs in the central nerv-
ous system (CNS), on sensory ganglionic neurons and their 
nerve fibers in the peripheral nervous system, and on certain 
immune cells.2– 4 Most clinically used opioid analgesics act 
primarily via activation of mu opioid receptors located in the 
CNS and peripheral nervous system and are associated with 
a wide array of side effects, such as euphoria, potential for 
abuse, and respiratory depression.2,4,6,7

Severe respiratory depression is a life- threatening com-
plication associated with the inappropriate use of mu opi-
oid receptor agonists, such as morphine, hydrocodone, and 
fentanyl.7– 9 Mu opioid receptor agonists inhibit respiration 
via stimulation of mu opioid receptors within the CNS that 
control respiration, primarily in the pons and brainstem.7 
Kappa opioid receptor (KOR) agonists, however, have 
different properties compared with mu opioid receptor 
agonists and could potentially provide alternative analge-
sic options as well as novel therapies for the treatment of 
pruritus.4,6,10 Centrally acting KOR agonists do not cause 
euphoria or respiratory depression but may produce dys-
phoria and hallucinations, which have limited their clinical 
development.6,11

Difelikefalin is a novel, selective KOR agonist that does 
not readily enter into the CNS by virtue of its hydrophilic 

D- amino acid peptidic structure.12,13 Difelikefalin is 
thought to activate KORs primarily in peripheral sensory 
neurons and immune cells.12 Antipruritic and analgesic 
effects of difelikefalin have been demonstrated in clinical 
studies of i.v. difelikefalin, with no dysphoria observed and 
no meaningful evidence of abuse potential.14– 16 In clini-
cal studies of difelikefalin, no reductions in pulse oximetry 
were observed. However, pulse oximetry is relatively in-
sensitive to early signs of respiratory depression.17 Here, 
we report the results of a phase I clinical study that as-
sessed the effects of difelikefalin compared with placebo 
using end- tidal carbon dioxide (ETCO2), a more sensitive 
measure of respiratory depression than pulse oximetry,17 
in healthy volunteers. This study used doses 2 to 10 times 
higher than the dose (0.5 mcg/kg) found to be therapeuti-
cally effective in the phase III clinical study of difelikefalin 
for the treatment of chronic kidney disease- associated pru-
ritus (CKD- aP).18,19

METHODS

Study ethics

The study protocol was reviewed and approved by the in-
stitutional review board prior to initiating any study- related 
activities and by Health Canada. The study was conducted 
in accordance with Good Clinical Practice and all applicable 
regulations, including the Declaration of Helsinki. All study 

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Severe respiratory depression is a life- threatening complication of inappropriate use 
of mu opioid receptor agonists. Difelikefalin, a peripherally restricted kappa opioid 
receptor (KOR) agonist, has not demonstrated evidence of compromised respiratory 
safety.
WHAT QUESTION DID THIS STUDY ADDRESS?
This study evaluated whether difelikefalin, a selective and potent KOR agonist, in-
duces respiratory depression.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
This study helps to expand on the safety profile for difelikefalin. Difelikefalin did not 
produce respiratory depression in healthy volunteers at doses that were 2 to 10 times 
higher than those observed to be therapeutically effective in clinical trials of patients 
with chronic kidney disease– associated pruritus.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
KOR agonists may be potentially safe and effective therapeutics. Difelikefalin is 
currently being evaluated for chronic kidney disease- associated pruritus and other 
chronic pruritic conditions.
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subjects provided signed, written informed consent before 
enrolling in the study.

Study subjects

The study enrolled healthy male or female subjects 18 to 
55 years of age, inclusive, with a body mass index range of 
19.0 to less than or equal to 33.0 kg/m2 and body weight be-
tween 60.0 and less than or equal to 135.0 kg. The subjects 
were nonsmokers for at least the previous 3 months. Subject 
eligibility was determined during an outpatient visit at the 
clinical research unit of the study site. Excluded from the 
study were subjects with a self- reported history or current 
diagnosis of substance or alcohol use disorder within the pre-
vious 2 years and/or having ever been in a treatment program 
for substance or alcohol dependence, a history or evidence 
of sleep- disordered breathing, a history of pulmonary and/or 
cardiac disease or dysfunction, or use of any opioids in the 
30 days prior to screening.

Study design

This was a single- center, randomized, double- blind, placebo- 
controlled, 3- way crossover study comparing 2 doses of 
difelikefalin, 1.0 mcg/kg and 5.0 mcg/kg, administered i.v. 
versus placebo on key measures of respiration in healthy 
volunteers. The study design is illustrated in Figure 1. The 
doses used in the current study (1.0 mcg/kg and 5.0 mcg/kg) 
are expected to cover the expected systemic exposure for the 
maximum target dose of i.v. difelikefalin for the treatment 
of CKD- aP in patients undergoing hemodialysis based on 
findings from pharmacokinetic analyses, in which difelike-
falin demonstrated generally comparable maximum plasma 
concentration in healthy subjects and in patients undergoing 
hemodialysis.20,21

Eligible subjects who completed the screening visit re-
turned to the clinical research unit to complete the inpatient 
treatment visit. During the treatment visit, each subject was 
randomized to 1 of 3 treatment sequences: ABC, BCA, or 
BAC, where A  =  placebo, B  =  difelikefalin 1.0 mcg/kg, 
and C  =  difelikefalin 5.0 mcg/kg. Thus, each subject re-
ceived a single dose of all study drugs. In each treatment 
sequence, subjects received the lower dose of difelikefalin 
(1.0 mcg/kg) before the higher dose (5.0 mcg/kg) to en-
sure subject safety before exposing them to the higher dose. 
Treatment was administered at ~ 8:00 a.m. each day and 
each subject fasted for 2 h prior to and until 4 h after each 
dose. Respiratory rate (i.e., breaths per minute), ETCO2, 
and saturation of peripheral oxygen (SpO2; a surrogate 
measure of oxygenation) were measured using capnogra-
phy and pulse oximetry. Measurements of ETCO2, which is 

the concentration of CO2 at the end of exhalation,22,23 were 
obtained using a nasal cannula while the subjects breathed 
room air, and supplemental oxygen was available. This 
setup allowed for undiluted end- tidal gas sampling with 
good plateau waveforms approximating arterial CO2 par-
tial pressure and represents a sensitive and reliable measure 
of respiratory depression.17 Baseline measurements were 
recorded ~ 1 h before dose administration, and each param-
eter was monitored continuously up to 2 h prior to dosing 
and continued for at least 4 h after each dose. Subjects were 
discharged from the clinical research unit on study day 4 
(i.e., 24 h after the last dose day). Subjects received a fol-
low- up telephone call from the clinical research unit staff 
~ 24 to 72 h postdischarge to check on the subjects’ health 
status. Subjects were instructed to contact the clinical re-
search unit at any time to report an adverse event (AE). The 
primary end points were defined as a subject’s increase in 
ETCO2 greater than or equal to 10 mm Hg from baseline 

F I G U R E  1  Schematic representation of study design (e.g., ABC 
sequence). Each subject was randomized to 1 of 3 treatment sequences: 
ABC, BCA, or BAC, where A = placebo, B = difelikefalin 1.0 mcg/
kg, and C = difelikefalin 5.0 mcg/kg. All treatments were single dose 
and were administered intravenously. Subjects were discharged ~ 24 h 
after the last study drug administration
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Each subject was randomized to 1 of 3 treatment sequences:
ABC, BCA, or BAC.
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or an absolute ETCO2 value greater than 50 mm Hg (sus-
tained for at least 30 s), and a subject’s reduction in SpO2 
to less than 92% (sustained for at least 30 s). Secondary 
end points included a subject’s absolute respiratory rate 
of less than 10 breaths/min or a reduction of at least 30% 
compared with baseline (sustained for at least 30 s); and 
mean ETCO2, SpO2, and respiratory rate values at base-
line and during the post- treatment assessments based on 
continuous measurement of these respiratory parameters. 
Continuous monitoring was conducted from 2 h prior to 
dosing up to 4 h postdosing or longer, if deemed medically 
necessary. The 4- h postdose window for ETCO2 measure-
ment was selected based on the standard used by anesthe-
siologists, as the recovery and monitoring of patients in 
the postanesthesia care unit after surgical anesthesia with 
opioids is usually less than 4 h. Investigators did not ex-
pect significant respiratory depression with difelikefalin 
based on prior data,24 and prior clinical studies support 
an observation period of less than 4 h when evaluating re-
spiratory depression.25,26 The primary and secondary end 
points were defined based on parameters commonly used 
to evaluate respiratory depression in prior studies.22,27,28 
Additional safety assessments included AEs, vital signs, 
clinical laboratory assessments, physical examination find-
ings, and electrocardiograms (ECGs). Emergency medi-
cation (e.g., i.v. naloxone, diphenhydramine, epinephrine, 
methylprednisolone, ranitidine, and rescue medication 
required for advanced cardiac life support) could be ad-
ministered or patients could be transported to a hospital if 
deemed necessary.

Fifteen (15) subjects were to be randomized to 3 differ-
ent treatment sequences to ensure evaluable data from at 
least 12 subjects. A total of 12 subjects (4 in each crossover 
sequence) was considered sufficient to provide descriptive 
information on the safety and tolerability of the dose levels 
of i.v. difelikefalin. The randomization codes were gener-
ated by the study sponsor and a designated unblinded stat-
istician, and provided in sealed code break envelopes prior 
to the start of the study, using an altered 3 × 3 Williams’ 
design, to guarantee the lower dose of difelikefalin (1.0 
mcg/kg) always preceded the higher dose of difelikefalin 
(5.0 mcg/kg). All subjects and study personnel, with the 
exception of the study pharmacist and the designated un-
blinded statistician, were blinded to the randomization 
codes. Efforts were made to achieve at least 25% female 
subjects for study enrollment.

Data analysis

Demographic data were summarized for all subjects who re-
ceived at least 1 dose of the study drug by randomization 
sequence. End points for respiratory safety were summarized 

by descriptive statistics (mean, SD, number, and/or percent-
age). Differences in respiratory safety variables between pla-
cebo and difelikefalin groups were determined using analysis 
of variance with repeated measures (post hoc analysis). The 
absence of relevant respiratory depression events did not 
warrant any statistical analysis comparing the incidence of 
such events between treatment groups. Adverse events were 
coded using the Medical Dictionary for Regulatory Activities 
(MedDRA, version 19.1 or higher). The number and per-
centage of subjects with treatment- emergent AEs (TEAEs) 
were summarized by system organ class, preferred term, and 
treatment, and for each treatment by maximum severity and 
relationship to difelikefalin. All data were collected at the 
clinical research unit.

RESULTS

Subjects

A total of 15 subjects were randomized, 5 to each of the 3 
treatment sequences. All subjects completed the three treat-
ment sequences and had data available for analysis of the pri-
mary end points. The study began on February 6, 2017, and 
was completed on February 25, 2017. Subject demographics 
are presented in Table 1. There were no major differences 
in demographic characteristics among the three treatment se-
quences. Subjects were predominantly male (11/15 [73.3%]), 
with a majority being either White (6/15 [40.0%]) or African 
American (6/15 [40.0%]). The mean (SD) age was 38.3 (7.8) 
years and mean (SD) body mass index was 25.6 (2.4) kg/m2.

Primary and secondary end points

There were no subjects who met the primary or secondary end 
point criteria for respiratory depression, whether receiving pla-
cebo or difelikefalin. Mean ETCO2 was between 36 and 38 mm 
Hg at baseline, and no statistically significant (p ≥ 0.8102) dif-
ferences between treatments were observed during continuous 
monitoring up to 4 h after dosing (Figure 2). Highest mean (SD) 
ETCO2 in any subject during the study occurred 3 h following 
administration of difelikefalin 1.0 mcg/kg and was 39 (2.5) mm 
Hg, well below the 50 mm Hg predefined respiratory depres-
sion threshold. Likewise, mean SpO2 ranged from 98% to 99% 
at baseline and was similar in each group following each treat-
ment (p ≥ 0.8896; Figure 3). The lowest mean (SD) SpO2 ob-
served in any subject during the study occurred 10 h following 
administration of the difelikefalin 1.0- mcg/kg dose, and was 
97% (1.7%), considerably above the 92% predefined respira-
tory depression threshold. Across the difelikefalin and placebo 
groups, there were no subjects who met the reduced respiratory 
rate criterion during the study; similar mean respiratory rates 
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were observed among the difelikefalin and placebo groups at 
baseline and after administration of each treatment (p ≥ 0.8952; 
Figure 4). The lowest mean (SD) respiratory rate observed in 
any subject during the study occurred 15 min following admin-
istration of difelikefalin 1.0 mcg/kg and was 14 (2.7) breaths/
min. This was well above the 10 breaths/min predefined as-
sessment limit for respiratory safety. In addition, no medical 
interventions for respiratory depression were necessary during 
the study.

Safety end points

Treatment- emergent AE sreported in 2 or more subjects 
during any of the 3 treatments in any treatment group are 
presented in Table 2. Overall, 20.0% of subjects in the pla-
cebo group (n/N = 3/15) and 80.0% of subjects in each of the 
difelikefalin dose groups (n/N = 12/15 for each dose) experi-
enced at least 1 TEAE. The most frequently reported TEAEs 
with difelikefalin 1.0 mcg/kg and 5.0 mcg/kg (≥20%) were 

paresthesia (n/N = 5/15 [33.3%] and n/N = 9/15 [60.0%]), hy-
poesthesia (n/N = 3/15 [20.0%] and n/N = 5/15 [33.3%]), and 
somnolence (n/N = 3/15 [20.0%] and n/N = 2/15 [13.3%]). 
Events of paresthesia and hypoesthesia demonstrated a dose- 
response relationship and were transient in nature, ranging 
from less than 1 min to less than 90 min; none were consid-
ered serious.18 All TEAEs were mild and resolved without 
intervention.

There were no serious AEs reported during the study, and 
no subject was discontinued due to a TEAE. There were no 
clinically relevant abnormalities in vital signs, laboratory 
tests, or ECG findings for any subject during the study.

DISCUSSION

In this single- center, randomized, double- blind, placebo- 
controlled crossover study, there was no indication of res-
piratory depression in healthy volunteers during treatment 
with either dose of difelikefalin as compared with placebo. 
Medical interventions were not indicated or required for any 
subject at any time throughout this study. The 2 doses of 
difelikefalin in the current study are 2 to 10 times higher 
than the doses assessed in the phase III study of difelikefa-
lin in patients with CKD- aP.18,19 In previous clinical stud-
ies, bolus i.v. doses of difelikefalin 0.5 to 40.0 mcg/kg have 
been administered to healthy volunteers (unpublished data) 
or patients with chronic kidney disease without any indi-
cation of compromised respiratory safety compared with 
placebo.18,19

SpO2 is less sensitive to changes in acute respiratory 
events than the ETCO2 parameter.17 During a study of 60 
emergency department patients undergoing procedural seda-
tion and analgesia, patients were monitored for SpO2, respi-
ratory rate, and ETCO2.

17 There were 20 acute respiratory 

Parameter
Overall
N = 15

Sequence 
ABC
n = 5

Sequence 
BCA
n = 5

Sequence 
BAC
n = 5

Sex, n (%)

Male 11 (73.3) 3 (60.0) 4 (80.0) 4 (80.0)

Female 4 (26.7) 2 (40.0) 1 (20.0) 1 (20.0)

Race, n (%)

White 6 (40.0) 1 (20.0) 3 (60.0) 2 (40.0)

African American 6 (40.0) 3 (60.0) 1 (20.0) 2 (40.0)

Asian 3 (20.0) 1 (20.0) 1 (20.0) 1 (20.0)

Age, mean (SD), years 38.3 (7.8) 41.6 (6.6) 35.4 (5.9) 38.0 (10.6)

Body weight, mean (SD), kg 77.7 (8.9) 76.6 (10.7) 74.9 (5.9) 81.5 (9.9)

BMI, mean (SD), kg/m2 25.6 (2.4) 27.2 (3.6) 24.8 (0.6) 25.0 (1.4)

Abbreviations: A, placebo; B, difelikefalin 1.0 mcg/kg i.v.; BMI, body mass index; C, difelikefalin 5.0 mcg/
kg i.v.

T A B L E  1  Subject demographics

F I G U R E  2  Mean ETCO2 before and following treatment. The 
dotted line represents the threshold for a respiratory depression event. 
ETCO2, end- tidal carbon dioxide
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events recorded that were consistent with apnea or hypoven-
tilation.17 Seventeen (85%) of these patients had abnormal 
ETCO2 findings, which when observed, occurred before 
changes in SpO2 or respiratory rate.17 Thus, ETCO2 monitor-
ing may provide the earliest indication of compromised res-
piration.17,29 The use of ETCO2 in the present study, a more 
sensitive index of respiratory depression than pulse oxime-
try,17 demonstrated no clinically relevant changes after dife-
likefalin administration and confirmed the negligible changes 
seen with SpO2 and respiratory rate, further reinforcing the 
respiratory safety observed with difelikefalin.

This study was conducted in healthy volunteers and eval-
uated single doses of difelikefalin. However, difelikefalin 
has also been evaluated in patients with chronic pruritus and 
pain.18,30,31 Intravenous difelikefalin was evaluated in two 
12- week, phase III, double- blind, placebo- controlled stud-
ies (KALM- 1, United States only; and KALM- 2, global) 
in patients with moderate- to- severe pruritus who were un-
dergoing hemodialysis.18,32 In KALM- 1, AEs that were 
reported in at least 1.5% of patients did not include events 
indicative of respiratory compromise,18 as rates of acute re-
spiratory failure (0.5% and 1.1%), hypoxia (0.5% and 1.1%), 
and respiratory failure (1.1% and 0%) were comparable at 
12  weeks (end of double- blind treatment phase) between 
i.v. difelikefalin and placebo, respectively. The patients in-
cluded in these phase III studies were older, had multiple 
comorbidities, and were taking a significant number of con-
comitant medications compared with the healthy volunteers 
included in this respiratory depression study.18 In KALM- 1, 
no patient discontinued difelikefalin due to acute respiratory 
failure or respiratory failure.18 The incidence of respiratory 
depression- related AEs with longer- term repeated exposure 
remains unknown.

In this study, difelikefalin did not produce respiratory de-
pression and was well- tolerated by healthy volunteers when 
administered i.v. at supratherapeutic doses compared with the 

F I G U R E  3  Mean SpO2 before and following treatment. The 
dotted line represents the threshold for a respiratory depression event. 
SpO2, saturation of peripheral oxygen
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F I G U R E  4  Mean respiratory rate before and following treatment. 
No subjects met the reduced respiratory rate criterion (<10 breaths/
min or reduction ≥30% from baseline [sustained for ≥30 seconds]) and 
no subjects had clinically significant respiratory rate during the study. 
Several subjects experienced abnormal (not clinically significant) 
respiratory rate (reference range: 12– 20 breaths/min) over the course 
of the study, but the incidence was similar both pre-  and postdose and 
did not show a dose- response relationship
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Placebo (N = 15)
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TEAE, n (%)
Placebo 
N = 15

Difelikefalin 1.0 mcg/kg 
N = 15

Difelikefalin 5.0 mcg/kg
N = 15

Any TEAE 3 (20.0) 12 (80.0) 12 (80.0)

Paresthesia 1 (6.7) 5 (33.3) 9 (60.0)

Hypoesthesia 0 3 (20.0) 5 (33.3)

Dysgeusia 0 2 (13.3) 1 (6.7)

Headache 1 (6.7) 2 (13.3) 0

Dizziness 0 0 2 (13.3)

Somnolence 1 (6.7) 3 (20.0) 2 (13.3)

Discomfort 0 0 2 (13.3)

Pruritus 0 2 (13.3) 0

Note: Incidence is reported as number (%) of subjects.
Abbreviation: TEAE, treatment- emergent adverse event.

T A B L E  2  TEAEs reported by two 
or more subjects during any of the three 
treatments in any treatment group
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doses used in studies of CKD- aP.18,19 Prior clinical studies 
demonstrated significant antipruritic effects of i.v. difelike-
falin versus placebo and lack of dysphoria or evidence of 
abuse potential in patients with end- stage renal disease.18,19 
Our findings in healthy volunteers further establish the safety 
profile of difelikefalin by demonstrating that it does not pro-
duce respiratory depression.
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