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Rationale & Objective: Chronic kidney
disease–associated pruritus (CKD-aP) in patients
treated by hemodialysis (HD) impairs quality of
life (QoL). Difelikefalin, a selective κ-opioid
receptor agonist, decreased the intensity of CKD-
aP in patients undergoing HD. This pooled
analysis evaluated difelikefalin’s efficacy and the
itch-related QoL overall and in subgroups defined
by demographics or disease characteristics.

Study Design: In KALM-1 and KALM-2, participants
were randomized (1:1) to receive intravenous
difelikefalin or placebo 3 times/wk for 12 weeks,
followed by a 52-week open-label extension.

Setting & Participants: Adults with moderate to
severe CKD-aP treated by HD in North America,
Europe, and the Asia-Pacific region.

Intervention: Intravenous difelikefalin at 0.5 mcg/
kg or placebo.

Outcomes: Itch intensity (Worst Itching Intensity
Numerical Rating Scale [WI-NRS]) and itch-
related QoL (Skindex-10 and 5-D Itch
questionnaires).

Results: 851 participants were randomized (dife-
likefalin, n = 426; placebo, n = 425). This pooled
analysis demonstrated early (week 1), sustained
difelikefalin efficacy, with significantly greater
achievement of ≥3-point WI-NRS reduction with
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difelikefalin (51.1%) versus placebo (35.2%;
P < 0.001). Achievement of a ≥4-point WI-NRS
reduction was significantly greater with
difelikefalin (38.7%) versus placebo (23.4%;
P < 0.001). Difelikefalin reduced itch intensity in
subgroups based on age, sex, anti-itch
medication use, the presence of specific medical
conditions, and gabapentin or pregabalin use.
More participants receiving difelikefalin versus
placebo achieved clinically meaningful decreases
of ≥15 points on the Skindex-10 scale (55.5% vs
40.5%, respectively; P < 0.001) and ≥5 points on
the 5-D Itch scale (52.1% vs 42.3%, respectively;
P = 0.01), with sustained 5-D Itch effects up to 64
weeks.

Limitations: Subgroup samples were small. The
WI-NRS, Skindex-10, and 5-D Itch are not used in
routine clinical care of dialysis patients; therefore,
findings may not reflect the real-world
effectiveness of difelikefalin.

Conclusions: Difelikefalin demonstrated rapid,
sustained efficacy, with consistent results in
diverse populations of patients treated by HD.

Funding: Cara Therapeutics, Inc.

Trial Registration: The KALM-1 trial is registered
as NCT03422653 and the KALM-2 trial is
registered as NCT03636269.
INTRODUCTION

Pruritus associated with chronic kidney disease (CKD) is a
common and often underdiagnosed condition in patients
treated by hemodialysis (HD).1-3 According to the inter-
national Dialysis Outcomes and Practice Patterns Study,
26%-48% of patients receiving HD reported they were at
least moderately bothered by itchy skin.3 CKD-associated
pruritus (CKD-aP) is a highly distressing condition that
can substantially impair patients’ quality of life (QoL),
causing sleep disturbances, depression, and decreased
mental and physical functioning.2,4-6 CKD-aP has also been
associated with an increase in missed dialysis sessions, a
higher risk of hospitalization, and an increase in mortality,
particularly cardiovascular- and infection-related mortality.4
Despite the need to identify and manage pruritus in pa-
tients with CKD, there is a dearth of treatment options.1,7

Off-label treatments may include antihistamines, topical
corticosteroids, and gabapentin or pregabalin; although
there are reports that treatments like gabapentin and pre-
gabalin are effective at reducing itch, their side effects
sometimes prevent their use in this patient population.7,8 No
treatments have been approved for CKD-aP in Europe and
only 1 treatment, the centrally actingmixed μ-opioid receptor
partial agonist and κ-opioid receptor agonist nalfurafine,
has been approved in Japan (2009) and South Korea
(2013).3,9-11 A variety of other therapeutics with novel
mechanisms of action are being evaluated, but well-controlled
clinical studies are still needed to evaluate the efficacy and safety
of these therapies for patients with CKD-aP.12

In August 2021, difelikefalin, a novel, selective
κ-opioid receptor agonist that works mainly by activating
κ-opioid receptors on peripheral sensory neurons and
1
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PLAIN-LANGUAGE SUMMARY
Patients with chronic kidney disease treated by hemo-
dialysis (HD) often experience pruritus (itch), a
burdensome symptom that negatively impacts quality
of life. Difelikefalin is an intravenous drug approved in
the United States for the treatment of moderate to se-
vere pruritus in adults treated by HD. In 2 pivotal, phase
3 clinical trials (KALM-1 and KALM-2), difelikefalin
significantly decreased pruritus in HD participants with
moderate to severe pruritus. Here we report findings of
a pooled analysis of efficacy data from KALM-1 and
KALM-2. Participants treated with difelikefalin experi-
enced reductions in itch intensity as early as week 1.
Clinically meaningful improvements in itch-related
quality of life were observed through week 64. These
results suggest difelikefalin may bring relief to patients
treated by HD who experience pruritus.
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immune cells,13 became the first treatment approved by
the US Food and Drug Administration (FDA) for moderate
to severe pruritus associated with CKD in adults treated by
HD.14,15 With approval by the European Medicines Agency
(EMA) in 2022, it is now the first treatment approved for
the same patient population in Europe.16 The US approval
relied primarily on the evidence from the phase 3 KALM-1
and KALM-2 studies of intravenous (IV) difelikefalin in HD
participants with moderate to severe pruritus, in which
difelikefalin demonstrated significant reductions in itch in-
tensity versus placebo at week 12.14,17 In both studies,
significantly greater proportions of participants in the dife-
likefalin group achieved ≥3- and ≥4-point reductions in
weekly means of daily Worst Itching Intensity Numerical
Rating Scale (WI-NRS) scores versus the placebo group.14,18

To obtain a combined estimate of the treatment effects of
difelikefalin in HD participants with moderate to severe
pruritus, we analyzed pooled data from the KALM-1 and
KALM-2 studies, including QoL endpoints. We also
analyzed subgroups of the pooled studies based on de-
mographics and participant characteristics at baseline to
evaluate the efficacy of difelikefalin in diverse populations.
Methods

Study Design
The study designs and methods for KALM-1 (NCT03422653)
and KALM-2 (NCT03636269) have been previously re-
ported.14,17 Additional details of the KALM-1 and KALM-2
studies are presented in Item S1. KALM-1 and KALM-2
were conducted in accordance with ethical principles
founded in the Declaration of Helsinki, International Council
for Harmonization principles of Good Clinical Practice, and
applicable regulations of the countries in which the studies
were conducted. Institutional review boards or independent
ethics committees reviewed and approved the protocols
2

before the studies commenced (approval numbers available
on request). Participants provided written informed consent
before participating in the study.

Eligibility Criteria
Eligibility criteria have been previously published for
KALM-114 and are presented in Item S1 for KALM-2.
Eligible participants were adults (aged 18 years or above
in KALM-1 and 18-85 years in KALM-2) treated by HD
3 times per week for ≥3 months before screening. Partic-
ipants were excluded from the studies if they were sched-
uled to receive a kidney transplant during the study or if
they had a concomitant disease or history of any medical
condition that could pose an undue risk to the participant,
impede completion of the study procedures, or compro-
mise the validity of the study measurements according to
the investigator. Concomitant treatment with stable doses
of anti-itch medications (including antihistamines; oral, IV,
or topical corticosteroids; gabapentin; and pregabalin) used
at the time of the screening visit were permitted; however,
the studies did not allow changes to these anti-itch treat-
ment regimens or the use of new anti-itch treatments
within 14 days before screening or at any time during
double-blind treatment. Also, planned or ongoing ultravi-
olet B treatment during the study, use of other investiga-
tional drugs within 30 days before screening, or planned
participation in another clinical study while enrolled in
KALM-1 or KALM-2 was not permitted.

Assessments
The primary endpoint in KALM-1 and KALM-2 was the
proportion of participants achieving a ≥3-point improve-
ment (reduction) in the weekly mean of daily 24-hour WI-
NRS scores at week 12. Each day, participants were asked to
indicate, using the WI-NRS, the intensity of the worst
itching they had experienced over the past 24 hours, on a
scale from 0 (no itching) to 10 (worst itching imaginable;
Fig S1). A ≥3-point reduction in the weekly mean WI-NRS
score represents a clinically meaningful reduction in itch
intensity in patients with moderate to severe CKD-aP,19,20

and proportions of patients achieving a ≥3-point reduction
were assessed weekly from week 1-week 12 in the pooled
study population. Achievement of a ≥4-point reduction in
the weekly mean of dailyWI-NRS scores fromweek 1-week
12 was also assessed in the pooled population.

Additional endpoints evaluated in the pooled population
included the proportion of participants achieving a com-
plete WI-NRS response over 12 weeks. For each week, a
complete response was defined as reporting 0 or 1 on at
least 80% of the daily WI-NRS scores. The cutoff of at least
80% represents 6 of the 7 daily scores collected in 1 week,
assuming no data are missing. Achievement of a clinically
meaningful improvement in itch-related QoL assessments
was evaluated over 12 weeks. The Skindex-10 scale evalu-
ates itch-related QoL across 3 domains (disease, mood or
emotional distress, and social functioning), with total
scores ranging from 0-60 and higher scores indicating a
Kidney Med Vol 4 | Iss 8 | August 2022 | 100512
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worse itch-related QoL (Fig S1).21 The 5-D Itch scale
evaluates 5 dimensions of itch (duration, degree, direction,
disability, and distribution), with total scores ranging from
5-25 and higher scores indicating a worse itch and worse
itch-related QoL (Fig S1).22 In patients treated by HD,
clinically meaningful thresholds were determined to be
a ≥15-point reduction in Skindex-10 and a ≥5-point
reduction in 5-D Itch total scores. The long-term impacts
of difelikefalin on itch intensity and itch-related QoL were
assessed using the 5-D Itch scale during the open-label
extension; beyond week 12, participants completed the 5-
D Itch scale at weeks 24, 36, and 52 of the open-label phase.

A subgroup analysis of the primary endpoint evalu-
ated efficacy based on the following demographic and
baseline characteristics: age, younger than 65 years or
65 years or above; sex, male or female; race, White,
Black or African American, or other; and geographic
region, United States or non–United States. In addition,
efficacy was evaluated in subgroups based on the use
of an anti-itch medication at baseline, the presence of
specific medical conditions (ie, history of a fall or
fracture [related to a fall]; confused state, mental status
change, altered mental status, or disorientation; gait
disturbance or movement disorder), and prior use of
gabapentin or pregabalin.

Statistical Analysis
Efficacy analyses were conducted in the intent-to-treat
population from the pooled KALM-1 and KALM-2
studies, which consisted of all randomized participants.
Differences between placebo and difelikefalin were
analyzed using a logistic regression model containing
terms for the treatment group, baseline WI-NRS score, use
of an anti-itch medication during the week before
Placebo
n = 425

Discontinued, n = 31

Adverse event                n = 16
Eligibility (inclusion/

exclusion criteria) n = 2

Patient noncompliance n = 3
Withdrew consent n = 7
Other n = 3                                   

Randomize
n = 8

Assessed for
n = 1,1

Completed 12 weeks
n = 393

Entered open-label phase
n = 372

Figure 1. Participant dispositions in the pooled KALM-1 and KALM
3 participants in the difelikefalin group who discontinued due to a
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randomization, presence of specific medical conditions,
and geographic region. For the analysis of the proportions
of participants who achieved ≥3-point or ≥4-point re-
ductions in the weekly mean WI-NRS scores, missing
weekly WI-NRS scores were imputed by multiple impu-
tation under a missing-at-random assumption. Participants
who reported <4 daily WI-NRS scores at week 12 or
who discontinued treatment early were considered non-
responders in the analysis of the complete WI-NRS
response. Proportions of participants achieving a ≥5-
point improvement in the 5-D Itch total score and a
≥15-point improvement in the Skindex-10 total score
were analyzed without imputation for missing values.
Proportions of participants achieving a ≥5-point
improvement in 5-D Itch total score are reported for the
pooled population during the placebo-controlled, double-
blind period (12 weeks) and the open-label extension
period (up to 52 weeks).

Continuous efficacy endpoints were analyzed by a
mixed model for repeated measures, with terms for
treatment, visit, treatment-by-visit interaction, baseline
score, use of an anti-itch medication during the week
before randomization, the presence of specific medical
conditions, and geographic region. An unstructured
covariance structure was applied to model the within-
participant errors. Missing values were not imputed. The
mean improvements from baseline in 5-D Itch total score
are reported for the pooled population during the placebo-
controlled, double-blind period (12 weeks) and the open-
label extension period (up to 52 weeks).

The subgroup analyses of ≥3-point and ≥4-point re-
ductions from baseline in the weekly mean WI-NRS scores
were performed using the same methodology as that
employed for the full intent-to-treat population.
Entered open-label phase

Difelikefalin 0.5 mcg/kg
n = 426

Screen failure
n = 286

Discontinued, n = 56
Adverse event                n = 27 
Lack of therapeutic

efficacy n = 1

Lost to follow-up            n = 1
Eligibility (inclusion/

exclusion criteria) n = 3

Patient noncompliance n = 2
Withdrew consent n = 13
Other n = 9

n = 340

d (1:1)
51

 eligibility
23

Completed 12 weeks
n = 368

-2 studies. There were 2 participants in the placebo group and
lack of eligibility after randomization.
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Results

Participants
There were 851 randomized participants in the pooled
KALM-1 and KALM-2 studies (difelikefalin, n = 426; pla-
cebo, n = 425; Fig 1). Of these, 368 (86.4%) participants
in the difelikefalin group and 393 (92.5%) participants in
the placebo group completed the double-blind treatment
period (Fig 1). The most common reason for discontin-
uation with difelikefalin and placebo was an adverse event
(6.3% and 3.8%, respectively; Fig 1).

Demographic and baseline clinical characteristics were
comparable in KALM-114 and KALM-217 (Table S1) and
between the difelikefalin and placebo groups in the pooled
population (Table 1). The proportion of Black or African
American participants was slightly greater in the difelike-
falin group versus the placebo group in KALM-2 (22.6%
[53/235] vs 16.1% [38/236], respectively), similar be-
tween the difelikefalin and placebo groups in KALM-1
(43.4% [82/189] vs 39.9% [75/188], respectively), and
higher in KALM-1 versus KALM-2.14 Overall, participants
had been treated by HD for more than 4 years and expe-
riencing pruritus for more than 3 years (Table 1). At
baseline, mean WI-NRS (7.2 and 7.2), 5-D Itch (16.8 and
16.9), and Skindex-10 (35.8 and 36.0) total scores were
similar in the difelikefalin and placebo groups, respectively
(Table 1). More than one-third of participants reported the
use of an anti-itch medication at baseline; the most
commonly used (>2%) anti-itch medications were
diphenhydramine, hydroxyzine, hydrocortisone, cetir-
izine, and clemastine (Table 1). Few participants were
using gabapentinoids for pruritus (difelikefalin, n = 5
[1.2%]; placebo, n = 5 [1.2%]). Greater proportions of
participants in the difelikefalin and placebo groups
(n = 87 [20.4%] and n = 74 [17.4%], respectively) were
being treated with gabapentin or pregabalin for other
conditions.
WI-NRS Outcomes
In the pooled analysis, 51.1% of participants in the dife-
likefalin group and 35.2% of participants in the placebo
group achieved a ≥3-point reduction in the weekly mean
of daily WI-NRS scores at week 12 (P < 0.001). The odds
of achieving a ≥3-point reduction in the weekly mean WI-
NRS score at week 12 were almost twice as great with
difelikefalin versus placebo (odds ratio, 1.93; 95% confi-
dence interval [CI], 1.44-2.57]). A significantly greater
proportion of participants achieved a ≥3-point reduction
in the weekly mean of daily WI-NRS scores with difeli-
kefalin versus placebo, observed as early as week 1 and
sustained at all time points up to week 12 (Fig 2A and C).
In KALM-1, 50.9% of participants in the difelikefalin
group achieved a ≥3-point reduction in the weekly mean
WI-NRS score at week 12, versus 28.3% in the placebo
group (P < 0.001; Table S2). In KALM-2, 53.4% of par-
ticipants in the difelikefalin group achieved a ≥3-point
4

reduction in the weekly mean WI-NRS score at week
12, versus 42.6% in the placebo group (P = 0.03;
Table S2).

In the pooled population, achievement of a ≥4-point
reduction in the weekly mean of daily WI-NRS scores
was significantly greater with difelikefalin versus placebo
at all time points from week 3-week 12 (week 12
least-squares mean estimate, 38.7% [95% CI, 32.8%-
45.0%] vs 23.4% [95% CI, 18.7%-28.8%], respectively;
P < 0.001; Fig 2B and C). Results of this 4-point
responder analysis were also statistically significant in
the individual studies. In KALM-1, 38.4% of participants
in the difelikefalin group achieved a ≥4-point reduction
in the weekly mean WI-NRS score at week 12, versus
18.0% in the placebo group (P < 0.001; Table S2). In
KALM-2, 37.3% of participants in the difelikefalin group
achieved a ≥4-point reduction in the weekly mean WI-
NRS score at week 12, versus 26.4% in the placebo
group (P = 0.02; Table S2).

The proportion of participants who achieved a com-
plete response on the WI-NRS was significantly greater
with difelikefalin versus placebo at week 12 (12.0% vs
6.7%, respectively; P = 0.006), with significant differ-
ences between difelikefalin and placebo starting at week 3
and sustained at all time points up to week 12 (Fig 3). In
the individual KALM-1 and KALM-2 studies, achievement
of a WI-NRS complete response was numerically higher
in the difelikefalin group versus the placebo group
(Table S2).

Itch-Related QoL Outcomes
In the pooled analysis, significantly greater proportions of
participants in the difelikefalin group achieved clinically
meaningful improvements in itch-related QoL versus the
placebo group, as measured by ≥15-point improvements
in Skindex-10 total scores (55.5% vs 40.5%, respectively,
at week 12; P < 0.001) and ≥5-point improvements in 5-D
Itch total scores (52.1% vs 42.3%, respectively, at week
12; P = 0.01) over 12 weeks of treatment (Fig 4). Least-
squares mean changes from baseline to week 12 in
Skindex-10 total scores were −16.9 (95% CI, −18.6
to −15.2) in the difelikefalin group and −13.5 (95%
CI, −15.1 to −11.8) in the placebo group (P = 0.001).
Least-squares mean changes from baseline to week 12
in 5-D Itch total scores were −4.9 (95% CI, −5.4 to −4.5) in
the difelikefalin group and −3.7 (95% CI, −4.1 to −3.3) in
the placebo group (P < 0.001). During the open-label
extension period (up to an additional 52 weeks), im-
provements in 5-D Itch total scores emerged in the par-
ticipants who had switched from placebo to difelikefalin
by week 4 and were maintained in the participants who
continued difelikefalin treatment without placebo (Fig S2).
In addition, the proportion of participants achieving a
clinically meaningful 5-D Itch response (≥5-point im-
provement) was maintained with long-term difelikefalin
treatment (Fig 5). In KALM-1 and KALM-2, changes from
Kidney Med Vol 4 | Iss 8 | August 2022 | 100512



Table 1. Baseline Demographics and Disease Characteristics

Characteristics

Pooled KALM-1 and KALM-2

Placebo n = 425 Difelikefalin n = 426
Age, mean ± SD, years 58.3 ± 13.5 59.1 ± 12.4
Male, n (%) 258 (60.7) 249 (58.5)
Ethnicity, n (%)
Not Hispanic or Latino 287 (67.5) 287 (67.4)
Hispanic or Latino 136 (32.0) 133 (31.2)

Race, n (%)
White 262 (61.6) 255 (59.9)
Black or African American 114 (26.8) 135 (31.7)
Othera 49 (11.5) 36 (8.5)

Region, n (%)
United States 322 (75.8) 335 (78.6)
Eastern Europe 60 (14.1) 54 (12.7)
Western Europe 31 (7.3) 29 (6.8)
Asia 12 (2.8) 8 (1.9)

Prescription dry body weight, mean ± SD, kg 82.4 ± 20.6 83.4 ± 20.1
Years since diagnosis of ESKD, median (IQR) 4.1 (5.3) 3.8 (4.8)
Etiology of CKD,b n (%)
Diabetes 206 (48.5) 225 (52.8)
Hypertension 138 (32.5) 122 (28.6)
Glomerulonephritis 16 (3.8) 18 (4.2)
Cystic kidney 15 (3.5) 14 (3.3)
Other 50 (11.8) 47 (11.0)

Years on chronic HD, median (IQR) 3.9 (5.0) 3.5 (4.8)
Duration of pruritus, median (IQR), years 2.5 (3.2) 2.1 (3.2)
Blood chemical testingc

Bilirubin, mean ± SD, mg/dL 0.5 ± 0.3 0.5 ± 0.6
Calcium, mean ± SD, mg/dL 8.4 ± 0.8 8.8 ± 0.8
Phosphate, mean ± SD, mg/dL 5.6 ± 2.2 5.6 ± 1.9

Baseline use of an anti-itch medication, n (%) 163 (38.4) 159 (37.3)
Most commonly used (>2%) anti-itch medications at
baseline, n (%)
Diphenhydramine 100 (23.5) 104 (24.4)
Hydroxyzine 52 (12.2) 42 (9.9)
Hydrocortisone 16 (3.8) 11 (2.6)
Cetirizine 10 (2.4) 7 (1.6)
Clemastine 10 (2.4) 7 (1.6)

Presence of selected medical conditions,d n (%) 65 (15.3) 67 (15.7)
WI-NRS score, mean ± SD 7.2 ± 1.5 7.2 ± 1.4
Skindex-10 total score, mean ± SD 36.0 ± 15.1 35.8 ± 14.7
5-D Itch total score, mean ± SD 16.9 ± 3.5 16.8 ± 3.5
Note: Percentages are based on the number of participants in each group.
Abbreviations: CKD, chronic kidney disease; ESKD, end-stage kidney disease; HD, hemodialysis; IQR, interquartile range; SD, standard deviation; WI-NRS, Worst
Itching Intensity Numerical Rating Scale.
aIncludes participants who identified as American Indian or Alaska native (placebo, n = 6; difelikefalin, n = 7), Asian (placebo, n = 27; difelikefalin, n = 18), native
Hawaiian or other Pacific Islander (placebo, n = 7; difelikefalin, n = 3), unknown (placebo, n = 2; difelikefalin, n = 1), and other (placebo, n = 7; difelikefalin, n = 7).
bDiabetes values include patients with diabetes alone; diabetes and hypertension; diabetes, hypertension, and other; or diabetes and other. Hypertension values
include patients with hypertension alone or hypertension and other. Glomerulonephritis values include patients with glomerulonephritis alone or glomerulonephritis and
other.
cConversion factors for units were as follows: for bilirubin, mg/dL to μmol/L, ×17.1; for calcium, mg/dL to mmol/L, ×0.2495; and for phosphate, mg/dL to mmol/L,
×0.3229.
dSpecific medical condition values include patients with a history of fall or fracture (related to fall); confused state, mental status change, altered mental status, or
disorientation; and gait disturbance or movement disorder.

Topf et al
baseline in Skindex-10 scores for difelikefalin and placebo
were similar (Table S2).

Subgroup Analyses of WI-NRS Improvement
Similar numbers of participants in the difelikefalin and
placebo groups were included in each subgroup based on
Kidney Med Vol 4 | Iss 8 | August 2022 | 100512
age, race, geographic region, use of an anti-itch medica-
tion, the presence of specific medical conditions, and use
of gabapentin or pregabalin (Fig 6). When achievement
of ≥3-point reductions in the weekly mean WI-NRS scores
at week 12 was evaluated in these subgroups, improvements
in itch intensity favored difelikefalin versus placebo in all
5
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Figure 2. Proportions of participants with (A) A ≥3-point reduction in the weekly mean of the daily Worst Itching Intensity Numerical
Rating Scale (WI-NRS) scores over 12 weeks, (B) A ≥4-point reduction in the weekly mean of the daily WI-NRS scores over 12
weeks, and (C) ≥3-point and ≥4-point reductions in weekly mean WI-NRS scores at week 12.*P < 0.05 and **P < 0.001 difelikefalin
versus placebo. Differences between placebo and difelikefalin with respect to proportions were analyzed using a logistic regression
model with terms for the treatment group, baseline WI-NRS score, use of an anti-itch medication during the week before random-
ization, presence of specific medical conditions, and geographic region. Missing weekly WI-NRS scores were imputed by multiple
imputation under a missing-at-random assumption. Abbreviations: CI, confidence interval; LS, least squares; WI-NRS,Worst Itching
Intensity Numerical Rating Scale.
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subgroups except for the group of participants who re-
ported their race as “other” (ie, not White or Black or
African American; including those who identified as
American Indian or Alaska native [n = 13], Asian [n = 45],
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Figure 3. Achievement of complete response on the Worst Itch-
ing Intensity Numerical Rating Scale (WI-NRS) over 12 weeks.
*P < 0.05 and **P < 0.001 difelikefalin versus placebo. A com-
plete response was defined as ≥80% of daily WI-NRS scores
being equal to 0 or 1 for the preceding week. Differences be-
tween placebo and difelikefalin with respect to proportions
were analyzed using a logistic regression model containing
terms for the treatment group, baseline WI-NRS score, use of
an anti-itch medication during the week before randomization,
presence of specific medical conditions, and geographic region.
Missing weekly WI-NRS scores were imputed by multiple impu-
tation under a missing-at-random assumption. Abbreviations: CI,
confidence interval; LS, least squares; WI-NRS,Worst Itching In-
tensity Numerical Rating Scale.
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native Hawaiian or other Pacific Islander [n = 10], un-
known [n = 3], and other [n = 14]; Fig 6). Similar find-
ings were observed in subgroup analyses that evaluated
achievement of a ≥4-point reduction in the weekly mean
WI-NRS score at week 12 (Fig S3).
DISCUSSION

The phase 3 KALM-1 and KALM-2 studies of IV difelike-
falin represent the largest worldwide clinical development
program to date evaluating a treatment for CKD-aP. This
pooled analysis of the phase 3 studies provides compelling
evidence of the efficacy of the selective κ-opioid receptor
agonist difelikefalin23 in patients undergoing HD with
moderate to severe pruritus across multiple regions and in
clinically relevant subgroups. In this pooled analysis,
difelikefalin at 0.5 mcg/kg IV demonstrated early (week 1)
and sustained efficacy, as evidenced by a clinically mean-
ingful reduction in itching intensity (≥3-point WI-NRS
score reduction), with the odds of achieving a ≥3-point
or ≥4-point score reduction being 2 times greater with
difelikefalin versus placebo at week 12. Complete resolu-
tion of pruritus was also demonstrated in almost twice the
number of participants who received difelikefalin versus
placebo. Clinically meaningful improvements in itch-
related QoL were also observed and sustained for up to
64 weeks (12-week double-blind and 52-week open-label
extension periods).
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Figure 4. Achievement of clinically meaningful improvements in (A) Skindex-10 and (B) 5-D Itch total scores over 12 weeks.
*P ≤ 0.05 and **P ≤ 0.001 difelikefalin versus placebo. Differences between placebo and difelikefalin with respect to proportions
were analyzed using a logistic regression model containing terms for the treatment group, baseline score, use of an anti-itch medi-
cation during the week before randomization, presence of specific medical conditions, and geographic region. Missing values were
not imputed. Clinically meaningful thresholds were determined as ≥15-point reductions in Skindex-10 and ≥5-point reductions in 5-D
Itch total scores (unpublished data). Abbreviations: CI, confidence interval; LS, least squares.
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Although approximately one-third of participants in
both treatment groups were receiving an anti-itch medi-
cation at baseline, WI-NRS scores at baseline were similar
in both treatment groups and indicative of moderate to
severe pruritus. These data indicate that many patients with
moderate to severe CKD-aP were not receiving sufficient
pruritus control from currently available therapies. Mean
Skindex-10 and 5-D Itch scores at baseline indicated sig-
nificant impairments in itch-related QoL, in agreement
with findings from the international Dialysis Outcomes
and Practice Patterns Study showing that moderate to se-
vere pruritus had a profound impact on the QoL and daily
functioning of patients undergoing HD.4

Treatment effects with respect to achievement of ≥3-
point and ≥4-point reductions from baseline in the
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weekly mean of daily WI-NRS scores at week 12 favored
difelikefalin across a broad range of patients, indepen-
dent of age, sex, geographic region, or race. In addi-
tion, difelikefalin demonstrated reductions in itch
intensity in participants whose itch severity was mod-
erate to severe at baseline despite their use of an anti-
itch medication.

In a Cochrane review of interventions for itch in pa-
tients with advanced CKD, the authors concluded that
gabapentinoids were the most studied therapeutics for
the treatment of CKD-aP and show the greatest reductions
in itch scores.7,8 It is important to consider that gaba-
pentinoids are not approved anywhere in the world for the
treatment of pruritus in patients treated by HD, and the
safety and efficacy in this population have not been
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evaluated in a rigorous clinical development program. In
addition, there are varying recommendations for dosing
and limitations with respect to the tolerability of gaba-
pentinoids that must be considered in this population.24 In
the pooled KALM-1 and KALM-2 studies, few participants
were using gabapentin or pregabalin for itch. A subgroup
analysis was conducted of participants who were using
gabapentinoids for any condition, such as itch and
chronic pain, which comprised approximately 20% of
participants. Difelikefalin reduced itch intensity regard-
less of the use of gabapentin or pregabalin, suggesting
that use of these agents was not a confounding factor and
that difelikefalin may provide additional relief of itch in
patients who are treated with gabapentinoids for any
condition. Difelikefalin also demonstrated greater
achievement of ≥3-point and ≥4-point improvements in
the weekly mean WI-NRS scores versus placebo in various
subgroups, except for the subgroup of participants who
reported their race as “other.” It is difficult to interpret
findings for the “other” race subgroup due to heteroge-
neity, because several subpopulations were represented
and could not be assessed separately because of small
sample sizes.

Difelikefalin received US FDA approval for the treatment
of moderate to severe pruritus associated with CKD in
adults treated by HD in August 2021 and received EMA
approval in April 2022.15,16 The only other treatment
approved for CKD-aP (in Japan) is the centrally acting,
mixed μ-opioid receptor partial agonist and κ-opioid re-
ceptor agonist nalfurafine. Although both nalfurafine and
difelikefalin bind to κ-opioid receptors, the mechanism of
action of difelikefalin is a selective κ-opioid receptor
agonist located outside of the central nervous system,
whereas nalfurafine’s mechanism of action is a centrally
8

acting and potent but nonselective opioid. The present data
suggest that activation of κ-opioid receptors in the pe-
riphery, located on peripheral nerves and possibly immune
cells, is sufficient to reduce itch, bringing new insights to
the pathophysiology of CKD-aP.

Difelikefalin was well tolerated in participants under-
going HD.14,17 A thorough report of safety from the phase
3 program of IV difelikefalin in participants with moderate
to severe pruritus who are undergoing HD is available in a
companion article.25

In addition to the reduction of itch intensity, treatment
with IV difelikefalin resulted in clinically meaningful im-
provements in itch-related QoL measures versus placebo
through week 64. Considering that pruritus can be highly
burdensome in this patient population,2,4-6 difelikefalin
may help improve itch-related QoL outcomes for patients
with CKD-aP in clinical practice.

A notable limitation of this study was the small sample
sizes of specific subgroups analyzed based on de-
mographics or disease characteristics. In addition, the as-
sessments (WI-NRS, Skindex-10, and 5-D Itch) used in
KALM-1 and KALM-2 are not used in routine clinical
care of patients undergoing HD. Therefore, efficacy in
these studies may not correspond to or be reflective of the
real-world effectiveness of difelikefalin. Finally, patient-
reported outcomes such as the WI-NRS are susceptible to
placebo effects, because itch is a symptom that is experi-
enced by patients and is assessed in clinical studies using
these types of outcomes. Therefore, an appreciable placebo
response was expected in these clinical studies and likely
impacted the observed treatment effects. However, the
proportion of participants who achieved a clinically
meaningful reduction in itch intensity with difelikefalin
was similar to the response observed with another
Kidney Med Vol 4 | Iss 8 | August 2022 | 100512
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approved therapeutic for pruritic conditions.26 The pla-
cebo response was higher in KALM-2 than in KALM-1 with
respect to the proportion of participants who achieved
a ≥3-point or ≥4-point reduction from baseline in the
weekly mean WI-NRS score at week 12. Although specific
reasons for the differences in the placebo effects between
the 2 studies are not clear, regional variances and more
study sites may have contributed to the higher placebo
response observed in KALM-2.

In conclusion, this pooled analysis of the KALM-1 and
KALM-2 phase 3 studies demonstrated rapid and sustained
reductions in itch intensity that were clinically meaningful
and significantly greater with difelikefalin versus placebo
in participants with moderate to severe pruritus under-
going HD. These findings were consistent across diverse
populations with CKD-aP in multiple participant sub-
groups. Findings of these pooled analyses suggest that IV
difelikefalin has the potential to bring relief to patients
treated by HD who experience pruritus and to improve
itch-related QoL.
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Safety and efficacy of difelikefalin for the treatment of 
CKD-associated pruritus in patients on hemodialysis

Conclusion: Results from the pooled KALM studies show rapid and 
sustained efficacy of difelikefalin for the treatment of CKD-aP in patients 
treated by hemodialysis. Difelikefalin demonstrated an acceptable safety 
profile and was well tolerated with long-term use.

Phase 3 RCTs 
KALM-1 & KALM-2
12 weeks (N = 851)

Adults on 
hemodialysis with
moderate-to-severe 
CKD-associated 
pruritus (CKD-aP) 

Placebo

Itch intensity Itch-related QOL
≥ 3-point  __
of WI-NRS*
at 12 weeks

51%

35%

P < 0.001

≥ 15-point __
of Skindex-10

at 12 weeks

55%

40%

P < 0.001

≥ 5-point __
of 5-D Itch
at 12 weeks**

52%

42%

P = 0.01

Placebo-controlled 
cohort, AEs mostly 
mild-to-moderate

Adverse events

Diarrhea

Dizziness

Nausea

Headache

Hyperkalemia

9.0%

6.8%

6.6%

4.7%

4.5%

Open label 
supportive studies 
CLIN 3101 & CLIN 3105
54 weeks (N = 1,306) Difelikefalin 

0.5 mcg/kg IV 
x3/week

*WI-NRS - Worst Itching Intensity Numerical Rating Scale; **Effect maintained > 64 weeks 

Gait 
disturbance 6.6%

Itc

1:1

_________ __________ ________

Clinically meaningful improvements in:

Placebo
Difelike-

falin

5.7%

3.8%

4.5%

5.4%

3.5%

2.6%
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