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Definition
§ Pruritus	/	Itch
§ An	unpleasant	cutaneous	sensation	which	provoke	the	desire	to	scratch	– Samuel	Hafenreffer 1660
§ Acute	(<6	weeks)	vs.	chronic	(>=	6	weeks)
§ Classification:	International	Forum	for	the	Study	of	Itch	(IFSI)
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tent definitions of clinical terms and classifications of 
pruritus befitting the enormity and complexity of this 
clinical problem. This is the first version of a clinical 
classification of itch formulated by the members of IFSI. 
It considers the origin and clinical manifestations of 
pruritus occurring in diseased and normal skin.

SKIN CONDITIONS IN CHRONIC 
PRURITUS (TABLES I–IV, FIG. 1): CLINICAL 
CLASSIFICATION OF PRURITUS

When dealing with patients with chronic pruritus, 
identifying the aetiology is a challenge. Before ini-
tiating laboratory and radiological examination, the 
most important step is to obtain a complete history 
and physical examination. Identifying recent changes 
in skin condition helps to guide the diagnosis of pos-
sible underlying diseases. Primary and secondary skin 
changes must be differentiated. Primary skin lesions 
originate from the causal disease. Secondary skin 
lesions are reactive lesions induced by manipulations 
(e.g. scratching or rubbing) of the skin due to chronic 
pruritus. We therefore suggest the following clinically-
oriented classification scheme:

Group I. Many skin diseases are accompanied by itch. 
They comprise inflammatory, infectious, or autoimmune 
cutaneous diseases, genodermatoses, drug reactions, 
dermatoses of pregnancy and skin lymphomas, all of 
which lead to specific skin changes described elsewhere 
(Table II). This first group is named “pruritus on pri-
mary diseased, inflamed skin”. Due to scratching, the 
primary skin disease may be confounded by secondary 
scratch lesions. This may occur, for example, in exco-
riated forms of psoriasis, atopic dermatitis or bullous 
pemphigoid.

Group II. Patients with pruritic diseases of syste-
mic, neurological or psychosomatic/psychiatric origin 
experience pruritus without any skin lesions except 
for possible secondary scratch lesions. Systemic di-
seases leading to itch include endocrine and metabolic 
disorders, infections, haematological and lymphopro-
liferative diseases, solid neoplasms and drug-induced 
pruritus (Tables III and IV). This second group is termed 
“pruritus on primary non-diseased, non-inflamed skin”. 
It has previously been named “pruritus sine materia”. 

This term has multiple interpretations, such as pruritus 
without underlying origin (16), pruritus without any skin 
changes (17, 18), pruritus in systemic diseases without 
any initially visible skin changes (19), pruritus characte-
rized by the “absence of specific cutaneous lesions of an 
itching dermatosis” (20) or even pruritus in the elderly 
(21). Besides there is a psychosomatic definition of  
pruritus sine materia in the ICD-10 classification of 
F45.8 as somatoform pruritus, which is the more accep-
table term from the international classification system, 
but is not used by dermatologists (22). In the DSM-IV-R 
a similar category is not specifically defined, but can 
be classified as undifferentiated somatoform disorder 
(300.81) (23). Due to the confusion inherent in these 
various definitions, it is recommended that the term 
pruritus sine materia should no longer be used. 

Another important point is that the presence of skin 
changes does not exclude the possibility of an under-
lying systemic cause, while the absence of a rash does 
not automatically mean that the underlying cause is a 
systemic disease (as, for example, in “invisible” der-
matoses, such as mastocytosis). A skin examination by 
a trained dermatologist is therefore imperative in the 
evaluation of the patients.

Table I. Clinical classification of chronic pruritus according to skin changes

Group Clinical presentation and underlying disease Diagnostics 

I: Pruritus on primarily diseased, 
inflamed skin 

Clinical picture: skin disease
aetiology: mainly category I (see Table V)

Skin biopsy, laboratory investigation if necessary (e.g. IgE, indirect 
immunofluorescence)

II: Pruritus on primarily normal, 
non-inflamed skin 

Clinical picture: normal skin
aetiology: mainly category II, III, IV

Laboratory and radiological investigation, adapted to the patient’s 
history and pre-existing diseases

III: Pruritus with chronic 
secondary scratch lesions

Clinical picture: chronic secondary scratch lesions 
like prurigo nodularis
aetiology: category I–IV

Skin biopsy, laboratory and radiological investigations, procedure 
adapted to the patients history and pre-existing diseases

Fig. 1. Clinical classification in the management of chronic pruritus patients. As 
a first step, patients are grouped according to their clinical picture and history. 
Although group I and II may already suggest a category, the classification of 
the patient is performed in a second step based on histological, laboratory 
and radiological investigation. If no category fits or several diseases are 
found (small arrows), the patients are classified into “mixed” or “others” 
(arrow on the right). 
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Itch	&	Scratch
§ “Scratching	is	one	of	the	sweetest	gratifications	of	nature,	and	as	ready	at	
hand	as	any	… But	repentance	follows	too	annoyingly	close	at	its	heels”

§M’s	story	
§One	morning,	after	she	was	awakened	by	her	bedside	alarm,	she	sat	up	and,	she	
recalled,	“this	fluid	came	down	my	face,	this	greenish	liquid.”	… Only	in	the	
Emergency	Department	at	Massachusetts	General	Hospital,	after	the	doctors	
started	swarming,	and	one	told	her	she	needed	surgery	now,	did	M.	learn	what	
had	happened.	She	had	scratched	through	her	skull	during	the	night—and	all	the	
way	into	her	brain.”

Gawande,	2008.	The	New	Yorker.



Uraemic Pruritus
§ Clinical	epidemiology
§ >40%	of	dialysis	patients	(DOPPS)

§ I:	1996	- 1999
§ II:	2002	- 2003

• Most	common	in	adults	than	children
• 18.8%	vs.	9.1%

In some cases, the clinical appearance (localization, pattern,
quality of itch, and so on) may be helpful to categorize the
itch in these patients. Quite often, however, a definitive
diagnosis cannot be established and treatment has to be
initiated according to considerations of likelihood.

Epidemiology
Although in the early days of dialysis treatment, CKD-aP was
a very common problem afflicting up to 85% of patients11 its
incidence declined to 50–60% in the late eighties.12 However,
numbers are difficult to compare as chronic itch has rarely

been analyzed and instruments used to assess the intensity of
itch diverge.

A recent large-scale investigation on several thousand patients
reported that 440% of patients undergoing hemodialysis
suffer from chronic pruritus1 (Figure 2). This study uncovered a
higher mortality of patients suffering from pruritus. However,
when controlled for sleep disturbance this correlation did not
remain statistically significant. Severe pruritus is, however, very
rare in pediatric patients on dialysis (Figure 3).13 Data on the
prevalence of CKD-aP in patients undergoing peritoneal
dialysis are rather scarce. The few reports available, however,
permit the conclusion that patients undergoing peritoneal
dialysis are similarly affected by pruritus as patients on
hemodialysis.12,14 Although prevalence of pruritus has declined
during the last decades potentially by improved hemodialysis
techniques, this symptom remains a major clinical symptom
and in severe cases often a medical challenge.

Etiopathology
The pathogenesis of CKD-aP remains obscure.15 Various
substances have been discussed as potential pruritogens in

Figure 1 | Typical skin changes observed in patients suffering
from chronic kidney disease-associated pruritus (CKD-aP).
(a) Scratch marks with excoriations at the lower leg. (b) Typical
hyperkeratotic partly excoriated nodules (prurigo nodularis) located
on the forearm. (c) Deep scars and prurigo nodules at the shoulders
and back of a female patient.
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Figure 2 | Prevalence and intensity of uremic pruritus according
to DOPPS-data from 1996 to 1999 (I) and 2002 to 2003 (II) (after
Pisoni et al.1). DOPPS, Dialysis Outcome and Practice Patterns Study.
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Figure 3 | Prevalence of uremic pruritus in children on dialysis
(18 years or younger) and in adult dialysis patients (older than
18 years). Prevalence of uremic pruritus in children is significantly
lower than in adult patients (w2 test according to Schwab et al.13).
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Uraemic Pruritus
§ DOPPS	– haemodialysis patients
§ Mild	improvement	in	last	2	decades

§ International	trend
§ 39%	moderate	to	severe	in	ANZ

§ Range	26%	Germany	– 48%	UK

randomly selected HD facilities within each nation at the
start of each study phase as described previously (18,19).
Study approval was obtained by a central institutional
review board. Additional study approval and patient
consent were obtained as required by national and local
ethics committee regulations.
To study changes in pruritus prevalence over time, we

analyzed data from 51,062 patients on HD enrolled in the
DOPPS at the beginning of DOPPS phases 1–5 (i.e., 1996–
2015) from up to 21 countries (Figure 1). All patients were
offered a questionnaire about their health, care, quality of
life, and symptoms; 39,553 returned their questionnaires,
and of those, 35,452 answered the question regarding how
bothered they were by itchy skin.
To study current awareness and treatment of pruritus,

we studied 8621 patients enrolled at the start of the DOPPS
phase 5 (i.e., 2012–2015); 6256 (73%) indicated how much
they were bothered by itchy skin.
During the second year of the DOPPS phase 5 (i.e., 2013),

additional questions were asked of patients in 17 countries
(excluding Australia, China, France, and New Zealand)
about the effect of itchy skin. Of 5884 patients who returned
their questionnaires, 5436 patients indicated whether they
were bothered by itchy skin, and 4219 patients (in 278
facilities) responded to at least one of the eight additional
questions; 268 medical directors of 337 participating study
sites in these 17 countries completed a survey about their
treatment practices for patients with pruritus. The majority
of nonresponders (41 of 69) were in the United States.
Demographic data, comorbid conditions, laboratory val-

ues, and medications were abstracted from patient records.
In the DOPPS phase 5, medication lists were ascertained at
study entry and updated during study follow-up. Patient
self-reported health measures were collected through ques-
tionnaires provided at enrolment and annually thereafter.

Definitions
In each DOPPS phase from 1996 to 2015, patients

indicated how much they were bothered by itchy skin
by responding to the question: “During the past 4 weeks, to
what extent were you bothered by: itchy skin?” Response
options were (1) not at all bothered, (2) somewhat both-
ered, (3) moderately bothered, (4) very much bothered, and
(5) extremely bothered. In the second year of the DOPPS
phase 5 (2013–2014), a section about the effect of itch on
patients’ lives was added to the survey, including questions
on feelings of depression and embarrassment and the effect
on work and social interactions, from the Skindex-10 (20). All
questions in this section were worded as follows: “During
the past week, how often have you been bothered by,” with
responses ranging from zero (never) to six (always) on a
seven-point Likert scale. Scores of five or six were interpreted
as being “nearly always or always” bothered.
In 2013, medical directors were asked to estimate the

prevalence of pruritus among their patients and describe
their typical treatment practices. Questions asked whether
the following medications were for first-, second-, or third-
line chronic use therapy, for acute use, or never prescribed
for pruritus: intravenous corticosteroids, gabapentin, antide-
pressants, antianxiolytics/sedatives, or opioids for patients
who are not referred to a specialist. Patient medications were
checked for prescriptions of gabapentin, pregabalin, or
nalfurafine during the entire DOPPS phase 5 study period
(2012–2015). The timing of prescription was not linked to
the timing of the patient survey.

Data Analyses
Associations of patient characteristics presented in Sup-

plemental Table 1 were tested in adjusted multivariate
logistic regression with odds of being at least moderately
bothered by itching. Models were adjusted for age, sex,

Figure 1. | The percentage of patients very much or extremely bothered by itchy skin declined between 1996 and 2015 from 28% to 18%.
Questionwording: “Towhat extentwere youbothered by itchy skin during the past 4weeks?”Australia, Belgium,Canada, China, France, the six
GulfCooperationCouncil (GCC)countries (Bahrain,Qatar,Kuwait,Oman,SaudiArabia, andUnitedArabEmirates),Germany, Italy, Japan,New
Zealand, Russia, Spain, Sweden, Turkey, the United Kingdom, and the United States were analyzed. The DOPPS phase 1 collected data from
1996 to 2001, the DOPPS phase 2 collected data from 2002 to 2004, theDOPPS phase 3 collected data from 2005 to 2008, theDOPPS phase 4
collecteddata from2009 to2011, and theDOPPSphase5collecteddata from2012 to2015.Datacollection inAustralia,Belgium,Canada,New
Zealand, and Swedendid not begin until phase 2; data collection inChina began in phase 4 and started in theGCCcountries, Russia, andTurkey
in phase 5. Australia, China, France, and New Zealand were excluded in phase 5.

2 Clinical Journal of the American Society of Nephrology

Rayner	et	al.,	2017.	CJASN

dialysis vintage, 13 summary comorbidity measures (cor-
onary artery disease, cancer, other cardiovascular disease,
cerebrovascular disease, congestive heart failure, diabetes
mellitus, gastrointestinal bleeding, hypertension, lung dis-
ease, neurologic disorder, psychological disorder, periph-
eral vascular disease, and recurrent cellulitis), and country
and accounted for facility clustering for the DOPPS phase 5
enrolment cross-section sample. Data summary and anal-
yses were conducted with SAS software, version 9.4 (SAS
Institute, Cary, NC).

Results
Prevalence and Severity of Pruritus
The percentage of patients verymuch or extremely bothered

by itchy skin declined between 1996 and 2015 from 28% to 18%
(Figure 1). Similar results were seen in countries participating
in all five DOPPS phases (data not shown).
In the DOPPS phase 5 (2012–2015), the percentage of

patients at least moderately bothered by itchy skin ranged
from 26% in Germany to 48% in the United Kingdom; 13%
(Germany) to 26% (the United Kingdom) were very much
or extremely bothered (Figure 2).
In the DOPPS phase 5 cross-sectional sample, mean values

or prevalence of nearly all patient characteristics were similar
across the categories of pruritus severity (Table 1). Patients
not responding to the questionnaire differed slightly in age
and ferritin.
Patients at least moderately bothered by itchy skin were

slightly older and had a higher median C-reactive protein.
Multivariable logistic regression analyses confirmed asso-
ciations of older age and higher C-reactive protein with
worse pruritus (Supplemental Table 1). Serum albumin
was negatively associated with pruritus severity, and
patients with hepatitis B or C were more likely to be
bothered as found previously (2). However, no association
was observed with serum phosphorus, calcium, calcium-
phosphorus product, parathyroid hormone (PTH), Kt/V,
and hemodiafiltration.

Symptom Burden Due to Pruritus
Patients very much or extremely bothered by itchy skin

were also bothered by dry skin (84%), and 60% frequently
had restless sleep (Table 1). Patients who were nearly
always or always bothered by itching in the past week were
much more often (1) bothered by the appearance of their
skin; (2) frustrated, annoyed, and depressed by their
itching; (3) bothered by the effects of itching on interactions
or the desire to interact with others; and (4) bothered by
itching so as to make it hard to work (Table 2).
Approximately one third of patients bothered by itchy

skin were most bothered by itching at night, and nearly
50%were bothered either at all times throughout the day or
not at any specific time (Supplemental Table 2). There was
no relation of itching with the timing of the dialysis
treatment for most patients (61%); however, 15% indicated
that itching was worst during the dialysis session, 9%
indicated that itching was worst soon after a session, and
14% indicated that itching was worst on nondialysis days.

Nephrologists’ Awareness of Pruritus
Overall, 65% of medical directors estimated that ,5% of

their patients suffered from severe pruritus. Medical
directors underestimated the prevalence of pruritus in
69% of facilities. In the large fraction of facilities, where
21%–50% of patients reported having severe pruritus, only
1% of medical directors estimated the same prevalence of
pruritus in their facility. Facilities with the lowest preva-
lence of patient-reported itching tended to have a higher
medical director estimate of the prevalence of severe
pruritus (Supplemental Figure 1).
Overall, patients bothered by itchy skin were most likely

to report symptoms of itching to a nephrologist (42%)
followed by a nurse or other dialysis staff member (32%),
a dermatologist (18%), or a primary care doctor (16%;
categories not exclusive). However, 17% of patients nearly
always or always bothered by itchy skin had not reported
their symptoms to any health care provider. This varied
from 8% in Italy and 12% in the Gulf Cooperation Council

Figure 2. | The percentage of patients at leastmoderately botheredby itchy skin ranged from26% inGermany to 48% in theUnitedKingdom
in theDOPPS phase 5 (2012–2015). Results are ranked by the proportion of patients whoweremoderately to extremely bothered by itchy skin.
Question wording: “To what extent were you bothered by itchy skin during the past 4 weeks?” In total, 96% of patients answered this question
among patients who completed a patient questionnaire. ANZ, Australia and New Zealand; Bel, Belgium; Can, Canada; Chi, China; GCC, the
six Gulf Cooperation Council countries (Bahrain, Qatar, Kuwait, Oman, Saudi Arabia, and United Arab Emirates); Ger, Germany; Ita, Italy;
Jpn, Japan; Rus, Russia; Spa, Spain; Swe, Sweden; Tur, Turkey; UK, the United Kingdom; US, the United States.

Clin J Am Soc Nephrol 12: ccc–ccc, December, 2017 Prevalence, Awareness, Treatment of Pruritus in Hemodialysis, Rayner et al. 3



Timing	of	Uraemic Pruritus
Time	of	the	Day Timing	in	relation	to	dialysis

Morning 5% Soon	before	dialysis 2%

Afternoon 3% During dialysis 15%

Evening 15% Soon after	dialysis 9%

At	night 30% Non-dialysis days 14%

All the	time 48% All	the	time 61%

Rayner	et	al.,	2017.	CJASN



Itch	Pathway
• Itch	fibres
• ~5%	of	C	fibres transmits	the	sensation	of	itch
• Of	those	itch	fibres,	10%	are	histamine	dependent	and	90%	are	histamine	independent
• Itch	is	also	transmitted	by	myelinated	A-delta	afferents
• Sensory	fibres

Brennan,	2016.	Progress	in	Palliative	Care;	Schmelz,	2019.	Frontiers	in	Medicine;	Hashimoto	&	Yosipovitch,	2019.	Experimental	Dermatology.	
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remained for a while even after itch was relieved. These facts lead 

to the idea that scratching pleasurability can be associated with the 

topographical differences of itch.[4]

Scratching pleasurability is considered to be largely depended 

on tactile sensation. As mentioned earlier, tactile sensation is 

mainly mediated by large myelinated Aβ fibres conducting impulses 

at high speed (around 50 m/s). In addition to Aβ fibres, a subpop-

ulation of C fibres, named C tactile (CT) afferents, mediates tactile 

sensation with a slow conduction velocity of around 1 m/s and has 

been attracting an attention as a mediator of affective touch.[39,40] 

CT afferents respond optimally to low force (0.3-2.5 mN) and low 

movement velocity (1-10 cm/s) stroking touch, but they are highly 

fatigable. Brush stroking in this low movement velocity (gentle or 

“affective” touch), but neither in slower nor faster stroking velocity, 

is perceived most pleasant. Of note, CT afferents are found only in 

the hairy skin and hardly seen in the glabrous skin such as the palms. 

Interestingly, one report demonstrated that women had higher hair 

follicle density than men, and women rated affective touch stim-

uli as more pleasant and had higher tactile acuity.[41] However, we 

cannot assess the innervation density of CT afferents due to lack of 

proper methods and we currently do not know whether CT affer-

ents have functional difference among different parts of the body. 

Nevertheless, based on the aforementioned facts, it is plausible 

that CT afferents can modulate itch resulting in topographical dif-

ference of itch.

4  | PROCESSING OF ITCH AND AFFEC TIVE 
TOUCH IN THE BR AIN

Affective touch conveyed through CT afferents are processed in the 

brain. CT afferents project from the skin to lamina I/II in the spi-

nal cord, in which other small nerve fibres (including itch selective 

nerve fibres) project as well. These CT afferents project through the 

spinothalamic tract to posterior/basal ventral medial nucleus of the 

thalamus and afterwards to posterior insular cortex.[39,42] In addition, 

several brain areas are activated when CT afferents are stimulated: 

the medial prefrontal cortex (associated with decision-making), 

anterior cingulate cortex and insular cortex (related to unpleasant 

sensation) and amygdala (associated with emotion and stress).[43‒46] 

It is also demonstrated that stimulation of CT afferents activate 

the brain rewarding system (including the mid brain and striatum) 

(Figure 1).[47,48]

Interestingly, itch processing involves these CT afferents-as-

sociated brain areas as well.[37,49‒51] Cowhage-induced non-hista-

minergic itch, but not histamine-induced itch, activates the insular 

cortex.[52] Chronic itch can also modulate activation of the prefrontal 

 Type Diameter (µm)
Conduction 
velocity (m/s) Function

Myelinated Aα 13-22 70-120 Proprioception

Aβ 8-13 40-70 Tactile (discrimina-

tive touch)

Aδ 1-4 5-40 Pain

Temperature

Unmyelinated C 0.2-1.5 0.2-2 Itch

Pain

Temperature

Tactile (emotional 

touch)

TA B L E  1   Sensory nerve fibres

TA B L E  2   Dermatoses with chronic itch and reduced 

intraepidermal nerve fibre density

Dermatoses

Atopic dermatitis[9,10]

Nummular eczema[11]

Psoriasis[9]

cutaneous T cell lymphoma[12]

Lichen amyloidosis[13]

Prurigo nodularis[10,14,15]

Stasis dermatitis[16]

Brachioradial pruritus[10,17]

F I G U R E  1   The brain areas and their functions associated itch 

and CT afferent stimulation. ACC, anterior cingulate cortex



Histamine	Independent	Pathway
§Multiple	itch	mediators	/	Pruritogens
§ Tryptaseà protease-activated	receptor-2 (PAR-2)	activation
§ Thomboxane A2
§ Tumour necrosis	factor-alpha	(TNF-alpha)
§ Leukotriene	B4	(LB4)
§ Substance	P	(SP)	à both	histamine	dependent	and	independent	pathways
§ Interleukine 31	(IL-31)
§ Endothelin-1	(ET-1)
§ Nerve	growth	factor	(NGF)

§ Itch	also	has	a	psychological	component
§ The	more	we	think	about	it,	the	itchier	we	get.
§ Itch-scratch	cycle	is	a	reflex

Brennan,	2016.	Progress	in	Palliative	Care



Uraemic Pruritus	Pathogenesis
§ Potential	causes
§ Parathormone
§ Histamine	/	Tryptase disregulation
§ Uraemic toxins	and	associated	neuropathy
§ Electrolytes:	calcium,	magnesium,	phosphate
§ Microinflammation /	cytokines
§ Opioid-receptor	derangements

chronic renal diseases; however, a causal relation could never
be established. Among others, parathormone and histamine
were investigated more closely as presumable pruritogenic
factors. Parathormone is believed to be a possible
pathogenetic factor based on the observation that persistent
pruritus in patients with secondary hyperparathyroidism
improved after parathyroidectomy.16,17 In contrast,
parathormone did not elicit any cutaneous reaction upon
intradermal application in humans and could not be detected
in skin biopsies of affected patients.18

Stockenhuber et al.19 observed increased levels of histamine
in patients with CKD-aP and suggested that accumulation of
this classical pruritogen would have a key role. Nevertheless,
contradictory data on the impact of histamine have been
reported.12 The absence of typical skin changes such as wheals
and the regularly observed therapeutic failure of antihista-
mines in patients with CKD-aP challenge the concept of
histamine as a major pruritogen.20 Interestingly, increased
levels of tryptase, another substance released by mast cells were
observed in patients with CKD-aP.21

The impact of xenobiotic agents and uremia toxins has
not yet been established. There is also some controversy
about the influence of other factors, that is, increased tissue
concentrations of vitamin A and metastatic microcalcifica-
tions caused by calcium and magnesium salts.22

Xerosis of the skin is described in a large number of
patients with renal failure and was suspected as a significant
pathogenetic factor in CKD-aP. However, many patients with
marked xerosis do not necessarily suffer from itch but those
who do often do better by moisturizing and rehydrating the
skin. Thus, it is likely that xerosis adds to the intensity of itch
if CKD-aP is present.23

Special attention has been focused on neuropathic changes,
nerve proliferations of the pruritus-mediating cells, and central
nervous alterations. Similar to cholestatic pruritus, enhanced
stimulation of the central m-opioid receptors by cumulated
endorphins or cumulated endogenic morphines has been
suggested as a cause for CKD-aP. This hypothesis was
underlined by the observation in a single study showing a
substantial amelioration of itching in uremic patients after the

oral application of the m-opioid receptor antagonist naltrex-
one.5 This positive anti-pruritic effect could, however, not be
confirmed in a large-scale study of our group on hemodialysis
patients presenting with pruritus. A more recent hypothesis on
CKD-aP reported on an imbalance between the activities of
the mostly antagonistic acting m- and k-opioid receptors in
favor of m-receptor activation. For this reason, application of a
k-agonist was recommended for the treatment.

More recent research points to microinflammation on
skin and probably systemic level as an etiopathologically
relevant factor in CKD-aP. In this regard, elevated levels of
c-reactive protein were observed in serum of hemodialysis
patients with chronic pruritus;24,25 furthermore, relatively
increased proinflammatory relevant TH1-cells and raised
interleukin-6 concentrations could be detected in these
patients by our study group.25 Figure 4 summarizes the
potential pathogenic factors in CKD-aP.

Treatment options
Pruritus may be extremely vexing at times and difficult to
control. Therapeutic options in CKD-aP are, however,
limited. Most studies on this symptom are not reliable
because of inadequate documentation of patient’s character-
istics, concomitant diseases, therapeutic measures taken, and
often very low case numbers. Moreover, effects that might
be statistically significant may not necessarily be clinically
relevant and vice versa. To give an example, a reduction of
itch intensity from 8 to 6 on a visual analog scale (VAS), even
though not statistically significant, might mean a great
improvement in the torture of itch, whereas a reduction from
3.5 to 2.5 may be statistically significant without a subjective
improvement for the patient. Owing to a meticulous study by
Staender et al. done in 192 patients with pruritus, the
minimal clinical important difference is 1.40 for the
improvement of pruritus on a VAS ranging from 0 to 10
(personal communication).

For future studies, improved strategies for the assessment
of itch are required that do better reflect the burden of
suffering of our patients.

In the following, the most consequential approaches to
treatment are presented:
! Topical treatment
! Gabapentin
! Systemic treatment with m-opioid receptor antagonists and
k-agonists

! Drugs with an anti-inflammatory action
! Phototherapy
! Acupuncture
! Others

Table 1 summarizes most of the randomized controlled
trials on the above-mentioned treatment options.

TOPICAL TREATMENT
Daily topical treatment using rehydrating emollients should
be regarded as baseline therapy. Addition of cooling

Stimuli

• Parathormone
• Histamine
• Tryptase
• Xenobiotica
• Uremic toxins
• Cytokines
• Inflammation

CNS

• Opioid disbalance
• Psychological factors

Supplemental influences

– Scaly skin, dry skin
– Serological factors

Neuropathy

Nerve-proliferation

Figure 4 | Schematic synopsis of potential pathogenic factors in
chronic kidney disease-associated pruritus (CKD-aP). CNS, central
nervous system.
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pruritogenic effect. ET-1 stimulates ETA receptors

which, in turn, stimulate dermal mast cells to release

TNF-alpha and IL-6 (see Fig. 11).

BLT-2-receptor-related system
BLT-2 receptors lie on the surface of dermal mast cells.

LB4 stimulates this receptor.53 In addition, 12 (S)-

HPETE, synthesized from arachidonic acid, stimulates

BLT-2 receptors on mast cells to release serotonin

which, in turn, induces scratching in mice. The invol-

vement of 12 (S) HPETE in humans is unknown.

Endocannabinoid receptors
Dermal mast cells have two endocannabinoid recep-

tors – CB-1 and CB-2. In addition to dermal mast

cells, these receptors also lie on keratinocytes and

fibroblasts. Their activation leads to an inhibition of

pruritus.54

Kappa-opioid receptors (KOR)
Activation of these receptors has an anti-pruritic

effect.55

TRPV channels
Activation of TRPV2 channels causes mast cells to

degranulate. TRPV-3 may act as a regulator of

TRPV-1-mediated itch.56 TRPV-4 channels are acti-

vated by eicosanoids such as prostaglandins.

A summary of these dermal mast cell receptors rel-

evant to pruritus appears in Fig. 12.

The role of lymphocytes
The immune system of the skin is complex. The two

main lymphocytes are Th-1 and Th-2 lymphocytes.

At any one time, there is a balance in the presence

and activity of these lymphocytes. Each class of lym-

phocyte produces specific cytokines that exert

actions, directly or indirectly, on the immuno-chemical

milieu of the skin and facilitates cross-talking with

other skin cells. It appears that both class of lympho-

cytes play a role in the pathophysiology of pruritus:
1. Th1 lymphocytes produce IL-2, IL-6, and IFN-

gamma. IL-2 is pruritogenic. IFN-gamma substan-

tially upregulates IL-31 receptors.28

2. Th2 lymphocytes produce IL-3, IL-4, IL-10, and IL-

31. IL-3, -4, and -10 regulate mast cell activity and

IL-31 is pruritogenic.

In pruritic states, there may be a preponderance of

the presence and activity of one of these lymphocytes.

In uremic pruritus, for instance, there is a preponder-

ance of Th-1 lymphocytes and IL-2 levels are signifi-

cantly raised.57 That preponderance is driven by,

among other factors, TNF-alpha produced by

dermal mast cells. This is a good example of cross-

talking between cells: TNF-alpha produced by

dermal mast cells shifts the preponderance of

Figure 9 The activation of PAR-2 receptors on sensory

afferents leads to the release of Substance P (SP) and

calcitonin gene-related peptide (CGRP).

Figure 11 Endothelin-1 activates ETA receptors on the

surface of dermal mast cells, triggering them to release

TNF-alpha and IL-6.

Figure 10 SP, released by the sensory afferents, activates

PAR-2 receptors on dermal mast cells to release further

tryptase. CGRP enhances the release of SP from sensory

afferents and protects it from degradation. Tryptase

inactivates CGRP.

Figure 12 A summary of receptors relevant to pruritus on the

surface of dermal mast cells. H4R, Histamine 4 receptor; TLR,

toll-like receptor; CB, endocanninaboid receptors; ET,

endothelin receptors; NK-1, neurokinin-1 receptor; K-opioid,

kappa-opioid receptor; TRPV, transient receptor potential

vanniloid receptors.

Brennan The pathophysiology of pruritus

Progress in Palliative Care 2016 VOL. 24 NO. 3138
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Treatment	Approach

history and physical examination. The distribution of
uremic itch is almost always in large discontinuous
bilateral skin areas involving the arms, legs, and torso.
On physical examination, the most common skin
finding in uremic pruritus is normal epidermis, with
possible dryness or superficial excoriations. Presence of
a rash suggests a primary dermatologic condition and
warrants referral to dermatology. When uremic pruritus
is confirmed, treatment options must be tailored to the
individual patient. All patients with pruritus, even those
without evident xerosis, should be advised to apply a
daily over-the-counter emollient and reapply after
bathing. Bathing in tepid (rather than hot) water may
also reduce itch. In addition to moisturizers, data sug-
gest that lotions with pramocaine (a topical anesthetic,
also known as pramoxine) alleviate pruritus better than
other moisturizing emollients.

If itch persists, the next step is to try low-dose gaba-
pentin or pregabalin. Although both have been shown to
reduce pruritus significantly in small RCTs, it is important
to note that neither is approved by the US Food and Drug
Administration for this indication. Low doses are appro-
priate for people with kidney disease. The dosage or fre-
quency can be increased as needed and tolerated, with
careful adjustment for GFR. It is essential to monitor for
signs of toxicity, including dizziness, changes in mental
status, myoclonus, and swelling. There is no superiority of
one agent over the other, and their adverse effects are
comparable. Patient preference and financial cost should
therefore guide initial agent selection. The correct answer
to question 2 is (c).

A key component of treating uremic pruritus is setting
expectations. It is highly likely that therapy will need to be
adjusted after initiation, as in hypertension.

Additional Readings
► Brennan FP, Josland E, Kelly JJ. Chronic pruritus: histamine is not

always the answer! J Pain Symptom Manage. 2015;50(4):566-
570. + ESSENTIAL READING

► Combs SA, Teixeira JP, Germain MJ. Pruritus in kidney disease.
Semin Nephrol. 2015;35(4):383-391.

► Lau T, Leung S, Lau W. Gabapentin for uremic pruritus in he-
modialysis patients: a qualitative systematic review. Can J Kidney
Health Dis. 2016;3:1-14.

► Pisoni RL, Wikstrom B, Elder SJ, et al. Pruritus in haemodialysis
patients: international results from the Dialysis Outcomes and
Practice Patterns Study (DOPPS). Nephrol Dial Transplant.
2006;21(12):3495-3505. + ESSENTIAL READING

► Rayner HC, Larkina M, Wang M, et al. International comparisons
of prevalence, awareness, and treatment of pruritus in people on
hemodialysis. Clin J Am Soc Nephrol. 2017;12(12):2000-2007.

► Scherer JS, Combs SA, Brennan F. Sleep disorders, restless legs
syndrome, and uremic pruritus: diagnosis and treatment of com-
mon symptoms in dialysis patients. Am J Kidney Dis.
2017;69(1):117-128. + ESSENTIAL READING

Depression

Case 3: A 71-year-old woman receiving in-center hemodi-
alysis has frequent hospitalizations due to problems with her
right arm fistula. She has long-term occlusion of the central
vessels on the left and a recurrent central venous stenosis on
the right that has required frequent angioplasties. She is ul-
timately advised to undergo temporary dialysis catheter
placement and evaluation for a new vascular access in a
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UV-B phototherapy

Evening primrose oil 1000 mg/d
Sertraline 50 mg/d

μ opioid receptor antagonist/
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120 mg/d)
k opioid receptor agonists 

(nalfurafine 2.5 mcg/d)

Itera#ve 
Symptom 

Review 
and Therapy 
Adjustment

Figure 2. Treatment approach for uremic pruritus. aCommon clinical practice despite lack of evidence that hyperphosphatemia, hy-
perparathyroidism, or increasing Kt/V over usual adequacy standards has any relationship to the sensation or alleviation of pruritus.
bCaution and close monitoring is recommended with any off-label use of calcium channel alpha-2-delta ligands. Abbreviations: HD,
hemodialysis; Lab, laboratory; LFTs, liver function tests; PTH, parathyroid hormone; QHS, every bedtime; QOD, every other day.
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Gabapentin
Table 2. Results of 44 Included Studies Categorized by Treatment

Study
Treatment Dose and

Duration
Comparator Dose

and Duration
Pruritus

Measurement
Outcome

Measurement Results

Statistically
Significant
Difference
Between

Treatments? Adverse Drug Reactions

Gabapentin/Pregabalin
Foroutan60

(2017)
Pregabalin 50 mg
33/wk post-HD
(titrated up to
50 mg 13/d) for 4
wk

Doxepin 10 mg 13/
d (titrated up to
10 mg 23/d) for 4
wk

0- to 10-cm
VAS; 5-D
pruritus scale,
questionnaire

Mean VAS
scores at BL &
post

Pregabalin: 7.56 1.4 BL,
2.16 2.6 post; doxepin:
7.16 1.3 BL, 4.26 2.6
post

Yes, in favor of
pregabalin

Pregabalin: somnolence (16.2%), edema
(8.1%), drowsiness (8.1%), imbalance
(2.7%), numbness (2.7%); doxepin:
somnolence (14.2%), nervousness (2.9%)

Amirkhanlou21

(2016)
Gabapentin 100 mg
13/d for 2 wk

Ketotifen 1 mg 23/
d for 2 wk

5-point VRS % Respondersb Gabapentin: 88.4%;
ketotifen:76.9%

No Gabapentin: drowsiness (15.4%), dizziness
(3.8%); ketotifen: drowsiness (15.4%),
dizziness (3.8%)

Nofal41 (2016) Gabapentin 100 mg
(titrated up to max
of 300 mg) 33/wk
post-HD for 1 mo

Placebo 33/wk post
HD for 1 mo

10-cm VAS, 5-D
pruritus scale

% Responders
(scores
decreased
by $50%)

Gabapentin: 88.9%;
placebo: 22.2%

Yes, in favor of
gabapentin

Gabapentin: dizziness (18.5%), somnolence
(11.1%) fatigue (3.7%).

Yue56 (2015) Pregabalin 75 mg
23/wk for 12 wk

Ondansetron 8 mg
13/d for 12 wk;
placebo for 12 wk

10-cm VAS,
questionnaire

Mean change
from BL, VAS
vs placebo

Pregabalin: 24.6;
ondansetron: 20.5

Yes, in favor of
pregabalin

Pregabalin: somnolence (4.5%), dizziness
(1.5%), loss of balance (1.5%); ondansetron:
nausea & vomiting (3.1%)

Solak47 (2012) Gabapentin 300 mg
33/wk post-HD
for 6 wk

Pregabalin 75 mg
13/d for 6 wk

10-cm VAS % difference in
VAS post

Gabapentin: 77.9%;
pregabalin: 79.2%

No Gabapentin: dizziness (15%), somnolence
(12.5%), dry mouth (7.5%), balance disorder
(5%), myoclonus (2.5%), diarrhea (7.5%),
nausea (5%), constipation (5%), tremor
(7.5%); pregabalin: dizziness (17.5%),
somnolence (12.5%), dry mouth (2.5%),
balance disorder (2.5%), myoclonus (2.5%),
insomnia (2.5%), euphoria (2.5%)

Tol50 (2010) Gabapentin 300 mg
33/wk post HD
for 8 wk

Placebo for 8 wk 10-cm VAS Mean VAS
scores at BL &
post

Gabapentin: 7.6 6 1.2 BL,
1.36 1.4 post

Yes, in favor of
gabapentin

NR

Wu59 (2010) Gabapentin 100 mg
13/d for 1 wk

Standard treatment 0- to 10-cm
VAS

% of patients
with symptom
improvementc

Gabapentin: 89%; control:
25%

Yes, in favor of
gabapentin

Gabapentin: dizziness (16.6%), drowsiness
(11.1%), weakness (11.1%)

Naini38 (2007) Gabapentin 400 mg
23/wk post HD
for 4 wk

Placebo 23/wk post
HD for 4 wk

10-cm VAS Mean decrease
from BL VAS

Gabapentin: 6.7 6 2.6;
placebo 1.56 1.8

Yes, in favor
gabapentin

Gabapentin: somnolence, dizziness, & nausea
(subsided after 5-10 d)

Gunal33 (2004) Gabapentin 300 mg
33/wk post HD
for 4 wk

Placebo 33/wk post
HD for 4 wk

10-cm VAS Mean VAS
scores at BL &
post

BL: 8.46 0.94; post:
7.66 2.6 for placebo,
1.26 1.8 for gabapentin

Yes, in favor of
gabapentin

Gabapentin: somnolence, dizziness, fatigue
(subsided after 7 d)

(Continued)

6
4
4

A
m

J
K
id
n
e
y
D
is.

2
0
1
7
;7
0
(5
):6

3
8
-6
5
5

S
im

o
n
se

n
e
t
a
l

Simonsen et	al.,	2017.	AJKD.

Table 2. Results of 44 Included Studies Categorized by Treatment

Study
Treatment Dose and

Duration
Comparator Dose

and Duration
Pruritus

Measurement
Outcome

Measurement Results

Statistically
Significant
Difference
Between

Treatments? Adverse Drug Reactions

Gabapentin/Pregabalin
Foroutan60

(2017)
Pregabalin 50 mg
33/wk post-HD
(titrated up to
50 mg 13/d) for 4
wk

Doxepin 10 mg 13/
d (titrated up to
10 mg 23/d) for 4
wk

0- to 10-cm
VAS; 5-D
pruritus scale,
questionnaire

Mean VAS
scores at BL &
post

Pregabalin: 7.56 1.4 BL,
2.16 2.6 post; doxepin:
7.16 1.3 BL, 4.26 2.6
post

Yes, in favor of
pregabalin

Pregabalin: somnolence (16.2%), edema
(8.1%), drowsiness (8.1%), imbalance
(2.7%), numbness (2.7%); doxepin:
somnolence (14.2%), nervousness (2.9%)

Amirkhanlou21

(2016)
Gabapentin 100 mg
13/d for 2 wk

Ketotifen 1 mg 23/
d for 2 wk

5-point VRS % Respondersb Gabapentin: 88.4%;
ketotifen:76.9%

No Gabapentin: drowsiness (15.4%), dizziness
(3.8%); ketotifen: drowsiness (15.4%),
dizziness (3.8%)

Nofal41 (2016) Gabapentin 100 mg
(titrated up to max
of 300 mg) 33/wk
post-HD for 1 mo

Placebo 33/wk post
HD for 1 mo

10-cm VAS, 5-D
pruritus scale

% Responders
(scores
decreased
by $50%)

Gabapentin: 88.9%;
placebo: 22.2%

Yes, in favor of
gabapentin

Gabapentin: dizziness (18.5%), somnolence
(11.1%) fatigue (3.7%).

Yue56 (2015) Pregabalin 75 mg
23/wk for 12 wk

Ondansetron 8 mg
13/d for 12 wk;
placebo for 12 wk

10-cm VAS,
questionnaire

Mean change
from BL, VAS
vs placebo

Pregabalin: 24.6;
ondansetron: 20.5

Yes, in favor of
pregabalin

Pregabalin: somnolence (4.5%), dizziness
(1.5%), loss of balance (1.5%); ondansetron:
nausea & vomiting (3.1%)

Solak47 (2012) Gabapentin 300 mg
33/wk post-HD
for 6 wk

Pregabalin 75 mg
13/d for 6 wk

10-cm VAS % difference in
VAS post

Gabapentin: 77.9%;
pregabalin: 79.2%

No Gabapentin: dizziness (15%), somnolence
(12.5%), dry mouth (7.5%), balance disorder
(5%), myoclonus (2.5%), diarrhea (7.5%),
nausea (5%), constipation (5%), tremor
(7.5%); pregabalin: dizziness (17.5%),
somnolence (12.5%), dry mouth (2.5%),
balance disorder (2.5%), myoclonus (2.5%),
insomnia (2.5%), euphoria (2.5%)

Tol50 (2010) Gabapentin 300 mg
33/wk post HD
for 8 wk

Placebo for 8 wk 10-cm VAS Mean VAS
scores at BL &
post

Gabapentin: 7.6 6 1.2 BL,
1.36 1.4 post

Yes, in favor of
gabapentin

NR

Wu59 (2010) Gabapentin 100 mg
13/d for 1 wk

Standard treatment 0- to 10-cm
VAS

% of patients
with symptom
improvementc

Gabapentin: 89%; control:
25%

Yes, in favor of
gabapentin

Gabapentin: dizziness (16.6%), drowsiness
(11.1%), weakness (11.1%)

Naini38 (2007) Gabapentin 400 mg
23/wk post HD
for 4 wk

Placebo 23/wk post
HD for 4 wk

10-cm VAS Mean decrease
from BL VAS

Gabapentin: 6.7 6 2.6;
placebo 1.56 1.8

Yes, in favor
gabapentin

Gabapentin: somnolence, dizziness, & nausea
(subsided after 5-10 d)

Gunal33 (2004) Gabapentin 300 mg
33/wk post HD
for 4 wk

Placebo 33/wk post
HD for 4 wk

10-cm VAS Mean VAS
scores at BL &
post

BL: 8.46 0.94; post:
7.66 2.6 for placebo,
1.26 1.8 for gabapentin

Yes, in favor of
gabapentin

Gabapentin: somnolence, dizziness, fatigue
(subsided after 7 d)

(Continued)

644
Am

J
Kidney

D
is.2017;70(5):638-655

Sim
onsen

etal

vs.	pregabalin

vs.	Ketotifen



Global	Uraemic Pruritus	Treatment
- Medical	directors’	drug	options	(DOPPS)

Rayner	et	al.,	2017.	CJASN

Treatment First Line Second	Line Third	Line Acute	Use Never	Use
Gabapentin 5% 19% 21% 4% 52%
Topical	antihistamine 23% 9% 7% 24% 36%
Oral	antihistamine 46% 24% 5% 19% 7%
IV	antihistamine 2% 6% 9% 35% 48%
Topical	corticosteroids 9% 11% 12% 39% 29%
Oral	corticosteroids 2% 2% 4% 26% 66%
IV	corticosteroids 1% 1% 1% 18% 79%
Antidepressants 2% 8% 21% 8% 60%
Anti-anxiolytics 2% 6% 20% 19% 53%
Opioids 1% 5% 9% 6% 79%



Opioid	Receptors
§Pathogenesis	– hypothesis
§ Increased	activity	of	opioid	receptor	due	to	kidney	impairment	leading	to	upregulation	of	
endospinal endogenous	opioids	

§ Opioid	receptor	antagonists
§ Nalfurafine,	naltrexone,	naloxone,	and	butorphanol

§Mechanism	of	opioid	receptor	mu-antagonists	or	kappa-agonist
§ Downregulation	of	endogenous	or	exogenous	opioids
§ Downregulation	of	serotoinin (5-HT3)	receptors	and	mu	opioid	receptors	in	the	‘itch	centre’	of	
the	spinal	cord

Andrade	et	al.,	2020.	Cochrane	Review.

Opioid Receptors Effect

Mu1 Euphoria, supraspinal analgesia,	confusion,	dizziness,	nausea,	low	additional	potential

Mu2 Respiratory depression,	cardiovascular	and	gastrointestinal	effects,	miosis,	urinary	retnetion

Delta Spinal	analgesia,	cardiovasucular depression,	decreased	brain	and	myocardial	oxygen	demand

Kappa Spinal	analgesia, dysphoria,	psychomimetic effets,	feed-back	inhibition	of	endorphin	system



Nalfurafine Hydrochloride
§ Selective	kappa-opioid	receptor	agonist

§ 2	RCTs	(n=79,	n=339)
§ Dose:	nalfuratine HCl 5ug	vs.	placebo	(cross-over)	/	nalfurafine HCl 2.5	or	5ug	vs.	placebo	

On day 7 of the treatment period, VAS changes in the 5-
μg group (P < 0.0001) and the 2.5-μg group (P = 0.0101)
were significantly larger than VAS change in the placebo
group (t test, one-sided 2.5% significant level). The VAS
changes in two nalfurafine groups were greater during the
latter 7 days of the treatment period than those during the
first 7 days of the treatment period.

During the post-observation period, the VAS changes
were reduced compared with those during the latter 7 days
of treatment period in two nalfurafine groups. The VAS
changes were significantly smaller during the post-obser-
vation period (mean = 16 with 95% CI [13, 20]) than
the VAS changes during the latter 7 days of the treatment
period in the 5-μg group (P < 0.0001) and in the 2.5-μg
group (P < 0.0001, paired t test, one-sided 2.5% signifi-
cant level). In contrast, the VAS changes did not differ be-
tween the latter 7 days of the treatment period and the post-
observation period (mean = 13 with 95% CI [10, 17]) in
the placebo group (P = 0.45).

ADRs

The incidence of adverse events was 62.3% in the 5-μg
group, 49.1% in the 2.5-μg group and 50.5% in the placebo
group. The incidence of ADRs was 35.1% in the 5-μg

group, 25.0% in the 2.5-μg group and 16.2% in the placebo
group. The adverse events and ADRs with an incidence of
≥3% are shown in Table 3. Three patients each of the 5-μg
and 2.5-μg nalfurafine groups discontinued the treatment
because of ADRs, while no patient discontinued the treat-
ment in the placebo group. Insomnia (sleep disturbance)
led to the discontinuation of treatment in two patients each
of the 5-μg and 2.5-μg nalfurafine groups.

Of the subjective symptoms and objective findings
identified as ADRs, insomnia was reported the most fre-
quently: 16 of the 114 patients in the 5-μg group and
eight of the 112 patients in the 2.5-μg group complained
of insomnia.

Moderate to severe ADRs were observed in five patients
in each of 5-μg and 2.5-μg nalfurafine groups (10 cases in
5-μg group and six cases in 2.5-μg group). The moderate
to severe ADRs reported in 5-μg group were anorexia
(moderate in one patient), insomnia (moderate in two pa-
tients and severe in one patient), headache (moderate in
one patient), pruritus (moderate in one patient), decreased
blood thyroid stimulating hormone (TSH, moderate in one
patient), mood altered (moderate in one patient), elevated
mood (moderate in one patient) and feeling abnormal
(moderate in one patient). The mood alterations in all
the three patients were transient.

Moderate to severe ADRs reported in 2.5-μg group were
insomnia (moderate in one patient), sudden hearing loss
(moderate in one patient), hypertension (moderate in one
patient), vomiting (moderate in one patient), nausea (mod-
erate in one patient) and increased eosinophils (moderate
in one patient). A moderate ADR (headache) was observed
in one patient in the placebo group. All the other ADRs
were mild.

The vital signs and electrocardiogram (ECG) findings
exhibited no remarkable changes during the study. Regard-
ing haematology and blood chemistry testing, none of the
examined parameters exhibited remarkable changes during
the study.

We monitored blood levels of prolactin and TSH as
central hormones and free T4 and free testosterone as
peripheral ones. Transient increases in prolactin were
found in three of 114 patients in the 5-μg group, three of
112 patients in the 2.5-μg group and one patient in the pla-
cebo group, while galactorrhoea was not reported. Decrease
in TSH was found in two patients in the 5-μg group.
Decrease in free testosterone was found in one patient
each in the three groups. However, at the last observation,
these changes returned to the levels of pre-observation
period.

Table 3. Adverse events and ADR with an incidence of ≥3%

Item 5-μg group 2.5-μg group Placebo group

Adverse events Nasopharyngitis (12.3%) Nasopharyngitis (8.0%) Nasopharyngitis (17.1%)
Insomnia (14.9%) Insomnia (7.1%) Headache (3.6%)
Somnolence (3.5%) Somnolence (4.5%) Vomiting (3.6%)
Constipation (7.9%) Diarrhoea (4.5%)

Adverse drug reactions Insomnia (14.0%) Insomnia (7.1%) None
Somnolence (3.5%) Somnolence (4.5%)
Constipation (7.0%)
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Fig. 2. Changes in VAS values from the pre-observation period. Open
circle, placebo group; open triangle, nalfurafine 2.5-μg group; filled
square, nalfurafine 5-μg group. All symbols show the mean value of
VAS changes. *P < 0.025 vs. the placebo group, one-sided ANCOVA.
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Figure 1). This is similar to the results from the individual
studies (Tables 1 and 2). Using data from both treatment peri-
ods in the crossover study as a sensitivity analysis, study 1 !
study 2, the reduction of the mean “worst itching” VAS also
reached statistical significance (weighted mean difference 7.29
mm; 95% confidence interval 0.17 to 14.4 mm; P " 0.0447;
Figure 1).

Responders were patients with at least a 50% decrease from
baseline in “worst itching” VAS. At the 2-wk time point (study
1 ! period 1 study 2), 15 (36%) of the nalfurafine patients were
responders as compared with 6 (14%) in the placebo group (P "
0.0226). When several variables (age, gender, height, weight,
smoking status, and alcohol intake) were evaluated to deter-
mine a characteristic(s) that could be predictive of a responder,
none was identified.

For patients’ assessment, both number of days with nondis-
turbing itching and number of nights with sound sleep were
statistically significantly different between groups at week 2, in
favor of nalfurafine (P " 0.0410 and P " 0.0003, respectively;
Table 3). The number of days with nondisturbing itching in the

nalfurafine group improved from 0.6 d/wk at the run-in period
to 2.2 and 2.8 d at week 1 and week 2, respectively. Also, the
number of nights with sound sleep in the nalfurafine group
improved from 1.7 nights/wk at the run-in period to 3.4 and 4.3
nights at week 1 and week 2, respectively.

The investigators’ assessment of itching demonstrated a sta-
tistically significant improvement (P " 0.0025) in favor of nal-
furafine. The nalfurafine group also had a statistically signifi-
cant improvement (P " 0.0060) in excoriations, as judged by the
investigators (Table 4).

Using the meta-analysis approach, it was demonstrated that
nalfurafine produced a statistically significantly greater im-
provement in the “worst itching” VAS as compared with pla-
cebo after 2 wk of therapy. When the reduction of “worst
itching” VAS over 4 wk of treatment (study 1) was reviewed, a
continued reduction in VAS occurred for the next 2 wk for
nalfurafine (21.5 mm at 2 wk and 25.8 mm at 4 wk). Although
statistical significance was not demonstrated in this study, the
data suggested that nalfurafine was clinically effective for at
least 4 wk (Table 1).

Figure 1. “Worst itching” visual analog scale; 95% confidence interval for the treatment difference.

Table 2. Summary of “worst itching” VAS (mm) at the
end of week 2 in period 1 in study 2

Sequence Period n Mean SD

Nalfurafine, placebo Run-in 1 16 63.6 10.9
Period 1

(nalfurafine)
16 41.5 20.5

Placebo, nalfurafine Run-in 1 18 61.9 12.6
Period 1

(placebo)
18 48.4 19.1

Table 1. Summary of “worst itching” VAS (mm) at the
end of weeks 2 and 4 in study 1a

Treatment Week n Mean SD

Nalfurafine, 5 !g Run-in 26 65.3 15.2
Week 2 26 44.9 26.5
Week 4 26 40.3 27.8

Placebo Run-in 25 65.3 15.0
Week 2 25 55.5 21.5
Week 4 25 52.6 24.0

aVAS, visual analog scale.

3744 Journal of the American Society of Nephrology J Am Soc Nephrol 16: 3742–3747, 2005

Wikstrom et	al.	2005,	JASN;	Kumagai et	al.	2010,	NDT.



Nalfurafine

Siemens	et	al.,	2016.	Cochrane	Review.

Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 
Comparison 2.   Nalfurafine versus placebo

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical
method

Effect
size

1 A) Pruritus on VAS scale (0-10 cm) in UP participants; parallel-group
design; Wikström b: Wikström a (week 2) + period 1 Wikström b

2 422 Mean Difference
(Fixed, 95% CI)

-0.95
[-1.32,
-0.58]

2 A) Sensitivity analysis: random-effects model; pruritus on VAS scale
(0-10 cm) in UP participants; parallel-group design; Wikström b: Wik-
ström a (week 2) + period 1 Wikström b

2 422 Mean Difference
(Random, 95% CI)

-0.95
[-1.32,
-0.58]

3 B) Risk for at least one adverse drug reaction (ADR) per participant in
UP participants; parallel-group and cross-over design

3 422 Risk Ratio (M-H,
Fixed, 95% CI)

1.62 [1.15,
2.29]

4 B) Sensitivity analysis: random-effects model; risk for at least one ad-
verse event per participant; UP participants; parallel-group and cross-
over design

3 422 Risk Ratio (M-H,
Random, 95% CI)

1.51 [1.09,
2.09]

 
 

Analysis 2.1.   Comparison 2 Nalfurafine versus placebo, Outcome 1 A) Pruritus on VAS scale (0-10 cm)
in UP participants; parallel-group design; Wikström b: Wikström a (week 2) + period 1 Wikström b.

Study or subgroup Nalfurafine Placebo Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Fixed, 95% CI   IV, Fixed, 95% CI
Kumagai 2010 226 111 -0.9 (0.214) 78.17% -0.95[-1.37,-0.53]

Wikström 2005b 42 43 -1 (0.405) 21.83% -0.95[-1.75,-0.16]

   

Total (95% CI)       100% -0.95[-1.32,-0.58]
Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.99); I2=0%  

Test for overall effect: Z=5.02(P<0.0001)  

Favours nalfurafine 21-2 -1 0 Favours placebo

 
 

Analysis 2.2.   Comparison 2 Nalfurafine versus placebo, Outcome 2 A) Sensitivity
analysis: random-effects model; pruritus on VAS scale (0-10 cm) in UP participants;

parallel-group design; Wikström b: Wikström a (week 2) + period 1 Wikström b.

Study or subgroup Nalfurafine Placebo Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI
Kumagai 2010 226 111 -0.9 (0.214) 78.17% -0.95[-1.37,-0.53]

Wikström 2005b 42 43 -1 (0.405) 21.83% -0.95[-1.75,-0.16]

   

Total (95% CI)       100% -0.95[-1.32,-0.58]
Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.99); I2=0%  

Test for overall effect: Z=5.02(P<0.0001)  

Favours nalfurafine 21-2 -1 0 Favours placebo
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Difelikefalin (CR845)
§ Peripherally	restricted	and	selective	agonist	of	kappa	opioid	receptors
§ Hydrophilic	small-peptide	structure	à No	passive	diffusion	across	membranes/BBB
§ No	identified	off-target	activity

§ Pharmacokinetics
§ Mostly	renally excreted
§ Long	half-life	in	haemodialysis patients	(24hrs)
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Randomized Controlled Trial of Difelikefalin
for Chronic Pruritus in Hemodialysis
PatientsQ1

Q9 Steven Fishbane1, Vandana Mathur2, Michael J. Germain3, Shayan Shirazian4,
Sarbani Bhaduri5, Catherine Munera6, Robert H. Spencer6 and Frédérique Menzaghi6; on
behalf of the TrialQ2 Investigators7
1Department of Medicine, Donald and Barbara Zucker School of Medicine at Hofstra/Northwell, Great Neck, New York, USA;
2MathurConsulting, Woodside, California, USA; 3Baystate Medical Center and Tufts University, Springfield, Massachusetts,
USA; 4Columbia University Medical Center, Division of Nephrology, Department of Medicine, College of Physicians and
Surgeons at Columbia University, New York, New York, USA; 5Bhaduri Biotech Consulting, El Paso, Texas, USA; and 6Cara
Therapeutics, Inc., Stamford, Connecticut, USA

Introduction: There is an unmet medical need for pruritus associated with chronic kidney disease, a dis-
tressing complication characterized by generalized and persistent itch affecting 20% to 40% of patients
undergoing hemodialysis. Here we report the results of a phase 2 trial evaluating the efficacy and safety of
a novel peripherally restricted kappa opioid receptor agonist, difelikefalin, in adult patients undergoing
hemodialysis with pruritus.

Methods: In this study, 174 hemodialysis patients with moderate-to-severe pruritus were randomly
assigned to receive difelikefalin (0.5, 1.0, or 1.5 mg/Q3 kg) or placebo intravenously thrice weekly after each
hemodialysis session for 8 weeks in a double-blind, controlled trial. The primary endpoint was the change
from baseline at week 8 in the weekly mean of the 24-hour Worst Itching Intensity Numerical Rating Scale
score. The secondary efficacy endpoint was the change in itch-related quality of life measured by the
Skindex-10 questionnaire. Other endpoints included safety, sleep quality, and additional measures
including the 5-D itch scale.

Results: A significant reduction from baseline in itch intensity scores at week 8 favored all difelikefalin
doses combined versus placebo (P ¼ 0.002). Difelikefalin also showed improvement over placebo in
Skindex-10, 5-D itch, and sleep disturbance scores (P # 0.005). Overall, 78% of patients receiving difeli-
kefalin reported treatment-emergent adverse events versus 42% of patients given placebo, with diarrhea,
dizziness, nausea, somnolence, and fall being the most frequent ($5%).

Conclusion: In this trial, difelikefalin effectively reduced itching intensity and improved sleep and itch-
related quality of life.

Kidney Int Rep (2020) -, -–-; https://doi.org/10.1016/j.ekir.2020.01.006
KEYWORDS: chronic kidney disease; CKD-aP; CR845; hemodialysis; kappa opioid receptor agonist; uremic pruritus
ª 2020 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

P atients with end-stage renal disease undergoing he-
modialysis have a significantly shortened life ex-

pectancy and lower quality of life (QoL) compared
with the general population.1 Their QoL and life ex-
pectancy may be further reduced when they suffer
from chronic kidney disease-associated pruritus
(CKD-aP), also called uremic pruritus, a distressing

complication of CKD characterized by generalized and
persistent itching.2–6 CKD-aP often leads to consider-
able mechanical skin damage, with excoriations, super-
imposed infections, and chronic lesions due to
continuous and uncontrollable scratching.7 This itch-
ing condition severely impacts mental and physical
health, resulting in sleep disturbance, depressed
mood, increased risk of infection, and a potential
increased risk of mortality relative to hemodialysis pa-
tients without pruritus.2

There are no therapies for the treatment of CKD-aP
that are approved by the Food and Drug Adminis-
tration or the European Medicines Agency, and this
condition appears to be largely underrecognized.8,9

Correspondence: Frédérique Menzaghi, Cara Therapeutics, Inc., 4
Stamford Plaza, 107 Elm Street, 9th Floor, Stamford, Connecticut
06902, USA. E-mail: fmenzaghi@caratherapeutics.com
7Trial Investigators are listed in the Appendix.

Received 22 December 2019; accepted 13 January 2020; published
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Study	Design
§ Randomised,	double-blind,	placebo-controlled	phase	2	trial	between	2016-2017

§ Aims
§ To	assess	the	efficacy	and	safety	of	multiple	doses	of	difelikefalin over	8	weeks

§ Exposure	/	Control
§ IV	Difelikefalin 0.5ug/kg,	1.0ug/kg,	1.5ug/kg	
§ Placebo

§Randomisation
§ 1:1:1:1	randomisation stratified	by	use	or	non-use	of	antipruritic	medication

§Blinding
§ Patients,	investigators,	clinical	study	site	staff,	sponsor	staff



Inclusion	&	Exclusion	Criteria
§ Inclusion	criteria
§ Adult	haemodialysis patients	3x/week	for	at	least	3	months
§ Persistent	moderate-to-severe	uraeamic pruritus	(WI-NRS	>4)
§ Weight	between	40-135kg
§ At	least	2	x	Kt/V	>=1.2	OR at	least	2	x	URR>=65%	OR	1	x	Kt/V>=1.2	AND	1	x	URR	>=65%

§ Exclusion	criteria
§ Use	of	opioid	antagonists	(eg.	naloxone,	naltrexone)	or	opioid	mixe agonist	(eg.	buprenorphine,	nalbuphine)
§ Allergy	to	opiates
§ Anticipated	to	receive	a	kidney	transplantation
§ Pregnant	women
§ Non-compliance
§ History	of	alcohol,	narcotic,	or	other	durg abuse	of	dependence	12	months	prior	to	screening
§ AST	or	ALT	>	2.5xULN	OR	total	bilirubin	>2xULN

§Continuation	of	regular	anti-pruritus	agents



Regular	Anti-Pruritus	Agents

◦ <	=2%	taking	gabapentin

improvements were observed across all Skindex-10
domains, including disease severity (bothered by
itching, persistence/reoccurrence of itching, and the
appearance of skin from scratching) (P # 0.009 for all
difelikefalin combined or individual dose groups),
mood/emotional distress (P # 0.010 for all difelikefalin
combined and 0.5 mg/kg), and social functioning
(P ¼ 0.026 to P ¼ 0.009 for all difelikefalin combined
or individual dose groups except for 1.5 mg/kg)
(Supplementary Table S2).

Patients treated with difelikefalin also reported sig-
nificant improvements from baseline in mean 5-D itch
total scores compared with placebo at week 8, with a
reduction of "5.3 in all difelikefalin combined
versus "2.8 in the placebo group (P < 0.001)
(Figure 3a, Table 2). For the 5-D scale domains, sig-
nificant improvements from baseline at week 8 for
difelikefalin versus placebo were observed for degree
(intensity of itching) (P ¼ 0.044 to P < 0.001, all
difelikefalin combined or individual dose groups),

Table 1. Baseline demographics and clinical characteristics

Baseline demographics
Placebo
(n [ 45)

Difelikefalin

Total
(n [ 174)

0.5 mg/kg
(n [ 44)

1.0 mg/kg
(n [ 41)

1.5 mg/kg
(n [ 44)

Age, median (yr) 60.0 57.0 59.0 56.5 58.5

Range (minimum, maximum) (27, 84) (29, 80) (26, 84) (29, 74) (26, 84)

Sex, male, n (%) 28 (62.2) 26 (59.1) 23 (56.1) 28 (63.6) 105 (60.3)

Race, n (%)

Black or African American 25 (55.6) 24 (54.5) 22 (53.7) 31 (70.5) 102 (58.6)

White 16 (35.6) 17 (38.6) 19 (46.3) 10 (22.7) 62 (35.6)

Other (Asian, American Indian, Hawaiian or other Pacific Islander) 3 (6.7) 3 (6.8) 0 3 (6.8) 9 (5.2)

Not reported 1 (2.2) 0 0 0 1 (0.6)

Baseline dry weight (kg, post HD) (mean [SD]) 81.0 (19.8) 83.5 (20.9) 85.4 (25.1) 82.8 (20.3) 83.1 (21.4)

Baseline clinical characteristics

Patient-assessed disease severity, category Ca, n (%) 10 (22.2) 18 (40.9) 14 (34.1) 9 (20.5) 51 (29.3)

Duration of CKD-aP, yr (mean [SD]) 4.4 (4.7) 4.7 (3.9) 4.6 (4.3) 3.9 (3.4) 4.4 (4.1)

Years since ESRD (mean [SD]) 6.6 (5.4) 5.9 (4.9) 7.2 (4.9) 5.9 (4.6) 6.4 (5.0)

Years on chronic hemodialysis (mean [SD]) 5.9 (4.9) 5.4 (4.9) 6.3 (4.7) 5.5 (4.4) 5.8 (4.7)

Most recent spKt/Vurea n ¼ 43 n ¼ 44 n ¼ 39 n ¼ 40 n ¼ 166

Mean (SD) 1.6 (0.3) 1.6 (0.2) 1.6 (0.3) 1.6 (0.3) 1.6 (0.3)

Most recent URR n ¼ 8 n ¼ 4 n ¼ 9 n ¼ 8 n ¼ 29

Mean (SD) 73.3 (4.6) 72.0 (3.9) 78.2 (6.6) 71.6 (3.0) 74.2 (5.4)

Etiology of CKD,b n (%)

Diabetes 21 (46.7) 24 (54.5) 20 (48.8) 19 (43.2) 84 (48.3)

Hypertension and large-vessel disease 21 (46.7) 21 (47.7) 20 (48.8) 24 (54.5) 86 (49.4)

Glomerulonephritis/vasculitis 5 (11.1) 6 (13.6) 4 (9.8) 2 (4.5) 17 (9.8)

Other 1 (2.2) 2 (4.5) 3 (7.3) 2 (4.6) 8 (4.7)

Interstitial nephritis/ pyelonephritis 1 (2.2) 0 0 0 1 (0.6)

Cystic/hereditary/congenital disease 0 2 (4.5) 2 (4.9) 1 (2.3) 5 (2.9)

Urologic 0 0 1 (2.4) 0 1 (0.6)

Unknown 0 0 0 1 (2.3) 1 (0.6)

Blood chemistry (mean [SD])

Calcium, mmol/l 2.2 (0.2) 2.1 (0.2) 2.2 (0.2) 2.2 (0.2) 2.2 (0.2)

Bilirubin, mmol/l 7.4 (2.1) 8.2 (3.5) 8.0 (4.0) 8.2 (4.1) 7.9 (3.5)

Phosphate, mmol/l 1.9 (0.5) 1.8 (0.7) 1.9 (0.6) 1.7 (0.5) 1.8 (0.6)

Hemoglobin, g/l 105.6 (11.0) 107.0 (11.4) 107.4 (13.9) 106.2 (10.5) 106.5 (11.6)

Parathyroid hormone, ng/l 478.6 (500.6) 314.4 (266.1) 389.3 (344.7) 353.7 (206.5) 384.9 (351.5)

Use of antipruritic medication,c n (%)

Any prior anti-pruritic medication 18 (40.0) 20 (45.5) 17 (41.5) 18 (40.9) 73 (42.0)

Diphenhydramine hydrochloride 11 (24.4) 11 (25.0) 11 (26.8) 11 (25.0) 44 (25.3)

Hydroxyzine hydrochloride 2 (4.4) 6 (13.6) 2 (4.9) 3 (6.8) 13 (7.5)

Topical hydrocortisone 5 (11.1) 1 (2.3) 2 (4.9) 1 (2.3) 9 (5.2)

CKD, chronic kidney disease; CKD-aP, CKD-associated pruritis; ESRD, end-stage renal disease; HD, hemodialysis; Kt/Vurea, clearance of urea multiplied by dialysis duration and
normalized for urea distribution volume; spKt/Vurea, single-pool Kt/V; URR, urea reduction ratio.
aDisease severity category C: I often have scratch marks on my skin that may or may not bleed or get infected; I often have a problem sleeping because of itching; my itching often
makes me feel agitated or sad.
bMore than 1 item may have been checked.
cPrior medications reported by $5% of patients in any treatment group. A patient reporting more than 1 medication for a particular medication name was counted only once for each
medication name; prior medications included all medications that the patient had taken any time during the 14 d before the start of screening up until the first dose of study drug on
day 1.
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improvements were observed across all Skindex-10
domains, including disease severity (bothered by
itching, persistence/reoccurrence of itching, and the
appearance of skin from scratching) (P # 0.009 for all
difelikefalin combined or individual dose groups),
mood/emotional distress (P # 0.010 for all difelikefalin
combined and 0.5 mg/kg), and social functioning
(P ¼ 0.026 to P ¼ 0.009 for all difelikefalin combined
or individual dose groups except for 1.5 mg/kg)
(Supplementary Table S2).

Patients treated with difelikefalin also reported sig-
nificant improvements from baseline in mean 5-D itch
total scores compared with placebo at week 8, with a
reduction of "5.3 in all difelikefalin combined
versus "2.8 in the placebo group (P < 0.001)
(Figure 3a, Table 2). For the 5-D scale domains, sig-
nificant improvements from baseline at week 8 for
difelikefalin versus placebo were observed for degree
(intensity of itching) (P ¼ 0.044 to P < 0.001, all
difelikefalin combined or individual dose groups),

Table 1. Baseline demographics and clinical characteristics

Baseline demographics
Placebo
(n [ 45)

Difelikefalin

Total
(n [ 174)

0.5 mg/kg
(n [ 44)

1.0 mg/kg
(n [ 41)

1.5 mg/kg
(n [ 44)

Age, median (yr) 60.0 57.0 59.0 56.5 58.5

Range (minimum, maximum) (27, 84) (29, 80) (26, 84) (29, 74) (26, 84)

Sex, male, n (%) 28 (62.2) 26 (59.1) 23 (56.1) 28 (63.6) 105 (60.3)

Race, n (%)

Black or African American 25 (55.6) 24 (54.5) 22 (53.7) 31 (70.5) 102 (58.6)

White 16 (35.6) 17 (38.6) 19 (46.3) 10 (22.7) 62 (35.6)

Other (Asian, American Indian, Hawaiian or other Pacific Islander) 3 (6.7) 3 (6.8) 0 3 (6.8) 9 (5.2)

Not reported 1 (2.2) 0 0 0 1 (0.6)

Baseline dry weight (kg, post HD) (mean [SD]) 81.0 (19.8) 83.5 (20.9) 85.4 (25.1) 82.8 (20.3) 83.1 (21.4)

Baseline clinical characteristics

Patient-assessed disease severity, category Ca, n (%) 10 (22.2) 18 (40.9) 14 (34.1) 9 (20.5) 51 (29.3)

Duration of CKD-aP, yr (mean [SD]) 4.4 (4.7) 4.7 (3.9) 4.6 (4.3) 3.9 (3.4) 4.4 (4.1)

Years since ESRD (mean [SD]) 6.6 (5.4) 5.9 (4.9) 7.2 (4.9) 5.9 (4.6) 6.4 (5.0)

Years on chronic hemodialysis (mean [SD]) 5.9 (4.9) 5.4 (4.9) 6.3 (4.7) 5.5 (4.4) 5.8 (4.7)

Most recent spKt/Vurea n ¼ 43 n ¼ 44 n ¼ 39 n ¼ 40 n ¼ 166

Mean (SD) 1.6 (0.3) 1.6 (0.2) 1.6 (0.3) 1.6 (0.3) 1.6 (0.3)

Most recent URR n ¼ 8 n ¼ 4 n ¼ 9 n ¼ 8 n ¼ 29

Mean (SD) 73.3 (4.6) 72.0 (3.9) 78.2 (6.6) 71.6 (3.0) 74.2 (5.4)

Etiology of CKD,b n (%)

Diabetes 21 (46.7) 24 (54.5) 20 (48.8) 19 (43.2) 84 (48.3)

Hypertension and large-vessel disease 21 (46.7) 21 (47.7) 20 (48.8) 24 (54.5) 86 (49.4)

Glomerulonephritis/vasculitis 5 (11.1) 6 (13.6) 4 (9.8) 2 (4.5) 17 (9.8)

Other 1 (2.2) 2 (4.5) 3 (7.3) 2 (4.6) 8 (4.7)

Interstitial nephritis/ pyelonephritis 1 (2.2) 0 0 0 1 (0.6)

Cystic/hereditary/congenital disease 0 2 (4.5) 2 (4.9) 1 (2.3) 5 (2.9)

Urologic 0 0 1 (2.4) 0 1 (0.6)

Unknown 0 0 0 1 (2.3) 1 (0.6)

Blood chemistry (mean [SD])

Calcium, mmol/l 2.2 (0.2) 2.1 (0.2) 2.2 (0.2) 2.2 (0.2) 2.2 (0.2)

Bilirubin, mmol/l 7.4 (2.1) 8.2 (3.5) 8.0 (4.0) 8.2 (4.1) 7.9 (3.5)

Phosphate, mmol/l 1.9 (0.5) 1.8 (0.7) 1.9 (0.6) 1.7 (0.5) 1.8 (0.6)

Hemoglobin, g/l 105.6 (11.0) 107.0 (11.4) 107.4 (13.9) 106.2 (10.5) 106.5 (11.6)

Parathyroid hormone, ng/l 478.6 (500.6) 314.4 (266.1) 389.3 (344.7) 353.7 (206.5) 384.9 (351.5)

Use of antipruritic medication,c n (%)

Any prior anti-pruritic medication 18 (40.0) 20 (45.5) 17 (41.5) 18 (40.9) 73 (42.0)

Diphenhydramine hydrochloride 11 (24.4) 11 (25.0) 11 (26.8) 11 (25.0) 44 (25.3)

Hydroxyzine hydrochloride 2 (4.4) 6 (13.6) 2 (4.9) 3 (6.8) 13 (7.5)

Topical hydrocortisone 5 (11.1) 1 (2.3) 2 (4.9) 1 (2.3) 9 (5.2)

CKD, chronic kidney disease; CKD-aP, CKD-associated pruritis; ESRD, end-stage renal disease; HD, hemodialysis; Kt/Vurea, clearance of urea multiplied by dialysis duration and
normalized for urea distribution volume; spKt/Vurea, single-pool Kt/V; URR, urea reduction ratio.
aDisease severity category C: I often have scratch marks on my skin that may or may not bleed or get infected; I often have a problem sleeping because of itching; my itching often
makes me feel agitated or sad.
bMore than 1 item may have been checked.
cPrior medications reported by $5% of patients in any treatment group. A patient reporting more than 1 medication for a particular medication name was counted only once for each
medication name; prior medications included all medications that the patient had taken any time during the 14 d before the start of screening up until the first dose of study drug on
day 1.
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Outcomes
§ PROM
§ Primary	outcome:	Worst	Itching	Intensity	Numerical	Rating	Scale	(WI-NRS)	

§ Daily	over	past	24hrs	from	the	week	before	randomisation to	the	end	of	treatment	period
§ Mild:	0-3
§ Moderate:	4-6
§ Severe:	7-10

§ Measurement:	Change	from	baseline	at	week	8	in	the	
weekly	mean	of	the	24hr	daily	WI-NRS	score

§ Skindex-10	scale
§ Disease
§ Mood/emotional	distress
§ Social	functioning



Outcomes
§ PROM
§ 5-D	itch	scale

§ Duration
§ Degree	
§ Direction
§ Body	distribution	of	itch
§ Disability	due	to	itch

§ Medical	outcomes	study	sleep	disturbance	scale
§ Patient	Global	Impression	of	Worst	Itch	Severity
§ Patient	Global	Impression	of	Change

Fig 2.
5-D itch scale.
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Results	– Difelikenfalin Dosing
§ n=	174

The proportion of patients in the all difelikefalin
combined group perceiving global improvement in
itch severity by at least 1 category (i.e., severe to
moderate; moderate to mild) was significantly higher
(73%, compared with 52% in the placebo group;
P ¼ 0.021) (Table 2), with statistically significant
differences versus placebo observed in the 0.5-mg/kg
group (P ¼ 0.036) (Table 2). The proportion of pa-
tients in the all difelikefalin combined group who
reported their itch was very much improved or much
improved was significantly higher (66% compared
with 42% in the placebo group; P ¼ 0.007) (Table 2,
Figure 4). Similarly, significant differences versus
placebo were observed in the 0.5-mg/kg group (78%;
P < 0.001) (Table 2). Overall, 14% of placebo

patients worsened, compared with 2% of difelikefa-
lin patients (Figure 4).

Safety
Most treatment-emergent adverse events were classi-
fied as mild or moderate. Serious adverse events were
most prevalent at the highest difelikefalin dose: pla-
cebo (4 of 45, 8.9%), 0.5-mg/kg difelikefalin group (10
of 44, 22.7%), 1.0-mg/kg difelikefalin group (6 of 41,
14.6%), 1.5-mg/kg difelikefalin group (11 of 44, 25.0%)
(Supplementary Table S3). The most commonly re-
ported serious adverse events were abdominal pain (3
patients; 6.8%) in the 0.5-mg/kg group and mental
status changes (3 patients; 6.8%) in the 1.5-mg/kg
group. The 3 patients with mental status changes had

w
e
b
4
C
=F

P
O

Figure 2. (a) Change from baseline at week 8 in the weekly mean of the daily 24-hour Worst Itching Intensity Numerical Rating Scale (WI-NRS)
scores for difelikefalin versus placebo. (b) Weekly mean of daily 24-hour WI-NRS scores over 8 weeks for difelikefalin versus placebo. The
shaded areas indicate the itch severity category based on the WI-NRS classification.21 (c) Changes from baseline at week 8 in the weekly mean
of the daily 24-hour WI-NRS score for difelikefalin (all difelikefalin doses combined) versus placebo according to baseline use or nonuse of
antipruritic medications. *P < 0.05, **P < 0.01, ***P < 0.001 versus placebo (mixed effects model with repeated measures; see Statistical
Analysis section), (n ¼ 41–45/group). LS, least-squares.
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BACKGROUND
Difelikefalin is a peripherally restricted and selective agonist of kappa opioid re-
ceptors that are considered to be important in modulating pruritus in conditions 
such as chronic kidney disease.

METHODS
In this double-blind, placebo-controlled, phase 3 trial, we randomly assigned pa-
tients undergoing hemodialysis who had moderate-to-severe pruritus to receive 
either intravenous difelikefalin (at a dose of 0.5 µg per kilogram of body weight) 
or placebo three times per week for 12 weeks. The primary outcome was the per-
centage of patients with an improvement (decrease) of at least 3 points from base-
line at week 12 in the weekly mean score on the 24-hour Worst Itching Intensity 
Numerical Rating Scale (WI-NRS; scores range from 0 to 10, with higher scores 
indicating greater itch intensity). The secondary outcomes included the change from 
baseline in itch-related quality-of-life measures, the percentage of patients with an 
improvement of at least 4 points in the WI-NRS score at week 12, and safety.

RESULTS
A total of 378 patients underwent randomization. A total of 82 of 158 patients 
(51.9%) in the difelikefalin group had a decrease of at least 3 points in the WI-NRS 
score (primary outcome), as compared with 51 of 165 (30.9%) in the placebo 
group. The imputed percentage of patients with a decrease of at least 3 points in 
the WI-NRS score was 49.1% in the difelikefalin group, as compared with 27.9% 
in the placebo group (P<0.001). Difelikefalin also resulted in a significant improve-
ment from baseline to week 12 in itch-related quality of life as measured by the 
5-D itch scale and the Skindex-10 scale. The imputed percentage of patients with 
a decrease of at least 4 points in the WI-NRS score at week 12 was significantly 
greater in the difelikefalin group than in the placebo group (37.1% [observed data: 
64 of 158 patients] vs. 17.9% [observed data: 35 of 165 patients], P<0.001). Diarrhea, 
dizziness, and vomiting were more common in the difelikefalin group than in the 
placebo group.

CONCLUSIONS
Patients treated with difelikefalin had a significant reduction in itch intensity and 
improved itch-related quality of life as compared with those who received placebo. 
(Funded by Cara Therapeutics; KALM-1 ClinicalTrials.gov number, NCT03422653.)
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Study	Design
§ Double-blinded,	placebo-controlled,	phase	3	trial	in	56	sites	in	US

§ Aim
§ To	evaluate	the	efficacy	and	safety	of	difelikefalin in	adult	patients	undergoing	hemodialysis	with	moderate-to-
severe	pruritus.

§ Exposure	/	Control:	3x	per	week	for	12	weeks
§ IV	Diflikfalin 0.5ug/kg	of	body	weight	at	conclusion	of	dialysis
§ Placebo

§ Randomisation
§ 1:1	randomisation for	placebo	vs.	IV	0.5ug/kg	difelkefalin

§ Blinding	– not	specified

§ Inclusion	criteria
§ Same	as	the	Phase	2	Trial



Study	Design
§Outcomes
§ Primary	outcome

§ Percent	of	patients	with	>=3	point	improvement	on	WI-NRS	at	week	12

§ Secondary	outcome
§ Percentage	of	patients	with	an	improvement	of	at	least	4	points	in	the	WI-NRS	score	at	week	12
§ Change	from	baseline	in	itch-related	quality	of	life	measures

§ 5D-itch	scale	total	score,	Skindex-10	scale
§ Safety

§ Statistical	analysis
§ ANOVA	models
§ Missing	information	estimated	by	multiple	imputation



Results
§ N=378
§ Difelikefalin:	189	(158	[84%]	at	12	weeks)
§ Control:	188	(165	[88%]	at	12	weeks)

§ Baseline	charateristics

Characteristics Placebo (n=188) Difelikefalin (n=189)

Age 56.7	± 13.9 58.2	± 11.2

Sex	(n,	%) 118	(62.8) 112	(59.3)

Race	– Caucasian	(n,	%) 93	(49.5) 91	(48.1)

IBW 85.0	± 21.1 85.9	± 20.3

Duration	of	Pruritus	(yr) 3.5	± 3.4 3.2	± 3.2

Antipruritis meds	(n,%)
Diphenhydramine

78 (41.5)
71 (37.8)

72	(38.1)
61 (32.3)



Results
§ Efficacy	outcomes
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(51.0% vs. 27.6%) (Table 2). Sensitivity analyses 
of the primary outcome yielded results that were 
consistent with those of the primary analysis 
(Table S2).

Secondary Outcomes
All secondary outcomes in the prespecified test-
ing hierarchy showed significant improvement 

with difelikefalin as compared with placebo. The 
active agent significantly improved itch-related 
quality of life as compared with placebo as mea-
sured by the total scores on the 5-D itch scale 
(P<0.001) and the Skindex-10 scale (P<0.001). At 
week 12, the least-squares mean (±SE) change 
from baseline in the 5-D total score was –5.0±0.3 
in the difelikefalin group, as compared with 

Figure 1. Efficacy Outcomes during the 12-Week Intervention Period.

Panel A shows the percentage of patients who had an improvement (decrease) of at least 3 points (primary out-
come) and of at least 4 points (secondary outcome) from baseline at week 12 in the weekly mean score on the daily 
Worst Itching Intensity Numerical Rating Scale (WI-NRS). Scores range from 0 to 10, with higher scores indicating 
greater intensity. A decrease of 3 points represents a clinically meaningful improvement in patients undergoing he-
modialysis with moderate-to-severe pruritus21; a change of 4 points has been estimated as the minimal clinically im-
portant difference in patients with psoriasis.28 There were 189 patients in each trial group. Panel B shows the per-
centage of patients who had an improvement (decrease) of at least 3 points from baseline at week 12 in the weekly 
mean score on the daily WI-NRS in the subgroups defined according to baseline use of antipruritic medication. The 
subgroup of patients with baseline use of antipruritic medication included 78 patients in the placebo group and 72 
in the difelikefalin group; the subgroup with no baseline use of antipruritic medication included 111 and 117 pa-
tients, respectively. Panel C shows the mean change from baseline in the total 5-D itch score at week 12 (secondary 
outcome; scores on the 5-D itch scale range from 5 to 25, with higher scores indicating worse itch-related quality of 
life). Panel D shows the mean change from baseline in the total Skindex-10 score at week 12 (secondary outcome; 
scores range from 0 to 60, with higher scores indicating worse itch-related quality of life). Error bars indicate stan-
dard errors. The P values for outcomes in Panel A were calculated with the use of logistic regression, with applica-
tion of the Cui–Hung–Wang procedure.26,27 The P values in Panels C and D were calculated with the use of an analy-
sis of covariance model.
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28%	vs.	49%
RR:	1.65	(1.24-2.14)

18%	vs.	37%
RR:	1.92	(1.37-2.68)



Results
◦ Mean	change	in	WI-NRS	score
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with placebo across all domains (Table S4). In 
addition, a significantly higher percentage of pa-
tients in the difelikefalin group than in the pla-
cebo group had a decrease of at least 4 points 
from baseline at week 12 in the weekly mean 
WI-NRS score (37.1% vs. 17.9%, P<0.001) (Fig. 1A 
and Table 2). The magnitude of the treatment 
effect was similar across subgroups stratified 
according to baseline use of antipruritic medica-
tions (Fig. 1B).

Safety
The overall incidence of adverse events was 68.8% 
(130 of 189 patients) in the difelikefalin group 
and 62.2% (117 of 188 patients) in the placebo 
group (Table 3). The most common adverse 
events in patients receiving difelikefalin were 
diarrhea, dizziness, and vomiting; these events 
were generally mild to moderate in severity and 
resolved without evident clinical consequence.

Serious adverse events occurred in 49 patients 
(25.9%) in the difelikefalin group and in 41 pa-
tients (21.8%) in the placebo group during the 
12-week intervention period. The most commonly 
reported serious adverse events in the difelikefalin 
group were hyperkalemia (in 4 patients [2.1%] in 

each group), pneumonia (in 3 [1.6%] in the dife-
likefalin group and in 5 [2.7%] in the placebo 
group), sepsis (in 3 [1.6%] and 4 [2.1%], respec-
tively), hypotension (in 3 [1.6%] and 2 [1.1%]), 
and chronic obstructive pulmonary disease (in 3 
[1.6%] and 1 [0.5%]) (Table S5). There were two 
deaths in each group during the 12-week inter-
vention period, including two deaths due to sep-
sis in the difelikefalin group and two deaths due 
to septic shock in the placebo group.

Adverse events led to discontinuation of treat-
ment in 15 patients (7.9%) in the difelikefalin 
group and in 9 patients (4.8%) in the placebo 
group. The most common adverse events resulting 
in discontinuation were dizziness (in 3 patients 
[1.6%] in the difelikefalin group and no patients 
in the placebo group) and septic shock (in no 
patients in the difelikefalin group and 3 patients 
[1.6%] in the placebo group) (Table S6).

There were no substantial differences between 
the trial groups in the incidence of clinically rele-
vant abnormalities in vital signs, laboratory tests, 
or electrocardiographic findings. No signs of po-
tential physical dependence were observed during 
the 2-week discontinuation period, as measured by 
the ShOWS and OOWS scores (Fig. S2). There 
were no adverse events related to withdrawal in 
either trial group on cessation of difelikefalin or 
placebo. There was one sudden death in a pa-
tient who had previously been assigned to the 
placebo group. There were no adverse events of 
dysphoria, hallucination, or euphoria reported in 
the difelikefalin group during the entire trial.

Discussion

In the present trial, difelikefalin led to significant 
improvement, as compared with placebo, in pru-
ritus intensity as assessed for the primary out-
come. In addition, secondary outcome scores that 
included itch intensity and multidimensional 
itch-related quality-of-life assessments favored 
difelikefalin over placebo. The treatment effect 
was rapid (evident by week 1) and persisted 
throughout the 12 weeks of treatment.

Exploratory sensitivity analyses of the primary 
outcome yielded results that were consistent with 
those of the primary analysis, which suggests 
the robustness of the data under different miss-
ing-data assumptions and imputation algorithms. 
The primary-outcome result was supported by 
significant improvements for all secondary out-

Figure 2. Mean Change in Worst Itching Intensity Numerical Rating Scale 
(WI-NRS) Score.

Shown is the least-squares mean change from baseline (point estimates) in 
the weekly mean WI-NRS score, as analyzed with the use of a mixed-effects 
model with repeated measures. Scores range from 0 to 10, with higher 
scores indicating greater intensity. The I bars indicate the standard error. 
Missing data were imputed with the use of multiple imputation under a 
missing-at-random assumption. There were 189 patients in each trial group.
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Results
§ Adverse	Events
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Difelikefalin in Hemodialysis Patients with Pruritus

comes, which reinforces the concept that the 
reduction of itch intensity seen with difelikefalin 
treatment was associated with a positive effect on 
quality of life across multiple domains that are 
important for patients. Moreover, the magnitude 
of the treatment effect on itch intensity was con-
sistent across subgroups stratified according to 
baseline use of antipruritic medications, which 
indicates that the observed abatement in pruritus 
severity was not attributable to concomitant 
treatment with antipruritic medications.

The incidence of adverse events in both trial 
groups was high, which is reflective of the sus-
ceptible population of patients who present with 
clinically significant coexisting conditions. The 
most commonly reported serious adverse events 
and deaths appeared to be balanced across the 
trial groups. Adverse events of diarrhea, dizziness, 
and vomiting were more frequent in patients re-
ceiving difelikefalin than in those receiving pla-
cebo.

In findings that were consistent with the 
pharmacologic and physicochemical properties of 
difelikefalin, there was no evidence of abuse or 
development of physical dependence during the 
12-week trial. In receptor-binding and functional 
assays, difelikefalin had no detectable activity at 
mu or delta opioid receptors or any other recep-
tors that have, in other work, been associated 
with dependency.29 Studies in animals and in 
humans that were specifically designed to evalu-
ate the addictive properties of the molecule have 
suggested a low probability of abuse potential 
with difelikefalin.30,31 We observed no events of 
dysphoria or hallucination, both of which are well-
documented adverse events that have been associ-
ated with centrally acting kappa opioid receptor 
agonists.32-34 These findings suggest a possible 
safety advantage of peripherally restricted selec-
tive kappa opioid agonists as compared with mu 
opioid and centrally acting kappa opioid receptor 
agonists.

The present controlled, phase 3 trial showed 
a clinically meaningful benefit in patients with 
chronic kidney disease–associated pruritus over 
an intervention period of 12 weeks. The results 
confirm and extend the findings of a previous 
phase 2 trial of difelikefalin that showed an ef-
fective reduction of itch intensity in patients with 
chronic kidney disease–associated pruritus.21

This trial has certain limitations. The trial 
enrolled patients who were undergoing hemodi-

alysis; the effect of treatment in patients with 
chronic kidney disease who are not undergoing 
hemodialysis requires evaluation. A phase 2 trial 
evaluating an oral formulation of difelikefalin in 
this population is under way (ClinicalTrials.gov 
number, NCT03617536). The safety and efficacy 

Event Placebo Difelikefalin

12-Wk double-blind intervention period

No. of patients with data 188† 189

Any adverse event — no. (%) 117 (62.2) 130 (68.8)

Adverse event leading to discontinuation of 
trial regimen — no. (%)

9 (4.8) 15 (7.9)

Most frequent adverse events — no. (%)‡

Diarrhea 7 (3.7) 18 (9.5)

Dizziness 2 (1.1) 13 (6.9)

Vomiting 6 (3.2) 10 (5.3)

Nasopharyngitis 10 (5.3) 6 (3.2)

Serious adverse event — no. (%) 41 (21.8) 49 (25.9)

Death — no. (%) 2 (1.1) 2 (1.1)

2-Wk discontinuation period

No. of patients with data 179 176

Any adverse event — no. (%) 44 (24.6) 35 (19.9)

Most frequent adverse events — no. (%)§

Abdominal pain 0 3 (1.7)

Fall 4 (2.2) 3 (1.7)

Diarrhea 3 (1.7) 2 (1.1)

Muscle spasm 3 (1.7) 0

Nasopharyngitis 4 (2.2) 0

Serious adverse event — no. (%) 14 (7.8) 5 (2.8)

Death — no. (%) 1 (0.6) 0

*  Listed are adverse events occurring in the double-blind safety population (de-
fined as all the patients who had undergone randomization and received at 
least one dose of placebo or difelikefalin) between randomization and the end 
of the 12-week double-blind intervention period, and adverse events occurring 
in the discontinuation safety population (defined as patients who had at least 
one visit in the discontinuation period) during the 2-week discontinuation pe-
riod. Preferred terms in the Medical Dictionary for Regulatory Activities, version 
20.1, were used for the documentation of adverse events.

†  Data exclude one patient who had been randomly assigned to the placebo 
group and who withdrew from the trial before receiving the first dose (Fig. 
S1).

‡  The most frequent adverse events during the 12-week double-blind interven-
tion period were defined as those with an incidence of more than 5% in either 
trial group. Adverse events that were reported in at least 1.5% of patients are 
shown in Table S8.

§  The most frequent adverse events during the 2-week discontinuation period 
were defined as those with an incidence of more than 1.5% in either trial 
group.

Table 3. Adverse Events.*
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More	GI	Adverse	Events



Funding
◦ Supported	by	Cara	Therapeutics	(pharmaceutical	company)



Take	Home	Messages
§ Uraemic pruritus	is	common	in	patients	on	dialysis	
§ Aetiology of	pruritus	is	complicated	and	multifactorial,	including	opioid	
receptor	derangement
§ Difelikefalin is	a	peripherally	restricted	and	selective	agonist	of	kappa	
opioid	receptors
§ IV	Difelikefalin 0.5ug/kg	three	times	a	week	is	a	potential	agent	targeting	uraemic
pruritus
§ Doesn’t	help	patients	on	a	conservative,	non-dialysis	pathway	though.

Watch	this	space



Questions?
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