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Abstract

Pruritus, commonly known as itch, is a very common symptom in numerous dermatological disorders and systemic diseases.
It can manifest as acute, or when lasting longer than 6 weeks, it is considered chronic and can lead to significant distress and
reduced quality-of-life of those suffering. Current therapeutics are limited and are lacking in efficacy, and the development
of more effective treatments is needed. The neurokinin 1 receptor (NK1R) antagonists are a novel class of drugs that possess
several properties such as antidepressant, anxiolytic and antiemetic activities. Recently, several studies have described the
antipruritic activity of NK1R antagonists for treating chronic pruritus. In this review we outline the pathogenesis of chronic
pruritus, the mechanism by which the neuropeptide substance P (SP) and its receptor NK1R may be targeted to inhibit
pruritic activity, and the efficacy and tolerability of NK1R antagonists, which have been, or are currently being investigated
for treating conditions where chronic pruritus is a major symptom. Increasing evidence from ongoing and completed stud-
ies demonstrates the importance of SP and NK1R signalling in mediating pruritic activity. Several NK1R antagonists have
shown significant antipruritic activity and thus targeting the SP-NK1R pathway may provide a therapeutic option for treating
chronic pruritus of certain origin/s in the foreseeable future.

1 Introduction

Pruritus, commonly known as itch, is a common somato-
sensory experience defined as an ‘unpleasant sensation which
triggers desire or urge to scratch’ [1]. It is normally benign
and when short lasting is considered acute; however, when
lasting more than 6 weeks is defined as chronic, and can lead
to a significant reduction in patient’s quality-of-life (QoL)
[2, 3]. Although pruritus is the one of the most common
hallmarks of numerous skin inflammatory disorders, knowl-
edge on the underlying pathways and mechanisms of the
itch-scratch process still remains to be fully elucidated [2, 4].
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The development of effective treatments for chronic pru-
ritus will depend on deepening our knowledge on the under-
lying pathways and mechanisms and ways in which these can
be targeted to create novel or more effective therapeutics.
This review provides a brief overview of the pathogenesis
of chronic pruritus, focusing on the role of substance P
(SP) and neurokinin 1 receptor (NK1R) signalling and the
mechanisms by which NK1R antagonists target this pathway.
Furthermore, we discuss the efficacy, safety and tolerability
of current NK1R antagonists, which have been used in the
clinic for treating pruritus thus far. We elaborate how NK1R
antagonism may provide a promising therapeutic option for
the treatment of chronic pruritus resulting from various dis-
orders, based on clinical trials and reports.

1.1 Chronic Pruritus

Chronic pruritus is estimated to affect approximately 22% of
the general population at some point in their lifetime [5]. The
pathogenesis of chronic pruritus is complex and can result
from an underlying disease directly affecting the skin, i.e.
atopic dermatitis, psoriasis, urticaria, epidermolysis bullosa
or systemic diseases such as chronic liver disease, hyperthy-
roidism, lymphoma and neurological disease, to name a few
[1, 6, 7]. Itch can also arise from unknown causes as well as
from psychological disorders [1]. An established distinction
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Chronic pruritus is a very common symptom of numer-
ous dermatological and systemic disorders, resulting in a
significant impairment in patient’s quality of life.

Current treatments for chronic and recalcitrant pruritus
are inadequate and there is a pressing need for the devel-
opment of therapeutics with better efficacy.

Neurokinin 1 receptor (NK1R) and its endogenous
ligand substance P (SP) is a key pathway of pruritus in
skin and likely acts more via the CNS.

NKI1R antagonists are a class of drugs that can target
and reduce itch-induced signalling, and increasing data
indicate their potential in treating chronic pruritus.

is that on a cellular level, itch can be defined as either hista-
minergic and non-histaminergic [1, 2] and further divided as
itch induced by a healthy nervous system via peripheral and
central mechanisms (pruriceptive and neurogenic/systemic
respectively), compared to itch caused by diseased neurons
(neuropathic) [1, 8].

2 Substance P, Neurokinin Receptors
and Itch

The tachykinin peptides family is one of the largest and most
prominently studied of the neuropeptides. SP was the first
neuropeptide to be isolated from brain tissue in 1931 [9,
10]. It is the first member of the tachykinin peptide family,
along with neurokinin A (NKA) and neurokinin B (NKB)
and is considered a ‘pioneering neuropeptide’ due to the
subsequent studies of tachykinins shedding greater light
on the function and role of neuropeptides [11]. Additional
tachykinins identified in the Tac genes include NP, haemo-
kinin-1 (HK-1) and the NH,-terminally extended forms of
HK-1, which include endokinin A (EKA) and B (EKB) [11].

SP acts as a neurotransmitter/modulator in the central and
peripheral nervous system in mammals and is produced by
neuronal and non-neuronal cells [11, 12]. It is involved in
a diverse range of responses, such as nausea, depression,
vomiting, pain, neurogenic inflammation, and as recently
described, itch [8, 9, 11, 12]. The biological activity of SP
is predominantly mediated via NKRs, also known as tachy-
kinin receptors (TACRs). NKRs belong to the class I family
of G-protein coupled receptors (GPCRs). There are three dif-
ferent NKRs (NK1R, NK2R and NK3R), each with differing
binding affinity to SP, NK1R with the highest affinity and
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NK3R the lowest [11]. The NKIR is found in two isoforms
in humans, one being the full-length receptor (NK1R) and
the other existing in a truncated form (NK1R-T), which has
been detected in different cells and regions [11, 13].

2.1 Mechanism of Action

SP is a key mediator of skin neurogenic inflammation [14]
and is produced and secreted by nerve fibres. It acts via bind-
ing to two types of receptors associated with pruritic signal-
ling: NKRs and the Mas-related G protein-coupled receptors
(MRGPRs) [13, 15-18]. NK1R is expressed in numerous
cell populations in the skin and implicated in pruritus such
as keratinocytes, endothelial cells, mast cells, fibroblasts
as well as sensory nerve endings [13, 19-21]. In rodents,
studies have demonstrated high expression of NKIR in the
superficial dorsal horn of the spinal cord, including the outer
lamina I [22]. The binding of SP to NK1R on the aforemen-
tioned cell types in the skin, leads to mast cell degranulation
thereby stimulating release of pruritogenic, proinflammatory
factors such as histamine, interferon-y, leukotriene B4, vas-
cular endothelial growth factor (VEGF) and nerve growth
factor (NGF). This causes vasodilation of blood vessels and
neurogenic inflammation, clinically presented as pruritus,
erythema and oedema [23-25]. In addition, proteases such
as kallikreins, tryptase and trypsins can stimulate release
of SP from sensory nerve endings resulting in neurogenic
inflammation [26].

Upregulation of NK1R has been reported in the skin of
patients suffering from chronic prurigo/prurigo nodularis
[25, 27] and SP serum levels are enhanced in chronic urti-
caria [28]. A study investigating the levels of SP, NKA,
NKI1R and NK2R in plaque psoriasis found an increase of
their levels in nerves and non-neuronal inflammatory cells
in lesional skin compared to non-lesional [29]. Interestingly,
the level of expression correlated with intensity of pruritus,
which was measured prior to biopsy [29], suggesting a possi-
ble role of SP/NKI1R in psoriasis and pruritus. Furthermore,
RNA sequencing from lesional skin in patients with psoria-
sis and atopic dermatitis (AD) found increased levels of both
SP and NKIR [30], further consolidating the importance of
SP and NKI1R in pruritus and pruritus-associated diseases.

3 NK1R Antagonists

NKIR antagonists are a class of drugs that exhibit numerous
properties, including antiemetic, antidepressant, anxiolytic
and antipruritic activity, while failing in efficacy as analge-
sics in human. Initially developed to treat depression, the
first approved NK1R antagonist was aprepitant, which later
showed efficacy and was therefore approved for the prevention
of chemotherapy-induced nausea and vomiting (CINV) [31].
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3.1 Mechanism of Action

Aprepitant and other NK1R antagonists (see below) act cen-
trally by crossing the blood-brain barrier, selectively binding
to and occupying NK1R receptors with different affinities in
vomiting centres within the CNS, thereby blocking activa-
tion by SP, which is released as an unwanted result due to
chemotherapy treatment [31, 32]. Aprepitant has been shown
to have no affinity for serotonin, corticosteroid or dopamine
receptors [33, 34]. Following the development of aprepitant
for the treatment of CINV, it was subsequently reported to
also have antipruritic effects in a small number of patients
with Sézary syndrome, an aggressive form of cutaneous
T-cell lymphoma (CTCL) (Table 1) [35].

Consequently, the development of additional and novel
NKI1R antagonists such as serlopitant (Table 2), tradipitant
and ovrepitant (Table 3) has shown potential in reducing
pruritus in various disorders.

3.2 Aprepitant
3.2.1 CTCL

From the currently available NK1R antagonists, aprepitant
has been the most widely investigated for the treatment of
pruritus resulting from various conditions (see Table 1). Fol-
lowing the report of its antipruritic effects in a small number
of patients with Sézary syndrome [35], numerous additional
studies have also demonstrated its effect in reducing pruritus
in cases of CTCL. Pruritus is a common symptom of CTCL
and can be distressing and often debilitating [36]. A retro-
spective, non-controlled study in 17 patients with CTCL,
reported a reduction in pruritic activity following treatment
with aprepitant [37]. Clinical response was assessed using
Patient’s Global Assessment (PtGA) and a quantitative
numerical scale (Squant), similar to the Visual Analogue
Scale (VAS), where 0 indicates no pruritus and 10 indicates
the worst pruritus imaginable. The authors also reported that
the stage of CTCLs correlated with the antipruritic response,
with patients at stages IB-IIB scoring lower that those at
stages ITII-1V, both after 1 week and one month of treatment
[37]. However, this was a limited, noncontrolled study, with
a small number of patients who were also receiving other
concomitant antipruritic treatments. Adverse events (AEs)
reported were self-limited headache or mild drowsiness.
Interestingly, the study reported patients with lymphomas
limited to skin (stages IB-IIB) and non-erythrodermic cuta-
neous lesions had responded best, supporting the hypothesis
that the skin plays a significant role in the anti-pruritic activ-
ity of NK1R antagonists [37].

Several other studies have also reported the antipruritic
effect of aprepitant in treating CTCLs (Table 1). A female
patient with chronic pruritus due to mycosis fungoides (MF)

was reported to have reduced pruritus following treatment
with aprepitant [38]. Another study reported a patient with
refractory chronic pruritus secondary to CTCL treated with
aprepitant for 3 consecutive days (125 mg on Day 1 and 80
mg on Days 2 and 3), who showed significant improvement
in pruritic response based on the VAS score [39]. Follow-
ing evaluation every 2 weeks, they reported a score of 3, as
compared to 10 when first undergoing treatment with aprepi-
tant [39]. Four of five patients with pruritus secondary to
erythrodermic CTCL treated with aprepitant for 3 days on a
biweekly regimen, reported improvement in pruritus [40]. A
study on the use of aprepitant (80 mg) in two patients with
Sézary syndrome reported antipruritic responses in both
patients [41]. Assessment after 5 days showed a reduction in
the VAS score from 8 and 9 before treatment, which reduced
to 2 and 3, respectively. In addition, the Dermatology Life
Quality Index (DLQI) questionnaire was also utilised (10
questions to assess impact of a skin disease on QoL, from 0
to 30 with a higher score indicating worse outcomes), with
scores decreasing from 24 to 6 and from 22 to 8 [41].

In contrast, patients with Sezary Syndrome taking part in
a randomised, double-blind placebo controlled, cross-over
clinical trial, where placebo or aprepitant were given daily
for 7 days, reported an increase in pruritic activity after 7
days [42]. However, the authors acknowledged that the study
had numerous limitations, the obvious one being that only
5 patients could be recruited. In addition, they attributed
differences in clinical response to previous studies showing
antipruritic response due to factors such as disease activity
at baseline, as well conditions such as humidity and tem-
perature [42].

3.2.2 Anti-cancer Drugs

It has been reported that patients with non-small-cell lung
cancer undergoing treatment with erlotinib, treatment with
oral aprepitant (standard doses) led to the erlotinib-induced
pruritus becoming cured [43]. Subsequently, this was fol-
lowed by a pilot study to investigate the use of aprepitant
for treating pruritus induced by biological anticancer drugs.
In a small cohort of patients with metastatic solid tumours
treated with several biological anticancer drugs (cetuximab,
erlotinib, gefitinib, imatinib, or sunitinib) [44], patients were
classified into either a refractory group (for patients with
pruritus refractory to standard treatment), or a naive group
(for patients who had not undergone treatment for pruritus).
A short treatment period with aprepitant at a dosage of 125
mg on Day 1, 80 mg on Day 3 and 80 mg on Day 5, was
given to patients in the refractory group following at least 1
week of standard systemic treatment, with the same sched-
ule and dosage given to the naive group after first onset of
severe pruritus. The intensity of itch was evaluated by VAS
score. The median VAS was reduced from a score of 8 to a
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Table 2 Studies using the NK1R antagonist serlopitant for the treatment of chronic pruritus resulting from various diseases

Disease/Condition Administration

Treatment duration No. of

Efficacy/Safety Study type
partici-

pants

Chronic Pruritus [65] Oral serlopitant, 0.25, 1, or 5
mg, or placebo, administered

once daily

Treatment-refractory

chronic prurigo [66] once daily

Psoriasis [67]

once daily

Epidermolysis Bullosa [71] Oral serlopitant 5 mg daily or
placebo

6 weeks

Oral serlopitant, 5 mg or placebo 8 weeks

Oral serlopitant, 5 mg or placebo 8 weeks

12 weeks

222 Mean percentage decrease in Phase II RCT
baseline VAS score was signif-
icantly greater in the 1 mg and
5 mg serlopitant (P = 0.022
and P = 0.013 respectively)
treatment groups compared to
placebo
AEs: most common reported
as somnolence and mild diar-
rhoea

128 VAS score reduced from 7.9 at
baseline to 6.2, 5.5 and 4.4 at
Weeks 2, 4 and 8, respectively,
whilst placebo VAS score
decreased to 7.1, 6.5 and 6.1

AE:s: serlopitant treatment AEs
included nasopharyngitis, diar-
rhoea and fatigue

204 WI-NRS scores were 8.3 for the
serlopitant group and 8.1 for
placebo. At Week 8, patients
treated with serlopitant had a
WI-NRS 4-point response rate
of 33.3 % compared to 21 % of
patients treated with placebo

AEs: 4.9 % occurrence in
serlopitant treated and 4 % in
placebo treated. Most com-
mon AEs were diarrhoea and
headache at 2.0 % each in the
serlopitant group vs 1.0 % each
for placebo

Phase I RCT

Phase I RCT

14 NRS score showed a tendency Phase II RCT
in reduction of pruritus in
serlopitant treated patients
compared to placebo; however,
no significant difference was
reached
AESs: All participants reported at
least 1 AE, mostly mild-to-
moderate in severity. Most
common was nausea

AE adverse event, CT clinical trial, DLQI Dermatology Life Quality index, NRS Numeric Rating Scale, RCT randomised controlled trial, SCO-
RAD SCORing of Atopic Dermatitis, VAS Visual Analogue Scale, WI-NRS Worst Itch-Numeric Rating Scale

score of 1 after 1 week of treatment with aprepitant in the
refractory group. In the naive group, the VAS was reduced
from a score of 8-0 after 1 week of treatment. The study
reported a reduction in pruritus in 41 of 45 patients with a
reoccurrence in only six patients. Furthermore, no AEs were
reported that were due to administration of aprepitant, which
demonstrated its potential as an anti-pruritic therapeutic
[44]. Additionally, a case report on two patients with solid
tumours (metastatic soft tissue sarcoma and metastatic breast
carcinoma) suffering from pruritus, reported a decrease in

VAS scores from 8 or 9/10 to 0/10 and 1/10, respectively,
after treatment with standard doses of aprepitant [45].

3.2.3 Chronic Prurigo

As discussed earlier, chronic pruritus can be the result
of various underlying causes. Chronic prurigo (CPG) or
prurigo nodularis (PN), is a debilitating disease result-
ing from long-term scratching of skin by patients suffer-
ing from chronic pruritus. It is characterized by numerous
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Study type

Efficacy/Safety

Treatment duration No. of

Administration

Table 3 Studies of the NK1R antagonists tradipitant and orvepitant for the treatment of chronic pruritus

Drug name Disease/Condition

A\ Adis

partici-
pants

Phase I RCT

WI-VAS scale compared to placebo showed a significant

168

Oral tradipitant 85 mg twice daily 8 weeks

Tradipitant Atopic dermatitis [73]

reduction in tradipitant treated (— 44.2 vs — 30.6), and total

SCORAD index (— 21.3 vs — 13.6). Average VAS showed

tendency in improvement but did not reach significance

No AEs reported

Phase III RCT

Primary endpoint of a reduction in worst itch assessed by

341

Oral tradipitant 85 mg twice daily 8 weeks

Atopic dermatitis [74]

NRS, was not reached. No significant difference in treatment
for moderate-to-severe AD. 70 % improvement in patients

with mild AD
Mean NRS score change from baseline to week 4 was — 2.78

Phase I RCT

44

4 weeks

Pruritus caused by EGFRI [78] Oral orvepitant 10 and 30 mg vs

Orvepitant

points in the 30 mg group, — 3.04 in the 10 mg group and —

placebo once daily

3.21 in the placebo group. No significant difference between

orvepitant and placebo
AEs: related to orvepitant (asthenia, dizziness, dry mouth,

hyperhidrosis) were all of mild or moderate severity

AE adverse event, CT clinical trial, NRS Numeric Rating Scale, RCT randomised controlled trial, SCORAD SCORing of Atopic Dermatitis, WI-VAS Worst Itch-Visual Analogue Scale

hyperkeratotic, highly pruritic lesions, nodules and papules
[25, 46]. It can originate from either dermatological condi-
tions such as AD, systemic diseases such as chronic kidney
disease (CKD) or be neurological in origin [47]. However,
the underlying pathophysiological cause/s are unknown [25,
48]. A recent study in 20 patients (13 of whom suffered
from PN) with chronic refractory pruritus due to systemic
and mixed causes, reported improvement in antipruritic
response after treatment with aprepitant [49]. Following
treatment with 80 mg/day aprepitant for 1 week, 80% of
patients reported a reduction of itch intensity, with a statisti-
cally significant reduction in VAS score from a median of
8.4-4.9 [49]. Interestingly, patients with pruritus from der-
matological diseases responded best to that treatment with
only mild side effects such as nausea, vertigo and drowsiness
in 3/20 patients [49].

A subsequent randomized, placebo-controlled, split-
sided, double-blind clinical trial was conducted where topi-
cal 1 % aprepitant solution was applied twice daily for 28
days to 19 patients with CPG [27]. Aprepitant was found to
reduce intensity of pruritus with a reduction in VAS score
of —35.2+6.0 (66.1+£8.2 %); however, reduction was also
seen in placebo with a reduction of — 38.1+6.8 (58.0+9.4
%) [27]. This was also the case for prurigo lesions, with
clinical scores significantly improving in both aprepitant-
and placebo-treated groups. Seventeen patients experienced
mild AEs and three were moderate, the most common being
pain at the site of administration (55 % vs 45 %) and cuta-
neous reaction (75 % vs 55 %) in aprepitant and placebo
groups, respectively. No serious AEs were reported in either
group [27].

An earlier study using 5 % topical aprepitant in patients
with clinical and experimental pruritus found no differ-
ence in antipruritic effects after topical treatment with the
NKI1R antagonist [50]. A single topical application of 5 %
aprepitant was made in 13 patients (with microbial eczema,
chronic prurigo, chronic pruritus, atopic dermatitis, eczema
craquele) to investigate the hypothesis that aprepitant exerts
its antipruritic effects by acting on mast cells in the skin [50,
51]. Although the application of 5 % aprepitant attenuated
clinical pruritus and erythema in dermatitis patients, it was
no more than vehicle [50]. Additionally, no changes were
seen in pruritus induced by prick-test reaction to histamine
following application of 5 % aprepitant [50].

An additional study by the same group examined the
topical effects of aprepitant and telcagepant (CGRP antago-
nist) on delayed and immediate reactions of the skin and
associated pruritus [52] .Thirteen healthy volunteers were
treated with both aprepitant and telcagepant, each on differ-
ent areas on one forearm and vehicle to the other. After 30
minutes, creams were wiped off and histamine prick tests
were applied to control and treated area. Intensity and flare
of itch was measured after 5 minutes via VAS score and weal
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volume after 15 minutes [52]. Patch tests were applied to
patients allergic to nickel in five locations and after 48 h they
were removed and evaluated. The areas were subsequently
treated with 5 % aprepitant gel and 1 % telcagepant hydrogel,
or vehicle, then removed after 24 h [52]. Neither the hista-
mine-induced pruritus via prick test nor the nickel patch test-
induced pruritus was affected by any treatment. The authors
explained that this could be due to insufficient permeation
of the skin by the formulation used. In addition, applica-
tion of topical aprepitant would only target cutaneous NK1
receptors, as opposed to oral administration that reduced
pruritus [49], likely by also targeting spinal cord and brain
NKIR, although the role of peripherally expressed NK1R
as compared to spinal cord and brain-expressed NK1R in
humans is still not clear. The study was limited due to the
low number of participants.

A study in which 12 PN patients received 80 mg/day
aprepitant, reported a significant reduction in pruritic inten-
sity, with a decrease in VAS score from a median of 6.3-4.5
after 8 weeks [53]. Whether a reduction of 1.8 on the NRS
scale can be considered clinically meaningful must be inter-
preted with caution. In addition, they found an increase in
NKIR expression in the keratinocytes of lesional skin com-
pared to healthy controls. After treatment, the expression of
epidermal NK1R was increased; however, the expression of
downstream signalling pathways ERK1/2 decreased [53],
suggesting that the antipruritic effects of aprepitant may
indeed derive from a local effect in tandem with acting in
the CNS.

Recently, a multicentre, randomized, double-blind, pla-
cebo-controlled, cross-over, Phase II trial was conducted to
investigate the antipruritic effects of aprepitant in 58 patients
with antihistamine-refractory chronic pruritus in chronic
nodular prurigo. The authors found no difference between
the placebo and aprepitant groups [54]. No significant dif-
ferences were found in the VAS score between aprepitant
or placebo groups nor in other parameters such as prurigo
lesions or QoL [54]. Although a reduction in pruritus inten-
sity was seen after the first treatment period, as measured
by VAS score, the second treatment period led to a slight
increase in pruritus intensity after aprepitant treatment. The
authors explained several reasons for this; (1) patients were
aware that they would receive either the drug or a placebo,
and therefore knew that the results would be either negative
or positive, thus producing a possible nocebo effect, which
may have hampered antipruritic effects [54]; (2) they also
suggested that a high level of negative expectation and a lack
of trust in novel therapies by patients suffering from CPG
may have hindered the results, as treatment during the first
period led to a decrease in pruritus, whereas no change was
observed in the second period [54].

Case reports have shown mixed results. Single case
reports demonstrated a reduction of pruritus under aprepitant

in a patient with refractory brachioradial pruritus [55] or
localised neuropathic dysesthesia in the upper extremities
[56]. Patients were given 80 mg/day aprepitant for 7 days,
with improvement in scratch lesions and pruritus after 2
days. However, rapid relapses occurred two days after the
last dose. A second course was commenced; in the follow-
ing 2 weeks papules and erosions improved. However, it
was reported that pruritic symptoms were not well con-
trolled [55]. No AEs were reported and a 6-week follow-up
found that lesions remained improved, although the level of
improvement was weakly defined [55].

3.2.4 Pruritus of Unknown Origin

In a report on a patient suffering from chronic pruritus of
unknown origin, histopathological analysis showed superfi-
cial psoriasiform dermatitis with spongiosis and parakerato-
sis [57]. Following treatment with 125 mg aprepitant on Day
1 and 80 mg on Days 2, 3 and 4, a significant improvement
in pruritus was reported. Before treatment, VAS and DLQI
score values were 8 and 24, respectively. Improvement was
seen after just 24 hours with values decreasing to 4 and 16,
respectively. After 6 weeks, VAS and DLQI were further
decreased to 1 and 8, respectively. This was associated with
improvement in cutaneous lesions [57]. The patient did not
experience AEs and sleep quality was greatly improved. The
use of aprepitant in treating paraneoplastic pruritus has also
been reported in a single patient [58]. Administration of 80
mg/day aprepitant for 14 days reduced the VAS score from
9 to 5, improving the patient’s QoL [58].

3.2.5 Atopic Dermatitis

Atopic dermatitis (AD) is one of the most common inflam-
matory skin disorders world-wide, characterised by severe
pruritus, barrier disruption, xerosis and inflammation
[59-61]. An open, randomised study investigating the effects
of aprepitant in combination with a standardised topical
treatment using topical glucocorticosteroid and moisturiser
in patients with moderate-severe AD, found no additive
effect with concomitant NK1R treatment [62]. The treatment
group consisted of 19 patients who were administered 80
mg/day aprepitant and topical steroid for 7 days, compared
to control patients who received topical treatment alone.
Clinical response was measured using SCORing of Atopic
Dermatitis (SCORAD) and VAS score. In both, control- and
aprepitant-treated groups there was a decrease in SCORAD
and VAS score. However, no significant additional improve-
ment was seen in aprepitant-treated group compared to
control [62]. Thirteen patients in aprepitant-treated group
reported AEs, which included fatigue, headache, dizziness,
elevated liver enzymes, palpitations, dyspnoea, obstipation,
stomach-ache, periocular dermatitis, erectile dysfunction
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and altered ability to react. All AEs were considered mild to
moderate. All AEs were reported to be transient, except for
one case of elevated liver enzymes, which remained above
normal at the last follow-up visit [62].

A subsequent study by the group investigated the expres-
sion of tachykinin markers in AD skin and whether they
correlate with clinical and psycho-demographic parameters
[63]. In biopsies from lesional skin of AD patients, they
found an increase in the number of SP- and NKA-positive
nerve fibres and NKA-positive mononuclear dermal cells,
compared to non-lesional skin. Moreover, the depression
score and the number of dermal NK1R-positive cells in
lesional and non-lesional skin showed a positive correla-
tion [63].

3.3 Serlopitant

Serlopitant, an NK1R antagonist, was originally developed
for the treatment of urinary incontinence and overactive
bladder [64]. As compared to aprepitant, serlopitant has
a higher affinity to the NKIR in the low nanomolar range
[11]. We recently completed a multicentre, placebo-con-
trolled, double-blind, randomised, Phase II clinical trial
in patients with chronic refractory pruritus to investigate
the safety and antipruritic efficacy of serlopitant (Table 2).
In total, 222 patients received serlopitant 0.25 mg/day (64
patients), 1 mg/day (65 patients), 5 mg/day (64 patients),
and the remaining patients received placebo [65]. After 6
weeks, mean percentage decrease in baseline VAS score was
significantly greater in the 1 mg and 5 mg serlopitant treat-
ment groups compared to placebo. Good tolerability was
observed, and the most common AEs reported were somno-
lence and mild diarrhoea. The beneficial effects on pruritus
intensity remained 4 weeks after treatment follow-up [65]. A
recent, randomised, double-blind, placebo-controlled study
assessed safety and efficacy of serlopitant for the treatment
of pruritus in PN [66]. For 8 weeks, serlopitant 5 mg/day
or placebo was administered to 128 patients (65 patients
received serlopitant and 63 received placebo) with chronic,
refractory PN. The change in average VAS score was used as
the primary end point at Weeks 4 and 8. At baseline, average
VAS score was 7.9/10, which decreased in the serlopitant
treatment group at Weeks 2, 4 and 8-6.2, 5.5 and 4.4/10,
respectively, whilst placebo VAS score decreased to 7.1, 6.5
and 6.1 [66]. There was a statistically significant decrease
in pruritus intensity at Weeks 4 and 8 in serlopitant-treated
groups compared to placebo. A limitation of the study was
the short duration period of treatment, which the authors
suggest may not be long enough to assess clinically relevant
resolution of PN lesions. However, treatment with serlopi-
tant reduced pruritic intensity and was well tolerated after
6 weeks.
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More recently, a randomised, double-blind, placebo-con-
trolled, Phase II trial was performed to assess serlopitant
for the treatment of patients with mild-to-moderate psoria-
sis [67]. For 8 weeks, 102 patients were administered oral
serlopitant 5 mg/day and 102 patients received placebo.
At baseline, mean WI-NRS (Worst Itch-Numerical Rating
Score) scores were 8.3 for the serlopitant group and 8.1 for
placebo. At Week 8, patients treated with serlopitant had a
WI-NRS 4-point response rate of 33.3 % compared to 21 %
of patients treated with placebo [67]. Moreover, at Week 4,
WI-NRS scores were 20.8 % of patients treated with ser-
lopitant compared to 11.5 % for placebo-treated patients.
AEs occurred in 4.9 % of serlopitant-treated patients and
4 % of patients treated with placebo. Overall, serlopitant
treatment was well tolerated and reduced pruritus associated
with mild-to-moderate psoriasis. However, severe psoriasis
was excluded from the study and the study population was
small [67].

Furthermore, two Phase III clinical trials to assess ser-
lopitant for the treatment of PN did not meet the primary
endpoint of a 4-point improvement from baseline at Week
10 on the WI-NRS and thus a significant reduction of pru-
ritus [68, 69]. In study MTI-105 (NCT3546816), 26.45 %
of patients treated with serlopitant achieved a 4-point or
greater improvement on the WI-NRS at Week 10 compared
to baseline compared to 20.31 % in placebo (P = 0.229)
[68]. In study MTI-106 (NCT03677401), administration of
5 mg serlopitant achieved a 4-point responder rate at Week
10 in 25.9 % of patients compared to 18.95 % of the placebo
group. Although a reduction was seen, this was not signifi-
cant (P = 0.158) [69].

Epidermolysis bullosa (EB) is a group of diverse, rare,
inherited skin disorders, resulting from mutations in genes
encoding, for example, for laminin, keratin and collagen
[70]. Pruritus is one of the common symptoms across all
EB subtypes and is considered to be the most distressing
of disease-related symptoms and when chronic, can cause
major morbidities [70]. A Phase II, randomised clinical
trial to assess safety and efficacy of serlopitant in treating
moderate-to-severe pruritus in EB, reported potential itch
reduction [71]. A total of 14 patients were randomised to
5 mg/day serlopitant or placebo for 8 weeks followed by a
4-week washout. The primary endpoint was change in itch
intensity, which was measured by the Numeric Rating Scale
(NRS). Serlopitant treatment led to greater reduction in pru-
ritus; however, it did not reach statistical significance [71].
Although serlopitant treatment did not reach significance in
reducing pruritus, possibly due to small sample size (due to
disease rarity), it may be a promising therapeutic option in
treating chronic pruritus in EB and warrants a larger trial,
which is currently underway [72].
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3.4 Tradipitant

Tradipitant (VLY-686) is another NK1R antagonist, which
has been investigated for its antipruritic activity (Table 3). A
randomised, double-blind, placebo-controlled, multicentre,
Phase II trial investigating safety and efficacy of tradipitant
in AD patients found a significant improvement in itch, dis-
ease severity and QoL in patients with refractory AD [73]. In
168 patients, VAS score and SCORAD improved in patients
treated with tradipitant compared to placebo (Table 3) [73].
In a subsequent Phase III clinical trial (EPIONE) in 341
patients, the antipruritic effect of tradipitant was not seen
in moderate or severe AD, the study did not reach the pri-
mary endpoint of reducing pruritus in the overall study
population [74]. However, in patients suffering from mild
AD, tradipitant significantly improved itch and sleep. The
study reported that over 70 % of patients with mild AD had
improved pruritus after the first day of treatment [74].

3.5 Orvepitant

An additional NK1R antagonist, orvepitant, was developed
as an anti-depressant but efficacy was not great enough to
continue development [75, 76]. Preclinical data from a Mon-
golian Gerbil model of scratching behaviour administered
with orvepitant found a profound antipruritic effect with the
inhibition of hindlimb scratching [77]. A subsequent ran-
domised, double-blind, placebo-controlled clinical trial was
undertaken to evaluate the efficacy of orvepitant for epider-
mal growth factor receptor inhibitor (EGFRI)-induced pru-
ritus [78] (Table 3). Oral orvepitant, 10 or 30 mg/day, was
given for 4 weeks and compared to placebo in 44 patients.
Although orvepitant was safe and well tolerated, there was
no significant difference in antipruritic effects as assessed
by NRS score between orvepitant and placebo at either dos-
age [78].

4 Conclusions and Future Perspectives

It is now well-known that SP is released and NKIR is
expressed in skin, spinal cord and brain. In the skin, SP
is released by sensory nerve endings in the epidermis and
dermis, thereby modulating the function of immune cells,
keratinocytes and endothelial cells resulting in neurogenic
inflammation [11, 14]. In addition, SP may be an impor-
tant inducer of peripheral itch, thus, a key player in pruritic
signalling. Consequently, NK1R antagonists have gained
traction recently for treating chronic and recalcitrant pru-
ritus [19, 79]. Although the use of topical aprepitant did
not support the hypothesis that it may act predominantly
on skin, it suggests that topical aprepitant likely functions
in reducing pruritus by predominantly acting on central

NKIR activity. This has been demonstrated by the multiple
studies showing reduction in pruritus following treatment
via oral administration with the currently available NK1R
antagonists (aprepitant, tradipitant, serlopitant and orvepi-
tant). However, whether the main inhibitory function will
be in the spinal cord or brain remains to be determined.
This location of the inhibitory function may also explain the
success of NK1R antagonists in mild-to-moderate psoriasis
and AD compared to more severe pruritic conditions, where
other mechanisms and regulators may play a significant role.
In addition, as mentioned in the introduction, SP not only
binds to the NK1R but also to MRGPRs, which also have
a role during inflammation [80]. Thus, a potential reason
for the lack of efficacy seen in clinical studies using NK1R
antagonists maybe due to the role of MRGPRs (possibly via
MRGPRX2) in certain pruritic conditions. Therefore, the
development of MRGPR antagonists and their antipruritic
potential in particular, where NK-1R antagonists have not
been successful, deserve to be investigated.

Furthermore, the use of other NK1R antagonists via topi-
cal application other than aprepitant, remains to be inves-
tigated, especially in larger-scale trials of many different
pruritic diseases. The anecdotal rapid onset of marked itch
improvement, as compared to other oral antipruritic drugs, is
still encouraging to further study potential benefits in some
pruritic diseases and maybe some subforms (e.g., better
responses in mild-to-moderate than severe AD). In general,
all NK1R antagonists studied have shown favourable toler-
ability, with adverse events presenting as mild or moderate.
Several study results must be interpreted with caution given
they are limited, with a small number of participants, lack of
controls, allowed addition of topicals, or a short time period
of treatment. Thus, larger and better-designed studies/clini-
cal trials are still required.

Overall, NKI1R antagonists have demonstrated antipru-
ritic activity in treating chronic pruritus of various origins
and further studies will help to define the best treatment
regimen and the best diseases to treat via NK1R antagonism.
The importance of knowing the similarities, differences and
underlying pathophysiological mechanisms of different pru-
ritic diseases, whether dermatological or systemic in origin,
will help to enhance the development of antipruritic thera-
pies. Furthermore, expanding our knowledge on the struc-
ture and biochemistry of NK1R will help drug development
targeting of this receptor [81]. As chronic pruritus is a major
symptom that significantly impacts patient’s QoL, often
recalcitrant, more effective and safe therapeutic options are
still required.
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