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Itch pathogenesis is broadly characterized into histaminergic and nonhistaminergic pathways and
transmitted via 2 main receptor families: G proteinecoupled receptors and transient receptor potential
channels. In the skin, itch is primarily transmitted by unmyelinated type C and thinly myelinated type Ad
nerve fibers. Crosstalk between the immune and neural systems modulates itch transmission at the skin,
spinal cord, and brain. Among the many known pruritogens, Th2 cytokines, such as interleukin-4,
interleukin-13, interleukin-31, and thymic stromal lymphopoietin, are particularly important mediators that
signal through shared Janus kinase pathways, representing novel targets for novel itch therapeutics.
Emerging evidence has also revealed that the opioidergic system is a potent modulator of itch transmission,
with increased �-opioid activity and decreased k-opioid activity contributing to itch pathogenesis. Optimal
management of itch requires that treatment approaches be tailored to specific etiologic itch subtypes. When
the etiology is unknown and patients are given a diagnosis of chronic pruritus of unknown origin,
treatment should be guided by the presence of Th2 polarization, often reflected by increased blood
eosinophils. In the second article of this 2-part series, we outline our current understanding of itch
pathogenesis and discuss available and emerging treatments for itch. ( J Am Acad Dermatol 2022;86:17-34.)
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Abbreviations used:

CPUO: chronic pruritus of unknown
differentiation

GRP: gastrin-releasing peptide
GRPR: GPR receptor
IL: interleukin
JAK: Janus kinase
PAR: protease-activated receptor
PN: prurigo nodularis
RCT: randomized control trial
SP: substance P
STAT: signal transducer and activator of

transcription
TRP: transient receptor potential
TRPV1: TRP vanilloid 1
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PATHOGENESIS OF ITCH
Key points
d Itch is classified into histaminergic and nonhista-
minergic pathways.

d Itch sensation is primarily transmitted by unmy-
elinated type C and thinly myelinated type Ad
nerve fibers in the skin.

d The itch signaling cascade involves bidirectional
neural circuitry connecting the skin, spinal cord,
and brain.

d Crosstalk between the neural and immune sys-
tems modulates itch transmission.

Our basic understanding of the mechanisms and
pathophysiology of itch has grown in recent years;
however, much of this knowledge is limited to
mouse models. There is still much to be uncovered
relating to the pathogenesis of itch in human itch
subtypes. From the skin to the brain, the itch signal
consists of multiple pathways, modulated at each
level by numerous effector cells, pruritogens, and
receptors (Fig 1).
Itch in the skin
Itch nerve fibers. Itch sensation is primarily

transmitted by unmyelinated type C and thinly
myelinated type Ad nerve fibers in the skin (Fig 2).1

The cell bodies of these nerves reside in dorsal root
ganglia (DRG) with axons innervating the skin and
dendrites synapsing in the dorsal horn of the spinal
cord. There is a complex interplay between these
nerve fibers and the skin microenvironment as nerve
transmission is modulated by skin pH, temperature,
and pain. Itch is initiated when exogenous and
endogenous pruritogens bind to their receptors on
these sensory nerve endings (Fig 3).

Itch receptors. There are 2 major classes of itch
receptors: G proteinecoupled receptors and tran-
sient receptor potential (TRP) channels (Fig 3). TRP
channels include TRP vanilloid 1 (TRPV1) and TRP
ankyrin 1, which activate Nav1.7 and Nav1.8 sodium
channels, propagating the action potential of the itch
signal.2

Histaminergic and nonhistaminergic path-
ways. Histaminergic and nonhistaminergic pathways
constitute the 2 major pathways of itch (Fig 4). The
histaminergic pathway transmits acute itch and is
mediated by histamine secreted primarily by mast
cells, basophils, and keratinocytes.3-5 Once released,
histamine binds to H1 and H4 receptors on histamin-
ergic nerves, activating TRPV1.2 Nonhistaminergic
itch is elicited by nerves that express a variety of
receptors, activated by pruritogens other than hista-
mine (Fig 3). These pruritogens are released by a
variety of effector cells, including mast cells,
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granulocytes, macrophages, lymphocytes, keratino-
cytes, and neurons.4-6 Recent evidence also suggests
that basophils can promote itch mediated by immu-
noglobulin E, independent of mast cells.5

Cytokines. The most-studied cytokines in itch
pathogenesis are Th2 cytokines, most prominently
including interleukin (IL)-4, IL-13, and IL-31
(Fig 3).7-9 Keratinocytes also release IL-33 and thymic
stromal lymphopoietin, which directly induce itch
and promote Th2 inflammation.10,11 Scratching
further increases the expression of thymic stromal
lymphopoietin, contributing to the ‘‘itch-scratch cy-
cle.’’ Other important cytokines are IL-17 in psoriasis
itch and IL-22, which induces itch via the gastrin-
releasing peptide (GRP) pathway.9,12,13 Prurigo nod-
ularis (PN), a disease characterized by an intractable
itch-scratch cycle, features increased IL-22 in the skin
and blood.14,15 IL-2 and IL-31 have also been
implicated in uremic itch.16,17 Downstream media-
tors of these inflammatory cytokines involve the
intracellular Janus kinase (JAK)/signal transducer
and activator of transcription signaling pathways
(Fig 3).11,18 Blockade of those pathways, particularly
JAK1, is an attractive therapeutic option due their
role in multiple itch pathways.

Neuropeptides and neurotransmitters.
Substance P (SP) and calcitonin gene-regulating
protein (CGRP) are neuropeptides released by
activated sensory neurons that cause neurogenic
inflammation and mast cell degranulation.19 SP
binds to receptor neurokinin 1 on sensory nerve
endings, keratinocytes, and immune cells (Fig 3).20

Nerve growth factor, a neuropeptide secreted by
eosinophils, binds to tropomyosin receptor kinase
A on sensory nerves, sensitizing TRPV1 to SP and
calcitonin gene-regulating protein.21 Finally, opi-
oids are well-established pruritogens, binding to
the �-opioid receptor and k-opioid receptor on
sensory neurons. Itch is induced by �-opioid
 of Health and Social Security de ClinicalKey.es por Elsevier en enero 18, 
ación. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Fig 1. An overview of itch transmission from the skin to the spinal cord and brain. 5-HT,
Serotonin; Ach, acetylcholine; AEA, anandamide; CGRP, calcitonin gene-related peptide; CTSS,
cathepsin S; ENK, enkephalin; ET-1, endothelin-1; GRP, gastrin-releasing peptide; GRPR,
gastrin-releasing peptide receptor; IL4, interleukin 4; IL13, interleukin 13; IL31, interleukin 31;
LCN2, lipocalin-2; LT, leukotrienes; NGF, nerve growth factor; ROS, reactive oxygen species; SP,
substance P; Th2, Type 2 helper T cell; TNFa, tumor necrosis factor alpha; TSLP, thymic stromal
lymphopoietin;WBC, white blood cell. All illustrated figures were created with BioRender.com.
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activity and suppressed by k-opioid activity; thus,
an imbalance of these 2 receptors contributes to
itch (Fig 5).22

Proteases and enzymes. Proteases mediate itch
by bindings to protease-activated receptors (PARs),
which are a type of G proteinecoupled receptors.23

Several proteases bind PAR2/PAR4 to induce itch,
including kallikrein, tryptase, trypsin, and cathepsin
S (Fig 3).23-26 Autotaxin, an enzyme important for
generating lysophosphatidic acid (LPA), may be
involved in cholestatic itch.27

Itch in the spinal cord
The itch signal is transmitted through the cell

bodies in the DRG to the dorsal horn of the spinal
cord (Fig 6). The activated sensory neurons release
GRP which binds to GRP receptor (GRPR)-positive
neurons in the spinal cord.28 GRPR-positive neu-
rons are selectively activated for itch but not pain
Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library
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signals, and chemical versus mechanical itch are
processed differently as well.29 The helix-loop-
helix family member B5 (Bhlbh5) interneurons,
which are modulated by k-opioid activity, attenuate
the itch signal by inhibiting GRPR-positive neurons
with dynorphin, glycine, and gamma-aminobutyric
acid (Fig 6).30

Structural abnormalities of the spinal cord can
also modulate the itch signaling pathway, causing
localized neuropathic pruritus. Radiculopathy of
cervical nerves is a contributor to brachioradial
pruritus, notalgia paresthetica, and meralgia
paresthetica.31,32

Itch in the brain
After passing through the spinal cord, itch signals

travel along the spinothalamic tract and reach the
thalamus and parabrachial nucleus, followed by the
brain (Fig 1).33 Itch perception involves the primary
 of Health and Social Security de ClinicalKey.es por Elsevier en enero 18, 
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Fig 2. Nerve fibers innervating the skin. Itch is transmitted primarily via Ad and C fibers.
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and secondary somatosensory cortex, insula, and
anterior cingulate cortex (Fig 7).34-36 Histaminergic
and nonhistaminergic itch also activate different
regions of the brain and can resemble pain percep-
tion.37,38 Scratching inhibits areas related to the
unpleasant sensation of itch, including the anterior
cingulate cortex and insula (Fig 7).39,40 Scratching
provides pleasure by activating areas of the reward
system, including the ventral tegmentum area and
striatum.41 This pleasure can feed into higher-level
reward systems involving the midbrain and striatum,
potentiating an addictive itch-scratch cycle.
TREATMENT OF ITCH
Key Points
d Itch management requires clinical phenotyping
into etiologic subtypes with varying degrees of
inflammatory, systemic, neurologic, and psycho-
logic dysfunction.

d Effective itch therapies often modulate both neu-
ral and immune components of itch transmission.
Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library
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d Recalcitrant itch often requires combination multi-
modal therapy with both topical and systemic
agents.

Evidence for many itch therapeutics is largely
limited to case reports and series, with few random-
ized controlled trials (RCTs). Specific dosages and
indications for treatments can be found in Tables I
and II and suggested treatment ladders can be found
in Figs 8 and 9.
Topical and localized therapies
Corticosteroids. Topical corticosteroids, with a

range of potencies and concentrations, are the
mainstay of treatment for itch associated with in-
flammatory dermatoses. They improve itch by
reducing inflammation and inhibiting pruritic cyto-
kine cascades.42,43 Intralesional corticosteroids can
provide extended relief in localized dermatoses,
such as lichen simplex chronicus.44 Caution should
be used due to the risks of skin atrophy and
hypopigmentation.
 of Health and Social Security de ClinicalKey.es por Elsevier en enero 18, 
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Fig 3. Itch mediators and receptors (left) with downstream JAK/STAT pathways (top and
bottom right). NGF, Nerve growth factor; 5-HT, serotonin; 5-HTR, serotonin receptor; Ach,
acetylcholine; AEA, anandamide; CB1/2, cannabinoid receptor type 1 and 2; ENK, enkephalin;
ET-1, endothelin 1; ETA, endothelin A receptor; H1/4R, histamine receptor type 1 and 4; IL13,
interleukin 13; IL22, interleukin 22; IL22R, interleukin 22 receptor; IL31, interleukin 31; IL31R,
interleukin 31 receptor; IL4, interleukin 4; IL4R, interleukin 4 receptor; IL7R, interleukin 7
receptor; JAK, Janus kinase; KOR, kappa opioid receptor; LT, leukotrienes; LTR, leukotrienes
receptor; M3, muscarinic acetylcholine receptor 3; MOR, mu opioid receptor; Nav1.7/1.8,
voltage-gated sodium channel; NK1R, neurokinin 1 receptor; OSMRb, oncostatin M receptor
beta; P, phosphate; PAR2/4, protease-activated receptor type 2 and 4; SP, substance P; STAT,
signal transducer and activator of transcription; TNFa, tumor necrosis factor alpha; TNFR, tumor
necrosis factor receptor; TrkA, tropomyosin receptor kinase A; TRPA1, transient receptor
ankyrin 1; TRPV1, transient receptor potential vanilloid 1; TSLP, thymic stromal lymphopoietin;
TSLPR, thymic stromal lymphopoietin receptor; Tyk, tyrosine kinase; Th2, Type 2 helper T cell.
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Calcineurin inhibitors. Tacrolimus and pime-
crolimus, approved for ages 2 and older, are calci-
neurin inhibitors that have modest effects on
inflammation and desensitization of primary afferent
sensory neurons via TRPV1 agonism.40 The most
common side effect is a painful burning sensation,
which diminishes with repeated applications.45

Contraindications include history of hypersensitivity
to topical calcineurin inhibitors.46,47

Anesthetics. Topical anesthetics such as pra-
moxine, lidocaine, and prilocaine reduce itch by
antagonizing voltage-gated sodium channels.
These agents have mild efficacy for uremic and
neuropathic itch.48 Pramoxine 1% lotion formula-
tions can be cooled in the refrigerator to potentiate
Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library
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itch relief in neuropathic itch subtypes that are
improved with colder temperatures, via activation
of thermoceptive type Ad and C nerve fibers.49 For
localized relief, the 5% lidocaine patch can be used
for up to 12 hours in any 24-hour period.
Combined topical ketamine-amitriptyline-
lidocaine preparations are available via compound
pharmacies with concentrations of each compo-
nent ranging from 2.5% to 10%. It targets multiple
itch mediators and can be effective for refractory
itch.50,51 Topical ketamine-amitriptyline-lidocaine
preparations should not be applied to more than
50% total body surface area as systemic absorption
leading to toxic encephalopathy has been
reported.52
 of Health and Social Security de ClinicalKey.es por Elsevier en enero 18, 
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Fig 4. Histaminergic and nonhistaminergic itch pathways.
IgE, Immunoglobulin E; FcεR1, Fc epsilon R1, high affinity
IgE receptor; ECP, eosinophil cationic protein; H1/4R,
histamine receptor type 1 and 4 (GPCR); PAR2/4, protease-
activated receptor type 2 and 4 (GPCR); MBP, major basic
protein; MrgprX2, mas-related G proteinecoupled
receptor-X2 (GPCR); SP, substance P.

Fig 5. �-k Opioid imbalance in chronic itch.
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Capsaicin. Capsaicin, available as a patch or
cream, agonizes and desensitizes TRPV1 channels
with chronic use.53 It also has antipruritic effects via
antagonism of histamine, PAR2, and SP.53 Multiple
daily applications and initial burning application
may limit patient adherence. The 8% patch can be
Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library
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used to deliver higher concentrations than creams
over a localized area.54 In 1 case series of 7 patients
with neuropathic itch, a single application of the
patch applied for 60 minutes provided itch relief for
all patients within a week, with relief lasting several
months and up to 1 year in some patients.55

Capsaicin should be avoided in visibly inflamed
skin, as it can cause extreme pain.

Coolants. Menthol and camphor are organic
compounds available over the counter in cream,
lotion, and powder formulations. They activate TRP
melastatin 8 on afferent nerves, providing a cooling
and antipruritic effect, and are utilized especially for
neuropathic itch subtypes.56

Cannabinoids. N-palmitoylethanolamine is a
commercially available topical cannabinoid that re-
lieves itch by enhancing endocannabinoid
signaling.57 Its antipruritic effects have been demon-
strated in a RCT of asteatotic eczema patients and in
other smaller studies for other itch etioligies.58,59

Phosphodiesterase inhibitors. Crisaborole is
a phosphodiesterase 4 inhibitor that reduces AD-
associated itch.60 It can be used similarly to calci-
neurin inhibitors. The most common side effect is
transient burning upon application.61 Other phos-
phodiesterase 4 inhibitors in development, such as
difamilast and roflumilast, have shown promising
results as antipruritic agents in trials to date.62,63

Doxepin. Topical doxepin 5% reduces itch via
H1/H2 receptor antagonism.64 In 2 RCTs, it reduced
itch in inflammatory dermatoses, including AD,
contact dermatitis, and lichen simplex chronicus.64,65

Application to greater than 10% of total body surface
area may cause drowsiness, so doxepin should be
used with caution in the elderly.66

Botulinum neurotoxin. Intralesional botuli-
num neurotoxin may reduce itch by inhibiting
release of pruritogens, such as SP, CGRP, and
acetycholine.67 Small studies have treated itch in
lichen simplex chronicus and neuropathic etiologies
of itch.68,69

Gabapentin. In 1 RCT, short-term use of topical
gabapentin 6% reduced uremic itch with no drug-
related adverse effects.70 In a case series, the 10%
formulation provided partial relief in subsets of
patients with scalp pruritus.71 Topical gabapentin
can be a reasonable option for these itch subtypes in
patients who cannot tolerate the oral formulations
and is available via compounding pharmacies.
Contraindications include history of hypersensitivity
to topical gabapentin.46,47

Systemic therapies
Antihistamines. Antihistamines reduce itch

by blocking histamine receptors. First- and
 of Health and Social Security de ClinicalKey.es por Elsevier en enero 18, 
ación. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Fig 6. Itch pathways in the spinal cord.DRG, Dorsal root ganglion; Nppb, natriuretic peptide B;
Glu, glutamate; NPR1, natriuretic peptide receptor 1 positive neurons; GRP, gastrin-releasing
peptide; GRPR, gastrin-releasing peptide receptor positive neurons; GABA, gamma-amino
butyric acid; B5-I, helix-loop-helix family member B5 (bhlhb5) positive inhibitory interneurons.
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second-generation antihistamines are best for
acute histaminergic itch, such as urticaria, masto-
cytotosis, and insect bites.72 First-generation anti-
histamines have the greatest utility in chronic itch,
primarily due to their ability to cross the blood-
brain barrier and sedating effects.72,73 Sedating
antihistamines also mirror the effects of scratching
by deactivating the cingulate cortex and prefrontal
area, which are involved in itch perception and
scratching motivation.74 The associated drowsiness
makes first-generation antihistamines particularly
useful for nocturnal itch; however, they should be
used with caution in the elderly. Use of first-
generation antihistamines for more than 3 years
may increase risk of dementia.75

Immunosuppressants. Methotrexate, cyclo-
sporine, mycophenolate, and azathioprine are effi-
cacious for itch associated with cutaneous and
systemic inflammation, such as AD, psoriasis, and
PN. Oral steroids should be used only as rescue
agents for acute itch etiologies due to their long-term
Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library
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effects. Immunosuppressive agents for chronic pru-
ritus of unknown differentiation (CPUO) are most
effective in the presence of Th2 differentiation (also
referred to as immunosenescence), manifesting as
increased blood eosinophils ([4% or [0.30 K/
mm3).76 Other signs that may be suggestive of Th2
differentiation are spongiosis on histology or
elevated serum IgE.77,78 In this subset of patients
with CPUO, methotrexate, dupilumab, or narrow-
band UVB phototherapy are reasonable therapeutic
options.76 Azathioprine may also have efficacy for
CPUO, shown by a case series of 94 patients.79 CPUO
in the absence of Th2 differentiation is suggestive of
neural sensitization, for which immunosuppressants
are typically not as effective and neuromodulators
like gabapentin or pregabalin are often an initial
treatment option.

Biologics and small molecule inhibitors. In
addition to their approved indications, some
biologics have potent off-label uses as well.
Dupilumab has demonstrated efficacy for PN and
 of Health and Social Security de ClinicalKey.es por Elsevier en enero 18, 
ación. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Fig 7. Brain regions associated with itch localization, perception, and motivation. PAG,
Periaqueductal gray matter; PBN, parabrachial nucleus; PCC, posterior cingulate cortex; SI,
primary somatosensory cortex; SII, secondary somatosensory cortex; SMA, supplementary
motor area; MCC, midcingulate cortex.
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CPUO in multiple studies, which reduces Th2
inflammation in these diseases.80,81 Unsurprisingly,
tofacitinib also reduced itch in recalcitrant AD and
CPUO, as JAK1 blockade is a potent modulator of
Th2 differentiation.82,83

Thalidomide. Thalidomide is a nonspecific
immunomodulator that may dysregulate the degen-
eration of type C unmyelinated nerve fibers. It can be
effective for uremic pruritus and PN.84,85 Notable
side effects include sedation and peripheral neurop-
athy, which is reversible with treatment cessation.
Thalidomide is a pregnancy category X drug due to
its extreme teratogenicity, requiring adherence to the
Risk Evaluation and Mitigation Strategies program.

Antidepressants. Antidepressants can be effec-
tive adjunct therapies for chronic itch. Amitriptyline
and doxepin are tricyclic antidepressants that are
thought to reduce itch via their antihistaminergic
effects. They have led to reduced itch in case reports
and in 1 RCT.86-88 High-dose doxepin (280 mg daily)
relieved intractable scalp pruritus in 1 case report.
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These agents should be used with caution in the
elderly due to their extensive anticholinergic side
effects.89

Case series and RCTs have suggested efficacy of
selective serotonin reuptake inhibitors, including
paroxetine, sertraline, and fluvoxamine for a variety
of itch etiologies.90-93 They reduce itch by modu-
lating descending serotonergic pathways in the spi-
nal cord.91 Sertraline in particular is a safe option for
cholestatic pruritus, as shown in a RCT.92 Low-dose
mirtazapine is particularly useful for nocturnal pru-
ritus given its sedative properties.94,95

Anticonvulsants. The gabapentinoids gabapen-
tin and pregabalin inhibit voltage-gated calcium
channels at the DRG and dorsal horn, likely reducing
central pruritoception and neural excitation by itch
stimuli.96 Controlled trials have shown their effec-
tiveness for uremic pruritus, but their use in neuro-
pathic itch is limited to case reports.97-99

Gabapentinoids are also a therapeutic option for
CPUO without Th2 differentiation (often occurring
 of Health and Social Security de ClinicalKey.es por Elsevier en enero 18, 
ación. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Table I. Topical therapies for itch

Class Treatment Dosage Suggested uses Adverse effects

Corticosteroids Clobetasol,
betamethasone,
etc

Variable Inflammatory itch Skin atrophy, telangiectasias,
hypopigmentation

Calcineurin
inhibitors

Tacrolimus 0.03%-
0.10%

AD, PN, uremic,
cholestatic, and
neuropathic itch

Transient burning

Pimecrolimus 1%
Anesthetics Pramoxine

Lidocaine (cream)
Lidocaine (patch)
Prilocaine
Ketamine-amitriptyline-
lidocaine

1%
2.5%-5%
5%
2.5%
10%-5%-5%

Neuropathic itch,
CPUO, uremic
pruritus

Local irritation, temporary
decreased sensation

Capsaicin Capsaicin (cream)
Capsaicin (patch)

0.025%-1%
8%

Neuropathic itch,
uremic, and
aquagenic itch

Transient pain or burning

Coolants Menthol
Camphor

1%-3%
0.5%

Neuropathic itch Skin irritation (high doses)

Cannabinoids N-palmitoylethanolamine 0.3% AD, PN, LSC,
aquagenic itch

Transient burning

PDE4 inhibitors Crisaborole 2% AD Transient pain or burning
Tricyclic
antidepressants

Doxepin 5% LSC, Neuropathic
itch, AD

Transient burning, drowsiness

Gabapentinoids Gabapentin 6%-10% Scalp pruritus,
uremic itch

Botulinum
neurotoxin

Botulinum neurotoxin 2-10U LSC, neuropathic itch Dryness, pain, burning at
injection site

AD, Atopic dermatitis; CPUO, chronic pruritus of unknown origin; LSC, lichen simplex chronicus; PDE4, phosphodiesterase 4; PN, prurigo

nodularis.
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in the setting of chronic back pain or spinal cord
pathology suggestive of neural sensitization).76

Compared with gabapentin, pregabalin has a more
rapid effect.100

Dosages for both drugs should be titrated on
initiation and tapered on discontinuation.
Gabapentin should be initiated at 300 mg (100 mg
in the elderly) at night, and the frequency can be
increased every 4 to 5 days, split in dosing 2 to 3
times daily, up to a cumulative 3600 mg/d although
patients are rarely able to reach this threshold given
gabapentin’s sedative properties. Pregabalin can be
initiated at 75 mg nightly, then increased to twice
daily after 1 week, up to a cumulative 300 mg/d.
Dosing can also be adjusted based on the patient’s
itch diurnal patterns. As gabapentinoids are renally
cleared, dosages need to be adjusted in patients with
renal dysfunction. Sedation, fatigue, and ataxia are
common side effects, so caution must be exercised
when prescribing gabapentinoids to the elderly.

Carbamazepine also inhibits voltage-gated so-
dium channels and was effective for itch due to
hematologic malignancy in 1 case series.101
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Opioid receptor modulators. Opioid modula-
tors are used for intractable itch that is resistant to
multiple therapies. Several studies have suggested
that naltrexone (� opioid antagonist) may reduce
itch of various etiologies, including cholestatic and
uremic itch.102-104 Low-dose naltrexone adminis-
tered at 2 mg daily also has antipruritic effects and
can be used in patients who cannot tolerate standard
doses.105 Continuous intravenous infusion of 1 �g/
mL naloxone (� opioid antagonist) for 8 hours a day
can also reduce itch from various etiologies, partic-
ularly in opioid-induced itch.106 Difelikefalin (k
agonist) was effective for uremic pruritus in 1 trial.107

Intranasal butorphanol (� antagonist and k agonist)
has also been studied in case series of intractable
pruritus of varying etiologies with promising re-
sults.108,109 Nalfurfarine (k opioid agonist) demon-
strated efficacy for uremic itch; however, its
availability is currently limited to Japan.110

The most common side effects of opioid modula-
tors include gastrointestinal distress, drowsiness, dizzi-
ness, and insomnia. Patients taking opioid agonists
should not receive opioid antagonists concurrently, as
 of Health and Social Security de ClinicalKey.es por Elsevier en enero 18, 
ación. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Table II. Systemic therapies for itch

Class Treatment Dosage Suggested uses Adverse effects Suggested laboratory monitoring

Antihistamines
(first generation)

Hydroxyzine 10-25 mg TID Urticaria, nocturnal itch Drowsiness
Diphenhydramine 10-25 mg BID

Antihistamines
(second and
third generations)

Cetirizine 10 mg QD Urticaria, insect bites,
mastocytosis

Drowsiness (with high doses)
Loratadine 10 mg QD
Fexofenadine 180 mg QD

Immunosuppressants Prednisone 40-60 mg QD
tapered down
over 7-10 d

Acute urticaria, contact
dermatitis

Adrenal suppression,
hyperglycemia, lymphopenia

CBC, glucose, BP at baseline

Methotrexate 7.5-20 mg weekly AD, PN, psoriasis, urticaria,
CPUO with immunosenes-
cence representing Th2
differentiation*

GI distress, hepatotoxicity,
stomatitis, myelosuppression

CBC, BMP, LFTs, hepatitis panel
at baseline, every 1-2 wk
when increasing dose, then
every 3 mo with stable dose

Cyclosporine 2.5-5 mg/kg QD GI distress, hypertension, renal
toxicity, hirsutism

BP, BMP at baseline, 2 wk, then
monthly. CBC, UA, Mg at
baseline, then every mo

Mycophenolate 1-2 g QD GI distress, myelosuppression CBC, BMP, LFTs at baseline,
1 month, then every 3 mo

Azathioprine 1-3 mg/kg
(typically
50-100 mg) QD

GI distress, myelosuppression,
hepatotoxicity

CBC, LFTs at baseline, after
1-2 wk, then every 1-3 mo

Thalidomide Thalidomide 50-200 mg QD PN, uremic itch, actinic prurigo Temporary peripheral
neuropathy, drowsiness,
teratogenicity

REMS, CBC, TSH, LFTs at
baseline, monthly

Biologics and small
molecule inhibitors
(off-label)

Dupilumab 600 mg initial,
300 mg Q2W

CPUO with Th2 differentiation,*
PN, uremic itch

Conjunctivitis, injection site
reaction

Tofacitinib 5-10 mg QD AD, psoriasis, CPUO with Th2
differentiation*

Upper respiratory and systemic
infections

CBC, LFTs, Hgb at baseline,
after 4-8 wk, then every 3 mo

Antidepressants Amitriptyline 25-75 mg QHS Neuropathic itch, chronic
urticaria

Drowsiness, dry mouth, dizzi-
ness, blurred vision

EKG at baseline (if cardiac risk
factors or other QT-
prolonging meds)

Doxepin 10-50 mg QHS

Sertraline 75-100 mg QD Cholestatic, paraneoplastic,
depression-associated itch

GI distress, insomnia,
drowsiness

Paroxetine 10-40 mg QD GI distress, insomnia, sexual
dysfunction

Mirtazapine 7.5-15 mg QHS AD, nocturnal, and
paraneoplastic itch

Drowsiness, weight gain, dry
mouth

LFTs, BMP at baseline
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Anticonvulsants Gabapentin 100-1200 mg TID PN, CPUO without Th2 differ-
entiation,* uremic and
neuropathic itch

Drowsiness, weight gain, lower
extremity edema, ataxiaPregabalin 25-100 mg TID

Carbamazepine 200-1200 mg QD Paraneoplastic and neuropathic
itch

GI distress, drowsiness,
dizziness, myelosuppression

CBC, BMP, LFTs at baseline and
every 8-12 wk

Opioid modulators Naltrexone 2-50 mgy QD Refractory itch of various
etiologies

GI distress, headache, insomnia LFTs at baseline and every
8-12 wk

Butorphanol 1-4 mg QHS
(1 spray in
1 nostril)

Drowsiness, GI distress,
dependance

Naloxone 1 �g/mL IV
infusion for
8 hours QD

Insomnia

Bile acid resins Cholestyramine 4-12 mg QD Cholestatic itch GI distress Lipids at baseline, after 4-12 wk,
then every 3 mo

Rifampin Rifampin 300-600 mg QD Cholestatic itch Hepatotoxicity, nephrotoxicity,
drug interactions

Baseline CBC, BMP, LFTs

Neurokinin-1
inhibitors

Aprepitant 80 mg QD Sezary syndrome, erlotinib-
induced itch

GI distress, drug interactions INR after 7-10 d if on warfarin

Phototherapy UVA, UVB, PUVA Variable Inflammatory, cholestatic,
uremic itch

Skin malignancies,
hyperpigmentation

Nonmelanoma skin cancer risk
with[250 PUVA sessions

AD, Atopic dermatitis; BID, twice daily; BMP, basic metabolic panel; CBC, complete blood cell count; CPUO, chronic pruritus of unknown origin; EKG, electrocardiogram; GI, gastrointestinal; Hgb,

hemoglobin; INR, international normalized ratio; LFT, liver function tests; Mg, magnesium; PN, prurigo nodularis; PUVA, psoralen and ultraviolet A; Q2W, every 2 weeks; QD, every day; QHS, every

night; REMS, Risk Evaluation and Mitigation Strategies; Th2, T-helper type 2; TID, 3 times daily; TSH, thyroid-stimulating hormone; UA, urinalysis; UVA, ultraviolet A; UVB, ultraviolet B.

*CPUO with Th2 differentiation is represented by increased blood eosinophils ([4% or[0.30 K/mm3), elevated IgE ([250 IU/mL), or erythema and spongiosis on biopsy.
yLower doses of naltrexone can be obtained using pill-cutters or compounding pharmacies.
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Fig 9. Available treatments of itch grouped by primary mechanism of action. IV, Intravenous;
PDE4, phosphodiesterase 4.

Fig 8. Suggested treatment ladders for select, nonprimary dermatologic itch etiologies. TCA,
Tricyclic antidepressant; TKAL, topical ketamine-amitriptyline-lidocaine.
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they can precipitate rapid withdrawal. Long-term use
of agonists such as butorphanol can also increase risk
of dependence.

Bile acid resins and rifampicin. Cholestyramine
is a bile acid resin that works by sequestering
pruritogenic bile acids. Rifampin is an antibiotic that
reduces itch by promoting the conversion of bile acids
to less pruritogenic forms, and has demonstrated
efficacy in several RCTs.111,112 The hepatotoxic and
nephrotoxic side effects of rifampin preclude long-
term therapy, but it can be an effective second-line
agent when cholestyramine is ineffective.

Phototherapy. Phototherapy, including ultravi-
olet (UV) A, psoralen UVA, and narrow-band UVB
can reduce itch primarily by reducing local and
Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library
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systemic inflammation.113 Phototherapy can also
decrease nerve fiber density, nerve growth factor,
and peripheral nerve fiber activation.114 All types of
phototherapy reduce white blood cell proliferation,
however, narrow-band UVB primarily reaches the
epidermis and papillary dermis.115 Narrow-band
UVB is preferable to psoralen UVA due to risk of
cutaneous carcinogenicity and cataracts with pro-
longed use of psoralen UVA.

Neurokinin-1 inhibitors. In smaller studies,
aprepitant acted as a NK1 inhibitor that reduced
itch for recalcitrant pruritus of multiple etiol-
ogies.116,117 In 1 small case series of erlotinib-
induced pruritus, aprepitant dramatically reduced
itch within 24 hours.118 Aprepitant was effective for
 of Health and Social Security de ClinicalKey.es por Elsevier en enero 18, 
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Table III. Emerging treatments for chronic pruritic diseases with phase 2 or 3 data on itch reduction

Target Treatment Indications

Phase

status Itch reduction

JAK1 Abrocitinib (oral) AD III 4.0-point decrease in PP-NRS at 12 wk vs 1.7-
decrease with placebo

Upadacitinib (oral) AD III 69% decrease in pruritus NRS at 16 wk vs
10% decrease with placebo, P\ .001

JAK1/JAK2 Baricitinib (oral) AD III 47% decrease in pruritus NRS at 16 wk vs
17% decrease with placebo, P\ .001

Psoriasis II 4.7-point decrease in WI-NRS at 12 wk vs
1.1-point decrease with placebo P\ .001

JAK1/JAK3 Tofacitinib (oral) Psoriasis III 4.5-point decrease in ISI at 16 wk (no
placebo arm)

JAK1/JAK2 Delgocitinib (topical) AD III 27.7% decrease in pruritus NRS through
24 wk vs 17.7% increase with placebo,
P\ .001

Ruxolitinib (topical) AD III 1.8-point decrease in pruritus NRS through
12 wk vs 0.2-point decrease with placebo,
P\ .001

IL-13 Lebrikizumab (subcutaneous) AD III 60.6% decrease in pruritus NRS at 16 wk vs
4.3% increase with placebo, P\ .001

Tralokinumab (subcutaneous) AD III 1.17-point decrease in pruritus NRS at 12 wk,
relative to placebo, P = .002

IL-31RA Nemolizumab (subcutaneous) AD III 42.8% decrease in pruritus VAS at 12 wk vs
21.4% decrease with placebo, P\ .001

PN III 67.5% decrease in pruritus NRS at 12 wk vs
35.4% decrease with placebo

OSMRb Vixarelimab PN II 50.6% decrease in WI-NRS at 8 wk vs 29.4%
decrease with placebo

TSLP Tezepelumab (subcutaneous) AD II 35.5% decrease in pruritus NRS at 12 wk vs
21.1% decrease with placebo, P = .050

KOR agonist Difelikefalin (intravenous) Uremic pruritus III 49.1% of patients with 3 point drop in
WI-NRS at 12 wk vs 27.9% with placebo,
P\ .001

KOR agonist and
MOR antagonist

Nalbuphine (oral) Uremic pruritus III 3.5-point decrease in pruritus NRS at 8 wk vs
2.8-point decrease with placebo, P = .017

NK1R Tradipitant (oral) AD III 4.74-point decrease in WI-NRS at 8 wk vs
3.14-point decrease with placebo (only in
mild AD, IGA 1 or 2) P = .015

II 44.2% decrease in WI-NRS at 8 wk vs 30.6%
with placebo, P = .019

TrkA Pegcantratinib (topical) Psoriasis III 37.1 mm decrease in pruritus VAS at 8 wk vs
16.1 mm with placebo, P = .007

PDE4 Difamilast (topical) AD III Significant decrease in pruritus VAS through
8 wk compared with placebo, P = .043

Roflumilast (topical) AD III 3.05-point decrease in pruritus NRS at 12 wk
vs 1.50-decrease with placebo

AHR Tapinarof (topical) Psoriasis III 4-point decrease in pruritus NRS at 12 wk in
59.7% of tapinarof patients vs 31.3% with
placebo patients

AD, Atopic dermatitis; IGA, Investigator’s Global Assessment; IL, interleukin; ISI, itch severity score; JAK, Janus kinase; KOR, k opioid receptor;

MOR, � opioid receptor; NK1R, neurokinin 1 receptor; OSMR, oncostatin M receptor; PN, prurigo nodularis; PP-NRS, peak pruritus numeric

rating score; TrkA, tropomyosin receptor kinase A; TSLP, thymic stromal lymphopoietin; VAS, visual analog scale; WI-NRS, worst itch numeric

rating score.

J AM ACAD DERMATOL

VOLUME 86, NUMBER 1
Sutaria et al 29

Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en enero 18, 
2022. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



J AM ACAD DERMATOL

JANUARY 2022
30 Sutaria et al
PN in an open-label study, however, the phase 2 trial
failed to meet primary endpoints.116 A Phase 2 trial of
serlopitant, another NK1 inhibitor, showed promise
for PN, although phase 3 trials failed to meet primary
endpoints.119,120 Aprepitant’s clinical use is also
limited by the prohibitive cost and numerous drug
interactions (CYP3A4 inducer).
PSYCHOLOGIC THERAPIES
Most evidence for psychologic therapy is for AD-

associated itch, which may respond to cognitive
behavioral therapy, psychotherapy, and stress man-
agement education.121-124 These techniques may
also be helpful in other forms of itch, as cognitive
behavioral therapy helps by teaching patients to stop
catastrophizing their itch and use alternative coping
strategies.124
COMPLIMENTARY AND ALTERNATIVE
THERAPIES

Oatmeal baths can be helpful. They are thought
to possess antiinflammatory properties and restore
skin barrier function.125 In 1 trial of AD patients,
acupuncture reduced itch-evoked activation of the
insula, putamen, and prefrontal area on fMRI.126

Transcutaneous electric nerve stimulation is an
over-the-counter tool that delivers localized low
voltage to inhibit pruritoceptive type C nerve fibers
for neuropathic itch.127 Cannabinoids and mari-
juana consumption can also be effective for some
patients.128,129
EMERGING TREATMENTS
Table III lists novel treatments for chronic pruritic

diseases being investigated in phase 2 and phase 3
clinical trials. In particular, IL-31 blockade and the
JAK/STAT pathway have emerged as rapid itch
modulators. JAK1 blockade is thought to have a
rapid and robust effect on itch associated with
modulation of multiple itch mediators.130-135 The
most promising agents include lebrikizumab
(antieIL-13), tralokinumab (antieIL-13), nemolizu-
mab (antieIL-31), abrocitinib (JAK1), and upadaciti-
nib (JAK1).
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