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Abstract: Prurigo nodualris (PN) is a chronic condition with highly pruritic, hyperkeratotic
papules or nodules arising in the setting of chronic pruritus. While PN may serve as a pheno-
typic presentation of several underlying conditions such as atopic dermatitis, chronic kidney
disease-related pruritus, and neurological diseases, it represents a distinct clinical entity that may
persist despite the removal of the underlying cause, if one is identified. Neuronal proliferation,
eosinophils, mast cells, and small-fiber neuropathy play a role in the production of pruritus in PN,
although the exact mechanism has not yet been established. Identifying an underlying cause, if
present, is essential to prevent recurrence of PN. Due to often present comorbidities, treatment is
typically multimodal with utilization of topical and systemic therapies. We performed a PubMed/
MEDLINE search for PN and present a review of recent developments in the treatment of PN.
Treatment typically relies on the use of topical or intralesional steroids, though more severe or
recalcitrant cases often necessitate the use of phototherapy or systemic immunosuppressives.
Thalidomide and lenalidomide can both be used in severe cases; however, their toxicity profile
makes them less favorable. Opioid receptor antagonists and neurokinin-1 receptor antagonists
represent two novel families of therapeutic agents which may effectively treat PN with a lower
toxicity profile than thalidomide or lenalidomide.
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Introduction

PN is an intensely pruritic, chronic skin condition characterized by localized or gen-
eralized hyperkeratotic papules and nodules typically in a symmetrical distribution.’
PN is accompanied by long-standing pruritus and thought to develop as a reaction to
repeated scratching in patients with CP from various etiologies including dermatologi-
cal, systemic, infectious, and psychiatric.>* Although most patients present with several
associated conditions that may explain the development of CP, there is a significant
percentage (~13%) who do not have an identifiable illness or predisposing condition
that would serve as an initial trigger.? The initiation of an itch—scratch cycle perpetu-
ates the development of PN and explains the propensity for symmetrical distribution
of lesions and the characteristic absence on the upper mid back.’ Lesions can number
from several to hundreds, and can vary greatly in size.*

Recent work on the pathogenesis of PN has pointed to a complex interplay of
pro-inflammatory and pruritogenic substances in addition to increased local concen-
trations of neuropeptides in lesional skin that may be responsible for the alterations in
nerve density and cutaneous inflammation found in PN.5? Despite these findings, our
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understanding of the pathophysiology remains unclear. In an
effort to simplify terminology, it was recently proposed to uti-
lize chronic prurigo as an all-encompassing clinical term for
the various subtypes (nodular, papular, umbilicated) of prurigo
based on the unifying core symptoms of CP (>6 weeks), signs
of repeated scratching, and the development of pruriginous
lesions.! Still, cases such as pemphigoid nodularis, where
the underlying disease requires a significantly different treat-
ment regimen, complicate utilization of such terminology.!!
As such, we will make distinctions between treating prurigo
and addressing underlying causes of the prurigo.

Pruritus as a symptom is present in many diseases, and
a certain subset of patients may be predisposed to a higher
sensitivity or lower tolerance to pruritus, developing a clini-
cal prurigo response under the influence of the itch—scratch
cycle.'? Resolution of the underlying etiology with eventual
neuronal sensitization can ensue leading to perpetuation and
spread of this secondary response.'*!* Although the evolu-
tion of this prurigo response is dependent on the underly-
ing systemic illness inducing CP, chronic scratching itself
appears to alter the environment in the dermis and epidermis
as evidenced by increased levels of neuropeptides and neu-
rohyperplasia.®>!® This results in a chronic condition that
may no longer be dependent on the underlying etiology that
originally caused the CP.

In light of the difficulties in adequately categorizing PN,
epidemiological and treatment studies are often limited to
smaller, less-powered studies. We performed a PubMed/
MEDLINE review of PN and herein review its etiology and
various treatment options.

Epidemiology

Despite PN’s fairly frequent occurrence in the clinical set-
ting, studies on the prevalence and incidence of PN have

Figure | Clinical images of patients with prurigo nodularis.

to date consisted of small case studies and case reports.
To ascertain the incidence of PN, Pereira et al performed a
survey study across 14 countries and demonstrated that 60%
of respondents, on average, saw fewer than five PN patients
per month presenting to clinic.'® Overall, epidemiological
studies are lacking.

A majority of patients with PN present between the ages
of 51 and 65, though several cases in other age groups have
been described, including pediatric patients.>!"'* Multiple
groups have demonstrated that individuals with an atopic
predisposition have an earlier age of onset.>?*2! More
recently, the largest study to investigate the demographics and
comorbidities associated with PN determined that African
Americans are 3.4 times more likely to have PN than white
patients.” In that same study, significant novel associations
with a variety of systemic diseases including COPD, and
heart failure were found."

Clinical presentation

PN is a chronic condition defined by the presence of highly
pruritic, hyperkeratotic papules or nodules arising in the
setting of CP and the induction of an uncontrollable itch—
scratch cycle. Repeated scratching can lead to excoriation,
further lichenification, or crusting, often resulting in a hyper-
pigmented border secondary to the inflammatory stimulus
(Figure 1). Lesions are distributed in areas accessible to
chronic scratching and are often found in a symmetrical
distribution over the extensor surfaces, trunk, and lower
extremities.>* PN can also be localized in the setting of an
underlying local dermatosis such as venous stasis, posther-
petic neuralgia, or brachioradial pruritus.*!'*** Regardless
of the distribution, PN is thought to harbor the highest itch
intensity among the most frequent causes of CP.>!? Patients
experience a combination of pruritic sensations including
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burning, stinging, and alterations in lesional temperature.’
These varying sensations and the underlying etiology do
not, however, appear to affect the severity or course of PN.1

PN has a significant effect on the quality of life which
can lead to psychological distress, and sleep disturbances. 2
There is a significant association between PN, depression,
and increased anxiolytic and antidepressant use further
underscoring the biopsychosocial nature of this condition.2?’

Pathology and dermoscopy

Histological features of PN have been characterized by
Weigelt et al upon assessment of 136 histological samples.
The most frequent epidermal features included compact
orthohyperkeratosis (84%), irregular elongation of the rete
ridges (58%), and focal or broad hypergranulosis (52.2%).
Dermal changes consisted of fibrosis of the papillary dermis
(71.3%) with vertical arrangement of collagen fibers (64%),
and an increased number of capillaries (65.4%) (Figure 2).
An inflammatory infiltrate was present in virtually all the
patients; most of it was composed by lymphocytes and his-
tiocytes. However, half of the specimens showed eosinophils
and neutrophils as well.®® Dermatoscopic features described
in small series consisted of white areas with peripheral
striations, hyperkeratosis and scaling, crusts, erosions and
follicular plugging, red dots, and red globules.?**

Figure 2 A section showing orthohyperkeratosis, hypergranulosis, elongation of
the rete ridges, vertical arrangement of collagen fibers, and increased number of
capillaries.

Underlying conditions

Dermatological diseases

Several dermatoses have established associations with PN, all
of which have a documented high level of pruritic intensity
which typically precedes the development of pruriginous
lesions through the evolution of an itch—scratch cycle and
neuronal sensitization.>'> The most documented and well
studied is the association between PN and an atopy.? Atopic
prurigo may be the dominant manifestation of atopic derma-
titis and is more commonly seen in children.?!

Additional underlying dermatoses that generate prurigi-
nous lesions include venous stasis dermatitis, epidermolysis
bullosa acquisita, and mycosis fungoides.**>¥ Aside from
underlying dermatological diseases, infectious etiologies
limited to the skin may also predispose a patient to chronic
itching and initiate a prurigo response. Patients with lesions
typical of PN have in rare cases been found to harbor various
species of mycobacteria, exhibiting favorable responses with
initiation of antituberculosis therapy.’*3

Systemic and neurological diseases
Systemic diseases with an intense pruritic manifestation can
lead to the development of PN. HIV may initially present with
pruritus, and patients are known to develop an intractable itch
with disease progression.***® PN lesions in HIV patients cor-
relate with depleted CD4 counts.* Recently, in a large study
at a single academic institution, black patients with PN were
8.5-10 times more likely to have HIV than race-matched
controls with atopic dermatitis or psoriasis.!” Because of PN’s
association with an advanced state of immunosuppression,
and improvement of PN symptoms with initiation of therapy,
it is suggested for patients to undergo HIV testing.!**

Between 25% and 42% of patients receiving hemodialysis
experience CKD-ap.*#! In another study investigating the
dermatological findings associated with CKD-ap, 10% of
patients presented with excoriations and scratched nodules
consistent clinically with PN.** Overwhelmingly, the most
common skin finding in patients receiving hemodialysis was
xerosis cutis.* In a recent study, 60% of female patients with
PN had concomitant xerosis cutis, 66% of which was from a
nonatopic underlying condition.** These patients were more
likely to see PN development at a later age and to have mul-
tiple underlying conditions associated with PN.** The most
common diseases associated with this rare PN subtype were
chronic kidney disease and diabetes mellitus.**

Lesions characteristic of an acquired reactive perforating
dermatosis observed in patients with underlying metabolic
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diseases are histologically representative of PN.** There
are case reports showing associations between a variety of
malignancies* including lymphoproliferative disorders,
such as Sézary syndrome, Hodgkin’s lymphoma, and poly-
cythemia vera.s%

Neurological diseases causing damage to peripheral
nerves through pathological compression, or through an
SFEN, have been associated with PN.>* The herpes zoster
virus damages small cutaneous nerve fibers and has been
posited to serve as a trigger for development of postherpetic
neuralgia and PN.>* Pathological compression of nerves seen
in brachioradial pruritus, and notalgia paresthetica with a
resulting neuropathic itch may also produce PN lesions in a
dermatomal distribution. 235355

Pathophysiology
Following the initial discovery of dermal neural hyperplasia
in prurigo nodules by Pautrier in 1934, the role of cutaneous
nerves has been repeatedly investigated.*® Although dermal
neuronal hyperplasia has been disputed by recent studies
which demonstrated that increased nerve fiber density is
not seen in the majority of patients, neuronal plasticity still
appears to play a significant part in the development of
PN.4,28,57,58

Prurigo nodules have higher concentrations of PGP 9.5,
p75 NGFr, and CGRP nerve fibers in the upper dermis when
compared to healthy skin.5®*-¢! NGF, which binds to NGFr,
is a neurotrophin that is necessary for the development and
survival of neurons.®% In the skin, NGF is secreted by
keratinocytes, mast cells, eosinophils, and T lymphocytes.*>7!
Using NGF and p75 NGFr double-staining, Johansson
et al found an increase in high- and low-affinity NGFr in
dermal nerve fibers, and an increased production of NGF
in dermally infiltrating inflammatory cells.® Additionally,
NGF-producing eosinophils and mast cells were found in
close proximity to NGFr-positive nerve fibers, suggesting a
potential function for these inflammatory cells in promoting
dermal neuronal hyperplasia in PN.%7 Epidermal hyperplasia
may also be explained by an increase in NGF given that NGF
has been shown to induce keratinocyte proliferation in a
dose-dependent manner.®®’>7> NGF additionally has various
biologic effects on the activity of inflammatory cells, such as
lymphocytes, mast cells, basophils, and eosinophils, which
is consistent with the finding that NGF promotes the produc-
tion of SP by sensory neurons and histamine expression and
release by mast cells.®7:6%70.74-76

SP, a tachykinin which binds to the NKlr, induces
erythema, edema, vascular dilatation, plasma protein

extravasation, and pruritus in cutaneous tissues.”””” Increased
density of SP-positive nerve fibers in PN lesions may promote
inflammation and pruritus in PN.° This is supported by the
finding that aprepitant, an anti-neurokinin-1 antagonist, and
topical capsaicin, which depletes SP, reduce pruritus and
the size of PN lesions.®*®! Histamine, a potent pruritogen,
appears to play a role in the pruritus of PN as increased
numbers of histamine-containing mast cells are found to
be near NGFr-positive nerve fibers in the dermis of PN.%#
Increased quantities of eosinophils containing eosinophilic
cationic protein and eosinophil-derived neurotoxin are simi-
larly found to be in close proximity to PGP 9.5-positive nerve
fibers and with an increased density of granular proteins.’
Furthermore, IL-31, a cytokine and pruritogen produced by
eosinophils, has a 50-fold increased mRNA expression in PN
biopsies when compared with healthy skin likely contribut-
ing to the pruritus in PN.%# Together, these pruritogens are
believed to result in the intractable pruritus felt by patients
with PN. Recently, PGP 9.5-positive IENFs were found to
be reduced in PN and between lesions, with the restoration
of the neuronal density in healed nodules, thus implicating
the epidermis in pruritus.'>%

SFN has been proposed as a possible etiology for the
itch associated with prurigo nodules.”® SFNs involving o8
fibers and c fibers in the epidermis are characterized by
IENF hypoplasia and are commonly associated with sensa-
tions of pruritus, burning, stinging, and prickling, symptoms
which are frequently reported by patients with PN.%138690 [n
addition, patients who are treated with medications which
are commonly used for the treatment of neuropathy, such
as gabapentin, pregabalin, and capsaicin, show significant
improvement of pruritus and severity of nodules.?''-* How-
ever, a small study of 12 patients using quantitative sensory
testing, a measure of SFN, did not find a significant difference
between PN and control skin.*’*

IL-6 and serotonin have also been hypothesized to act as
a link between psychiatric disease and PN. IL-6 levels and
serum serotonin levels — directly and indirectly, respectively —
correlate with increased severity of pruritus suggesting a
possible common pathway for the development of PN and
depression.”

Treatment of PN

The treatment of PN presents a challenge to the clinician as
there are few RCTs delineating therapy options. Therapies
should be tailored to the patient’s age, comorbidities, severity
of PN, quality of life, and expected side effects.!® Discussions
with the patient should include advantages and disadvantages
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of the therapy, side effects, and possible use of off-label
medications. Patient education can thus promote treatment
adherence. Potential length of therapy should also be dis-
cussed as PN is difficult to treat and patients may become
frustrated with lack of improvement. Multimodal therapies
which include both topical and systemic therapies may need
to be implemented to achieve the goals of therapy — pruritic
relief and healing of PN lesions. The addition of emollients
is also recommended as a base therapy.

Identifying an underlying cause, if present, is essential
to properly treating a patient with PN to prevent any recur-
rent pruritus that may lead to recurrence, as well as to avoid
any treatments which may be contraindicated. We reported
a patient who had received PUVA empirically for treatment
of clinically diagnosed PN.!"" After several treatments, the
patient developed a bullous eruption with workup confirm-
ing a diagnosis of pemphigoid nodularis, a variant of bul-
lous pemphigoid. Thus, treatment for PN is not necessarily
universal, and depends on addressing underlying dermatoses,
if present. Herein, we discuss PN treatments in the case of
recalcitrant PN lesions or adequate treatment of any identifi-
able underlying causes.

Topical and intralesional therapy
Direct injection of triamcinolone acetonide into PN lesions has
produced clinical improvement and is often required for thicker
lesions into which topical therapy cannot adequately penetrate.'"!
These intralesional injections can be accompanied with cryo-
therapy.!?%!3 Likewise, high-potency topical corticosteroids can
be used, due to their immunosuppressive effect on T-cells and
cytokines implicated in the generation of pro-inflammatory and
pruritogenic neuropeptides SP and CGRP.%!04105

The efficacy of less potent steroids, pimecrolimus, and
calcipotriol has been investigated in RCT. Betamethasone
valerate 0.1%-impregnated occlusive tape significantly
decreased itch compared with an antipruritic moisturizing
cream containing feverfew, a traditional medicinal herb.!

Topical calcineurin inhibitors have strong antipruritic
effects stemming from their immunomodulatory role in
cytokine release and inhibition of the TRPV 1 receptor which
stimulates neurogenic inflammation.!¢!%’ In a randomized,
controlled, double-blind study, Siepmann et al compared the
efficacy of 0.1% pimecrolimus cream to 0.1% hydrocortisone
cream applied twice daily over 8 weeks in 30 nonatopic PN
patients.!” There was a significant reduction in itch, assessed
by the VAS, with 2.7 points for pimecrolimus and 2.8 for
hydrocortisone.!”” This effect could be observed 10 days

after initiation of therapy. Comparatively, however, there was
not a significant difference in reduction of scratch lesions,
serum neuropeptide levels, or itch between the two treatment
arms.'”” Pimecrolimus was as effective as hydrocortisone and
offers an alternative topical treatment that may be imple-
mented in a long-term regimen.'%’

Calcipotriol ointment, a synthetic form of vitamin D, was
compared to betamethasone valerate 0.1% ointment in a small
RCT, with calcipotriol ointment showing greater efficacy and
more rapid clearance of prurigo lesions. '

Antihistamines and leukotriene inhibitors
Antihistamines are utilized in PN therapy given an increased
number of mast cells detected in PN lesions.®* High-dose
nonsedating antihistamine for daytime followed by sedating
antihistamine during night has exhibited beneficial effects in
patients with CP in a case series.!” Combination therapy of
fexofenadine and montelukast improved lesions and pruritus
in 11 of 15 patients with both PN and pemphigoid nodularis.
One patient achieved remission with this regimen.'® Cur-
rently, there are insufficient data from RCTs on the use of
antihistamines for PN.

Phototherapy/excimer
Phototherapy can be utilized for the treatment of various
inflammatory skin conditions and is a therapeutic alternative
for patients with multiple comorbidities or generalized PN.
UV-light exposure provides an anti-inflammatory effect and
can decrease itch in inflammatory skin disorders including
atopic dermatitis and PN.!'! UVB radiation decreases the
levels of NGF and CGRP, and has immunosuppressive effects
which may decrease the levels of IL-31.!12113

Narrowband UVB results in a significant improvement
in PN at an average dose of 23.88+26.00 J/cm?.""* The com-
bination therapy of narrowband 308 nm UVB and PUVA
accelerated healing of PN lesions when compared with PUVA
alone.!'"" UVA monotherapy demonstrated improvement of
PN nodules in a case series of 19 patients. Totally, 23 UVA
phototherapy sessions were provided. Among the patients,
79% experienced at least slight improvement of their lesions
and two patients achieved complete remission.!'> Excimer
laser proved more beneficial than topical Clobetasol.!**

Modified Goeckerman therapy, which consists of daily
multistep broadband UVB therapy followed by occlusive coal
tar and topical steroid application, improved prurigo nodules
in a case series.''® Logistical consideration and potential car-
cinogenicity of coal tar limits utilization of this protocol.!!”
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Oral immunosuppressants

Oral immunosuppressive therapy should be considered for
patients with severe, recalcitrant PN. A single-institution
retrospective study demonstrated clinical improvement with
fewer lesions and decreased pruritus using cyclosporine in
an average time of 3 weeks at a mean dose of 3.1 mg/kg.!!®
In this small study consisting of eight patients, six showed
complete remission with no recurrence following treatment
cessation.!!®

There have been two retrospective studies investigating
MTX use in difficult-to-treat PN. The initial small study
showed remission or marked improvement with resolution
of >50% of nodules in 76% of patients on a weekly 7.5-20
mg subcutaneous injection of MTX.!"® Conclusions, however,
were limited by the continuation of various adjuvant treat-
ments during MTX use. More recently, a multicenter report
of 39 patients receiving 5-25 mg MTX weekly demonstrated
a mean objective efficacy, defined as achieving complete or
partial remission, of 2.4 months.'?® Cases were limited to
PN refractory to conventional therapies and showed a mean
duration of response of 19 months. With a median 16-month
follow-up, 64% of patients were still well controlled but the
majority required weekly maintenance MTX of 5-20 mg.'*
A significant proportion, 38%, experienced adverse effects
attributable to MTX including nausea, gastrointestinal symp-
toms, and transaminitis. '

Treatment with azathioprine and cyclophosphamide has
also been reported to be successful.'?'?2 Oral tacrolimus
therapy dramatically reduced pruritus in a patient who was
previously treated with cyclosporine for PN.!? Lastly, a com-
bination therapy of three cycles of intravenous immunoglobu-
lin followed by MTX and topical steroids had antipruritic
effect on PN related to atopic dermatitis in a case study.'?*

Novel treatments

Thalidomide and lenalidomide

Thalidomide is an immunomodulatory agent, which also
acts as a central and peripheral depressant, and exhibits
anti-inflammatory properties as a tumor necrosis factor-o
inhibitor.' It has been used in dermatological diseases
refractory to traditional therapies.'?® The therapeutic action
against PN is thought to derive from its neurotoxic effects.!2¢
To date, the largest study investigating thalidomide use in
refractory PN included 42 patients treated with an average
of 100 mg of thalidomide for 105 weeks.!?” Each patient had
prior treatments that proved insufficient, or began to suffer
from adverse effects.'?” Efficacious treatment was observed
in 32 patients, with one experiencing complete clearing.'?’

Termination of therapy was most commonly due to adverse
side effects with 59% of patients experiencing peripheral
neuropathy.'?’

A meta-analysis of over 280 patients with refractory
CP treated with thalidomide described improvement of itch
secondary to a variety of etiologies, most commonly PN.!%
Lenalidomide, a more potent molecular form of thalidomide,
has a lower frequency of peripheral neuropathy and has dem-
onstrated efficacy with decreased PN lesions and pruritus
in a case series.'”®!? However, despite the success of these
therapies, significant side effects including teratogenicity,
fatigue, neuropathy, and hypercoagulability relegate their
use to severe and recalcitrant cases.'?%!3

Opioid receptor antagonists

Systemic p-opioid receptor antagonists, such as naloxone and
naltrexone, are utilized in the treatment of pruritus associated
with several systemic and dermatological diseases, including
PN.B3.132 The antipruritic effect is exerted through inhibition
of p-opioid receptors on nociceptive neurons and interneu-
rons resulting in suppression of itch.3! In this case series,
67.7% of patients with PN noted improvement of symptoms
and 38% reported complete remission of PN.13! Although
gastrointestinal and neurological side effects are commonly
observed with naltrexone use, they are generally limited
to the initial 2 weeks of use.!*?> Contraindications include
use of active opiate, use of opioid containing medications,
and significant liver disease.'*>!** Currently, a clinical trial
(NCT02174419) is conducting an ongoing investigation on
the therapeutic benefits of nalbuphine for the treatment of
PN. Nalbuphine is a dual p-opioid receptor antagonist and
K-agonist (NCT02174419). Intranasal Butorphanol, also a
dual p-opioid receptor antagonist and K-agonist, has dem-
onstrated efficacy in the treatment of intractable pruritus in
a case series.'*®

NKIr antagonists

SP, a tachykinin with strong affinity for NK1r found in the
skin and central nervous system, has been implicated in
stimulating pro-inflammatory and pruritogenic pathways
involved in the induction and maintenance of itch.!3!3
NK1r antagonists, aprepitant and serlopitant, could prevent
SP-mediated signaling in the pathogenesis of PN.? Signifi-
cant relief of itch was achieved in PN patients on aprepitant
monotherapy.® The most significant response rate was
among those with PN.%° Histologically, PN lesions display
an increased density of SP-positive nerve fibers which may
explain the high response rates seen with NK1r antagonist
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therapy. This was followed up by Ohanyan et al who inves-
tigated the efficacy of topical aprepitant 1% gel compared to
a placebo vehicle in a study with 19 patients.'*® Significantly
elevated serum SP levels and increased NKIr expression
were shown in PN patients when compared to controls.!*
The difference in the reduction of mean VAS score between
the placebo (66%) and the topical aprepitant group (58%)
was not significant indicating poor efficacy of topical NK1r
antagonists.'* Stander et al compared the effects of daily 5
mg serlopitant to placebo for 8 weeks in 127 PN patients.
Findings revealed significant reduction in VAS score in the
serlopitant group (3.6 cm) compared to the placebo group
(1.9 cm)."¥?

IL-31 receptor antibody

IL-31 is considered to play a bridging role between itch
induction and maintenance of inflammation in pruritic skin
disorders."3®!* Immunotherapy targeting the IL-31 pathway
and halting the release of inflammatory cytokines may prove
fruitful. Nemolizumab, a humanized monoclonal antibody to
the IL-31 receptor A, found on dorsal root ganglion neurons,
provided significant improvement in pruritus scores among
patients with moderate-to-severe atopic dermatitis.!** How-
ever, its role in PN remains unclear.

Conclusion

PN is a chronic condition, typically preceded by an under-
lying cause of pruritis. PN is a distinct entity from these
underlying causes and can persist despite resolution of the
predisposing condition. Current pathogenesis indicates that
neuronal sensitization and local changes in factor concentra-
tions in the cutaneous microenvironment lead to PN. While
treating the underlying factors of PN has an important role
in preventing recurrence, the treatment of PN is distinct.
Treatment typically relies on the use of topical or intralesional
steroids, though more severe or recalcitrant cases often
necessitate the use of phototherapy or systemic immunosup-
pressives. Thalidomide and lenalidomide can both be used in
severe cases; however, their toxicity profile makes them less
favorable. Opioid receptor antagonists and NK 1r antagonists
represent two novel families of therapeutic agents which
may effectively treat PN with a lower toxicity profile than
thalidomide or lenalidomide.

Abbreviations

CKD-ap, chronic kidney disease-associated pruritus; CP,
chronic pruritus; IENF, intraepidermal nerve fiber; MTX,
methotrexate; NGF, nerve growth factor; NGFr, nerve

growth factor receptor; NKl1r, neurokinin 1 receptor;
PGP, protein gene product; PN, prurigo nodularis; PUVA,
psoralen ultraviolet A; RCT, randomized controlled trial;
SFN, small-fiber neuropathy; SP, substance P; UVB,
ultraviolet B.
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