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ABSTRACT

Prurigo nodularis (PN), or chronic prurigo, is a
distinct disease characterized by the presence of
chronic pruritus and multiple localized or gen-
eralized pruriginous lesions. While there are few
epidemiologic studies describing the prevalence
of PN, it is thought to be relatively rare, but is
likely underdiagnosed and underrecognized.
Management of PN is challenging, and there are
no approved drugs that can relieve the distress
as well as signs and symptoms caused by PN and
its pruritus. Improved understanding of the
neuroimmune pathways involved in manage-
ment of PN have led to discovery and trial of
emerging treatments for PN. This publication
provides an overview of PN and discusses sev-
eral of the most promising treatments that are
undergoing evaluation.
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Key Summary Points

Prurigo nodularis (PN), or chronic prurigo,
is a distinct disease characterized by the
presence of chronic pruritus and multiple
localized or generalized pruriginous
lesions.

Improved understanding of the
pathophysiology of prurigo nodularis is
translating into new therapeutic
candidates.

IL-31 blockade is a very promising
potential treatment approach for prurigo
nodularis.

INTRODUCTION

Skin conditions may have a negative effect on
emotional and psychological well-being, which
are exacerbated in chronic diseases [1, 2]. Clin-
ical experience has shown that the negative
impact of skin disease can be particularly
important when lesions and symptoms such as
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itch are present [3, 4]. Prurigo nodularis (PN)—
also known as chronic nodular prurigo—is an
inflammatory skin disease characterized by
chronic itch, firm pruritic nodular lesions,
signs/history of repeated scratching such as
excoriation, and lichenification [1, 2]. As dis-
cussed in more detail below, PN can have a
variable disease presentation, particularly across
different racial groups, and can present in pop-
ular, nodular, plaque, or umbilicated subtypes
[2–5]. Regardless of the clinical presentation, PN
often has a detrimental effect on patients’ psy-
chosocial well-being, in part because the
majority of patients report that their PN symp-
toms are present either all or most of the time
and because of the severity of itch [6–8]. In
addition, psychosocial stress may cause and/or
exacerbate the condition [6–8].

There are currently no treatments for PN
approved by regulatory bodies [7, 9]. In the
absence of approved medications, a number of
treatments have been used off label in an
attempt to alleviate patients’ signs and symp-
toms and distress; these include topical corti-
costeroids, intralesional corticosteroid,
neuroleptics, antidepressants, thalidomide,
biologics, phototherapy, and systemic
immunosuppressants [7]. However, these treat-
ments have had variable targets and regimens
and, in general, have limited efficacy and/or
safety issues [7]. Clinically meaningful reduc-
tion in pruritus and lesions are the major
treatment goals in PN. As with other skin dis-
eases in recent years—notably psoriasis and
atopic dermatitis—increased understanding of
neuroimmune-inflammatory pathways in the
skin has led to valuable discoveries in not just
the pathogenesis of PN but also potential
treatment targets. There is now hope that the
development of more targeted treatments that
interact with specific pathways in the immune
system will soon lead to better management
strategies for PN. This article is based on previ-
ously conducted studies and does not contain
any new studies with human participants or
animals performed by any of the authors.

INSIGHTS INTO PRURIGO
NODULARIS

High Burden and Unmet Medical Needs

Epidemiology
Much about PN remains to be better defined,
including the epidemiology and pathogenesis
[7]. It is thought that PN is a rare condition,
affecting approximately 170,000 adults in the
USA [9]. Recent data have shown that, in Eng-
land, the prevalence of PN is 3.27 per 10,000,
equating to 18,471 patients living with the
disease [10]. However, some PN experts believe
that the prevalence of the disease is underesti-
mated owing to lack of disease awareness and
underdiagnosis [7, 9, 11]. Although PN can
occur in patients of all ages and races, it is most
commonly diagnosed in patients beyond their
fifth decade of life. A recent cross-sectional
study of patients seen at Johns Hopkins Health
System found that Black individuals are 3.4
times more likely to develop PN than white
individuals [6].

Associated Medical Conditions
PN has been associated with a variety of asso-
ciated medical conditions, including kidney
and liver diseases, chronic obstructive pul-
monary disease, diabetes, congestive heart fail-
ure, high blood pressure, and associated mental
health problems such as anxiety and depression
[4, 6, 10]. PN can also coexist with other
inflammatory dermatoses, such as atopic der-
matitis, plaque psoriasis, lichen planus, or der-
matitis herpetiformis [7, 9].

Clinical Features
As shown in Fig. 1, the clinical presentation of
PN can vary between different racial groups
[3, 5]; in patients with darker skin types, hyper-
or hypopigmentation is not infrequent, while
in lighter-skinned patients erythema or redness
is more prominent [5]. The nodular lesions of
PN are intensely itchy, with 51.2% of patients
reporting severe or very severe pruritus in one
study [8]. Lesions are also heterogeneous, rang-
ing in size from a few millimeters to 2 cm in
diameter and varying in terms of appearance
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and location; usually—but not always—lesions
are located on body areas that can be reached by
the patient’s hands [12, 13]. Often, PN lesions
are symmetrically distributed on limbs, with the
extensor surfaces most commonly affected;
palms, soles of feet, and facial skin are typically
spared [9, 13].

In 2020, Pereira et al. reported 71% of
patients with PN said they experience an ‘‘in-
tractable’’ itch all or most of the time, with an
intensity in the moderate to severe range [8].
The same group found that 53.1% of patients
reported a negative impact on their daily life
and 42.5% had sleep impairment [8]. Although
perhaps less well known, moderate to severe
pain is also common in PN; in a study of pain in
patients with dermatologic conditions, 80% of
those with prurigo reported moderate or severe
pain/discomfort [14]. It has been hypothesized
that pruritus, sleep disturbance, and depression
may have a common system-based etiology
[15]. Overall, PN has a significant negative
impact on quality of life (QOL) and mental
health, with some patients reporting self-harm
and suicidal ideation [16].

Pathogenesis

It has been theorized that the pathogenesis of
PN involves neuronal sensitization, inflamma-
tion, and pruritus [9]. Histopathologic changes
include increased hypervascularization, epider-
mal hyperkeratosis, and dermal fibrosis [17].
Itch is created by inflammatory responses in the

skin that are mediated by interleukin-31 (IL-31),
and other cytokines or neuropeptides. IL-31 has
been found at dramatically higher levels (50-
fold) in PN lesions compared with skin from
healthy individuals, and it seems to be involved
in the crosstalk between sensory nerve fibers,
epidermal keratinocytes, fibroblasts, and
immune cells together with eosinophils
[13, 18]. Additionally, neuroanatomical chan-
ges have been observed with increased dermal
innervation and decreased epidermal nerve
fiber density but increased epidermal neuronal
branching in patients with chronic pruritus and
PN [17, 19, 20]. Dysregulation of neuropep-
tides—with increases in calcitonin gene-related
peptide and substance P—have also been shown
in dermal PN skin [17]. Fowler et al. speculate
that ‘‘these changes may be secondary to repe-
ated mechanical scratching’’ but also maintain
the pruritic cycle by upregulating inflammatory
and neuroimmune cells [17]. Central nervous
system involvement is necessary for transmit-
ting itch from the skin, and research has shown
that both IL-31 and IL-4 receptors are expressed
on sensory neurons in the dorsal root ganglia
[17].

Diagnosis

The diagnosis of PN is clinical, and relies upon a
thorough evaluation of history and clinical
presentation [9]. Overall PN activity can be
assessed by number and appearance of nodules
(that is, whether they are excoriated, are

Fig. 1 Examples of the variable presentation of PN. A–C Images from Derm101 Image library; D and E images reprinted
from Kwon et al. [5]
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bleeding/crusting, and have signs of scratch
behavior and itch severity) [9]. Two formal tools
are available to help with assessment, and
include the prurigo activity score devised by
Pölking et al. and the investigator global
assessment described by Ständer et al. [21, 22].
These tools can also be helpful to monitor the
effectiveness of treatments [9]. In addition, the
healthcare professional should probe QOL
[Dermatology Life Quality Index and sleep
quality (Pittsburgh Sleep Quality Index)] and
presence of mental illnesses such as anxiety or
depression [23, 24].

TREATMENT OF PN: FOCUS ON IL-
31/IL-31RA AND EMERGING
POTENTIAL THERAPIES

The current therapeutic landscape for PN has
variable and unpredictable benefits; topical

corticosteroids and calcineurin inhibitors can
provide relief but are typically not effective
enough for patients with moderate to severe
disease [9]. Systemic therapies that may be tried
include immunosuppressants, gabapentinoids,
thalidomide, and antidepressants, but they do
not target the disease’s main pathophysiologi-
cal mechanisms holistically [9]. Ultraviolet (UV)
phototherapy may be helpful in older patients
who have multiple comorbidities and are on
various medications; options include psoralen
plus long-wave ultraviolet A (UVA), UVA, and
narrow-band short-wave ultraviolet B (UVB)
[9, 20]. There is no established standard treat-
ment in PN; however, a stepwise treatment
ladder has been created by Ständer et al. [25]
(Fig. 2). Antihistamines are generally not effec-
tive for PN [9]. A number of off-label treatments
are used, but there is extensive variability
among treatment regimens, therapeutic targets,
and efficacy/safety [9]. Although itch reduction

Fig. 2 2020 treatment ladder for PN. Adapted from Ständer et al. [25]
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is often the primary goal of patients to break the
itch–scratch cycle, healing of the lesions is
desirable [9, 26]. It is important to address both
the neurological and immunological aspects of
PN, targeting the key aspects of pathogenesis
[9]. Because PN is a heterogeneous disease,
individualizing therapy is appropriate and sev-
eral treatment modalities may be required [9].

Emerging Treatments

Targeting IL-31 and its receptor IL-31RA has
yielded promising data, and nemolizumab, a
humanized monoclonal antibody against IL-
31RA, is under active investigation in treatment
of PN. Ständer et al. reported results from a
12-week, randomized, double-blinded phase-2
study of patients with moderate to severe PN
(n = 70) [27]. Patients had 20 or more nodules
with a mean pruritus score of at least 7 (scale
0–10) for worst daily intensity of itch, and were
randomized to receive either subcutaneous
injection of nemolizumab 0.5 mg/kg or placebo
at baseline, week 4, and week 8 [27]. At 4 weeks,
the peak pruritus numerical rating scale (PP
NRS) was reduced from 8.4 to 3.9, a reduction of
53.0%; in comparison, PP NRS in the placebo
group was 8.4 at baseline and 6.7 at week 4, a
reduction of 20.2%, P\ 0.001) [27]. Further,
there was statistical separation between groups
in favor of nemolizumab in reduction of pruri-
tus scores as soon as week 1 after administration
[27]. Greater improvements in sleep quality,
investigator global assessment, and Dermatol-
ogy Life Quality Index, as well as reductions in
the mean number of lesions, were also reported
with nemolizumab compared with placebo [27].
Nemolizumab was well tolerated with an
acceptable safety profile. On the basis of the
promise of these results, the FDA granted
nemolizumab Breakthrough Therapy status in
PN to expedite the development and approval
process [28].

Dupilumab, an anti-IL-4RA monoclonal
antibody, is also being studied in PN, in part
owing to its ability to improve pruritus in
patients with Atopic Dermatitis (AD) [29]. Like
IL-31, IL-4 is also thought to be an important
player in the neural pathways of pruritus [30].

Case reports initially suggested the efficacy of
dupilumab in PN, showing that dupilumab
treatment resulted in reductions in pruritus and
number of lesions at 3 months [31–35].

Opioid antagonists and cannabinoids are
also being studied as potential therapies for PN
[9]. An imbalance of mu and kappa opioid
activity may have a role in generalized itch,
generating interest in studying agents that tar-
get opioid receptors to determine activity
against neuronal sensitization [17]. In a phase 2
study, nalbuphine, a mixed agonist/antagonist
of the mu receptor and partial kappa agonist,
significantly reduced itch intensity in patients
with PN compared with placebo [36]. Naloxone
and naltrexone, mu opioid receptor antago-
nists, may also reduce pruritus in some patients
with PN [17]. Early data suggest that further
studies of these agents are warranted [17].
Cannabinoids are either agonists or antagonists
of cannabinoid 1 and 2 receptors, which are
expressed on nerve fibers and contribute to itch
signaling. In a systematic review of cannabi-
noids for chronic pruritus, these agents reduced
itch intensity [17].

CONCLUSIONS

The field of dermatology has witnessed many
exciting changes in the past decade. There is
new hope for patients and new targeted treat-
ments for many chronic diseases that have been
traditionally hard to manage, with some on the
horizon for PN. The prevalence of PN is likely
higher than once thought, owing to limited
disease awareness. Pruritus, visibility, and
bleeding of skin lesions contribute to a high
burden of disease. Further, PN has been linked
with a variety of systemic, psychological, and
cardiovascular conditions. The current devel-
opment of new biologics and small molecules
for the treatment of patients with PN has been
promising. Early data in PN suggest a very rapid
and profound effect of blocking the IL-31
pathway via inhibiting IL-31RA. More clinical
data from rigorous clinical trials are coming,
and will be welcomed by dermatologists and
patients alike.
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Fig. 3 Mediators and modulators of pruritus currently relevant to PN. From Fowler et al. https://www.medicaljournals.se/
acta/content/html/10.2340/00015555-3347

Fig. 4 IL-31 plays a key role in PN pathogenesis. From Nemmer et al. [41]
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UNDERSTANDING
OF IMMUNOLOGY IN PRURIGO
NODULARIS

Emerging insights are providing a new under-
standing of the mechanisms that underlie pru-
ritic inflammation and, in turn, are likely to
soon offer novel therapeutic opportunities.
While much remains unclear about the patho-
genesis of PN, it seems clear that pruritic
inflammation is a key driver of the disease.
Evaluation of the histopathology of PN shows
severe epidermal changes with barrier disrup-
tion and trauma of the epidermal compartment
[37]. PN histology also reveals an inflammatory
infiltrate that further exacerbates pruritic
inflammation in the condition [37]. There is
pronounced tissue remodeling within the der-
mal compartment accompanied by deposition
of extracellular matrix and collagen fibers.
Recent advances in neuroanatomy have shown
that the sensory neuronal network within PN is
enhanced. Specific itch-conducting C fibers
show increased frequency and branching within
the skin of patients with PN. Additionally,
recent omics analyses have shown that PN is
characterized by systemic and skin signature
related to Th17/Th22 immunity, with the most
upregulated cytokine genes in skin lesions being
IL-1a, IL-1b, IL-36, and IL-22 [38, 39].

Recent literature and scientific studies have
identified a variety of mediators and modulators
of pruritus (Fig. 3) [40]. As shown, there are
several groups of receptors that have key roles,
including interleukin (IL) receptors, toll-like
receptors, protease-activated receptors, and
others [40]. Other mediators that may be
potential future therapeutic targets include
protease receptors, bradykinin receptors, sero-
tonin receptors, and substance P [40].

IL-31 and its receptor (IL-31RA) are impor-
tant mediators of pruritus, among others shown
in Fig. 3. IL-31 is produced predominantly by
Th2 cells and other innate immune cells. IL-31
can directly engage and activate itch-conduct-
ing sensory neurons via its heterodimeric
receptor that is expressed on C fibers within the
skin [40, 41]. IL-31 and its receptor complex
activate TRPA1 and TRPV1 to transmit itch

signals to the CNS. IL-31 also stimulates neu-
ronal branching and sprouting to increase the
neuronal network. Further, IL-31 can activate
basophils, eosinophils, and dendritic cells to
enhance pruritic inflammation. IL-31 stimula-
tion of epidermal keratinocytes leads to down-
regulation of barrier genes and proteins,
exacerbating barrier dysfunction. Finally, IL-31
interacts with activated fibroblasts, inducing
tissue remodeling and deposition of collagen
within the dermal compartment. IL-31 receptor
signaling interferes with many different aspects
that are important in the pathogenesis of PN:
neuronal growth, inflammation, pruritus, bar-
rier disruption, and tissue remodeling (Fig. 4)
[41].
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