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PATHOGENESIS OF PRURIGO NODULARIS

Key points

e Immune and neural dysregulation are implicated
in the pathogenesis of prurigo nodularis

e Immune cells and neuropeptides play an impor-
tant role in cutaneous inflammation and altered
neural circuitry that drives pruritus associated
with prurigo nodularis

Prurigo nodularis (PN) is a chronic, inflamma-
tory skin condition characterized by severely pru-
ritic nodules that cause a profound negative impact
on quality of life." The pathogenesis of PN is
thought to be a cutaneous reaction pattern caused
by vicious cycles of chronic itch followed by
repeated scratching.'” The exact pathogenesis of
PN remains unknown. However, previous studies
show that significant interaction and dysregulation
between immune cells and neuronal circuitry play
important roles in the pathogenesis of PN.

Immune dysregulation

Histopathologic studies show dense dermal, inter-
stitial, and perivascular infiltrates in the dermis of PN
lesions, primarily consisting of increased numbers of
T lymphocytes, mast cells, and eosinophilic gran-
ulocytes.™ Immune cells in the skin generate a
robust inflammatory response and intense itch by
releasing mediators such as interleukin (IL)-31,
tryptase, eosinophil cationic protein, histamine,
prostaglandins, and neuropeptides.” This immune
response is central to the pathogenesis of PN.

Eosinophils play a role in the cutaneous inflam-
mation and pruritus associated with PN. There is an
accumulation of eosinophils in the dermis of PN
lesional skin. Granules released by eosinophils
include neuropeptides and eosinophil cationic
protein, eosinophil-derived neurotoxin, eosinophil
protein X, and major basic protein.””’ Eosinophil
cationic protein and eosinophil-derived neurotoxin
are of particular interest because they have a
neurotoxic effect and are both significantly increased
in the skin of patients with PN,

T cells and their cytokines, particularly IL-31, are
also involved in the pathogenesis of PN. Messenger
RNA for the T cell—derived cytokine IL-31 is more
abundant in PN lesional skin when compared with
healthy skin."” IL-31 propagates itch via binding to
the heterodimeric IL-31A and oncostatin M recep-
tor.”” This mechanism is supported by transgenic
mouse studies showing that IL-31 expression was
associated with significant skin inflammation and
severe itch, while the use of anti—IL-31 monoclonal
antibodies led to a significant reduction in scratch
activity.”'”'! Finally, subsets of Ti2 cytokines such
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as IL-4 have also been found to be increased in
prurigo-like skin lesions.

Neural dysregulation

Multiple studies have investigated the architec-
ture and distribution of nerve fibers in the lesional
and nonlesional dermis of patients with PN.” In
1934, Pautrier described neuronal hyperplasia
(Pautrier neuroma) within the dermis of a patient
with PN.*'* Several studies have verified this by
staining for the panneuronal marker protein gene
product-9.5 and nerve growth factor receptor
within lesional PN skin.” One study showed that
the nerve growth factor receptor— and protein gene
product—immunoreactive structures in the dermis
of PN patients are present at a significantly greater
density compared with healthy control subjects. In
contrast, the epidermis of patients with PN lack
nerve growth factor receptor—immunoreactive
nerve fibers and far fewer PGP-9.5" nerve fibers.”
Despite this difference in nerve fiber density be-
tween the dermis and epidermis, a functional small
fiber neuropathy in patients with PN has not been
identified.™'? This finding argues against intrinsic
neuropathy as the cause of reduced intraepidermal
nerve fiber density in patients with PN, which may
be secondary to repeated mechanical scratching.
However, increased dermal nerve fiber density seen
in patients with PN and its association with periph-
eral neuropathies warrants further investigation."”

Dysregulation of several neuropeptides, particu-
larly calcitonin gene-related peptide and substance P
(SP) have been implicated in the pathogenesis of PN.
SP is a neurotransmitter secreted by neurons that
binds to the neurokinin-1 receptor in the skin and in
the central nervous system.”" One study found an
increased number of SP™ nerve fibers and increased
expression of SP in dermal PN skin.””'” Calcitonin
gene-related peptide is another neuropeptide with a
similar mechanism to SP that is also upregulated in
PN and may contribute to disease pathogenesis.
Calcitonin gene-related peptide can be secreted
into cutaneous tissue via nerve fibers causing neuro-
genic inflammation through the regulation of eosin-
ophils and mast cells."® CGPR can also affect
endorphin levels and cause dysregulated expression
of mu and kappa opioid receptors, both of which
may contribute to pruritus in PN.

MANAGEMENT OF PRURIGO NODULARIS

Key points

e The diagnostic workup for prurigo nodularis in-
cludes a complete blood cell count with differen-
tial, liver and renal function tests, and a thorough
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review of systems to guide evaluation for associ-
ated systemic diseases

e Obtaining a skin biopsy specimen is indicated in
subsets of patients

e Treatment for prurigo nodularis is centered on
topical, intralesional, and systemic neuroimmune
modulatory therapies to break a short-circuited
itch—scratch cycle

e There are currently no therapies for prurigo
nodularis approved by the US Food and Drug
Administration, which leads to highly variable
practices in the prescription of oftf-label therapies
and highlights the need for a multimodal
approach to therapeutics

History and physical examination

PN is a clinical diagnosis, and therefore a
thorough history and physical examination are
essential for diagnosis. Patients with PN will
endorse intense pruritus present for =6 weeks
that can be constant, intermittent, or paroxysmal
in nature, and is sometimes also accompanied by
burning or stinging sensations.'® A complete history
should be obtained, including a careful review of
medications and supplements. In addition, a thor-
ough history of all medical problems, including
psychiatric history, can also be helpful in diag-
nosing conditions associated with PN.

On physical examination, patients with PN typi-
cally display clustered nodules located on =2
different extensor surfaces and may also involve
the trunk. Though many patients with PN may also
have associated dermatoses, such as atopic derma-
titis, these hyperkeratotic and sometimes excoriated
nodules are specific to PN. A more detailed discus-
sion of the clinical features of PN can be found in the
first article in this continuing medical education
series.

Laboratory workup

As described in the first article in this series, there
are several comorbid conditions associated with PN.
It is important to identify underlying systemic dis-
eases that may be contributing to PN. Focused
laboratory work-up for a systemic etiology is espe-
cially important for patients without a history of
underlying dermatoses, such as atopic derma-
titis.""” The recommended laboratory work-up for
patients with PN includes a complete blood cell
count with a differential as well as liver and renal
function tests. Additional testing for thyroid function
testing, hemoglobin Alc/diabetes screening, HIV
serology, and hepatitis B and C serologies is sug-
gested based on the presence of risk factors, review
of systems, and clinical examination.'®'® Other
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laboratory tests to consider based on clinical history
and review of systems are serum immunofixation,
serum and urine protein electrophoresis, urinalysis,
chest radiograph, stool examination for ova and
parasites, and iron studies.'®'” Patients should also
be up to date with age-appropriate malignancy
screening. There should be greater concern for
underlying associated malignancy in patients with
PN with acute rather than chronic onset of pruritus
(<1 yean).

Additional testing may be warranted for subsets
of patients. Although PN is a clinical diagnosis,
obtaining a skin biopsy specimen may be indicated
for atypical clinical presentations. Skin biopsy
procedures, though not routine, can provide useful
information in the work-up of PN, particularly
when considering primary dermatoses as the cause
of PN.'*!” On review of the biopsy specimen, the
lesions of PN typically display orthohyperkerato-
sis, irregular epidermal hyperplasia, hypergranu-
losis, and an increased number of fibroblasts
and capillaries.'®* These changes correlate with
scratch-induced injury and hyperkeratosis. As dis-
cussed earlier, cutaneous nerve studies have
shown a decrease in epidermal nerve fiber density
and an increase in dermal nerve fiber density
within lesional PN skin. When accompanied by
urticaria and in the elderly population, direct
immunofluorescence studies can identify an un-
derlying autoimmune blistering disorder, such as
bullous pemphigoid.'®*

Treatment approaches

PN remains a difficult condition to treat because
there are currently no targeted treatments approved
by the US Food and Drug Administration (FDA).
Therefore, providers often prescribe off-label thera-
pies with a high degree of variability among treat-
ment regimens used.”’ The overall goal in treating
PN is to break the itch—scratch cycle and reduce
pruritus to heal nodules." To adequately treat PN,
treatment regimens need to address both the neural
and immunologic components of the disease. An
individualized treatment plan, based on the patient’s
age, comorbidities, disease severity, and side effect
profile of treatments is needed to personalize
treatment. This is often best achieved by using a
multimodal regimen including systemic and topical
therapies.”” Current and emerging therapies for PN
are shown in Table I, and a theraputic ladder is
shown in Figure 1.

Topical treatment. Topical therapies for PN that
have been examined in randomized clinical trials
include corticosteroids, pimecrolimus, and calcipo-
triol. The limited efficacy of these treatments
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Table 1. Current and emerging therapies for the treatment of prurigo nodularis

Systemic neuromodulating

Systemic immunomodulat- Emerging therapies and

Locally acting agents Phototherapy agents ing agents therapeutic targets
Topical steroids/ NBUVB (2-3 Gabapentin (100- Methotrexate (15-25 mg/ Anti—IL-31:
flurandrenolide tape times/week) 3600 mg/day) week) nemolizumab
Topical anesthetics PUVA (2-3 Pregabalin (75-600 mg/  Cyclosporine (2.5-5 mg/  Anti-OSM beta receptor:
times/week) day) kg/day) KPL-716

Topical calcineurin
inhibitors

Topical calcipotriene

Topical capsaicin (0.025-
0.3% cream 4-6 times/

Aprepitant (80 mg/day)

Naltrexone (25-50 mg/
day)

Butorphanol (1 mg
intranasally every

day) 4 hours as needed)
Intralesional Duloxetine (20-60 mg/

corticosteroids day)

(10 mg/mL)

Paroxetine (10 mg/day
for 3 days followed by
maintenance 30-

60 mg/day)

Fluvoxamine (25 mg/day
for 3 days followed by
maintenance 50-

150 mg/day)

Thalidomide (50-150 mg/

Mu and kappa opioid
receptors modulation:

Mycophenolate mofetil
(500-3000 mg/day)

nalbuphine
Azathioprine (50- NK1R inhibitor
150 mg/day) serlopitant

Dupilumab* (600 mg
induction followed by
300 mg every 2 weeks)

day)

NBUVB, Narrowband ultraviolet B light; NK7R, neurokinin-1 receptor; OSM, oncostatin M; PUVA, psoralen plus ultraviolet A light

phototherapy.

highlights the need for continued research to
develop more targeted topical therapies for PN.

The first-line topical therapy for PN remains high-
potency topical corticosteroids. Betamethasone
valerate 0.1% tape reduced pruritus and flattened
nodules in patients with PN compared with moistur-
izing itch relief cream alone.”’ Flurandrenolide tape,
a medicated occlusive skin barrier that can be
occluded to specific nodules while sparing sur-
rounding skin, can also be an effective treatment
for patients with PN. Because flurandrenolide
tape can be expensive, patients may also be offered
alternatives such as high-potency topical steroids
under occlusion with an Unna boot. In addition to
enhancing the effect of the medication, treatments
involving occlusion also act as a physical aversion to
scratching the skin. In additional to topical agents,
intralesional injections of corticosteroid can be
effective in alleviating pruritus and flattening PN
lesions. Intralesional injections of triamcinolone
acetonide, usually started at 10 mg/mL, can demon-
strate clinical improvement in PN.

Topical anesthetics are another alternative anti-
pruritic treatment option for patients with chronic
pruritus and that can provide modest itch relief in

patients with mild PN. Over the counter 1% pramox-
ine lotion, lidocaine spray, and compounded topical
anesthetic creams may be used.

Other nonsteroid topical agents have also been
studied for the treatment of PN, including topical
calcineurin inhibitors (ie, pimecrolimus), vitamin D
derivatives, and capsaicin. A previous study found
that 1% pimecrolimus cream is helpful in treating itch
in patients with PN with reductions in visual analog
scale from 7.1 to 4.4.%*

Finally, capsaicin has been tried in PN to disrupt
pain and pruritus via the depletion of neuropeptides
in small sensory cutaneous nerve fibers.”” One study
of patients with PN showed remission of itching and
healing of nodules with topical capsaicin 0.025% to
0.3% 4 to 6 times a day.” The study also showed
depletion of neuropeptides in PN skin after treat-
ment with capsaicin.”” In the authors’ experience,
capsaicin has limited practical efficacy in PN because
of the high frequency of application required, sig-
nificant associated irritation, and minimal efficacy.

Phototherapy. Ultraviolet light therapy reduces
pruritus in many skin conditions, including PN,
through its antiinflammatory effects.”® This is a
particularly useful option in medically complex
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Locally Acting Agents

Topical Steroids / Flurandrenolide Tape
Topical Anesthetics
Topical Calcineurin Inhibitors
Topical Calcipotriene
Topical Capsaicin
Intralesional Corticosteroids

Phototherapy

Narrow-band UVB (NBUVB)
Psoralens + UVA (PUVA)

Systemic Neuromodulating Agents

Gabapentin
Pregabalin
Antidepressants
Aprepitant
Naltrexone
Butorphanol
Thalidomide

Systemic Imnmunomodulating Agents

Methotrexate
Cyclosporine
Mycophenolate Mofetil
Azathioprine
Dupilumab*

Emerging Therapies and Therapeutic Targets

Anti IL-31: Nemolizumab
Anti OSM Beta Receptor: KPL-716
Mu & Kappa Opioid Receptor Modulation: Nalbuphine
NK1R Inhibitor: Serlopitant

Fig 1. Prurigo nodularis (PN) therapeutic ladder. We recommend a multimodal approach to
therapeutics for patients with PN involving topical, intralesional, phototherapy, and systemic
agents tailored to patient comorbidities and severity of clinical presentation. Several emerging
targeted antipruritic therapeutics are under development for use in PN. *Dupilumab has been
approved by the US Food and Drug Administration for the treatment of atopic dermatitis and is
undergoing trials for PN with published case reports indicating efficacy in PN. 7L-317,
Interleukin-31; NK1R, neurokinin-1 receptor; OSM, oncostatin M.

patients whose treatment options may be limited by
comorbidities and drug interactions with other
medications.”

Of'the available ultraviolet light therapies, narrow-
band ultraviolet B light therapy 2 to 3 times weekly is
considered to be first-line therapy for patients with
PN. Ultraviolet A light, psoralen plus ultraviolet A
light phototherapy, and ultraviolet B light have all
shown some efficacy in treating PN.** In addition, the
efficacy of a modified Goeckerman regimen for
pruritus has also been shown. However, because
the Goeckerman regimen consists of daily broad-
band ultraviolet B light therapy followed by the

application of crude coal tar and topical corticoste-
roids under occlusion for 4 hours each day, it should
be used with caution to minimize carcinogenic side
effects.”’” Phototherapy along with topical therapy
will only be sufficient treatment for a minority of
patients with PN. Most patients with PN will require
adjunctive systemic therapy as outlined below.
Systemic therapy. Patients with PN usually
require treatment with systemic therapies because
many patients are refractory to the treatments
described above. Systemic options for the treatment
of PN include immunosuppressants, gabapentinoids,
antidepressants, and mu-opioid receptor
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Fig 2. Prurigo nodularis itch neural transmission pathway. The itch transmission pathway is a
bidirectional signaling process spanning from cutaneous nerve fibers in the skin to the dorsal
root ganglion, spinal cord, and brain. A multimodal approach to therapy targets the itch
signaling cascade at multiple points in the itch pathway.

antagonists.”"** PN is a nonhistaminergic itch condi-
tion, and therapy with antihistaminergic agents is
generally ineffective aside from its sedative proper-
ties and not recommended unless a comorbid
histamine-mediated condition is suspected.”**

Given the important role of immune dysregula-
tion in the pathogenesis of PN, systemic immuno-
suppressants are a commonly used medication class.
Immunosuppressants that have been used to treat PN
with evidence in retrospective studies include meth-
otrexate and cyclosporine.”” Two retrospective
studies of methotrexate as treatment for PN showed
significant relief from pruritus and healing of lesions
in these patients.””" Given its favorable side effect
profile, methotrexate is commonly used in the Johns
Hopkins Itch Clinic as frontline immunosuppressive
therapy starting at around 15 to 20 mg weekly along
with topical therapy. For more severe cases on
presentation, cyclosporine may also be used.
Several reports show that cyclosporine 2 to 5 mg/
kg/day provided improvement of PN symptoms and
resolution of nodules.””*? A drawback to treatment
with cyclosporine is its significant side effect profile,
requiring patients to have regular monitoring of
blood pressure, renal function, hepatic function,
and complete blood cell counts.”*””
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PN treatment also includes several agents specif-
ically targeting the neural pathogenesis of itch trans-
mission, which spans from neural innervation in the
skin to the dorsal root ganglion, traversing through
the spinal cord to the brain (Fig 2). Gabapentinoids
are commonly prescribed, including gabapentin and
pregabalin. These agents are thought to reduce itch
via inhibition of calcium signaling.” Elderly patients
are usually started at low doses (100 mg nightly) and
gradually titrated up to higher doses given the risk of
significant sedation. Younger patients may be started
at 300 mg nightly and titrated upwards to <3600 mg
daily (divided into thrice daily dosing). Pregabalin has
a similar mechanism of action and is gradually titrated
upwards with doses ranging from 75 to 600 mg daily.
While these agents may be effective in subsets of
patients because higher doses are often needed to
reduce itch intensity, sedation often becomes an
important side effect and is a top reason for treatment
discontinuation.

Another drug class that has shown some efficacy
in targeting the neural pathogenesis of itch are
neurokinin-1 receptor antagonists, which are
believed to reduce itch by blocking SP.”>*° One
agent in this class, aprepitant, is approved by the FDA
for chemotherapy-associated nausea and vomiting.
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When used off-label for treatment of chronic pruritus,
the dose can vary depending on the underlying
disease but has been prescribed at 80 mg daily.””’
An open-label study suggested that aprepitant may
be effective in reducing itch associated with PN, but a
randomized phase II trial failed to show efficacy of
aprepitant in reducing itch severity in PN.”’ Similarly,
serlopitant is another neurokinin-1 receptor antago-
nist that had promising phase II data only to fall
short of its primary endpoint in 2 phase III trials.””

Thalidomide is another neuroactive medication
that can be used for patients with PN who are
recalcitrant to treatment, often dosed between 50
and 150 mg daily.””*' However, it requires use with
extreme caution because of its known neurotoxic
and teratogenic effects, including an increased risk of
peripheral neuropathy and birth defects in pregnant
women.”’ For these reasons, thalidomide should be
reserved for patients who have failed to improve on
traditional therapeutic agents.

Imbalances between the mu- and kappa-opioid
systems may also play a role in the development of
pruritus.*” Several studies have examined the effi-
cacy of opioid receptor—modulating drugs as ther-
apies for chronic pruritus, with mixed kappa-opioid
agonist/mu-opioid antagonists nalbuphine and bu-
torphanol both showing promise.**” In particular,
intranasal butorphanol 1 mg as needed has been
used in PN and is also used in the Johns Hopkins Itch
Clinic for recalcitrant cases to attempt to break the
itch—scratch cycle.”” Lastly, the opioid antagonist
naltrexone (50 mg) has also shown antipruritic
effects in subsets of patients with PN."’

Finally, antidepressants such as paroxetine, flu-
voxamine, duloxetine, and amitriptyline can provide
mild to moderate relief of pruritus.”*”" Paroxetine
(10 mg daily for 3 days followed by maintenance
dosing at 20-60 mg daily) or fluvoxamine (25 mg
daily for 3 days followed by maintenance dosing at
50-150 mg daily) can reduce itch in patients with PN.
Duloxetine 20 to 60 mg daily is an antidepressant
approved for neuropathic pain that also may help
with treating itch associated with PN."" Finally,
several patients with PN responded to amitriptyline
in a pilot study with an initial dosage of 60 mg daily
for 3 weeks, followed by 30 mg daily for 2 weeks and
10 mg daily for 1 week.

Emerging therapies

New potential targets that are currently under
investigation for itch pathogenesis in PN include
IL-31, oncostatin m (OSM) beta receptor, and the
IL-4 receptor.

With the recent discovery of elevated levels of IL-
31 in patients with PN, IL-31 may be a new target for
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therapy. A phase 1I clinical trial by Ruzicka et al”'
on subcutaneous nemolizumab, a humanized anti-
body against IL-31 receptor A, reported significant
improvement of pruritus in patients with atopic
dermatitis.”” In addition, the FDA recently gave
nemolizumab breakthrough therapy status for PN
based on its phase II trial efficacy in reducing
pruritus in these patients.” In this trial, a subcutane-
ous nemolizumab dose of 0.5 mg/kg of body weight
showed dramatic improvement in peak pruritus of
patients with PN in the treatment group compared
with placebo.”™

OSM beta receptor is another novel target
for combating itch in PN. As a proinflammatory
signaling molecule similar to IL-6 cytokine family,
OSM is activated by monocytes and T-lymphocytes
to stimulate collagen production in dermal fibro-
blasts. KPL-716 is an OSM beta receptor monoclonal
antibody that has been tried for itch in atopic
dermatitis and is undergoing further study in the
treatment of chronic pruritus in PN.

Finally, several case series have reported effective
reduction in pruritus of PN with IL-4 receptor
antagonists and both topical and oral cannabi-
noids.””*” Dupilumab, a monoclonal antibody antag-
onist of the IL-4 receptor, has already been approved
by the FDA for the treatment for atopic dermatitis.”
Given its specificity for the IL-4 pathway and
inhibition of itch-specific neural pathways,
dupilumab has also been explored for PN treatment,
with preliminary case reports showing promising
results.”*"

With regard to cannabinoids, cannabinoid recep-
tors 1 and 2 expressed on cutaneous nerve fibers are
also thought to contribute to itch.”” A systematic
review study has shown significant symptom relief in
patients with chronic pruritus who were treated with
cannabinoids and who were refractory to first-line
treatment.”” However, larger studies with appro-
priate control groups are needed to better study the
efficacy and safety of cannabinoids in the treatment
of PN.

With novel therapeutics on the horizon for PN, it is
important for clinicians to better understand the
pathogenesis and current management of PN. We
continue to learn about the etiology of this disease
and identify new targets for effective therapies for
this chronic, recalcitrant condition.
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