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Abstract

Chronic prurigo (CPG) is a neuroinflammatory, fibrotic dermatosis that is defined by the presence of chronic pruritus (itch lasting
longer than 6 weeks), scratch-associated pruriginous skin lesions and history of repeated scratching. Patients with CPG experi-
ence a significant psychological burden and a notable impairment in their quality of life. Chronic prurigo of nodular type (CNPG;
synonym: prurigo nodularis) represents the most common subtype of CPG. As CNPG is representative for all CPG subtypes, we
refer in this review to both CNPG and CPG. We provide an overview of the clinical characteristics and assessment of CPG, the
burden of disease and the underlying pathophysiology including associated therapeutic targets. The information provided results
from a PubMed search for the latest publications and a database search for current clinical trials (ClinicalTrials.gov, EU Clinical
Trials Register [European Medicines Agency]; using the following terms or combinations of terms: ‘chronic prurigo’, ‘prurigo’,
‘prurigo nodularis’, ‘pathophysiology’, ‘therapy’, ‘biologics’, ‘treatment’). Dupilumab is the first authorized systemic therapy by
the European Medicines Agency (EMA) and the US Food and Drug Administration (FDA) for CNPG to date. Topical and systemic
agents that are currently under investigation in clinical randomized, placebo-controlled phase II and III trials such as biologics (e.g.,
nemolizumab, vixarelimab/KPL-716, barzolvolimab/CDX-0159), small molecules (ruxolitinib cream, povorcitinib/INCB054707,
abrocitinib) and the opioid modulator nalbuphine are highlighted. In the last past 15 years, several milestones have been reached
regarding the disease understanding of CPG such as first transcriptomic analysis, first terminology, first guideline, and first therapy
approval in 2022, which contributed to improved medical care of affected patients. The broad range of identified targets, current
case observations and initiated trials offers the possibility of more drug approvals in the near future.

In the past 15 years, important cornerstones for the
understanding of chronic prurigo were laid (e.g., first
disease definition, first guideline, first clinical trials, first

1 Introduction

Chronic prurigo (CPG) is a neuroinflammatory, fibrotic der-
matosis and it is defined by the presence of chronic pruritus
(itch lasting longer than 6 weeks), scratch-associated prurigi-
nous skin lesions and history of repeated scratching [1]. Pru-

approved systemic therapy).

The growing knowledge of the pathophysiology of chronic
prurigo including new therapeutic targets enables the devel-
opment of new, promising drugs that are urgently needed,
as the burden of disease is high for affected patients.
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riginous lesions are clinically very typical and are composed
of epidermal acanthosis, dermal fibrosis with a dense inflam-
matory infiltrate. The lesions usually persist for months or
even years. Neuronal sensitization to itch and the subsequent
development of an itch—scratch cycle have been described
as the mechanism of origin [2]. Based on these aspects,
CPG represents a distinct disease [1, 2]. This review aims to
describe the characteristics and novel therapy of this disease.

2 Methods

We conducted a PubMed search of all publications since
1982 (531 results with the term ‘chronic prurigo’; 1680
results with the term ‘prurigo’ in August 2023) and a
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database search of current clinical trials (Clinical Trials.gov,
EU Clinical Trials Register [European Medicines Agency],
using the following terms or combinations of terms: ‘chronic
prurigo’, ‘prurigo’, ‘prurigo nodularis’, “pathophysiology’,
‘therapy’, ‘biologics’, ‘treatment’). A systematic literature
review was performed to identify randomized controlled tri-
als (RCTs) according to the Cochrane recommendations. As
of August 2023, the following studies could be found with
the term ‘prurigo’:

e ClinicalTrials.gov: 34 results (22 of these were consid-
ered in this review).

e EU Clinical Trials Register: 24 results (16 of these were
considered in this review).

3 Terminology, Epidemiology and Clinics

The terminology for CPG has been imprecise and unclear
since the first description of chronic nodular prurigo (CNPG,
also termed prurigo nodularis [PN]) by Hyde in 1909 [3,
4]. Several sub-entities, either defined by the lesion type or
the first describer, have been published. This is understand-
able as the composition of pruriginous lesions differ from
patient to patient. The umbrella term of CPG takes this into
account and makes it unnecessary to define a subtype [4].
Moreover, using an umbrella term in clinical trials is also
good for patients as all can benefit from novel therapies, not
just one subtype. Most patients have nodules; accordingly,
the subtype CNPG was specifically considered in basic and
clinical trials due to feasibility in recruitment. As CNPG is
representative of all CPG subtypes, we refer in this review
to both CNPG and CPG.

All age groups can be affected by CPG, although affected
patients tend to be older [5, 6]. Various epidemiologic data
on the prevalence of CNPG exist and show that it occurs
worldwide. CNPG, with a prevalence of 0.21% in Germany
in 2010 [7] and 58 per 100,000 overall in the United States in
2019 [8], is a relatively rare disease, though these numbers
likely reflect an underestimation given poor disease aware-
ness and many patients not seeking medical help [8]. CNPG
has a disproportionate impact on African Americans, as evi-
denced by Black patients being diagnosed with CNPG at a
rate 3.4 times higher than white patients [9]. Additionally,
CNPG is linked to atopy in a subset of patients (33.1% of
patients, as reported in a European cross-sectional study by
Pereira et al. [6]). This fact sometimes leads to the assump-
tion that CNPG is a subtype of atopic dermatitis (AD). How-
ever, CNPG can also develop apart from atopy and is not a
variant of another dermatosis, which is also true for CNPG
occurring in bullous pemphigoid or lichen planus. Moreo-
ver, important disease-specific differences between CNPG
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and AD have been shown recently using single-cell RNA
sequencing [10, 11].

CNPG is characterized by a severe and persistent pruritus
that surpasses the itch intensity, frequency and impact on
quality of life observed in other chronic pruritic skin condi-
tions like atopic dermatitis and psoriasis [12]. The intensity
of pruritus is independent of the patient's age and sex and the
possibly presence of atopy [6]. Thus, atopic diathesis does
not seem to be a relevant factor for the intensity of pruritus
in CNPG.

The pruriginous lesions of CPG may differ in the type of
lesion, number, color (skin-colored, pink, or red) and the
presence of excoriations. Pruriginous lesions can be divided
into papules (<1 cm in diameter), nodules (> 1 cm in diam-
eter), plaques and umbilicated papules/nodules or linear
lesions [1, 13]. Within a single individual, multiple types of
lesions may coexist [1]. Depending on the dominant lesion
type, CPG can be divided into subtypes, of which CNPG is
the most common [1]. The subtypes show no differences in
terms of intensity of pruritus, underlying origin and qual-
ity-of-life impairment, emphasizing that all subtypes can be
assigned to the umbrella term ‘CPG’ [14].

Patients with CPG experience a significant psychological
burden and a notable impairment in their quality of life [5, 7,
8, 15]. A comparison between patients with CPG and patients
with chronic pruritus without visible skin lesions or scratch
lesions revealed that the disease burden is not solely attrib-
uted to the presence of severe pruritus but to the presence of
pruriginous lesions [16]. However, CPG patients consider the
presence of itch as the most burdensome aspect of the disease
[6]. In addition to experiencing higher intensities of pruritus,
patients with CPG are more prone to reporting daily pruri-
tus and to experiencing both daytime and nighttime pruritus,
while being less likely to have spontaneous remission of pru-
ritus compared with those with patients with chronic pruri-
tus without visible skin lesions or scratch lesions [16]. Given
these observations, it is not surprising that sleep disturbances
and other psychological symptoms, including anxiety and
depression, contribute significantly to the high disease bur-
den experienced by patients with CPG [16]. A study involv-
ing 263 patients diagnosed with CPG demonstrated that an
overwhelming majority of patients (97.2%) experienced sleep
disturbances as a result of having pruritus [17]. The results
showed that patients lost a median of 2 h of sleep per night due
to itching [17]. These findings highlight the significant disrup-
tion that pruritus can cause in terms of sleep patterns, further
emphasizing the multifaceted impact of chronic pruritus on
patients' well-being.

Psychiatric diseases can be triggered by the presence of
CPG or may preexist as comorbidities [18]. It is crucial to
emphasize that CPG itself is not a psychiatric disorder, despite
previous misconceptions. However, as a reaction to long-
standing prurigo, increased rates of depression, greater usage
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of antidepressant medications and an inclination towards sui-
cidal tendencies have been described in patients with CPG
[19]. In particular, patients with CPG who engage in auto-
matic scratching, even in the absence of itch, exhibit elevated
levels of psychological impairment and heightened reactiv-
ity to stress [20]. This is in contrast to CPG patients who
only scratch when itch is present, suggesting that automatic
scratching behavior is associated with greater psychological
and stress-related challenges. Overall, patients with CNPG
have a three times higher risk for depression compared with
patients with other inflammatory dermatoses [21]. Moreover,
the severity of depression has been shown to have a direct
impact on the intensity of pruritus, underscoring the impor-
tance of considering the patient's mental state in treatment
approaches [22].

The financial burden associated with CPG has received lim-
ited evaluation. However, a European cross-sectional study
involving 406 patients diagnosed with CNPG shed some light
on this aspect. The study revealed that a majority of patients
(59%) reported out-of-pocket costs amounting to 500 € or
more within the previous 6 months. These costs encompassed
expenses related to treatments, including personal purchases,
prescribed medications and travel costs incurred for physician
visits [17].

4 Pathophysiology of Chronic Prurigo
and Therapeutic Targets

The pathophysiology of CPG is still not fully understood.
However, recent transcriptomic studies, including one
investigating DNA methylation, clearly revealed that CPG,
and CNPG in particular, are separated from other entities
(especially atopic dermatitis or psoriasis) by some unique
features such as collagen and neural dysregulation [11,
23-27]. In addition, the analyses clearly separate pruritic
lesional CNPG skin from non-pruritic CNPG skin and from
healthy volunteers [27]. By showing this, they confirm previ-
ous histological observations that epidermal keratinocytes
and nerve fibers, dermal vessels and fibroblasts are involved
in the pathophysiology of CNPG. Increased expression of
nerve growth factor (NGF), matrix metalloproteinases,
CXCL2 and insulin-like growth factors, for example, in
CNPG compared with AD point to complex mechanisms and
multiple cross-interactions of different skin cell types [11].
Signatures of extracellular matrix organization, collagen
synthesis and fibrosis have been identified [10]. Several of
these have been confirmed already on a morphological level
by immunostainings such as the extracellular matrix protein
periostin [28]. Regarding fibroblasts, a unique population
of CXCL14-1L24+ secretory-papillary fibroblasts as well
as increased high fibroblast levels of neuromedin B have
been identified [10]. Fibroblasts have also been the focus of

another recent single-cell analysis. In this study, a cancer-
associated fibroblast (CAF)-like phenotype (with WNT5A+
CAFs) has been shown to be increased in lesional CNPG
skin [29].

The dermal inflammatory infiltrate of CNPG is composed
of mainly T lymphocytes, but also increased numbers of
2D7" basophils and major basic protein (MBP)* eosino-
phils. These dermal cells express IL-4, IL-13 or IL-31 to a
higher level as compared with non-lesional or healthy skin.
Interestingly, IL.-4 is expressed principally by CD3* T lym-
phocytes and 2D7* basophils. IL-13 is mostly expressed by
MBP™ eosinophils [30]. IL-31 was found in T lymphocytes
but also in CD11c¢* dermal myeloid dendritic cells which
have been shown to be abundantly present in lesional CNPG
skin [31]. The itch intensity was shown to be associated with
the level of IL-31 pathway protein and receptor expression
[32]. Though this resembles the profile of atopic dermatitis,
a recent single-cell RNA sequencing combined with T-cell
receptor sequencing further revealed immune activation
pathways in CNPG, interestingly to a lesser extent than in
atopic dermatitis [10]. Moreover, differentially expressed
genes point to involvement of Th1/Th17/Th22 signatures
next to Th2 in the pathogenesis of CNPG [23].

Elevated immune signatures have also been found in
the blood, including IL-13 and IL-31 [33-37]. Different
ethnic clusters have been described [37]. To date, this is
of uncertain relevance but might point to the importance
of immune mechanisms in the pathophysiology.

In CNPG, reduced intraepidermal nerve fiber density was
demonstrated in several studies [27, 38—40]. After healing
of pruriginous lesions, nerve fiber density returns to normal
[39]. A recent study further demonstrated a specific level of
epidermal branching of single nerve fibers, possibly of reac-
tive nature, assessed by a semiquantitative pattern analysis.
Corresponding to this, axonal growth-promoting NGF genes
were found to be upregulated in CNPG [27]. The altered
epidermal neuroanatomy is associated with an altered nerve
fiber function and neuronal hypersensitivity [27, 30, 41,
42]. In chronic pruritus of various origins, hyperknesis due
to electrical stimulation was found, suggesting common
central neuronal sensitization mechanisms [43]. In CNPG,
stimulation with cowhage resulted in increased itch inten-
sity in lesional CNPG skin compared with healthy controls,
suggesting neuronal sensitization of mechano- and heat-
sensitive C-fibers [41]. Further, another sign of neuronal
sensitization is sensitivity to touch-evoked itch by pinprick
stimuli (punctate hyperknesis), which is significantly higher
at the site of pruriginous lesions than non-lesional skin in
CNPG patients. According to Hashimoto et al., this might
be due to the altered epidermal neural structures and the
impact of the immune mechanisms [30]. Interestingly, pain-
transmitting mechanisms remain unchanged in CNPG [38].
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Fig. 1 Therapeutic targets
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Several studies confirm that these mechanisms might
be based on bridging the immune and peripheral nervous
system. It is known, for example, that Th2 cytokines such
as IL-4 or IL-13 can directly lead to hypersensitivity of
nerve fibers. According to this, therapies in CNPG either
target the immune system (such as antibodies against IL.-4
or IL-31) or the nerve fiber system (such as nalbuphine;
see Fig. 1).

Still, the predisposition to CPG is unknown. A first
genome-wide association analysis of patients in three dif-
ferent countries identified genetic variants associated with
CNPG, including one near PLCB4 (gene encoding phospho-
lipase C) and others near TXNRD1 (encoding thioredoxin
reductase 1). Black patients have a > 2-fold greater genetic
risk of developing CNPG [44].
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5 Diagnosis

The diagnosis of CPG is made clinically. However, the ori-
gin of chronic pruritus needs to be identified. Accordingly,
it is essential to obtain a comprehensive medical history,
which includes itch-specific details (e.g., onset of itch, itch

Table 1 Severity assessment of chronic nodular prurigo (CNPG) with
the Investigator’s Global Assessment for chronic prurigo

Severity Definition

Clear
Almost clear

No pruriginous lesions (0 lesions)

Rare palpable pruriginous lesions (approxi-
mately 1-5 lesions)

Mild Few palpable pruriginous lesions (approxi-
mately 6-19 lesions)

Moderate Many palpable pruriginous lesions (approxi-
mately 20-100 lesions)

Severe Abundant palpable pruriginous lesions (over
100 lesions)
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intensity) as well as a careful assessment of medications,
comorbidities and the psychiatric history.

During the physical examination, the distribution and
type of pruriginous lesions needs to be determined. Lesions
can be single in number and localized to a single area or they
can be numerous and spread throughout the entire skin [1].
The severity of CNPG is determined primarily by the num-
ber of lesions (see Table 1) and can be objectively assessed
using validated clinician-reported outcome tools such as the
Prurigo Activity and Severity (PAS) score [45] and Investi-
gators Global Assessments (IGA) for chronic prurigo [46].

The physical examination also aims to identify associated
skin diseases which might have induced pruritus and thus
are an etiological factor in CNPG. For the same reason, the
examination should include a check of mucous membranes
and palpation of the liver, kidneys, spleen and lymph nodes.
This can help identify any underlying systemic diseases con-
tributing to CNPG [47].

To further investigate the potential underlying etiology of
CNPG, a laboratory workup is recommended [47]. This may
involve conducting a blood count, including a differential blood
count, measuring C-reactive protein (CRP), evaluating liver
function (AST, ALT, gGT, AP), assessing kidney function (cre-
atinine, estimated glomerular filtration rate), measuring lactate
dehydrogenase (LDH) and examining thyroid-stimulating hor-
mone (TSH). Additional laboratory tests should be considered
based on the patient's clinical history and the findings from
the physical examination [47]. Radiological procedures such as
lymph node and abdominal sonography, as well as chest radiog-
raphy, are recommended to rule out malignancy as a potential
cause of CNPG. This is particularly important for patients who
have experienced pruritus for less than a year or state B symp-
toms (like fever, loss of more than 10 percent of body weight
over a period of 6 months, drenching night sweats) [47].

Although CNPG is primarily diagnosed clinically, obtain-
ing skin samples for histological examination and immu-
nofluorescence can be beneficial in certain cases. This
approach is especially useful when there is uncertainty
about an underlying primary skin disease. In case reports,
CNPG has been observed to mask conditions like bullous
pemphigoid [48] or lichen planus [49]. In these cases, the
preferred treatment approach combines antipruritic therapy
with specific treatments targeting the underlying dermatoses.
In order to be able to choose the necessary patient-specific
diagnostics and work cost effectively, the patient should be
evaluated in a specialized itch center [50].

5.1 Patient-Reported Outcome in Patients
with CNPG

To accurately measure the intensity of pruritus in CNPG, it
is necessary to use a reliable assessment tool that can evalu-
ate the severity of pruritus [12]. The most frequently used

instruments for assessing pruritus intensity are the numeric
rating scale (NRS, range 0-10), visual analog scale (VAS,
range 0—10) and verbal rating scale (VRS, range 0-4) [12].
To categorize the severity of pruritus, NRS and VAS com-
monly employ cut-off points of 3, 7 and 9. These points
serve as thresholds to differentiate between mild, moderate,
severe and very severe pruritus [51].

Inadequate control of CPG can significantly impact the
patient's quality of life. To assess disease control from the
patient's perspective, the Prurigo Control Test (PCT) was devel-
oped and validated. This questionnaire consists of five items that
allow patients to evaluate and determine whether their CNPG is
effectively managed or not. By answering these items, clinicians
can assess the level of control of the CNPG from the patient's
perspective (submitted; for further information see http://www.
pruritussymposium.de/definition-of-severity-and-descriptors-
of-chronic-prurigo-ndash-harmonization-of-european-pruri
go-documentation.html).

To evaluate the consequences of CPG on individuals, stand-
ardized questionnaires can be utilized to assess the limitations
in quality of life as well as the presence of depression and anxi-
ety. Various instruments are available to measure quality of life,
with the Dermatology Life Quality Index (DLQI) [52] and the
pruritus-specific ItchyQoL [53] being the most commonly used
ones for patients with CPG. Additionally, the Hospital Anxiety
and Depression Score (HADS) [54] can serve as a screening
tool to identify the presence of anxiety and depression in
individuals with CPG.

5.2 Clinician-Reported Outcomes

The Prurigo Activity and Severity Score (PAS) [45] and the
Investigator's Global Assessment (IGA) [46] were created to
provide an objective and standardized way to document pru-
riginous lesions in all CPG subtypes. PAS captures information
about the type, location and quantity of pruriginous lesions,
including the percentage of active and healed lesions. The IGA
stages comprise a simple rating system to evaluate the pres-
ence of pruriginous lesions based on four levels. The IGA also
considers the scratch activity for the lesions. The classification
of severity can be determined using the IGA or the PAS [46].
These assessment tools are not only utilized to evaluate and
track the progress of CPG during treatment but also to establish
inclusion criteria and therapy success in clinical trials.

6 Currently Available Therapies for CNPG
Although urgently needed, approved therapies and RCTs for

CNPG are limited compared with other dermatological dis-
eases like atopic dermatitis [55]. Dupilumab, a fully human

A\ Adis


http://www.pruritussymposium.de/definition-of-severity-and-descriptors-of-chronic-prurigo-ndash-harmonization-of-european-prurigo-documentation.html
http://www.pruritussymposium.de/definition-of-severity-and-descriptors-of-chronic-prurigo-ndash-harmonization-of-european-prurigo-documentation.html
http://www.pruritussymposium.de/definition-of-severity-and-descriptors-of-chronic-prurigo-ndash-harmonization-of-european-prurigo-documentation.html
http://www.pruritussymposium.de/definition-of-severity-and-descriptors-of-chronic-prurigo-ndash-harmonization-of-european-prurigo-documentation.html

20

S. Miiller et al.

monoclonal antibody targeting the interleukin (IL)-4 recep-
tor a, represents the only approved systemic treatment (FDA,
EMA) for adult patients with CNPG to date (June 2023)
[56]. Other available pharmacological interventions that are
recommended in the International Forum for the Study of
Itch (IFSI) guideline on CPG (including CNPG), in addition
to emollients, are off-label for CNPG [47].

Available therapeutic options for CNPG can be divided
into the following groups:

(i) Topical therapies.

m topical anti-inflammatory therapies (topical corticos-
teroids [TCS], intralesional corticosteroids, topical cal-
cineurin inhibitors [TCI]: tacrolimus, pimecrolimus).

m topical analgesics (anesthetics, cryotherapy, the transient
receptor potential vanilloid 1 [TRPV1] agonist capsai-
cin).

m topical antiproliferative agents (coal tar, vitamin D
derivatives like calcipotriene).

(i) Ultraviolet (UV) phototherapy (e.g., narrowband ultra-
violet B light [NBUVB], psoralen plus ultraviolet A
(PUVA) and laser therapies (e.g., excimer laser).

(iii) Systemic therapies.

m antihistamines.

m  conventional immunosuppressants (oral corticosteroids,
cyclosporine, methotrexate, azathioprine, thalidomide/
lenalidomide).

m  neuromodulating therapies (opioid modulators like
naloxone, naltrexone and nalbuphine, neurokinin-1
(NK1) receptor (NK1R) antagonists like aprepitant and
serlopitant, antidepressants like paroxetine, fluvoxamine
and duloxetine, gabapentinoids).

m  immunomodulating therapies (biologics like dupilumab,
nemolizumab and oral Janus kinase inhibitors (JAKi)
[47, 55].

The current IFSI guideline on chronic prurigo recom-
mends a step-by-step treatment approach (step 1: TCS, TCI
and H1 antihistamines; step 2: topical capsaicin, intral-
esional corticosteroids and UV therapy; step 3: gabap-
entin, pregabalin or antidepressants in case of predomi-
nating neuropathic characteristics versus cyclosporine
or methotrexate in case of predominant inflammation;
step 4: NKI1R antagonist, p-opioid receptor antagonists,
dupilumab, nemolizumab (currently under investigation),
(thalidomide) [47]. The step-wise approach is based on the
few clinical trials available. An RCT in 10 CNPG patients,
in which betamethasone valerate, a frequently used TCS
in CNPG, was compared with the vitamin D derivate cal-
cipotriol, showed that betamethasone valerate was inferior
to calcipotriol in reducing CNPG skin lesions (p < 0.05)
[57].
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Siepmann et al. conducted a phase II RCT, in which 30
CNPG patients were treated with either 1% pimecrolimus
cream or 1% hydrocortisone cream. After a treatment dura-
tion of only 10 days, the pruritus intensity was significantly
reduced in both patient groups (p < 0.001); there were no
differences regarding the strength of pruritus reduction
between both topicals (p = 0.394) [58].

Currently (August 2023), there are no RCTs on antihis-
tamines, topical capsaicin, intralesional steroids, gabap-
entinoids, antidepressants, cyclosporine, methotrexate, or
azathioprine for CNPG [47].

Herein, we give an update on novel therapies and emerg-
ing agents for CNPG that are currently being investigated in
RCTs. In phase III: nemolizumab (anti-interleukin-31 recep-
tor A [IL-31RA] antagonist) and ruxolitinib cream (topical
JAKi); in phase II: vixarelimab/KPL-716 (anti-OSM beta
receptor antagonist), INCB054707 (JAK 1 inhibitor) and
abrocitinib (JAK1 inhibitor); and in phase I: CDX-0159/
barzolvolimab (tyrosine kinase KIT receptor inhibitor)
(see ClinicalTrials.gov, EudraCT clinicaltrialsregister.eu).
Approved therapies and current or completed double-blind
placebo-controlled studies or RCTs for CNPG are addition-
ally presented in Table 2. Conventional therapeutic options
for CNPG are well described elsewhere and therefore are not
described more in detail in this review [4, 47, 55, 59, 60].

6.1 Dupilumab: Efficacy and Safety of the First
Approved Biologic for CNPG

The monoclonal antibody dupilumab interferes with type 2
helper T-cell (Th2)-mediated inflammation by inhibiting the
shared a subunit for IL.-4 and IL-13 of the IL.-4 receptor [56].

It was first approved in March 2017 for adult patients
with moderate-to-severe atopic dermatitis (AD), insuffi-
ciently controlled with topical therapies [61]. In Europe,
dupilumab is approved for moderate-to-severe AD (patients
aged > 12 years), severe AD (patients aged > 6 months),
severe asthma (patients aged > 6 years; add-on therapy),
chronic rhinosinusitis with nasal polyps (adult patients;
add-on therapy), eosinophilic esophagitis (patients aged > 12
years) and moderate-to-severe CNPG (adult patients) [62].

Dupilumab was investigated in 151 and 160 adult
patients, respectively, in the two double-blind, placebo-con-
trolled phase III trials LIBERTY-PN PRIME and PRIME2
[56]. The patients received dupilumab 300 mg (loading
dose 600 mg) subcutaneously (SC) or placebo every 2
weeks (Q2W) for 24 weeks and were allowed to continue
stable therapies with low-to-moderate potency TCS or TCI
during the trial. In the dupilumab arm, 37.2% of patients
at week 12 (PRIME?2) and 60.0% of patients at week 24
(PRIME) reached the primary endpoint of an improvement
of Peak Pruritus Numeric Rating Scale (PP-NRS) > 4 points
(PRIME2 placebo arm: 22.0% of patients; 95% confidence
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= . B interval [CI] for the difference, 2.3-31.2; p = 0.022; PRIME
& §§ :f, placebo arm: 18.4% of patients; 95% CI for the difference,
g 2t 27.8-57.7; p < 0.001) [56].
P i =g Dupilumab was also significantly superior to placebo
§ TE § regarding the improvement of skin lesions as measured
; S &= % by the Investigator Global Assessment for PN-Stage (IGA
— Q
g % Eh =] PN-S) [56]. A score of O (‘clear’) or 1 (‘almost clear’) was
< 2 g %_ S achieved by 48%/44.9% (PRIME/PRIME?2) of patients at
- =~ ; E‘ o) week 24 (placebo: 18.4%/15.9%; 95% CI for the differ-
g {‘6-" b9 2 ':‘; 3 ER:R ence, PRIME: 13.4-43.2; p < 0.001; PRIME2: 16.4-45.2;
—~ s 2 [y 7N .
=33 _ & % 25 | 2 3 5 p < 0.001) as well as by 32.0%/25.6% of patients at week 12
SEE SESESEa| 25y (placebo: 11.8%/12.2%; 95% CI for the difference, PRIME:
= O [ZER] = o »n B
EE g g 2 f 2*@ =l g § 7.8-34.0; p = 0.003; PRIME 2: 2.6-27.0; p = 0.019) [56].
— e o = .
B = %’ §_ E %.;:’ =Sz | E E < Treatment-emergent adverse events (TEAEs) comprised
= @ = 7 Q .= . e .
_&é’ & g ® gf &2 %D g RS azf conjunctivitis (PRIME/PRIME2: 2.7%/3.9% of patients)
= C =~ = . . . .
Z 2 % I &= 2E&e| S gg and herpes viral infections (PRIME2: 5.2% of patients).
S & & Skin infections (herpes infections excluded) occurred
. i, ] more often in placebo-treated patients [56]. Figure 2 dem-
g E © g § onstrates a CNPG patient who was successfully treated with
% 3 g8 dupilumab.
c 5 222 .
© g2 5o 9 A few cases report good efficacy and safety of dupilumab
g 53 N E -§§ in children and adolescents with CNPG (off-label use)
) 8o S o
A < S eQ [63-65].
o ° § = Husein-ElAhmed and Steinhoff compared the efficacy of
& 552 = & %‘) 5 i dupilumab in patients with AD and CNPG and concluded
Lé z G ;;» % % B E - O &g 8 that the onset of action of dupilumab is faster regarding the
i Qg = . . . . .
2|2 B2E% S| E2E 2 g ; o decrease of pruritus in AD than in CPNG and patients with
B E 223 @E Z § Z & £ 5 g = atopic CNPG may require longer treatment periods [66].
—|E8xs2 25 | HFoasg = 59 .
5|§=°8:3§ QS &1 B E : g2 So far, long-term studies and large real-world data collec-
2|lEs =2z Eon @ . . L . .
EIESETZE|[Z222 SS 23 tions investigating efficacy, safety and potentially disease-
CICZEEE20 |88 ©gE g . : ) .
FE2ES modifying effects of dupilumab in CNPG are lacking.
3 4 5% 2
S 22 EZg%
5 23 PEEE
~ & g5 ENs= 7 Promising Therapeutic Approaches
Ts- B ER N in Clinical Trials
325 2oo 8% 48
o2 298 Sz EG L .
= £ S EZ% © A e The agents that are currently under investigation are either
S S 5 . . .. .
6 E 2 = ° %’ ~E = é monoclonal antibodies (administered SC or intravenously)
§ g goa that target central itch signaling pathways by inhibiting for
ER example the IL-31 receptor A/oncostatin M receptor § (like
) é z *Z nemolizumab or vixarelimab) or topical or orally adminis-
'f, T § tered small molecules (JAKi) with a broader mode of action
I § g = % by modulating gene expression of important pro-inflamma-
= = 55 87% tory cytokines in CNPG [67].
E £ 2Esy
E 8 £ 7.1 Agents Targeting Opioid Receptors
ERs=
“L 33
= g <5 % Clinical phase II and III trials investigating the efficacy
Q = = . . . .
E g 5 = g and safety of nalbuphine, a x-opioid receptor agonist and
g I § < p-opioid receptor antagonist, in CNPG are now completed
= o~ ~§ B g é’ (NCT02174432, NCT02174419, NCT03497975). Results
(o] — — et =
2|5 ) = %_ ) of the phase II RCT (NCT02174419) have already been
SIS Z 9: % 8 § published [68]. Here, 62 patients were randomized 1:1:1
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to receive nalbuphine extended-release (NAL-ER) tablets
81 mg, 162 mg or placebo twice daily for a treatment dura-
tion of 8 weeks. After 10 weeks of treatment, 44.4% (n = 8)
(NAL-ER 162 mg twice daily; p = 0.32) and 27.3 % (n = 6;
NAL-ER 81 mg twice daily; p = 0.78) of patients met the
primary endpoint, which was a decrease of pruritus (as
measured with 7-day PP-NRS) >30% from baseline (com-
pared with 36.4%, n = 8 patients in the placebo group). In
the open-label extension study, further improvements of pru-
ritus and healing of skin lesions have been observed (meas-
ured with the Prurigo Activity Score). TEAEs comprised
gastrointestinal disorders like nausea and general disorders
like headache, fatigue and dizziness.

7.2 Agents Targeting the IL-31 Receptor A/
Oncostatin M Receptor 8

IL-31 is regarded as one of the most important Th2
cytokines in the pathophysiology of CNPG and chronic
pruritus in general [69]. IL-31 binds to a heterodimeric
receptor consisting of IL-31A and oncostatin M receptor f3
(OSMRp) and thereby modulates neuroimmune signaling in
CNPG and other pruritic diseases like atopic dermatitis [32,
70]. Nemolizumab is a monoclonal antibody that inhibits
IL31RA. It is approved in Japan as AD add-on therapy in
patients aged > 13 years, when prior therapies have been
insufficiently effective [70]. Nemolizumab is currently
(June 2023) the only systemic therapy that is under inves-
tigation in CNPG in three phase III RCTs (NCT05052983,
NCT04204616, NCT04501666; see ClinicalTrials.gov,
EudraCT clinicaltrialsregister.eu). Results of the phase III
RCT OLYMPIA 2 (NCT04501679) have been published
as an abstract recently [71]. A total of 274 patients with
moderate-to-severe CNPG participated in the global study.
Of these, 183 received nemolizumab in a bodyweight-
dependent dosage after a loading dose of 60 mg (<90 kg
bodyweight: 30 mg Q4W; >90 kg bodyweight: 60 mg Q4W)
for 16 weeks, while 91 patients received placebo. A con-
comitant therapy with TCS or TCI was not allowed. After 16
weeks, both primary endpoints (i.e., proportion of patients
with an improvement of pruritus >4 points as measured
with the weekly average PP-NRS and proportion of patients
with IGA success) were met (p < 0.0001). An itch reduction
>4 points was achieved in 56.3% of nemolizumab-treated
patients (weekly average PP-NRS) after a treatment duration
of 16 weeks compared with 20.9% of patients that received
placebo. IGA success was observed in 37.7% of patients in
the nemolizumab group compared with 11.0% in the placebo
group. The safety profile was similar to the phase II trial
results [71].

The results of a 12-week, double-blind, phase II RCT
(NCTO03181503) also showed a fast improvement in pruritus
intensity (PP-NRS —19.5% vs —5.8% [placebo]; p = 0.014)

and sleep within 48 hours in nemolizumab-treated patients
[72, 73]. The trial investigated 70 adult patients with mod-
erate-to-severe CNPG and severe pruritus (NRS >7/10
points), of which 34 patients were treated with 0.5 mg
nemolizumab per kilogram of bodyweight SC at baseline,
week 4 and week 8; 36 patients received placebo [72]. After
a treatment period of 4 weeks, PP-NRS was reduced by 4.5
points (nemolizumab) compared with 1.7 points (placebo
group; p < 0.001) [72]. At this time, almost 30% of patients
in the nemolizumab arm indicated (almost) no pruritus and
24% of patients achieved >75% healed skin lesions (vs
11% in the placebo arm) [72]. AEs were reported in about
70% of patients in both groups (severe AEs: n = 4 [nemoli-
zumab]; n = 3 [placebo]). The most common AEs in the
nemolizumab group were gastrointestinal symptoms (21%
of patients), musculoskeletal or connective-tissue symptoms
(18% of patients) and bronchitis (6% of patients) [72].

The monoclonal antibody vixarelimab (KPL-716)
inhibits OSM and IL-31 signaling by binding to OSMRf
and has shown a fast decrease in pruritus intensity and a
good improvement of skin lesions in two phase II RCTs
(NCT03816891, NCT03858634). Sofen et al. report on 50
patients who were treated with vixarelimab (720 mg SC
loading dose, then 360 mg SC weekly) or placebo for 8
weeks in Canada and the US (NCT03816891) [74]. In the
vixarelimab group, a significant pruritus reduction (as meas-
ured by average weekly PP-NRS) compared with baseline
at week 8 (—50.6%) was observed (placebo group: —29.4%;
95% CI for the difference —40.8 to —1.6; p = 0.03) [74].
At that time, a pruritus reduction >4 points (PP-NRS) was
achieved by 52.2% (vixarelimab) versus 30.8% (placebo)
of patients (p = 0.11) [74]. Moreover, IGA stage was 0 or
1 in 30.4% of patients in the vixarelimab group (vs 7.7% in
the placebo group; p < 0.03) at week 8 [74]. TEAESs in the
vixarelimab arm comprised upper respiratory tract infections
(21.7% of patients), nasopharyngitis (13.0% of patients),
nummular eczema and urticaria (each 8.7% of patients) [74].

7.3 Topical and Systemic Agents Targeting
the Janus Kinase Family

JAKIi are small molecules that interfere with intracellular
Janus kinase/signal transducer and activator of transcrip-
tion (JAK/STAT) signaling pathways by inhibiting one or
several members of the JAK family (intracellular tyrosine
kinases JAK1, JAK2, JAK3, TYK?2) with different relative
selectivity. Many cytokines that mediate important immuno-
and neuromodulating pathways in CNPG (e.g., IL-4, IL-13,
thymic stromal lymphopoietin, IL-31, IL-17, IL-23) rely on
JAK-STAT pathways [55, 59, 67, 75, 76].

They have proven effective in several other dermatologi-
cal diseases (e.g., vitiligo, AD, psoriasis) [67]. For example,
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Fig. 2 Clinical presentation

of a chronic nodular prurigo
(CNPG) patient treated with
dupilumab. An 84-year-old
patient with CNPG, initially (a)
and 4 months after initiation of
therapy with dupilumab 300 mg
subcutaneously every 2 weeks

(b)
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orally administered JAKi are approved in adult patients with
moderate-to-severe AD (abrocitinib, baricitinib, upadaci-
tinib) [77-79].

Ruxolitinib is the only approved topical JAKi to date
(EMA approval: patients aged > 12 years with non-segmen-
tal vitiligo with face involvement) [80]. In AD, 40.4%/42.7%
(ruxolitinib 0.75% cream) and 52.2%/50.7% (ruxolitinib
1.5% cream), respectively, achieved an improvement of
pruritus (PP-NRS) >4 points (placebo: 15.4%/16.3% of
patients) at week 8 (TRuE-ADI1/TRuE-AD2) [81] (all
p < 0.001). Ruxolitinib cream is currently being tested
in CNPG patients in two phase III RCTs (TRuE-PN1/
NCTO05755438; TRuE-PN2/NCT05764161); results have
not yet been published.

Two systemic JAK1 inhibitors (INCB054707/povorcitinib
[NCT05061693]; abrocitinib [NCT05038982]) are currently
in phase II studies. In CNPG, efficacy and safety data of
these two compounds are not yet available. There is one
case report in the literature dealing with a CNPG patient
who was successfully treated with abrocitinib and did not
respond to dupilumab [82]. In AD, abrocitinib is known
for rapid relief of pruritus within a few days. In JADE-
MONOI, a double-blind, placebo-controlled phase III RCT,
a significant pruritus reduction (PP-NRS >4 points) was
observed in 20% (p = 0.0004)/46% (p < 0.0001) (abroc-
itinib 100 mg/200 mg; placebo: 3%) at week 2 and 32%
(» =0.0251)/59% (p < 0.0001) (placebo 17%) of patients at
week 4 [83]. Here, reported TEAEs were nasopharyngitis,
atopic dermatitis, nausea and headache [83].

Moreover, the immunoglobulin G1k monoclonal anti-
body CDX-0159 (barzolvolimab) is being clinically
tested in a double-blind, placebo-controlled, phase I RCT
(NCT04944862). It may reduce pruritus in CNPG by inhibit-
ing the KIT receptor, which may lead to mast cell depletion
in the dermis as observed in mouse models [84].

8 Expert Opinion

Chronic prurigo is one representative example in derma-
tology where a misconception and terminology confusion
has hampered the scientific elaboration for decades. In the
past 15 years, this was corrected beginning with advocating
for disease awareness [85], definition of a separate disease
category in the IFSI classification [86] and first morpho-
logical [40] and clinical [58] studies. The first clinical tri-
als evaluating novel substances were started 10 years ago
(nalbuphine, NCT02174419). Since then, several milestones
have been made in disease understanding and, corresponding
to this, in improved medical care such as first transcriptomic
analysis [26], first terminology [1], first guideline [47] and

first therapy approval in 2022 (dupilumab). Many transla-
tional studies contributed to the understanding of the patho-
genesis of this global disease, including ethnic variations.
Many phase II/III studies have been initiated with different
therapy targets such as Th2 interleukins (especially IL-4,
IL-13, IL-31), the JAK/STAT pathway and neuroreceptors
(NK1, opioid receptors). Positive study outcomes validated
the pathophysiological role of the corresponding targets.

As patients suffer greatly and are frustrated about the lack
of efficacy of available therapies and lack of approval of
efficient therapies, there is still a high unmet need. There is
a trend of patients avoiding contact with healthcare profes-
sionals or patient groups, and so much effort is needed to
reach patients for dissemination of information on release
of guidelines, studies or patient activities. Accordingly, a
patient advocacy group led by physicians was founded 10
years ago. The Prurigo Nodularis League has since reached
out to patients worldwide on social platforms.

The approval of new effective therapies for CNPG is most
important for patients and health care professionals.

The approval of dupilumab for adult patients with mod-
erate-to-severe CNPG in 2022 has been a major milestone
since dupilumab represents the first approved systemic
therapy for CNPG. Other therapies such as nemolizumab
are expected to be approved soon. The approval of JAKi
will probably take some time, but will provide faster itching
relief in patients who need a particularly rapid response to
therapy.

As we are in a highly innovative area with coverage of
rare and neglected disease (such as hidradenitis suppurativa,
vitiligo and others), drugs already approved for other indica-
tions are also reported to be effective in CNPG. Tofacitinib
and tralokinumab are recent examples [87, 88]. The broad
range of identified targets, current case observations and
initiated trials offers the possibility of more drug approvals
in the near future.

However, a lot of research questions remain, such as the
natural course of the disease and the molecular and treatment
response differences between people of different ethnicities.
Further research including international collaborations with
initiation of registries and translational studies are needed.
Fortunately, this seems to be already underway.
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