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Abstract: Palmoplantar pustulosis (PPP) is a rare, chronic, recurrent inflammatory disease that
affects the palms and/or the soles with sterile, erupting pustules, which are debilitating and
usually resistant to treatment. It has genetic, histopathologic and clinical features that are not
present in psoriasis; thus, it can be classified as a variant of psoriasis or as a separate entity.
Smoking and upper respiratory infections have been suggested as main triggers of PPP. PPP is
a challenging disease to manage, and the treatment approach involves both topical and systemic
therapies, as well as phototherapy and targeted molecules. No gold standard therapy has yet been
identified, and none of the treatments are curative. In patients with mild disease, control may be
achieved with on-demand occlusion of topical agents. In patients with moderate-to-severe PPP,
phototherapy or a classical systemic agent (acitretin being the best treatment option, especially in
combination with PUVA) may be effective. Refractory patients or those with contraindications to
use these therapies may be good candidates for apremilast or biologic therapy, particularly anti-
IL-17A and anti-IL-23 agents. Recent PPP trials are focusing on blockage of IL-36 or IL-1
pathways, which play an important role in innate immunity. Indeed, IL-36 isoforms have been
strongly implicated in the pathogenesis of psoriasis. Therefore, blockage of the IL-36 pathway
has become a new treatment target in PPP, and three studies are currently evaluating the use of
monoclonal antibodies that block the IL-36 receptor in PPP: ANBO019 and spesolimab (BI
655130). In this review, we explore the diagnosis, screening and treatment of patients with PPP.
Keywords: palmoplantar pustulosis, palmoplantar pustulosis psoriasis, IL36, ANBO19,
spesolimab

Introduction
Palmoplantar pustulosis (PPP) is a chronic inflammatory disease that affects the
palms and/or the soles. It is debilitating and usually resistant to treatment. It persists
for years with periods of partial or total remission interrupted by recurrent
exacerbations.' Its pathogenesis is still poorly understood. Clinically it is defined
by eruptions of sterile pustules that appear abruptly on an erythemato-squamous
background (it may be associated with hyperkeratosis, erythema, scaling, and
fissuring).? It can be classified as a variant of psoriasis or as a separate entity.’
PPP is a rare disease, with a prevalence estimated to range from 0.01 to 0.05%.*
It seems to be more frequent among females (at least two thirds of patients, with
a percentage that ranges from 65.3% of patients in a nationwide Japanese database
to 94% in a Swedish study.>® It commonly occurs in the fifth or sixth decade of life,
with a mean age of onset that varies from 40 to 58 years.*’
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In this review, we explore the diagnosis, screening and
treatment of patients with PPP.

Differentiating Palmoplantar
Pustulosis (PPP) from Palmoplantar

Pustular Psoriasis (PPPP)

In 1930 Barber described for the first time PPP as
a psoriasis subtype, calling it localized palmoplantar pus-
tulosis/Barber type, as opposed to generalized pustular
psoriasis/von Zumbusch type (which is defined as a life-
threatening, rare disease with recurrent flares of pustular,
erythematous lesions).® The nosological position of PPP
remains unclear to this day. PPP can be considered in the
clinical spectrum of plaque psoriasis or as an independent
disease. The debate is still ongoing. Consequently, in the
literature, PPPP and PPP are often not well distinguished.
In 2007, the International Psoriasis Council, reclassified
PPP as a separate disease.’

PPP is a bilateral, symmetric dermatosis that consists of
pustular lesions typically limited to the palms and/or soles
that appear on an erythemato-squamous background.’
(Figures 1-6) Clinically, it is distinguished from PPPP
based on the absence of psoriasis at other body sites and
a predilection for histologic involvement of the acrosyrin-
gium (the terminal duct of eccrine sweat glands), a feature
that seems to be more specific to PPP.” PPPP is a psoriasis
variant that may affect 11-39% of psoriasis patients and is
characterized by macroscopic sterile pustules intermixed
with yellow—brown macules affecting the hands and/or
feet.>'? In most cases, PPPP occurs concomitantly with
psoriasis at other body areas. Therefore, a complete cuta-
neous exam is a key step to differentiate the two entities. If
lesions are only present in the palms/soles, the term PPP
should be used. If, on the other hand, besides the palms/
soles pustulosis, concomitant plaque psoriasis or a positive
family history for psoriasis is present, then PPPP should be
applied.>’

Regarding age at onset of disease, disease duration,
family history of psoriasis, concomitant arthritis, and cardi-
ovascular disease, no significant differences have been
reported between PPP and PPPP in observational studies.’
On the other hand, female sex, smoking, and autoimmune
thyroid disease seem to be associated with PPP.'"'? In fact,
the association with smoking is strong, and it is thought that
in individuals with PPP, nicotine is secreted into eccrine
glands to promote inflammation and alter the local response
to infection.” Recent studies have challenged the genetic

Figure | Scattered pustules on a erythematous base with desquamation on the
medial zone of the plantar surface of the foot.

relationship of PPP with plaque psoriasis, although both
these entities can respond to similar treatments and have
a similar impact on quality of life. Table 1 summarizes the
main clinical features of palmoplantar pustular psoriasis and
palmoplantar pustulosis.

Genetic Studies

Data on the genetic risk factors for PPP are limited.
International Psoriasis Council declare that PPP should
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Figure 2 Pustules, sometimes coalescing, with erythematous halo, affecting mainly
the palms.

be viewed as an entity independent of psoriasis, mainly
due to genetic studies that have not shown an association
with the psoriasis susceptibility gene 1 (PSORS 1)."°
Many genetic studies have revealed that PPP may have
numerous mutations in the IL36RN, CARDI14 and
ASP1S3 genes."* Future clinical and genetic studies will
be crucial to elucidate whether this diverse genetic profile
can affect the response to therapy - i.e, biological."
Studies carried out in patients with generalized pustular
psoriasis have found a mutation in IL36RN, and this is
considered the most important predisposing factor for gen-
eralized pustular psoriasis (GPP).'® However, the IL36RN
mutation was found only in a low proportion of patients
with PPP, and no association was found between the
IL36RN mutation and PPP.'” More recently, Twelves et al-
17 studied the genetic and clinical characteristics of differ-
ent forms of pustular psoriasis. Loss of- function
mutations in IL36RN were present in 5.1% of patients
with PPP. Additionally, it was found that there was
a statistically significant association between PPP and
IL36RN mutations. Twelves et al'” also suggested that
mutations in IL36RN are related to early onset of the
disease in all types of pustular psoriasis and that patients
with PPP and age <40 years should do a screen for muta-
tions in IL36RN.'® Therefore, recent studies indicate the
role of the mutation of the IL-36 receptor antagonist gene
(IL-36RN) in the development of PPP but also in several
forms of psoriasis, namely the plaque type, the pustular
palmoplantar type and the generalized pustular type.'’
This finding infers that the interleukin-36 pathway may
be implicated in the pathogenesis of this disease.”® It has

Figure 3 Pustular lesions in a erythematous and scaling plaque affecting the central
zone of the plantar surface of the foot.

also been noted that the mutation is the genetic base of the
deficiency of the IL-36 receptor antagonist (DITRA),
which is a rare autosomal recessive hereditary disorder
portrayed by disseminated pustular lesions that resemble
acute generalized exanthematous pustulosis (AGEP) or
pustular psoriasis.”'

Recent studies have described, in numerous patients with
PPP, mutations in CARD14 [family member of the caspase
14 recruiting domain], principally in males and patients with-
out a positive family history of common psoriasis.'” Current
studies have also shown mutations in AP1S3 in few patients
with PPP.!”?> Based on the outcomes of the research, the
authors proposed that there are overlapping genetic risk
factors in psoriasis PPP and generalized pustular psoriasis.**
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Figure 4 Erythema, multiple pustules and scaling in the palmar surface of the hand.

Figure 5 A closer look of Figure 4.

Figure 6 The pustular eruption affecting both palmar surfaces of the hands.

PSORS1 (the most powerful identified genetic risk
factor for psoriasis vulgaris) has not been associated with
PPP."® Genetic studies of TNF-238 and —308 promoter
polymorphisms in PPP revealed no connection between
polymorphisms and PPP.*

Genomic analyses have identified modified IL19 and
IL20 genetic clusters in PPP patients.** Another genetic
factor operating a role in psoriasis pathogenesis is
ATG16L1 mutation in a gene located on chromosome 2.
ATGI6L1 plays a role in the immunological response, so
mutation of this gene affects the production of antimicro-
bial peptides and the production of IL-18 and IL-1, leading
to a propagating systemic inflammation. Studies reveal
that Rs2241879A and rs2241880 G single nucleotide poly-
morphisms (SNPs) of the ATG16L1 gene are often among
patients with PPP contrasted to healthy individuals.*’
Since there is a coexistence between PPP with arthralgia
and arthritis in some patients, the genetic basis of PPP has
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Table 1 Summarizes the Main Clinical Features of Palmoplantar Pustular Psoriasis and Palmoplantar Pustulosis

Palmoplantar Pustulosis

Palmoplantar Pustular Psoriasis

Sites of

predilection the lateral parts of hands and feet

Typically limited to the palms and/or soles, but can spread to

Palms and soles, in most cases, occurs concomitantly with

psoriasis at other body areas

Skin changes

erythemato-squamous background

Eruptions of sterile pustules that appear abruptly on an

Well demarcated papules
and patches, massive
hyperkeratosis and scaling intermixed with sterile

pustules

Nail changes

Onycholysis, pitting subungual, pustules and dystrophy

Onycholysis, pitting subungual, pustules and dystrophy

susceptibility

Associated Upper respiratory infections; Psoriatic arthritis; Smoking Psoriatic arthritis

conditions Female sex; Thyroid gland dysfunction

Prevalent Pain Moderate itch

symptoms

Positive family No Yes

history for

psoriasis

Histology Sterile, unilocular (single cavity) intraepidermal pustules filled Orthokeratosis alternating with many foci of
with eosinophils and neutrophils located in the parakeratosis and the existence of inflammatory cells
Acrosyringium

Genetic CARD14 and IL36RN Psoriasis susceptibility gene | (PSORS 1)

that arthritis.
A correlation between the HLA-B27 antigen, typical of
psoriatic arthritis, and PPP was found. The HLA-B27
antigen was recognized in 32% of patients with PPP with

been connected with of psoriatic

arthralgia in the hip, in the area of the anterior thorax or
peripheral joints.?®

Etiopathogenesis

To better understand the inflammatory pathways (cyto-
kines and inflammatory cells) involved in PPP, several
immunohistochemical investigations were conducted, pro-
viding data for more in-depth knowledge of the disease
and the future setting up of a personalized treatment
regimen.”’

Acrosyringia

Acrosyringium is an immunocompetent structure with
a significant role in the barrier function and in the defense
of the skin.?’ Current studies indicate that acrosyringium
performs a important role in the inflammatory process of
PPP.? Several pathophysiologic and histologic studies have
shown that this inflammatory process begins in the acro-

syringia, leading posteriorly to their destruction.**82°

The cholinergic system is responsible for innervating
the sweat glands and acetylcholine (Ach) is the main
inducer of sweating. Acetylcholine functions through 2
types of receptors: nicotinic (nAchR) and muscarinic
(mAchR). The level of Ach is controlled by Ach nicotinic
transferase and this can affect the sweat glands functions.
Studies have revealed that the cholinergic system is impli-
cated in the inflammatory process, with alterations in the
expression of enzymes: acetylcholinesterase and choline
acetyltransferase and nicotinic acetylcholine receptors in
the skin of PPP patients.*® It has been demonstrated, due
to the fact that there are large amounts of esterase in the
lower layers of the acrosiringium in patients with PPP, that
the Ach level is lower, as the esterase decompose the
neurotransmitter. Nicotine binds to nAch receptors in the
absence of Ach. It is believed that the activation of nico-
tine Ach receptors by nicotine and not by Ach may play
a role in PPP pathogenesis, as it leads to the accumulation
of eosinophils and neutrophils, and consequently, to the
formation of pustules. In addition, nicotine likewise affects
the keratinocytes nearby the sweat glands and causes
increased keratosis of the excretory ducts.*’' In fact, an
association has been described between the cholinergic
system and nicotine that appears to be based on the
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nicotine excretion in the eccrine ducts. Thus, nicotine
seems to alter the expression of antigens in the acrosyr-
ingium, pulling Langerhans cells and provoke the produc-
tion of IL-17 in the soles of the feet and palms.?’

The IL23/17 Pathway

The immunological processes involved in PPP, lead to the
accumulation, in the area of the the acrosyringium, of
a substantial quantity of granulocytes.”’~' The cytokines that
regulate these processes play a fundamental role. As in
psoriasis, in PPP, there is also an increase in the levels of pro-
inflammatory interleukins in blood such as TNF-a, IL-22, IL-
17 and gamma interferon (IFN-y).*> However, differences
were found in interleukins produced in psoriatic lesions and
PPP. In psoriatic lesions, large amounts of cytokines are
produced by Th17 lymphocytes (IL-17, IL-12 and IL-23),
while in PPP only a significant increase in IL-17 expression
occurred, without concomitant elevation of IL-23 and IL-12.3
These data corroborate the opinion that IL-17 plays
a meaningful role in PPP expression, which is evidence of
significant interest, given the availability of an extensive spec-
trum of biologic agents targeting IL-17.** Elevated IL-17 in
the epidermis stimulates the production of IL-6 by keratino-
cytes, activating monocytes and neutrophils and attracting
granulocytes to the epidermis, leading to the formation of
pustules. In this way, interleukin 6 plays a fundamental role
in the formation of the pustule as seen in PPP. Patients show
increased levels of this cytokine in both skin lesions and
blood.* Interleukin 6 is part of the gp130 cytokine family
and is a pro-inflammatory cytokine.*® It stimulates the produc-
tion of acute phase proteins, differentiation and cell
T activation, differentiation of B cells into mature cells, acti-
vation of Th17 lymphocytes and also other non-immune cells,
such as fibroblasts and keratinocytes.>® Furthermore, it stimu-
lates macrophages to generate chemokines, for example,
monocyte chemotactic protein 1 (MCP-1) and IL-8, and it
leads to production of adhesion molecules in the vascular
endothelium, leading to increased granulocyte migration and
consequent to the formation of pustules.®’” Thus, IL-6 appears
to be an excellent new target in PPP treatment.*®

IL-8 and IL-36 Pathway

IL-36 interleukins have been strongly implicated in the
pathogenesis of psoriasis. It is thought that they exhibit
their effects through activation of dendritic cells that can
promote the T helper 17 (Th17) phenotype, a key player in
this disease.>® IL-17 production by the Th17 cells may
also increase IL-36 expression, creating a feedback loop

It has been
hypothesized that this mechanism would explain the spec-

that drives inflammation and disease.*®

trum of disease, with localized activation causing Thl7-
dependent overexpression of IL-36 cytokines in plaque
psoriasis, and systemic activation causing the more severe
disease generalized pustular psoriasis (GPP).*' Mutations
in IL-36RN, which results in a misfolded IL-36Ra that
disables its interaction with IL-36R, can cause the rare,
life-threatening disease, GPP.*> GPP presents with sudden-
onset high-grade fever, generalized rash with disseminated
pustules, elevated leukocyte count, and elevated C-reactive
protein serum levels.'® Deficiency of IL-36Ra causes an
increase in the severity of the lesions in the epidermis.'®
Regarding PPP patients, studies have shown upregula-
tion of IL-8 messenger RNA (mRNA) in the lesional skin
and the expression to be upregulated by LL-37, the mature
form of cathelicidin.*> IL-8 is seen as a potent chemoat-
tractant and activator of neutrophils and a major player
inducing pustule formation. The expression of IL-8, IL-
36y, and IL-36Ra has been evaluated in patients with
PPP.* IL-36y is part of the IL-1 family and stimulates
keratinocytes to produce IL-8. IL-36Ra, encoded by
IL36RN, inhibits IL-36y. Levels of IL-8 and IL-36y
mRNA and protein were shown to be significantly
increased in PPP lesional skin compared with healthy
subjects. IL-36Ra mRNA was markedly overexpressed in
PPP lesions compared with healthy skin, but IL-36Ra
protein expression did not differ between PPP, psoriasis
vulgaris, and healthy skin. IL-8 and IL-36y were also
to be
formation.** Blockage of the IL-36 pathway has become

shown related to acrosyringia in pustule
a new treatment target in PPP, and studies of the use of
monoclonal antibodies against the IL-36 receptor are
ongoing. Moreover, an ongoing phase Ila trial is studying
the role of RIST4721/AZD4721, which blocks CXCR2, in
PPP. CXCR2 (IL-8 receptor type B) mediates the action of

IL-8.%°

Lipocalin 2

Studies have discovered that patients with PPP had high
levels of lipocalin 2 in the blood.*® This increase was
mainly regulated by IL-1B. Wolk et al*® also reports
a significant positive correlation between pustule score
and lipocalin 2 levels. In conclusion, the studies cited
above show that the innate immune response plays
a central role in the PPP pathophysiology and be more
important than in psoriasis vulgaris.
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Microbiome

Recently published studies explore the microbiome in
patients with PPP. Masuda-Kuroki et al*’ showed that vesi-
copustules of PPP patients had a microbiome. Bacteria were
detected in 30.2% of the pustulovesicles. Through the
phylum level analysis, Proteobacteria, Firmicutes,
Bacteroidetes, and Actinobacteria were the most abundant
bacteria found. In a gender analysis, in pustulovesicles,
Devosia, Staphylococcus, and Pseudonocardia were the
most relatively plentiful bacteria. A significant difference
was identified in the abundance of Staphylococcus between
non-smokers and smokers with PPP, with more bacteria
detected in smokers.*” The outcomes of these investigations
show that although the pustules in PPP are “sterile” in the
sense that they are “non infective, non contagious” they still
may have a microbiome. Instead of using culture methods,
recent studies used amplification and sequencing of bacter-
ial ribosomal RNA genes to bacteria detection. This tech-
nique has the benefit of being capable of identifying dead
bacteria and those that cannot be raised under laboratory

conditions.*’

Clinical Presentation
PPP manifests clinically as sterile, erupting pustules, located
on the palms and soles (it can also affect the lateral portions
of feet and hands), with a chronic and cyclic course, occur-
ring on a desquamative and erythematous background and
are usually symmetrical.* The lesions develop in abundant
eccrine sweat glands affluent areas, which probably play
a role in the pathogenesis of the condition. Sterile pustules
usually dry within several days, and desquamation and linear
fissures are observed.” In a case series, palms were exclu-
sively affected in 15.4% of PPP cases, the soles in 17.9% and
palms and soles were concomitantly altered in 66.7% of
cases.’” The lesions usually cause an itching or burning sensa-
tion with a negative impact on the quality of life.'® In severe
cases, particularly when cracking and fissuring happen,
severe pain can be experienced, along with an inability to
stand up, exercise, or manipulate objects, interfering with
everyday activities.'

Nail changes may be present in about 42.1% of patients

7,48 In

(a percentage lower than seen in psoriasis).
a retrospective review of Japanese patients, the most com-
mon alterations observed were onycholysis, pitting subun-
gual, pustules and dystrophy. Other nail findings included
sub-ungueal hyperkeratosis, scale, indention, longitudinal

and transverse ridging, curvature abnormalities, splinter

hemorrhage, discoloration and thickening of the nail.’
PPP patients can also have osteoarticular involvement in
25.6%."%

The differential diagnosis of PPP includes: irritant con-
tact dermatitis, pityriasis rubra pilaris, dyshidrotic eczema,
pompholyx, acrodermatitis continua of Hallopeau and fun-
gal infections.””

Histology
Palmoplantar psoriasis is characterized histologically by
orthokeratosis alternating with many foci of parakeratosis
and the existence of inflammatory cells.* The main micro-
scopic finding of PPP is the sterile, unilocular intraepider-
mal pustules filled with eosinophils and neutrophils.
Characteristics overlapping with psoriatic lesions can be
found, such as parakeratosis, acanthosis, and inflammatory
cell infiltration.®> In this disorder, it is verified that the
epithelium degenerates, giving rise to a macro pustule
eruption and in the upper layers of the dermis an inflam-
matory infiltrate with CD3+ T lymphocytes and mast cells
can be seen.” It can be classified in vesicle, pustulovesicle
and pustule phases. Pustules are not seen in all cases.
Despite this, it is not possible to distinguish histopatholo-
gically between PPP and palmoplantar pustular psoriasis.
The primary differential diagnosis, histopathologically
and clinically, is pompholyx. It has two phases: pustule
and vesicle.”! Some studies have been written on histo-
pathological differences between pompholyx and PPP.”!
Kim et al’ and Yoon et al>® showed simple clues for the
PPP and pompholyx differential diagnosis. Masuda-
Kuroki et al®! recently described a new four-point check-
list to distinguish PPP from pompholyx. Histopathological
features favoring PPP are “vesicles lacking spongiosis”
and “microabscesses on the edges of vesicles” and in

3

favor of pompholyx are “vesicles with spongiosis” and
“neutrophils only on the top, and no microabscesses on
the edges of vesicles”.”! On the other hand, when in the
sequence of pompholyx pustules are present regularly, it is
a big challenge for a pathomorphologist to distinguish
dyshidrotic

pustulosis.>® Psoriasiform epidermal hyperplasia, conflu-

between eczema and  palmoplantar
ent parakeratosis, loss of granular layer, extravasated ery-
throcytes, eosinophils in the pustules, tortuous and
capillary capillaries that involve the surface of the epider-
mis suggest PPP.** Intra-epidermal vesiculation and spon-
giosis are more characteristic of dyshidrotic eczema than
PPP.>* In PPP lesions, the levels of IL-8 and IL-17A are

increased, while in eczema lesions, granzyme B is
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increased. This results fortified a separate immunological
history and may be important for the diagnosis.>*
Ericsson et al* reported that in the skin of PPP, the
inflammatory process affects the intraepidermal duct of the
eccrine ducts or acrosyringium, leading to their elimina-
tion. Also, it has shown that in the affected skin, there is
a reduction in the number of acrosyringeal ducts.* Later,
Murakami et al validated that the development of pustules

begins in the acrosyringium.?

Triggering Factors

Smoking and upper respiratory infections have been sug-
gested as main triggers of PPP. This association might be
explained by an immune reaction to outside antigens that
promotes autoreactivity features in individuals already
genetically predisposed.”’ Allergic contact dermatitis to
nickel and topical therapeutic agents are frequently per-
ceived as a trigger.”® Therefore, environmental, genetic,
and immunological factors seem to have an important role
in the development of the disease.’

Smoking

Smoking is the most recognized triggering factor in PPP.
The prevalence of smoking is high in PPP patients, with
percentages that range from 42—100% of active smokers or
past smokers.”'""'? The relative risk of developing PPP in
current smokers is seventy-four times higher compared
with non-smokers.!? Therefore, tobacco smoke is most
of the
disease.”” Indeed, smoking induces oxidative stress and

reasonably implicated in the pathogenesis
leads to an increase of inflammatory cells in the epidermis.
Newly produced free radicals stimulate cellular signaling
channels (as it also happens in psoriasis). Posteriorly,
protein kinases are activated. Furthermore, nicotine stimu-
lates macrophages and keratinocytes to liberate cytokines
and activates T lymphocytes, leading to a chronic inflam-
matory process.'! There are also multiple case reports of

lesion regression after smoke cessation.”®

Infections

Infections, a well-recognized triggering factor in psoriasis
vulgaris, can also exacerbate PPP.>’ Many case reports
describe an association between PPP and tonsillitis, odon-
togenic infection (the most commonly reported) or chronic
sinusitis.”® Indeed, clinical improvement in more than half
of patients with PPP was observed by controlling dental

disease.>®

The association between the tonsils and PPP was stu-
died because tonsillectomy might be beneficial in patients
with PPP (a study noted improvement in 109 of 116
patients with PPP).>® Several studies have shown that
a hyperimmune response to a-streptococci activates ton-
sillar T cells, which express several receptors, including
cutaneous lymphocyte-associated antigen (CLA - a skin-
homing receptor, responsible for the return to the skin),
chemokine receptor 6, and B-1 integrin.®® Interestingly,
Nozawa et al®® showed that the number of tonsillar lym-
phocytes expressing CLA was increased in tonsillar mono-
nuclear cells and tonsillar tissues in patients with PPP
compared with in healthy controls. Activated tonsillar
T cells migrate to PPP skin, releasing molecules like IL-
8 that lead to the aggregation of neutrophils in the skin
lesions. It was observed that just a restricted set of T cell
receptors is implicated in this mechanism, emphasizing the
specificity of cross-reactivity to acrosiringium.

Pustular bacterid of Andrews consists of a clinical
entity in which sterile pustules appear on the feet and
hands after an upper respiratory tract infection, such as
acute tonsillitis, in a skin spared from psoriasis lesions.®'
Despite the controversy over Andrews’ bacterial classifi-
cation, this entity appears to have the same pathological
and clinical pathway as palmoplantar pustulosis in terms
of target and trigger.®* The main differentiating factor
between Andrews’ bacterid from palmoplantar psoriasis,
cited in the literature, is the lack of psoriatic lesions.®'
Andrews’ bacterid may truly represent PPP. In view of this
finding, some authors admit that PPP can be started by the
return of specific autoreactive T cells for bacteria to the
skin and the development of an inflammatory cross reac-
tion against uninfected tissues, leading to sterile
pustulation.® This theory was supported by the effective-
ness of tonsillectomy in the treatment of palmoplantar
pustulosis. Despite this, given the diminutive number of
clinical reports, the force of the data to support the surgical
procedure is yet lacking.

In addition to tonsillitis and dental infections, other infec-
tions can be considered as causing or worsening PPP. It has
been presumed that Ch. Trachomatis infections can possibly
cause pustulosis.”> Anecdotal case reports also point out
Helicobacter pylori as a potential cause of PPP.%*

Stress

In certain dermatological disorders, including PPP, psycho-
logical factors, especially stress, can represent a significant
role in their pathogenesis. Approximately 90% of patients
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with PPP describe exacerbations of the skin lesions in asso-
ciation with stress. Psychological tests have reinforced these
clinical observations. A study using the Eysenck Personality
Questionnaire (EPQ) showed that psychosomatic disorders,
fear, and anxiety occur in 43% of patients with PPP, as
opposed to 19% in the control group.> When submitted to
the Anxiety Situations and Responses Inventory (ISRA),
autonomic nervous system activation (tachycardia, sweating
and dry mouth) and fear were seen in 85% of patients with
PPP, compared with 19% in the group with healthy people.®®

Allergy

Based on observations from clinical practice, contact hyper-
sensitivity seems to play an important role in PPP. Contact
allergies are more common in patients with PPP, compared
to people diagnosed with psoriasis vulgaris (25.2% vs
11%). It has also been demonstrated that women with PPP
have significantly more positive patch tests than men.®®
A recent systematic review on contact allergy in PPP,
showed that 23.3% of patients had positive patch tests and
metals were the most common allergic agents. It also
showed that in 58.3% of cases, dismissal of the allergens
pointed to an improvement in skin, reinforcing the necessity
for patch testing in patients with PPP.®” The most common
allergens are nickel, Peru balsam, rubber additives, mercury
and chromium.®® Consequently, performing patch tests in
patients with PPP not responding to therapy can be helpful,
and in some centers, they are made routinely during the
diagnosis of PPP. Avoiding contact with the allergen is an
essential part of treatment.®®

Drugs

PPP is a disease that mainly affects adults and the elderly,
meaning that many patients are polymedicated due to the
coexistence of other chronic diseases.®® In a case-control
study, 30% of patients were medicated with beta-blockers,
angiotensin-converting enzyme (ACE) inhibitors or cal-
cium channel blockers, 30% with hormone therapy, 15%
antidepressants and 13% with antidiabetic drugs.®® Still,
there is no clear association between these medications
and PPP. A class of drugs that might be implicated in
PPP are biologics. It was found that TNF inhibitors (ada-
limumab, infliximab and etanercept), despite being highly
effective in treating psoriasis, can lead to the formation of
psoriatic lesions as a side effect (psoriasis exacerbation or
the development of inverse, pustular and erythrodermic
forms.”® In fact, TNF inhibitors are the most common
drugs to induce or exacerbate palmoplantar pustular

lesions, and this can be the most common type of lesions
provoked by these agents.”” Patients with inflammatory
bowel disease treated with anti-TNF agents are at an
increased risk of developing PPP, especially if they are
male and young (10 to 39 years old). The mechanism that
leads to the development of PPP is not completely under-
stood. It has been proposed that the block of pro-
inflammatory cytokines action, such as TNF, potentiates
alternative pathways of T lymphocyte that result in the
of psoriatic lesions in

appearance predisposed

individuals.®® Another biologic that may trigger PPP is

rituximab, with some cases reported in the literature.”"’*

Concomitant Diseases

There are various disorders associated with a PPP, namely
thyroid and parathyroid disease, metabolic syndrome,
arthritis, coeliac disease and quality of life and psychiatric
Disorders. PPP can also by one of the manifestations of
SAPHO syndrome (Table 2.)

Treatment

PPP is a challenging disease to manage, and the treatment
approach involves both topical and systemic therapies, as
well as phototherapy and targeted molecules. Although
many treatments have been tried and used over the years
(most of them indicated for psoriasis, but with lower
efficacy in PPP) no gold standard therapy has yet been
identified, and no treatments are curative.”® The thicker
stratum corneum present in the palms and soles represents
an important barrier to proper local action of topical treat-
ment agents, explaining the modest efficacy of these thera-
pies. On the other hand, systemic treatments (retinoids,
psoralen—ultraviolet A [PUVA], methotrexate, ciclosporin,
and biologic therapy) have also shown limited efficacy
when comparing with the results seen in chronic plaque-
type psoriasis. Although classically topical corticosteroids
under occlusion, acitretin, and PUVA have been described
as effective in some studies, the improvement was reported
as marginal and clinical relapse might occur.”® Also, the
lack of randomized, controlled trials of conventional sys-
temic and biologic therapies prevents accurate evaluation
regarding their efficacy rates. These points should be kept
in mind as the following treatment options are analyzed.

Topical Treatment

Topical therapy is considered the first-line for the manage-
ment of PPP.”® In clinical practice, topically potent gluco-
vitamin D  derivatives,

corticosteroids,  retinoids,
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emollients, and keratolytic agents frequently are used,
based principally on long clinical experience. The most
frequently used topic treatments are topical corticoster-
oids, such as clobetasol propionate, acetonide triamcino-
lone cream, and betamethasone dipropionate, which
should the applied under occlusion because it provides
more effective penetration, might minimize the prolonged
use, failure rate, and topical switching.”® Topical corticos-
teroids can cause numerous side effects, including tachy-
phylaxis, skin atrophy, and rebound effects.”” Retinoids
(isotretinoin, tretinoin, retinol, alitretinoin, adapalene, reti-
naldehyde, and tazarotene) are also often used. The most
common adverse effect is an irritation that is experienced

the beginning of treatment.
9

during Pregnancy is
a contraindication.’

New drugs are in clinical trials for the efficient treatment
of the disease, namely, a third-generation cephalosporin, the
cefcapene pivoxil hydrochloride, and the maxacalcitol (22-
oxacalcitriol).** Studies presented the topical maxacalcitol
efficacy. A Cochrane systematic review found with low-
quality evidence that maxacalcitol (topical vitamin D)
might be more effective in clearing or almost clearing status
than placebo and the risk of side effects (such as pruritus,
mild local irritation, and urinary or haematological test
abnormalities) is presumably comparable in both groups.”
It is contraindicated in hypercalcemia, pregnancy, lactation,
and hepatic and renal failure.””

Beyond this, there is a case report that observed
improvement in PPP lesions with a topical phosphodies-
terase-4 inhibitor, crisaborole and another case report that
also showed improvements with the use 1% twice a day of
tacrolimus ointment.*

As previously described, topical agents generally have
only limited benefits in PPP, mainly due to low penetration
into the thick stratum corneum of the soles and palms.®'
Also, the use of several topics in resistant lesions can
make the patient susceptible to contact hypersensitivity.**
Therefore, topic treatments should be the preferred
approach in a patient with PPP. However, many patients
end up, eventually requiring treatment with systemic
drugs, which present risks of side effects that may restrict
their use in clinical practice.*® Consequently, new topical
treatments for PPP are needed for patients with concomi-
tant illnesses and contraindications to systemic therapy.

Phototherapy
Phototherapy is a therapeutic option in PPP, and includes:
ultraviolet A photochemotherapy (UVA) associated with

topical or oral psoralen (PUVA - combination of psoralens
and long-wave ultraviolet radiation), narrowband ultravio-
let B (NB-UVB) phototherapy, excimer light therapy, and
photodynamic therapy (PDT). They are usually well-
tolerated, with the most common side effects similar to
intense sun exposure: transient superficial skin erythema,
burn, and pain. NB-UVB is usually administered three to
four times per week, while PUVA is usually administered
three times per week. History of skin cancer is an absolute
contraindication for both.®

In most studies, PUVA therapy is described and has
been associated with moderate efficacy (complete or par-
tial response in more than 40% of patients with PPP,
although there is low quality of evidence.®® It seems to
achieve an efficacy similar to that of classical oral treat-
ments (acitretin, ciclosporin, methotrexate), and avoids the
undesirable side effects of systemic therapies. The efficacy
of PUVA may be increased in combination with oral
retinoids, mainly acitretin.®® Nausea, ankle swelling, and
non-purulent conjunctivitis are adverse events reported
with oral PUVA. Blistering, erythema, and pruritus are
the adverse effects associated with local PUVA.

NB-UVB phototherapy resulted in moderate to marked
improvement in 73.3% of 16 patients with PPP and
a 61.4% reduction in a modified PPPASL.®” However,
UVA phototherapy (both paint PUVA and UVA-1) appears
to be superior to UVB phototherapy.®® A study showed
85.45% reduction in the severity index score with PUVA,
compared with 61.03% with NB-UVB. In a pilot rando-
mized controlled study with the two phototherapy options,
68.8% of patients showed marked improvement with
UVA-1 phototherapy and only 34.4% during NB-UVB
treatment.*®

Another treatment option for patients with PPP is laser
excimer NB-UVB, which has shown efficacy in 44.1-75%
of cases.*” PDT appears to have limited efficacy in PPP.

As a conclusion, phototherapy is regarded as a well-
established treatment with a good response rate, although
frequent relapses are observed. Unfortunately, we still lack
large comparative studies on the different phototherapy
modalities, but based on the data so far as well as clinical
experience, PUVA stands as the treatment method of
choice in the majority of studies and reviews. PUVA is
a safe and moderately effective therapeutic option, with
the most common adverse event being mild erythema.®
The combination of PUVA and acitretin shows synergic
effects, and the combination has been described in the
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literature as a valid therapeutic option with proven efficacy
in patients with lesions that are resistant to phototherapy.86

Systemic Treatment
For the systemic treatment of PPP, several drugs are avail-
able with different outcomes, namely systemic retinoids
(such as Acitretin and Alitretinoin), cyclosporine, metho-
trexate, tetracycline, hydroxyurea, colchicine, and
itraconazole.®

In PPP, the most widely used systemic treatment is aci-
tretin. Acitretin is an effective treatment and may authors
consider it as the primary systemic treatment, and, in
a systematic review, Sevrain et al’® suggest that it should
be the second-line in the treatment of palmoplantar pustulosis
without psoriatic arthritis. In a study with acitretin, 93% of
patients with PPP obtained a reduction in the mean number
of pustules.®* The main adverse events identified with aci-
tretin were due to mucocutaneous dryness (with dry mucosa
of the mouth and nose and cheilitis) and a lipid imbalance.”
Acitretin has a teratogenic effect, so contraception is manda-

tory in women of childbearing potential.”

The approved
dose ranges between 10 and 35 mg/day.*® According to
studies, the combination of acitretin with PUVA appears to
produce a therapeutic benefit if an unsatisfactory response
has been observed.”!

The data regarding the use of alitretinoin in PPP are

conflicting. Reich et al’

found that there were no significant
differences in the outcomes between placebo and alitretinoin
30 mg in the treatment of PPP.”> However, Brunasso et al”®
stated that to evaluate the efficacy of this drug in PPP, more
extensive studies are required. A systematic review by
Cochrane states with moderate-quality evidence that oral
alitretinoin is no more effective than a placebo in halving
the severity of the disease and that there is no difference in
adverse effects (eg, headache, cheilitis). Nonetheless, due to
limited clinical experience with this drug, further clinical
trials are needed to confirm its therapeutic role.”® Adverse
effects of alitretinoin include dyslipidemia and mucocuta-
neous xerosis. Alitretinoin, like acitretin, is teratogenic and
must be contraindicated in women of childbearing age.”®

Methotrexate, tetracycline and cyclosporine may be
useful for patients with PPP.”® Tetracycline is also contra-
indicated in pregnancy and children under the age of eight.
Side effects are mainly abdominal pain, nausea, and geni-
tal candidiasis.”®

Although methotrexate and cyclosporine cause only
a modest response rate in patients with palmoplantar dis-
ease compared to that seen in chronic plaque psoriasis,

these classic immunosuppressants achieved clinical
improvement in patients with palmoplantar lesions (with
60.55% improvement with methotrexate in erythema, clin-
ical scale, hardening and cracking [ESIF] and with cyclos-
porine a 50% reduction in the severity of the involved area
was detected).*>®* The significant side effects of cyclos-
porine are hypertension and nephrotoxicity, while metho-
trexate can cause hepatic and hematological toxicities,
limiting its long-term use.” As retinoids, methotrexate
provokes congenital malformations, and its application
requires the use of contraception.” Given the high-risk
profile of these agents and the absence of additional ben-
efit when compared to acitretin, it makes these two
medications second-line agents for moderate to severe
PPP that did not respond to acitretin/PUVA or in patients

who have any contraindications acitretin/PUVA.’

Targeted Therapies Approved for

Psoriasis Vulgaris

Biological agents have changed the therapeutic approach
to severe and refractory cases of psoriasis.” However, the
high associated costs and possible adverse events related
to immunomodulation/immunosuppression of these drugs
have forced the necessity to apply criteria for their
prescription.” Most Phase 2 and 3 controlled and rando-
mized studies for approval and verification of the safety of
these molecules excluded patients with PPP. The exclusion
occurs due to undefined criteria in the literature as well as
these patients generally not achieving sufficiently high
values in the area of psoriasis and severity index (PASI)
and/or BSA to meet the criteria for inclusion of trials.
Thus, data concerning the efficacy of biological agents in
PPP are rare and are restricted to a low number of clinical
reports and isolated clinical trials. It is important to
emphasize that biological are symptomatic treatments,
and as so, they do not affect the course of the disease.

TNF Inhibitors

Maybe due to differences in their inflammatory background,
there are important differences in the clinical efficacy of anti-
TNF agents (adalimumab, etanercept, infliximab) in palmo-
plantar disease in contrast to chronic plaque psoriasis.
Regarding PPP, the only placebo-controlled, prospective
study, evaluating a TNF inhibitor was done with etanercept
with only fifteen patients. It showed a significant decrease in
median PPPASI score for patients treated with etanercept
compared with placebo at week 24 (p = 0.038), but no
differences were noted at week 12 (the primary endpoint of
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the study).” Interestingly, smoking may have been a key
player in treatment efficacy, as the authors noted that three
of three nonsmokers achieved clinical improvement with
etanercept therapy while only three of seven active smokers
improved. In a retrospective study, there were two cases of
PPP treated with combination therapy of adalimumab and
methotrexate or acitretin with good clinical response.”® Of
note, there have been case reports of new-onset PPP or
exacerbation of existing PPP during TNF-a inhibitor therapy
for the treatment of other immune-mediated diseases.” And
this observation seems to be an anti-TNF class effect. The
pathophysiologic mechanism for this paradoxical psoriasis is
unknown, but an imbalance between TNF-a and IFN-a mole-
cules in genetically predisposed individuals may be
important.” The conflicting results of efficacy with anti-
TNF agents led to the pursuit of molecules with a different
mechanism of action.”

IL-12/23 Inhibitors
Ustekinumab
Ustekinumab, a drug that targets the p40 subunit common
to IL-23 and IL-12, has exhibited conflicting results in PPP
patients. It may be effective in some cases refractory to
treatment with TNF-a inhibitors.”®

Bissonnette et al** carried out a prospective, randomized,
and controlled study that did not show a statistically signifi-
cant difference in efficacy using ustekinumab 45 mg vs

1> and Bertelsen

placebo in patients with PPP. Gerdes et a
et al’® also reported limited efficacy with the use of usteki-
numab. However, Morales-Munera et al”’ found a positive
response with with ustekinumab treatment. In another
research, Au et al”® demonstrated higher efficacy with sub-
cutaneous ustekinumab 90 mg vs 45 mg. In fact, 67% of
patients (six of nine subjects) who received a 90 mg dose of
ustekinumab achieved clinical clearance vs 9% (one of ele-
ven) of subjects with a 45 mg dose (p = 0.02).”® In another
small group of four cases with recalcitrant PPP managed with
ustekinumab, unsatisfactory outcomes were observed in two
patients, complete resolution of the lesions in one patient, and
partial resolution in another.’” The modest results seen may be
explained by the low expression of IL-23 as opposed to IL-17
found in PPP.%’

IL-17 Inhibitors

Several studies have shown that IL-17 may play a central
role in the inflammatory process of PPP. This means that
biologic agents acting on IL-17 may represent a more
effective therapeutic option than anti-TNF and anti- IL-

12/23 agents for this group of patients.*® Since there is
analogous expression of IL-17 in palmoplantar pustulosis
lesions a positive response to anti-IL-17 biologics in these
patients is very likely. Among the IL-17 inhibitors, secu-
kinumab and brodalumab have been specifically studies in
PPP patients.”® In a multicenter, randomized, double-blind
clinical trial (2PRECISE) that involved over 200 patients
with PPP, secukinumab 300 mg and 150 mg were com-
pared with placebo. At week 52, 41.8% of the patients that
received secukinumab 300 mg reached PPPASI-75, and
43.1% had a DLQI response of 0 or 1.7° A recent systema-
tic review concluded there was moderate-quality evidence
that secukinumab is probably more effective than placebo
in achieving 50% reduction in disease severity.”’ A case
series of four patients receiving brodalumab reported
a lack of efficacy or moderate improvement in the treat-
ment of PPP.”® A Phase III placebo-controlled study on the
efficacy of brodalumab in subjects with PPP is ongoing.”®

IL-23 Inhibitors

Guselkumab

Guselkumab, a fully human monoclonal antibody that
binds to the pl19 subunit of IL-23, has been studied in
PPP patients.'®'%" Terui et al'®" announced the outcomes
of a double-blind, randomized, placebo-controlled clinical
trial with 49 PPP patients treated with guselkumab show-
ing clinical efficacy at week 16, however, the clinical
response started only at week 2. A multicenter, Phase III,
randomized, double-blind, placebo-controlled study on the
safety and efficacy of guselkumab in 159 subjects with
PPP was recently published, showing that using guselk-
umab 100 mg and 200 mg led to significant improvement
in the PPPASI score at week 16, yet, it was only with
guselkumab 100 mg that it was statistically significant (p
<0.001).”® Additional reductions in PPSI and PPPASI
scores were observed in the 100 and 200 mg groups up
to week 52. The PPPASI-75 response was obtained in
55.6% of cases taking guselkumab 100 mg and in 59.6%
in those used guselkumab 200 mg at week 52.”° Blauvelt

et al'®?

in a clinical trial, noted a significant clinical
clearance in sufferers treated with the drug compared to
placebo at 16 weeks (85.1% with an AGI of 0 or 1;
p <0.001) and observed that 90% of all patients improved
by receiving treatment with guselkumab. However, there is
no certainty about the effect that guselkumab has on the
clearance of lesions, as the evidence is of very low quality,
but it is thought that guselkumab may increase the like-

lihood of achieving a 50% reduction in disease severity
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compared to placebo (evidence with moderate quality). We
would like to underline that guselkumab is the only bio-
logic to date to be approved specifically for the treatment
of PPP patients (in Japan).

Phosphodiesterase-4 (PDE-4) Inhibitor

Apremilast, the first oral alternative to biologic therapies in
psoriasis, is a selective PDE-4 inhibitor.'® The inhibition of
PDE-4 blocks production of several inflammatory cytokines
that are central in psoriasis pathogenesis, such as IFN-c, TNF-
a, IL-12, IL- 17, and IL-23.1%* Although it demonstrated only
moderate clinical efficacy in patients with plaque psoriasis in
the Phase 3 ESTEEM [Efficacy and Safety Trial Evaluating
the Effects of Apremilast in Psoriasis] and 2 trials, it showed
efficacy in difficult-to-treat psoriatic subtypes such as nail
psoriasis, scalp psoriasis, and palmoplantar psoriasis.”'** Its
action in a wide spectrum of cytokines, supported by efficacy
demonstrated in palmoplantar psoriasis, raised the possibility
of apremilast also being a possible therapeutic option is PPP.
As an added benefit, it also presents a favorable safety profile
(mild adverse events and no laboratory test monitoring
needed).”'® The data so far seem to support its use in PPP
patients.”® Two retrospective studies (with a total of 12 sub-
jects) used apremilast in combination with ustekinumab,
methotrexate, or ixekizumab with good clinical response.”®
Four more cases of PPP effectively treated with apremilast in
monotherapy have also been published.”® Prospective data is
needed to confirm these observations.

Emerging Agents

IL-8 Inhibitors

The efficacy of HuMabl0F8, an anti-IL-8 monoclonal
antibody, in PPP was reported in 2008 in an open-label
multicenter study with a single-dose dose-escalation
setup.'® 37% of subjects at week 4 and 61% of subjects
at week 8 had a decrease of > 50% in number of new
pustules. Regarding dose, all seven patients in the high-
dose group achieved at least a 50% reduction in number of
new pustules, with four patients having a 75% reduction
from baseline to week 8.'% Until now, the drug is not
approved in any indication, and no further reports of the
use of this agent in PPP have been published. However,
a randomized, double-blind, placebo-controlled, phase Ila
study is currently studying RIST4721 (also known as
AZDA4721), an orally administered molecule, that exerts
an anti-inflammatory effect by blocking CXCR2 (IL-8B
receptor) on the surface of inflammatory cells.”®

IL-36 Inhibitors

Recent PPP trials are focusing on blockage of IL-36, which
play an important role in innate immunity. Three studies are
currently evaluating the use of monoclonal antibodies that
block the IL-36 receptor in PPP: ANBO19 and spesolimab
(BI 655130). Spesolimab is also being investigated in general-
ized pustular psoriasis, ulcerative colitis, Crohn disease, and
atopic dermatitis. A Phase I, open-label, proof-of-concept
study, enrolled seven patients with a generalized pustular psor-
iasis flare. Participants were treated with a single intravenous
dose of spesolimab (10 mg per kilogram of body weight).'*®
Spesolimab was effective in all seven patients after a single
intravenous dose (all patients achieved a Generalized Pustular
Psoriasis Physician Global Assessment score of 0 or 1 by week
4, and the score was sustained up to week 20).”° Of note, only
three of the seven patients had a homozygous IL36RN muta-
tion, and one also had the CARD14 mutation (has been asso-
ciated with pustular skin disease), indicating that spesolimab
was effective in generalized pustular psoriasis regardless of the
presence of IL36RN mutations. For PPP patients, this is a key
finding, as genetic studies have shown that IL36RN mutations
are found in only in a low percentage.”® No serious adverse
events were reported.

IL-1 Inhibitors

There are two active studies of anakinra in PPP."” Anakinra
is an IL-1 receptor antagonist that is currently registered for
rheumatic arthritis, Still’s disease, and cryopyrin associated
periodic syndromes. Clinical trials are ongoing in many other
pathologies, including inflammatory pustular diseases and
hidradenitis suppurativa. In a report of two cases of severe
PPPP treated with subcutaneous anakinra 100 mg, there was
only a partial clinical response and the treatment was stopped
after 3 and 2 months due to lack of efficacy or side effects,
respectively.”®

Granulocyte Colony Stimulating Factor Receptor
Inhibitor

CSL324 is a
stimulating factor (G-CSF) receptor monoclonal antibody.

recombinant anti-granulocyte colony-
A phase I, multicenter, open-label study is currently ongoing

for CSL324 in PPP and hidradenitis suppurativa.’®

Conclusion

PPP is a chronic and debilitating skin condition that has
a negative impact on the quality of life. It has genetic,
histopathologic and clinical features that are not present in
psoriasis. As an example, the psoriasis susceptibility gene
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locus (PSORS1) is strongly associated with psoriasis but is
not found in patients with PPP. Also, both a missense
mutation in the interleukin (IL)-36 receptor antagonist
(IL36RN) and caspase recruitment domain family member
14 (CARDI14), which may influence response to treatment
have been identified in patients with PPP.'> However, both
psoriasis and PPP involve IL-17 as a mediator of inflam-
mation, in addition to interferon-gamma and TNF-a."?

Although many therapeutic approaches have been tried
for this condition, there is an absence of a gold standard.””
Clinical evaluation is key in patients with PPP to tailor the
treatment according to the patient’s personal and disease
context. In active smokers with resistant disease, smoking
cessation counseling may be recommended, once it
diminishes the inflammatory stimulus and allows for
a better treatment response.’ In patients with mild disease,
control may be achieved with on-demand occlusion of
topical agents (an easy, accessible, systemic adverse event-
free treatment option). In patients with moderate-to-severe
PPP, phototherapy or a classical systemic agent (acitretin
being the best treatment option, especially in combination
with PUVA), may be effective. Refractory patients or those
with contraindications to use of these therapies may be good
candidates for newer therapies. Guselkumab is the only
biologic approved for PPP (in Japan), Some date suggest
the benefit of other IL-17 agents and apremilast.
Implementation of early effective treatment, considering
the disease severity and quality-of-life impact, results in
a lesser economic burden than use of excessive, ineffective,
and expensive treatment regimens. An effective treatment is
not equal to complete clearance, since complete clearance
may not be necessary if patients achieve sufficient improve-
ment to perform activities of daily living and occupational
tasks without pain or discomfort."°

Further clinical trials are needed to assess efficacy and
tolerance of therapies for this debilitating and therapeutically
challenging condition. Luckily the future seems brighter,
with studies in PPP, currently focusing on the genetic aspects
and the role of IL-17 and IL-36 pathways and microbiomes
in the etiopathogenesis. Clinical trials are evaluating or have
evaluated targeted therapies in PPP for more than 12 mole-
cules, including CXCR2 (IL-8 receptor type B), G-CSF
receptor, IL-1 receptor, IL-8, IL-12, 1L-23, IL-17A, IL-17
receptor, IL-36 receptor, PDE-4, and TNFa.
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