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Palmoplantar pustulosis is a variant of psoriasis and a chronic skin disorder in which pruritic pustular eruptions appear on the palms 
and soles. It is thought to arise from a variety of genetic and environmental factors, is limited in prevalence, and has proven quite 
difficult to treat. The symptoms it inflicts on those affected are quite debilitating and the treatment landscape is constantly evolving, 
thus emphasizing the need for updates of the literature as time passes. Current treatments include topical agents, oral therapies, and 
phototherapy, amongst other treatments. In this systemic review, we explore newer literature from 2015 to 2022 on various treatment 
regimens for palmoplantar pustulosis.
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 ABSTRACT

 INTRODUCTION

Palmoplantar pustulosis (PPP), also known as palmoplantar 
pustular psoriasis, is a chronic skin disorder in which 
pruritic pustular eruptions appear on the palms and 

soles. It is thought to be a variant of psoriasis.1 Despite its 
localized involvement, PPP is chronic and has been shown to 
reduce quality of life. The disorder affects all ages, with females 
more likely to be affected than males.2

Although its exact cause is unknown, PPP is thought to be 
multifactorial and caused by a combination of genetic and 
environmental factors. Although the PSORS1 locus that is 
associated with psoriasis vulgaris is not associated with PPP, 
variations of IL-19, IL-20, and IL-24 genes may be associated 
with both psoriasis and PPP. Human leukocyte antigen (HLA) 
Cw6, CARD14, and ATG16L1 genes have also been associated 
with the conditions. Additionally, environmental triggers, 
such as smoking, stress, drugs, infection, sweating, repetitive 
trauma, and irritants play a role in the pathophysiology.3 The 
underlying immunologic mechanism is hypothesized to involve 
inflammation that destroys the acrosyringium, the primary 
site of sterile pustule formation. Mast cells, lymphocytes, 
neutrophils, and eosinophils contribute to this process. 
Furthermore, chemotactic factors such as IL-8 and IL-17 related 
cytokines, tumor necrosis factor alpha, interferon-gamma, 
and complement pathway activation are also thought to be 

involved. Genetic factors and environmental triggers spur an 
immune cascade, leading to immune cell proliferation and the 
formation of lesions on the skin.4

PPP lesions often induce itching, pain, and breakdown of the 
skin barrier that can be exacerbated in flares of disease. On 
examination, the skin contains thick, hyperkeratotic plaques 
and/or sterile pustules that can be symmetric, erythematous, 
and scaly. Although most patients only exhibit lesions on the 
palms and soles, nail changes, including pitting and ridging, 
can be observed in approximately 60% of cases. More extensive 
nail changes are found in Acrodermatitis continua of Hallopeau, 
a relatively rare subset of pustular psoriasis that classically 
affects the nail apparatus, giving rise to its clinical description 
as “nails floating away on a lake of pus.” This condition can 
coexist with PPP and is important to recognize because it can 
lead to anonychia or osteolysis of the distal phalanges if left 
untreated. A subset of patients with PPP may also have arthritic 
symptoms. Associated disorders include pustulotic arthro-
osteitis (PAO) and Synovitis, Acne, Pustulosis, Hyperostosis, 
and Osteitis syndrome (SAPHO).5  The presentation of PPP may 
mimic numerous other conditions such as dyshidrotic eczema, 
contact dermatitis, pityriasis rubra pilaris, and tinea pedis 
and manuum. As a result, a thorough history and physical 
examination are warranted, though additional workup is also 
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appeared to meet the inclusion criteria were assessed further, 
by full text, and were included in the analysis if subjects were 
diagnosed with PPP based on the assessment by the authors 
of each publication and if subjects were being treated for their 
condition with medication or alternative therapy. Incorporation 
of efficacy and safety of the attempted treatment were required 
for the inclusion criteria.  Articles that were duplicates of others, 
review articles, or drug-induced cases of PPP were excluded. 

Efficacy outcomes were analyzed by a reduction in the PPP 
Area and Severity Index (PPPASI), the PPP Physician Global 
Assessment (PPPGA), the Dermatology Life Quality Index 
score (DLQI), or another standardized criterion of characterizing 
symptom reduction.

 RESULTS
An initial search on Pubmed for the keywords PPPASI, PPPGA, 
and DLQI, identified 391 published articles. After excluding 
duplicates, 379 articles were screened by title and abstract, 
leaving 87 articles for full-text review. Following a full-text review, 
57 articles were ultimately included in our analysis (Figure 1). Ten 
articles evaluated apremilast, a phosphodiesterase 4 inhibitor 
(PDE-4i), eighteen articles studied biologics, four examined 
Janus kinase inhibitors (JAKi), five studied retinoids, four 
evaluated disease-modifying antirheumatic drugs (DMARDs), 1 
examined topical agents, 3 studied alternative treatments, and 
5 assessed phototherapies. 

necessary. A potassium hydroxide preparation and bacterial 
culture are often performed to rule out fungal and bacterial 
infections. While biopsies on acral surfaces are challenging, 
they can help diagnose PPP where biopsies will show histologic 
findings consistent with epidermal changes, spongiosis, and 
accumulations of various cell types, such as lymphocytes, 
eosinophils, mast cells, and neutrophils.6

PPP is limited in prevalence and has proven to be quite difficult 
to treat. The condition is chronic and stems from an interplay 
of genetic and environmental factors. Furthermore, high-
quality data on the treatment of PPP is sparse. Nonetheless, the 
research landscape is constantly evolving, thus emphasizing 
the need for an updated review of the literature. 

Aim
In this comprehensive review, we discuss the evaluation of 
PPP and the mechanism of action, efficacy, and safety profiles 
of existing, alternative, and upcoming therapeutics for this 
debilitating condition.

 MATERIALS AND METHODS
Published articles assessing the efficacy and safety of 
therapeutic agents for the treatment of PPP were identified 
through the healthcare journal database, Pubmed. The keywords 
“palmoplantar pustular psoriasis” or “palmoplantar pustulosis” 
and “treatment” were queried from 2015 to 2022. Initially, 
articles were screened by their titles and abstracts. Those that 

FIGURE 1. Flow chart illustrating the literature search using Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRIMA) 
guidelines.
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showed no improvement or moderate improvement in four 
patients with severe PPP.12 

Ixekizumab has also shown some efficacy in patients with PPP. 
A case report in 2022 showed successful treatment of PPP with 
ixekizumab after the patient had failed numerous other therapies, 
suggesting that ixzekizumab can be a potential treatment option 
for recalcitrant PPP.13

The only prespecified trial on PPP among the IL-17 inhibitors 
is one that was performed with secukinumab. A 2019 phase 
3b multicenter, randomized, double-blind, placebo-controlled, 
parallel-group study compared treatment with 300 mg 
secukinumab to 150 mg secukinumab and placebo in subjects 
with moderate-to-severe PPP over 1 year. The primary endpoint 
of achieving a 75% reduction in PPPASI at week 16 was not met, 
the significance level was set at 2.5%, but patients treated with 
secukinumab 300 mg still showed benefit in PPPASI 75 responses 
(numerically higher than placebo; 26.6% for secukinumab vs 
14.1% for placebo, P=0.0411) as well as improved quality of life.14

Interestingly, a prospective cohort study of both palmoplantar 
psoriasis and PPP showed reasonable efficacy for secukinumab, 
with over half of the patients in the PPP cohort achieving a PPPGA 
of clear or almost clear.15  These results were similar across the 
palmoplantar psoriasis and PPP groups, though it should be 
noted that there was a relatively small number of patients with 
PPP (n=17) and a relatively high attrition rate. Notwithstanding, 
this study highlighted some interesting findings, such as the 
need to treat for longer periods of time to achieve treatment 
success, which may help guide our understanding of further trial 
data in PPP. Multiple case reports showed improvement of PPP 
symptoms with minimal side effects in patients with refractory 
disease treated with 300 mg secukinumab.16-17 

IL-23 Inhibitors
Various studies have identified the IL-23/IL-17 axis as the 
primary signaling pathway leading to the abnormal growth of 
keratinocytes and the production of psoriatic skin.18 As a result, 
interleukin-23 (IL-23) inhibitors are efficacious in the treatment of 
psoriasis and its subtypes. They generally require less frequent 
dosing than IL-17 inhibitors and have demonstrated a favorable 
side effect profile without carrying a risk of exacerbating 
inflammatory bowel disease (IBD). Guselkumab, tildrakizumab, 
and risankizumab all operate by similar mechanisms. 

Tildrakizumab is a humanized IgG1 kappa monoclonal antibody 
that targets the p19 subunit of IL-23. It is approved for plaque 
psoriasis, but little evidence exists for its use in difficult-to-treat 
areas such as palmoplantar surfaces. A 2021 case report showed 
efficacy with tildrakizumab in a patient with PPP refractory to 
other therapies.19 

Topical Agents
Topical corticosteroids have historically been considered 
first-line therapeutic options for PPP with limited cutaneous 
involvement. Their minimal side effect profile and easy 
application make them a viable option. A 2016 randomized left-
right comparison study evaluated the efficacy of combination 
therapy, maxacalcitol ointment (vitamin D derivate), and 
betamethasone butyrate propionate (BBP) ointment, versus 
monotherapy with BBP in 27 PPP patients for 8 weeks. Patients 
treated with combination therapy had a significantly greater 
improvement (P<0.05) in symptoms than those treated with 
monotherapy, demonstrating the efficacy of combination 
corticosteroids and vitamin D treatment in PPP.7 

Biologics	
Multiple biologics have been used to treat PPP with varying 
degrees of success. However, it is important to note that 
notwithstanding various publications citing treatment success, 
the development of PPP in patients being treated with biologics 
(with the majority of TNF-alpha inhibitors) for other indications 
has regularly been reported.8 This, combined with the fact that 
various case reports show differing efficacy of various biologics, 
makes the data sometimes difficult to interpret. There are several 
larger studies, including randomized controlled trials, that have 
studied the use of biologics for PPP and have somewhat helped 
to elucidate the confusion.

IL-36 Receptor Blockers
Spesolimab functions by blocking interleukin-36 (IL-36), which 
is thought to play a role in the pathogenesis of PPP in some 
patients. A 2022 cohort study comparing blood and skin 
samples from patients with PPP showed that spesolimab was 
able to modulate dysregulated molecular pathways common to 
PPP.9 In a 2021 multicenter randomized control trial, 31.6% of 
patients treated with 300 mg or 900 mg of spesolimab achieved 
PPPASI50 vs 23.8% treated with placebo. Although these 
results were below the primary endpoint, individuals treated 
with spesolimab improved at a faster rate.10 Given current 
evidence, further studies on subsets of PPP patients who may 
respond better to spesolimab may be warranted given the clear 
pathophysiologic link between IL-36 and forms of PPP.

IL-17 Inhibitors
IL-17 inhibitors have become a mainstay of treatment of psoriasis 
over the past several years, as IL-17 is the effector cytokine that 
leads to hyperproliferation of keratinocytes seen in psoriasis. 
These medications have shown efficacy in both skin and joint 
disease in psoriasis and have proven to be important therapies 
for patients with psoriasis and PPP, specifically. 

Dramatic improvement of psoriatic lesions was noted within 2 
weeks of administering brodalumab after failure of adalimumab 
and secukinumab in a case report in 2019.11 Another case series 
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Another IL-23 inhibitor targeting the p19 subunit of IL-23 
is risankizumab. A case report in 2021 showed significant 
improvement in recalcitrant PPP and concomitant ichthyosis 
vulgaris in a 60-year-old female patient after 16 weeks of 
therapy.20

Guselkumab also binds the p19 subunit of IL-23 and is effective in 
treating psoriasis and its subtypes. There is more data available 
for guselkumab in treating PPP as compared to other IL-23 
inhibitors. A 24-week randomized clinical trial in 2018, including 
49 patients with PPP treated with either 200 mg subcutaneous 
guselkumab or placebo, found significant improvements in the 
experimental group at both week 16 and week 24. No safety 
concerns were identified and improvements in skin-related 
outcomes were visible as early as after the second dose, 
or four weeks into treatment.21 Another randomized phase 
3 study echoed these results, with roughly 79% sustained 
improvement in PPPASI scores from baseline to week 84 in 
those treated with guselkumab vs placebo.22 A 2020 case report 
describing a patient with PPP refractory to both cyclosporine 
and apremilast demonstrated complete clearance of symptoms 
with guselkumab.23

IL-12/23 Inhibitor 
Ustekinumab binds to the p40 subunit of IL-12 and IL-23 to 
prevent its interaction with its receptor. A 2016 case series of 
nine patients with PPP treated with ustekinumab demonstrated 
an average of 71.6% improvement in the PPPASI in 24 weeks. 
No adverse effects were observed aside from local injection 
site reactions and mild infections.24 A similar response was 
cited in another article in 2018.25 Additionally, 1 case described 
a patient with PPP who initially failed treatment with a standard 
dose of ustekinumab, but achieved a response with the use of 
higher doses following a new diagnosis of inflammatory bowel 
disease.26

Apremilast
Apremilast is a low-molecular-weight oral phosphodiesterase 
4 (PDE-4) inhibitor that has been used to treat psoriasis and 
various psoriasis subtypes. By blocking PDE-4, apremilast 
upregulates intracellular cyclic adenosine monophosphate 
(cAMP) and subsequently suppresses interleukin-8 (IL-8), 
which is thought to be involved in the pathogenesis of PPP. As 
a result, pustule formation is decreased, reducing symptoms 
and disease burden.27 Several case reports and cohort studies 
of up to 300 patients support the role of apremilast in treating 
PPP with limited adverse effects.28-33 A number of these studies 
demonstrated PPPASI reductions of greater than 50%. Two case 
reports even showed the efficacy of using apremilast in cases of 
PPP refractory to topical steroids, UVA, and multiple systemic 
therapies.34-35 One larger open-label trial (APLANTUS) of 21 
patients, reported that palmoplantar pustulosis PASI decreased 
by a median of 57.1% and pustule lesion counts decreased 

significantly as well, with over three-quarters of patients 
exceeding 50% decrease in pustule counts by week 20. DLQI 
scores decreased substantially, from a median of 8.5 at baseline 
to 2.0 at week 20.36  Notable side effects of apremilast include GI 
side effects, namely diarrhea, headache, and photosensitivity.  

JAK Inhibitors
Janus kinase (JAK) inhibitors have been approved for a variety 
of immune-mediated chronic conditions. By blocking a wider 
array of proinflammatory cytokines, the mixed inflammatory 
picture of PPP can be more effectively treated. Tofacitinib 
inhibits JAK1, JAK2, and JAK3, thus blocking a cascade of 
cytokines (eg, IL-23, IL-22, and IFN-gamma) involved in the 
pathogenesis of the disease. A case report in 2019 demonstrated 
the efficacy of tofacitinib in treating PPP and recalcitrant PPP 
within a 6-month period.37 Many of the patients studied also 
had a history of psoriatic arthritis.38 Another study found that 
tofacitinib was beneficial in spurring T-cell differentiation in 
a patient with PPP and concomitant rheumatoid arthritis.39 A 
single-arm, prospective pilot study in 2021 studied the efficacy 
of tofacitinib in the treatment of PPP in 13 female Asian patients 
with SAPHO. Significant improvements in both PPASI (P<0.001) 
and DLQI scores (P<0.001) were observed at week 12 and no 
serious adverse events were reported.40

DMARDs
Disease-modifying antirheumatic drugs (DMARDs) are a 
group of medications commonly used to treat types of 
inflammatory arthritis via the suppression of the body’s 
overactive immune response. There are a variety of DMARDs 
with various mechanisms. Anakinra is a biologic medication 
originally derived from E. coli and acts as an interleukin-1 (IL-1) 
receptor antagonist that binds to and blocks the effects of IL-1. 
A randomized, double-blind, multicenter, two-staged, adaptive 
placebo-controlled trial was performed in 2020. Despite 
postulations that anakinra would deliver therapeutic benefit in 
PPP, no evidence of the superiority of anakinra over placebo was 
found. The mean difference in PPASI was greater in the anakinra 
subgroup, but this difference was not significant.41-43 

Methotrexate is a folate antagonist that interferes with DNA 
synthesis and repair, thus inhibiting the formation of major 
cell lineages involved in the inflammatory cascade of immune 
disease. One case report of beta-blocker-induced PPP was treated 
successfully with low-dose methotrexate (2.5 mg weekly) after 
failure of acitretin. It should be noted that despite beta-blocker 
discontinuation, the patient’s PPP improved minimally, therefore 
treatment with other systemics was attempted and the natural 
history of PPP in this case could not be ascertained.44

Retinoids
Alitretinoin is an orally administered systemic retinoid often 
used for acne and occasionally for recalcitrant eczema. It is 
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a retinoid X receptor and retinoid A receptor agonist that is 
thought to inhibit sebaceous gland function and keratinization. 
A double-blind, placebo-controlled trial was performed to 
evaluate alitretinoin 30 mg daily vs placebo for treatment-
resistant PPP using PPPASI after 24 weeks. No significant 
differences were found between both groups, which differed 
from other case studies and series conducted in the past that 
found significant efficacy of isotretinoin for PPP. The authors 
attribute these differences to differences in study design.45-46 
Another retinoid, acitretin, was not tolerated well in a case 
series of 2 patients with PPP refractory to topical treatments. 
However, isotretinoin monotherapy worked remarkably in 1 of 
the 2 patients.47 It should be noted that, while out of the scope 
of the present systematic review, previous studies have proven 
the efficacy of acitretin in treating PPP.48-49

Phototherapy 
Phototherapy has emerged as a safe and effective therapeutic 
agent for various dermatologic conditions. Targeted modalities, 
such as topical psoralen-ultraviolet phototherapy (tPUVA), 
paint psoralen-ultraviolet phototherapy (pPUVA), ultraviolet 
A1 (UVA1), and narrowband ultraviolet B (UVB), have proven 
to be efficacious forms of phototherapy. Various case studies, 
cohort studies, and randomized prospective studies have 
demonstrated the efficacy of narrowband UVB for PPP with 
minimal side effects. These studies largely demonstrated the 
delivery of UVB at a 308 nm wavelength using an XeCl excimer 
laser.50-52 UVA1 was also successful in reducing PPPASI scores 
in a pilot prospective study in 2016 with minimal adverse 
effects including burning, pruritus, and hyperpigmentation.53 

When compared with one another, UVA1 was found to be more 
effective than narrowband UVB, with a greater reduction in the 
PPPASI score (P<0.05).54

Alternative Treatment 
Given the difficult treatment landscape of PPP, alternative 
treatments have been devised over the years to help patients 
with recalcitrant disease and shorten the course to remission. 
A few case studies have described the use of radiation therapy 
for PPP. A 2019 study with 2 patients demonstrated significant 
improvement in PPP within 3 to 4 treatments of radiation, with 
1 patient experiencing recurrence after cessation of radiation.55 

Brachytherapy, or radiation therapy in which radiation is placed 
inside or next to the area requiring treatment, was also shown 
to be efficacious in a case of treatment-resistant PPP.56

Six patients with PPP treated with an oral rinse containing ozone 
nanobubble water were found to achieve complete remission 
within 3 to 4 months of continuous use. The rinse’s mechanism 
of action involves the destruction of oral bacteria that are 
thought to be involved in the formation of PPP lesions.57

 CONCLUSION
While no medications are FDA-approved for PPP, a variety of 
therapeutic options have shown promise. Topical medications 
are often useful for patients with limited disease involvement, 
but they may not sustain their response long-term. Systemic 
treatments, including biologics, JAK inhibitors, DMARDs, and 
retinoids can be effective in achieving PPP clearance, but not 
without side effects. Phototherapy, while efficacious, may pose 
other challenges of accessibility and cost. 

The multifactorial origin and often chronic nature of PPP makes 
it challenging to treat. Despite hundreds of studies and trials, 
a treatment schematic for PPP has yet to be established. While 
the efficacy of these treatments has been studied in clinical 
trials, some studies are limited by small sample sizes, varying 
methodologies and endpoints, and short follow-up periods. 
Direct comparisons between different treatment options are 
often not found, further complicating the ability of clinicians to 
choose the appropriate treatment for their patients. Additional 
large, double-blinded, placebo-controlled randomized trials and 
studies with direct comparisons between treatments will be 
helpful for healthcare providers and patients in making informed 
decisions about PPP treatments. 
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