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Background: Palmoplantar pustulosis (PPP) is a common chronic and recurrent skin disease of the palms and soles with significant
pain, mental distress, and functional disability. PPP is challenging to treat and usually requires prolonged management. Therapy
resistance and frequent relapse discourages patients from follow-up. No unified standard and no published therapeutic guidelines have
yet been defined on PPP treatment. In general, all therapeutic options known for autoimmune diseases, psoriasis in particular, have
been tested in PPP. Tofacitinib, an oral JAK inhibitor, has been approved for the treatment of rheumatoid arthritis and shows promise
in the treatment of moderate-to-severe plaque psoriasis. However, no clinical trials or case reports have been conducted to confirm the
efficacy of tofacitinib in palmoplantar pustulosis.

Methods: Six in total with 6 PPP patient, aged 42—58 years were recruited according to the inclusion and exclusion criteria. Patient
characteristics, including triggering factors, concomitant diseases, and previous therapeutic drugs, were investigated. All patients
experienced a lack of response to topical drugs and at least one systemic agent. During treatment, visits were scheduled at the start of
treatment and at 2, 4, and 12 weeks, and efficacy was assessed using the PPP ASI and PPP PGA.

Results: Our six patients showed an excellent response to tofacitinib as all patients did achieve at least 50% reduction and half of our
patients with more than 80% reduction in PPPASI after 4 weeks treatment; at week 12, 5 (83.3%) patients had 80% reduction in
PPPASI with no serious adverse events were reported.

Conclusion: The JAK inhibitor tofacitinib is a promising treatment for refractory palmoplantar pustulosis that requires further
clinical observation and research.
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Introduction

Palmoplantar pustulosis (PPP) is a common chronic and recurrent dermatosis characterized by aseptic pustules on the
palms and soles, which often causes disproportionate pain, pruritus, and functional disability. The prevalence of PPP
ranges from 0.01 to 0.05%." The mean patient age ranged from 40 to 58 years.” Smoking is one of the important inducing
factor” in PPP, and tonsillar streptococcal® or dental infections* may exacerbate PPP. Other triggering factors, including
dental metal allergies® and some drugs, especially anti-TNF agents® may induce or exacerbate PPP.

PPP usually occurs concomitantly with various other diseases. Autoimmune thyroid disease is often observed in PPP
patients.” Obesity (BMI > 25 mg/m2), T2DM, hyperlipidemia, allergic diseases (such as asthma, atopic dermatitis, and
rhinitis allergica) and joint pain frequently accompanies PPP lesions.”

PPP is challenging to treat and usually requires prolonged management. Therapy resistance and frequent relapse
discourage patients from follow-up. To date, no therapeutic standards or published guidelines have been defined for PPP
treatment. In general, all known therapeutic options for autoimmune diseases, psoriasis in particular, have been tested in
patients with PPP. Therapeutic recommendations for PPP are mainly based on case reports and dermatologist’ own long-term
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clinical experience. Topically potent glucocorticosteroids, retinoids, vitamin D derivatives, keratolytic agents and emollients
are first-line agents for PPP treatment.” In practice, however, refractory or severe PPP patients often require systemic therapy.
Current systemic treatment options include retinoids, immunosuppressant (such as methotrexate, cyclosporine and mofetil)
and biological agents that are approved for psoriasis Vulgaris.”

Janus kinases (JAKs) family consisting of 4 members: JAK1, JAK2, JAK3, and TYK, belongs to non-receptor
tyrosine protein kinases. When cytokines (IL-6, IL-22, IL-23, or IFN-y) bind to their receptors, JAKs are recruited to
phosphorylate and activate STAT family proteins. Activated STAT proteins undergo dimerization and translocate into the
nucleus to modulate gene expression.'® Dysregulation of the JAK/STAT pathway is associated with various autoimmune
diseases. JAK inhibitors directly target Janus kinases to block JAK/STAT pathway to regulate the expression of
inflammatory factors like IL-6, IL-17A, or IFN-y."" Currently, multiple JAK inhibitors are approved by FDA for skin

12 atopic dermatitis’® and vitiligo.'* Also, JAK inhibitors are investigated as a new

diseases, like alopecia areata,
treatment for various skin diseases.'

This paper reports a series of six cases of refractory palmoplantar pustulosis treated with the JAK inhibitor tofacitinib,
which quickly improve the severity of skin lesions, including erythema, aseptic pustules and desquamation. All our

patients experienced a lack of response to at least one systemic agent.

Methods

Patients

Inclusion Criteria were as follows: We included patients aged 18-65 years who were diagnosed with palmoplantar
pustulosis with active pustules (yellow pustules) for at least 1 year and a history of lack of response to at least one
systemic agent.

The exclusion criteria were as follows: 1. palmoplantar pustulosis (ppp) with psoriasis vulgaris lesions; 2. palmo-
plantar pustulosis treated with systemic therapy <8 weeks and/or topical agents or phototherapy <2 weeks prior to the
study; 3. active or latent Mycobacterium tuberculosis infection without inadequate treatment; and 4. evidence of hepatitis
B/C or HIV infection, disseminated or recurrent herpes zoster infection; 5. infections requiring hospitalization <3 months
before the study; infections requiring oral or topical antibiotic <4 weeks before the study; 6. evidence of active or
inadequately treated malignancies or lymphoproliferative disorders (except completely excised non-metastatic squamous
cell skin cancer, basal cells, or cervical carcinoma) and 7. history of previous treatment with oral tofacitinib.

Study Design and Objectives

Before treatment, all patients were informed that tofacitinib was not specifically used for PPP treatment in the production instruc-
tion but was effective in treating moderate-to-severe plaque psoriasis with minimal adverse effects.'® Routine blood tests, liver
and kidney function tests, virus series, T-spots, and tumor markers were screened to exclude contraindications.

During treatment, patients usually received tofacitinib at a dosage of 5 mg twice daily for 12 weeks. Visits were
scheduled at the start of the treatment and at 2, 4, and 12 weeks. When patients achieved a physician’s Global
Assessment of “clear” or “almost clear” (PGA response), tofacitinib was decreased to 5 mg once daily. During the
study period, patients were forbidden to use immunosuppressants and other anti-inflammatory agents such as ibuprofen.
The medication will be terminated once patients show adverse events, such as vital signs, abnormalities in laboratory
indexes, confirmed malignancies, physical examinations, blood pressure abnormalities, pulse abnormalities, electrocar-
diogram (ECG) abnormalities, and judgemental cardiovascular problems. All patients signed informed consent prior to
the study.

Efficacy was assessed using the Palmoplantar Pustular Psoriasis Area and Severity Index (PPP ASI) and the Palmoplantar
Pustulosis Physician Global Assessment (PPP PGA). The achievement of a response in PPP ASI and PPP PGA from the baseline
was assessed in this study. The PPP ASI is calculated as a weighted sum of the scores obtained for erythema (E), pustules (P),
desquamation (D), and percent of body surface area affected (Table S1): PPPASI =[(E+P+D) x A x 0.2 (right palm)] + [(E+P+D)
x A % 0.2 (left palm)] + [(E+P+D) x A x 0.3 (right sole)] + [(E+P+D) x A x 0.3 (left sole)]. PPP PGA was graded on a scale of 0
to 4 based on skin lesion, with 0/1 indicating clear/almost clear skin and 4 indicating very severe lesions (Table S2). Ethical
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approval was obtained from the Ethics Committee of the Second Hospital of Shandong University (KYLL-2021 [KJ]P-0358).
The study was complied with the Declaration of Helsinki.

Result

Our study included six patients, including four men and two women, aged 42—58 years. Disease duration ranged from 2
to 9 years. The body mass index ranged from 23.6 to 34.6. The details of the patients are summarized in Table 1. The
average age of our patients was 49.8 + 6.4 years. The mean age at disease was 45.2 + 7.9 years, and the mean disease was
4.8 + 2.6 years. Among these six patients, three had a history of smoking, four frequently consumed alcohol, and one had
tonsil infections. All these patients had concomitant diseases: Patient 1 suffered from obesity, hyperlipidemia, and
urticaria; Patient 2 suffered from Obesity, T2DM, and atopic dermatitis; Patients 3 and 5 only suffered from obesity;
Patient 4 suffered from obesity, T2DM, urticaria, and rhinitis allergica; and Patient 6 suffered from hyperlipidemia and
joint pain. All patients experienced a lack of response to topical agents and at least one systemic agent. All patients

Table | Characteristics of Patients with Palmoplantar Pustulosis (PPP) Treated with Tofacitinib

Characteristic Pt | Pt 2 Pt 3 Pt 4 Pt5 Pt 6 Mean (SD)
Age, year 45 58 42 53 46 55 49.8 (6.4)
Sex M M M F M F -
Body mass Index (BMI) 34.6 29.6 31 26.8 282 23.6 29.0 (3.8)
Age at onset of disease, year 36 56 37 50 43 49 452 (7.9)
Disease durations, year 9 2 5 3 3 6 4.7 (2.6)
PPPASI at baseline 304 17.9 226 264 19.8 14.2 17.4 (5.9)
PGA at baseline 4 3 4 4 3 3 —
Smoking N \ X X S X -
Alcohol drinking \/ \ X v < X —
Streptococcal infectionsDental infections X X X X X N -

Comorbidities:

Obesity N \ \/ v S X -
T2DM x \ x \ x x =
Hyperlipidemia \/ x x x x J -

Allergic diseases

Urticaria v X X v X X -
Atopic dermatitis X \ X X x X -
Asthma X X X X X X -
Rhinitis allergica X X X \ X X =
Joint pain X X X X X N -

Previous treatment:

Topical therapy ~ N N N N N B

(Continued)
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Table 1 (Continued).

Characteristic Pt | Pt 2 Pt3 Pt 4 Pt5 Pt 6 Mean (SD)
Glucocorticosteroids N \/ \ y \ \ -
Vitamin D derivatives X X v v X v -
Retinoids \ X X \ \/ X -
Keratolytic agents X X X \ X X -
Emollients \ \ \ \ \/ \ -
Phototherapy x X X \ e x -

Systemic therapy (Month)

Systemic retinoid 3.6 4.5 4.0 3.0 5.0 32 3.9 (0.8)
Methotrexate X X 3.0 X X 4.0 3.5 (0.5)
Cyclosporine 6.0 X X X 4.0 X 5.0 (1.0
Mycophenolate Mofetil X X X 3.0 X X 3.0
Biological agents X X X X X X -

received systemic retinoids, two received methotrexate, two received Cyclosporine and 1 patient have Mycophenolate
mofetil without biological agents.

At the start of the treatment, PPP ASI ranged from 14.2 to 30.4 (Table 2). We noticed a rapid onset of tofacitinib,
evidenced by almost complete clearance of PPP lesions without visible active pustules (Figures 1 and 2) within 2—4
weeks in three of our patients, with more than 80% reduction in PPPASI. Another 3 patients had a 50-75% reduction in
PPPASI at 4 weeks visit, and further improvement was observed after that. At week 12, three of our patients had more
than 90% reduction in PPPASI, two patients had 80-85% reduction, and only one patient had less than 75% reduction in
PPPASI. After 12 weeks, the tofacitinib dose was decreased to 5 mg once daily in five patients with a PGA score of 0/1,
and the original dosage was maintained in the remaining patient for 4 weeks. Above all, our six patients showed an
excellent response to tofacitinib, as all six patients achieved a 50% reduction and 3 patients had more than 80% reduction
in PPPASI within 4 weeks of treatment, and at week 12, 5 (83.3%) patients had an 80% reduction in PPPASI. During the
12-week medication period, no serious adverse events, such as vital infections, malignancies, or abnormalities in

laboratory safety data, were reported.

Table 2 The Change of PPP ASI and PPP PGA in All 6 Patients at 0, 2, 4, and 12
Weeks After Tofacitinib Treatment

Efficacy PPP ASI PPP PGA

Time (w) 0 2 4 12 0 2 4 12
Pt | 30.4 9.8 36 1.2 4 2 | 0
Pt 2 17.4 10.2 4.8 32 3 2 | |

Pt 3 226 82 32 1.6 4 2 | 0
Pt 4 264 12.6 3.0 24 4 3 | |

Pt 5 19.8 13.6 9.6 6.2 4 3 2 2
Pt 6 14.2 7.5 5.6 22 3 2 2 0

5168 https: Infection and Drug Resistance 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Xu et al

Before treatment 2 weeks after treatment

2% %o

4 weeks after treatment

Figure | Clinical images of patient | at 0, 2, 4, and |12 weeks after tofacitinib treatment.

Discussion

The pathogenesis of palmoplantar pustulosis is complex. In addition to the genetic background and microbiome, both

interleukin (IL)-17 pathway and IL-36 pathway (with IL-8 overexpression) play a significant role in PPP pathogenesis.”
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After tofacitinib treatment (weeks)
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Figure 2 Percent change from baseline in PPP ASI over time in all 6 patients.

Some consider PPP to be a localized form or acral variant of pustular psoriasis, whereas others regard PPP as
a nosological entity distinct from psoriasis.'’'® However, PPP is closely linked to psoriasis, and clinical studies have
been conducted to evaluate the effectiveness of biological therapies which have been approved for psoriasis or psoriatic
arthritis in PPP treatment.”’ In a multicenter, randomized, double-blind clinical study involving over 200 PPP patients,
300 mg and 150 mg secukinumab (IL-17 inhibitors) were compared with placebo for PPP treatment. At week 52, only
41.8% of patients receiving 300 mg secukinumab treatment achieved PPPASI 75.2" Compared with placebo, the IL-12/23
p40 antagonist ustekinumab displayed weak clinical efficacy in treating PPP.** The efficacy of IL-23/IL-17 targeted
therapies in PPP is weaker than that in psoriasis vulgaris. In addition to blockade of the IL-23/IL-17 pathway, the
biological treatment focuses on blocking the IL-8 or IL-36 pathways have been investigated. In an open-label multicenter
trial involving 31 PPP patients with a single-dose and dose-escalation administration, the anti-IL-8 monoclonal antibody
HuMab 10F8, which effectively blocks IL-8-dependent neutrophil activation and migration,'® was evaluated for the
treatment of PPP.* About 37% of the patients at week 4 and 61% of the participants at week 8 had a clinical response
with at least a 50% reduction in the number of active pustules. Furthermore, all seven patients receiving high-dose
HuMab 10F8 showed more than 50% reduction in the number of active pustules, and four patients had a 75% reduction
from baseline at week 8. In a Ila phase, multicenter, double-blind, randomized, placebo-controlled clinical trial, anti-IL
-36R monoclonal antibody spesolimab 900 mg and 300 mg were compared with placebo by intravenous administration
per 4 weeks until week 12 for the treatment of PPP. At week 16, only 31.6% of subjects receiving 900 mg or 300 mg
spesolimab achieved PPP ASI 50 versus 23.8% of subjects receiving placebo treatment (p = 0.338), with good tolerance
but limited efficacy.?* The efficacy of the above biological treatments for palmoplantar pustulosis is less than satisfactory,
and new effective methods are still being explored.

Tofacitinib inhibits JAK signaling in the form of homodimers or heterodimeric receptors, with the repression of JAK1/
JAK3 being the best, followed by JAKI or JAK3 paired with JAK2, and JAK2/JAK2 being the worst. These receptors
inhibition blocks IL-2, IL-4, IL-7, IL-9, IL-13, IL-15 and IL-21 signal transduction’ which are integral to lymphocyte
function and adaptive immune response. The therapeutic potential of the JAK inhibitor tofacitinib in dermatological
conditions such as alopecia areata,”® psoriasis, atopic dermatitis,”’ vitiligo,”® and dermatomyositis has shown promising
results in clinical trials that are well tolerated. Common adverse effects include increased risk of infection and thromboembolic
events. Tofacitinib has been approved for psoriatic arthritis by the FDA and EMA and shows promise for treating moderate-to-
severe plaque psoriasis. However, the FDA has declined approval for psoriasis due to issues of clinical efficacy and long-term
safety. In a long-term safety analysis of tofacitinib up to 9.5 years in rheumatoid arthritis patients, tofacitinib 5 and 10 mg twice
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daily showed similar safety except an increased risk of infection (eg, herpes zoster), compared with anti-rheumatic biological
drugs and other JAK inhibitors.*

In this clinical observation, tofacitinib, a pan-JAK inhibitor, was evaluated in refractory PPP treatment, not selective JAK
inhibitors like upadacitinib or other biologic, mainly because of the price. The cost of tofacitinib during the treatment period
per 4 weeks is 110 RMB, while upadacitinib or IL-17 inhibitors needs more than 2000 RMB. In the current clinical results, we
showed that tofacitinib Smg twice daily could quickly improve the signs and symptoms of refractory PPP without serious
adverse events including infection during the treatment period. Therefore, we believe that tofacitinib may be an effective
treatment option for refractory disease, but the condition of decreasing dosage (equal to or less than once daily) or stopping
medication still require further follow-up, also long-term efficacy and safety of tofacitinib compared with traditional systemic
immunosuppressants or biologics in PPP treatment need to be evaluated.
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