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Abstract
Background Palmoplantar pustulosis (PPP) is a pruritic, painful, recurrent, and chronic dermatitis with limited therapeutic options.
Objective To evaluate the efficacy and safety of apremilast for the treatment of Japanese patients with PPP and inadequate 
response to topical treatment.
Methods This phase 2, randomized, double-blind, placebo-controlled study enrolled patients with Palmoplantar Pustulosis 
Area and Severity Index (PPPASI) total score ≥ 12 and moderate or severe pustules/vesicles on the palm or sole (PPPASI 
pustule/vesicle severity score ≥ 2) at screening and baseline with an inadequate response to topical treatment. Patients were 
randomized (1:1) to apremilast 30 mg twice daily or placebo for 16 weeks, followed by a 16-week extension phase during 
which all patients received apremilast. The primary endpoint was achievement of PPPASI-50 response (≥ 50% improvement 
from baseline in PPPASI). Key secondary endpoints included change from baseline in PPPASI total score, Palmoplantar 
Pustulosis Severity Index (PPSI), and patient’s visual analog scale (VAS) for PPP symptoms (pruritus and discomfort/pain).
Results A total of 90 patients were randomized (apremilast: 46; placebo: 44). A significantly greater proportion of patients 
achieved PPPASI-50 at week 16 with apremilast versus placebo (P = 0.0003). Patients receiving apremilast showed greater 
improvement in PPPASI at week 16 versus placebo (nominal P = 0.0013), as well as PPSI and patient-reported pruritus and 
discomfort/pain (nominal P ≤ 0.001 for all). Improvements were sustained through week 32 with apremilast treatment. The 
most common treatment-emergent adverse events included diarrhea, abdominal discomfort, headache, and nausea.
Conclusions Apremilast treatment demonstrated greater improvements in disease severity and patient-reported symptoms 
versus placebo at week 16 in Japanese patients with PPP with sustained improvements through week 32. No new safety 
signals were observed.
ClinicalTrials.gov NCT04057937.

Key Points 

Significant improvements were seen in PPPASI, PGA, 
PPSI, pruritus, and pain with apremilast versus placebo 
at week 16, which were sustained through week 32.

Adverse events were consistent with the known safety 
profile of apremilast.
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1 Introduction

Palmoplantar pustulosis (PPP) is a pustular eruption char-
acterized by a combination of intra-epidermal vesicles, 
pustules, erythema, and scales/desquamation located on 
the palms and soles [1, 2]. PPP is characterized by intra-
epidermal infiltration of polymorphonuclear neutrophils 
resulting in sterile pustules [3]. Patients with PPP have 
elevated levels of tumor necrosis factor (TNF)-α, interleu-
kin (IL)-17, IL-22, IL-8, IL-1, and IL-36 in skin lesions 
[4, 5]. PPP is rare, with a prevalence of 0.12% in Japan 
[6]. PPP lesions are often pruritic and/or painful [7]. Other 
symptoms of PPP include painful fissures [1]. These symp-
toms can be chronic, repeating relapsing, or remitting, and 
they may be disabling and severely impair quality of life 
[2, 7–10]. Although PPP is very similar to palmoplantar 
pustular psoriasis (PPPP), some evidence has indicated 
that the two are genetically distinct [11, 12]. For example, 
psoriasis is correlated with the HLA-Cw6 allele, but PPP 
is not, and the incidence of mutations in the IL-36 receptor 
antagonist gene (IL36RN) is much greater in generalized 
pustular psoriasis than in PPP [12, 13]. Thus, it is still 
unclear whether PPP and PPPP are distinct or the same.

Treatment for PPP includes topical treatments (e.g., 
corticosteroids and active vitamin D3), oral systemic treat-
ments (e.g., acitretin or etretinate, cyclosporine, metho-
trexate), phototherapy, biologic injectable treatments, 
and granulocyte and monocyte adsorption apheresis [7, 
14–19]. However, many of these treatments are contrain-
dicated in certain patient populations and are associated 
with side effects ranging from skin atrophy with corticos-
teroids to increased risk of malignancy with phototherapy 
and biologics [7]. In addition, PPP can be very recalci-
trant, and many patients with PPP do not fully respond to 
their treatment, highlighting an unmet medical need in this 
patient population [7].

Apremilast is an oral phosphodiesterase 4 (PDE4) 
inhibitor that has demonstrated efficacy and tolerability 
for the treatment of psoriatic arthritis and plaque psoriasis, 
including palmoplantar psoriasis [20–28]. PDE4 degrades 
cyclic 3′,5′-adenosine monophosphate (cAMP), a key 
regulator of inflammatory signaling. Inhibition of PDE4 
with apremilast causes an increase in cAMP, which inhib-
its production of several inflammatory cytokines that are 
related to the pathogenesis of PPP, such as TNF-α, IL-17, 
IL-22, and IL-8 [1, 4, 29]. Due to its mechanism of action 
and efficacy in other cytokine-mediated diseases [24–28, 
30], apremilast theoretically may also be an effective treat-
ment for PPP. However, until this study, the efficacy and 
safety of apremilast for the treatment of PPP had not been 
studied in randomized, placebo-controlled clinical trials. 
This randomized, phase 2 study (NCT04057937) evaluated 
the efficacy and safety of apremilast versus placebo for the 

treatment of patients with PPP after inadequate response 
to topical treatment in Japan.

2  Methods

2.1  Study Design

This was a multicenter, randomized, double-blind, placebo-
controlled, parallel-group, phase 2 study of apremilast in 
Japanese patients with PPP and inadequate response to 
treatment with topical steroid and/or topical vitamin D3 
derivative preparations (Online Resource 1). After a 4 week 
screening phase, patients were randomized in a 1:1 ratio 
to receive apremilast 30 mg twice daily (BID) or placebo 
for 16 weeks. Randomization was stratified according to 
rounded Palmoplantar Pustulosis Area and Severity Index 
(PPPASI) score (≤ 20, 21–30, ≥ 31) and focal infection sta-
tus (yes, no). At week 16, all patients continued treatment 
with apremilast 30 mg BID or were switched from placebo 
to apremilast 30 mg BID until week 32. An observational 
follow-up evaluation was performed 4 weeks after the last 
dose of study medication or early discontinuation.

2.2  Key Inclusion Criteria

Adults (age ≥ 20 years) with a diagnosis of PPP with or 
without pustulotic arthro-osteitis (not requiring treatment 
by an immunosuppressant) for at least 24 weeks before 
screening, regardless of the presence or absence of concur-
rent extra-palmoplantar lesions, were eligible for enrollment. 
Diagnostic criteria were sterile pustules located on palms 
and/or soles, change from vesicles to pustules via pustulo-
vesicles with progression of disease, and repeat recurrence 
at the same skin lesion.

Patients were required to have a PPPASI total score ≥ 
12 at screening and baseline, moderate or severe pustules/
vesicles on the palm or sole (PPPASI pustule/vesicle sever-
ity score ≥ 2) at screening and baseline, and inadequate 
response to treatment with topical steroid and/or topical vita-
min D3 derivative preparations before or at screening. Inad-
equate response was defined as repeated relapsing–remit-
ting in the same lesion observed during a 6 month treatment 
period. Eligible patients met the following laboratory cri-
teria at screening: white blood cell count ≥ 3000/mm3 (≥ 
3.0 ×  109/L) and ≤ 14,000/mm3 (≤ 14 ×  109/L); platelet 
count ≥ 100,000/μL (≥ 100 ×  109/L); serum creatinine ≤ 
1.5 mg/dL (≤ 132.6 μmol/L); aspartate aminotransferase 
(AST)/serum glutamic-oxaloacetic transaminase (SGOT), 
and alanine aminotransferase (ALT)/serum glutamic pyruvic 
transaminase (SGPT) ≤ 2.0× upper limit of normal (ULN); 
total bilirubin ≤ 2.0 mg/dL; and hemoglobin > 9 g/dL.
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2.3  Key Exclusion Criteria

Patients were excluded from the study if they had any sig-
nificant medical condition, laboratory abnormality, or psy-
chiatric illness that would prevent study participation or 
that would place the patient at unacceptable risk upon study 
participation or any condition that confounds the ability to 
interpret data from the study. Other key exclusion criteria 
were diagnosis of plaque-type psoriasis, presence of pustular 
psoriasis in any part of the body other than the palms and 
soles (excluding those derived from PPP, which have charac-
teristics distinct from psoriasis [31]); obvious improvement 
(≥ 5 PPPASI total score improvement) during screening, 
having any procedures for focal infection (e.g., tonsillectomy 
or dental therapy) within 24 weeks of baseline, periodonti-
tis obviously requiring treatment at screening, or chronic 
or recurrent tonsillitis or sinusitis requiring any continuous 
treatment for a month or more at screening.

Patients with planned or concurrent use of the following 
therapies were not eligible to participate in the study. This 
included topical therapy within 2 weeks prior to randomiza-
tion (except an unmedicated skin moisturizer as needed but 
not within 24 h prior to clinic visit), conventional systemic 
therapy within 4 weeks prior to randomization, adsorp-
tive granulocyte and monocyte apheresis (GMA) within 
2 weeks prior to randomization (which has been shown 
to have efficacy in PPP [19, 32]), phototherapy treatment 
within 4 weeks prior to randomization (i.e., UVB, psoralen 
and UVA), and biologic therapy within 12 weeks or 5 times 
of half-lives, whichever is longer, prior to randomization.

2.4  Study Endpoints

The primary efficacy endpoint was the proportion of patients 
achieving PPPASI-50 response at week 16. Secondary end-
points assessed every 2 weeks during the placebo-controlled 
phase included proportion of patients achieving PPPASI-50 
response, proportion of patients achieving PPPASI-75 
response, percent change from baseline in PPPASI total 
score, percent change from baseline in Palmoplantar Sever-
ity Index (PPSI) total score, and proportion of patients 
achieving Physician Global Assessment (PGA) score of 0 
(cleared) or 1 (minimal) and ≥ 2 point reduction/improve-
ment. Change from baseline in patient’s VAS for PPP symp-
toms (pruritus and skin discomfort/pain) was evaluated at 
baseline and weeks 2, 4, 6, 8, 12, and 16 during the placebo-
controlled phase. The PPSI (range: 0–12) evaluates change 
of disease status on the most severe skin lesion at screen-
ing. The PGA (range: 0–5) for palms and soles represents a 
global assessment of skin lesions in PPP. The patient’s VAS 
for PPP symptoms (pruritus and skin discomfort/pain; range 

0–100) is a patient-rated assessment of pruritus and discom-
fort/pain related to PPP on the hands and feet.

Exploratory endpoints evaluated through week 32 
included change from baseline in Dermatology Life Qual-
ity Index (DLQI) total score, achievement of PPPASI-50, 
achievement of PPPASI-75, change from baseline in 
PPPASI, change from baseline in PPSI, and proportion 
of patients achieving PGA score of 0 or 1 and ≥ 2 point 
reduction. The patient’s VAS for PPP symptoms was also 
evaluated at weeks 24 and 32. DLQI (range 0–30) evalu-
ates patient-rated quality of life and was assessed at base-
line and Weeks 8, 16, 24, and 32. PPPASI-90 response 
was evaluated as a post hoc analysis. Safety was evalu-
ated throughout the study, including frequency, severity, 
and incidence rate of treatment-emergent adverse events 
(TEAEs), and treatment discontinuations due to TEAEs.

2.5  Statistical Analysis

For this study to have 80% power (based on a chi-square 
test at a two-sided significance level of 0.10) for the pri-
mary endpoint, assuming a treatment difference of 25% in 
PPPASI-50 rates between apremilast 30 mg BID and pla-
cebo at week 16, the sample size of 86 patients was esti-
mated using SAS 9.4 POWER procedure (SAS, Cary NC, 
USA). Patients were randomized (1:1) to receive apremi-
last 30 mg BID or placebo using a centralized interactive 
response technology. Efficacy endpoints were analyzed in 
the intent-to-treat (ITT) population, defined as all rand-
omized patients who received at least one dose of study 
drug. Patients were included in the treatment group for 
the treatment to which they were randomized. Safety was 
analyzed in the safety population, which included all ran-
domized patients who received at least one dose of study 
drug.

The primary endpoint was analyzed using a chi-square 
test at the two-sided 0.10 level. Missing data were handled 
using nonresponder imputation (NRI). Categorical sec-
ondary endpoints were analyzed using the Cochran–Man-
tel–Haenszel test adjusting for baseline PPPASI score 
range (≤ 20, 21–30, ≥ 31) and focal infection status (yes, 
no) at baseline. Missing data were handled using NRI. 
Change from baseline in PPPASI, PPSI, pruritus, and 
skin discomfort/pain VAS were analyzed by mixed-effects 
model for repeated measures (MMRM) for the change 
from baseline, with treatment group, visit, treatment-by-
visit interaction, PPPASI total score range, and focal infec-
tion status at baseline as fixed effects and the baseline 
value as a covariate. An unstructured covariance matrix 
that is homogeneous across treatment groups was used. 
Secondary efficacy endpoints were tested without multi-
plicity adjustment, and P-values for those endpoints were 
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regarded as nominal. Exploratory efficacy endpoints were 
summarized descriptively.

3  Results

3.1  Patients

From 16 October 2019 to 7 June 2021, a total of 90 
patients from 22 institutions in Japan were randomized 
(apremilast: 46; placebo: 44); 87 (96.7%) completed the 
placebo-controlled phase (apremilast: 46; placebo: 41) 
and entered the active treatment phase (weeks 16 to 32) 
(Online Resource 2). Of the 41 patients who were switched 
from placebo to apremilast (placebo/apremilast group) at 
week 16, 40 (97.6%) completed the active treatment phase. 
Forty-six patients were initially randomized to apremi-
last and continued with apremilast (apremilast/apremilast 
group) at week 16, and 44 (95.7%) of them completed the 
active treatment phase. The three patients who discontin-
ued active treatment early discontinued due to pregnancy, 
physician decision, and withdrawal by patient.

Demographics and baseline characteristics were gener-
ally similar between groups (Table 1). Mean age was 54.9 
years in the apremilast group and 54.7 years in the placebo 
group, at least three-quarters of patients were female, and 
more than 80% of patients used tobacco. Mean duration 
of PPP was 7.3 years in the apremilast group and 7.5 years 
in the placebo group. Most patients [65.6% (59/90)] had a 
PPPASI score ≥ 21 at randomization, and mean PPSI score 
was 8.3 and 8.2 in the apremilast and placebo groups, 
respectively.

3.2  Efficacy in Disease Severity Outcomes

More than three-quarters of patients treated with apremi-
last achieved PPPASI-50 response at week 16 (primary 
endpoint), which is nearly twice the proportion of patients 
in the placebo group [78.3% and 40.9%, respectively; 
treatment difference (95% CI) 37.4% (18.6%, 56.1%), P 
= 0.0003; Fig. 1; Online Resource 3].Greater PPPASI-50 
response rates with apremilast versus placebo were 
observed as early as week 2 and at every time point up to 
week 16 (Online Resource 4). The proportion of patients 
who achieved PPPASI-50 response increased from week 
16 [40.9% (18/44)] to week 32 [75.0% (33/44)] in the pla-
cebo/apremilast group. In the apremilast/apremilast group, 
the proportion of patients achieving PPPASI-50 response 
was generally maintained over 32 weeks of treatment 
[week 16: 78.3% (36/46); week 32: 71.7% (33/46)].

Achievement of PPPASI-75 [adjusted treatment dif-
ference: 26.3% (8.3%, 44.2%), nominal P = 0.0074] 

response was nearly three-fold greater and PPPASI-90 
[treatment difference: 6.2% (−6.0%, 18.5%); nominal P 
= 0.3278] response was almost double with apremilast 

Table 1  Baseline Patient Demographics and Clinical Characteristics 
(ITT Population)

APR apremilast 30 mg twice daily, BMI body mass index, PBO pla-
cebo, PPP palmoplantar pustulosis, PPPASI Palmoplantar Pustular 
Area and Severity Index, PPSI Palmoplantar Pustular Severity Index, 
SD standard deviation

Placebo (n = 44) Apremilast 30 
mg BID (n = 
46)

Age, years
 N 44 46
 Mean (SD) 54.7 (11.68) 54.9 (11.30)

Sex, n (%)
 Male 11 (25.0) 10 (21.7)
 Female 33 (75.0) 36 (78.3)

BMI, kg/m2

 N 44 46
 Mean (SD) 25.33 (5.309) 24.37 (3.732)

Tobacco use, n (%)
 User 38 (86.4) 37 (80.4)
 Nonuser 6 (13.6) 9 (19.6)

Duration of PPP, years
 N 44 46
 Mean (SD) 7.53 (9.026) 7.34 (8.627)

PPPASI score categories at randomization, n (%)
 ≤ 20 14 (31.8) 16 (34.8)
 ≥ 21 to ≤ 30 19 (43.2) 18 (39.1)
 ≥ 31 11 (25.0) 12 (26.1)

PPSI total score
 N 44 46
 Mean (SD) 8.2 (1.5) 8.3 (1.5)

PGA, n (%)
 2 1 (2.3) 3 (6.5)
 3 24 (54.5) 16 (34.8)
 4 17 (38.6) 21 (45.7)
 5 2 (4.5) 6 (13.0)

Pruritus VAS
 N 42 46
 Mean (SD) 57.0 (27.8) 50.3 (31.6)

Pain VAS
 N 42 46
 Mean (SD) 50.3 (30.0) 45.4 (31.9)

DLQI total score
 N 43 46
 Mean (SD) 7.2 (4.7) 7.5 (4.9)

Focal infection status at randomization, n (%)
 Presence 32 (72.7) 32 (69.6)
 Absence 12 (27.3) 14 (30.4)
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Fig. 1  Proportion of patients 
with PPPASI-50, PPPASI-75, 
and PPPASI-90 responses at 
Week 16. Intent-to-treat popula-
tion. *Two-sided P-value is 
based on chi-square test. Miss-
ing data were imputed by nonre-
sponder imputation. †Two-sided 
P-value (nominal) based on 
Cochran–Mantel–Haenszel test 
adjusting for baseline PPPASI 
score range and baseline focal 
infection status at baseline. 
BID twice daily, CI confidence 
interval, PPPASI Palmoplantar 
Pustulosis Area and Sever-
ity Index; PPPASI-50/75/90, 
≥50%/75%/90% improvement 
from baseline in PPPASI total 
score
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Fig. 2  Change from Baseline in PPPASI total score and PPSI score 
at Week 16 after treatment with apremilast or placebo (ITT popula-
tion). Error bars represent 95% CI. Intent-to-treat population. Dif-
ferences are based on MMRM model for the change from baseline, 
with treatment group, visit, treatment-by-visit interaction, PPPASI 
total score range, and focal infection status at baseline as fixed effects 

and the baseline value as a covariate. An unstructured covariance 
matrix that is homogeneous across treatment groups was used. BID 
twice daily, CI confidence interval, MMRM mixed-effects model for 
repeated measures, PPPASI Palmoplantar Pustulosis Area and Sever-
ity Index, PPSI Palmoplantar Severity Index.
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versus placebo at week 16 (Fig. 1). PPPASI-75 response 
rates were greater with apremilast versus placebo over 
time, with nominal P values < 0.05 versus placebo at 
weeks 10, 14, and 16 (Online Resource 4). In the apremi-
last/apremilast group, the proportion of patients achiev-
ing PPPASI-75 response was maintained over 32 weeks 
of treatment [week 16: 43.5% (20/46); week 32: 52.2% 
(24/46)] (Online Resource 4).

Greater improvement from baseline in PPPASI total score 
was observed with apremilast versus placebo at week 16. For 
least-squares (LS) mean change from baseline in PPPASI 
total score, the treatment difference (95% CI) at week 16 was 
−5.5 [(−8.7, −2.2); nominal P = 0.0013; Fig. 2]. Improve-
ments in PPPASI total score were greater with apremilast 
versus placebo as early as week 2 and at every time point up 
to week 16 (Online Resource 5). Improvements in PPPASI 
total score were maintained up to week 32; the percent 
change in mean PPPASI score from baseline with apremilast 
was −64.3% at week 16 and −68.3% at week 32. In addi-
tion, PPPASI total score improved in the placebo group from 
−42.4% at week 16 to −72.1% at week 32 in the placebo/
apremilast group.

Greater improvement from baseline in PPSI total score 
was observed with apremilast versus placebo at week 16. 
For LS mean change from baseline in PPSI total score at 
week 16, the treatment difference (95% CI) was −1.6 [(–2.4, 
–0.9); nominal P < 0.0001; Fig. 2]. Improvements in PPSI 
total score were greater with apremilast versus placebo 
as early as week 2 and at every time point up to week 16 
(Online Resource 5). Improvements in PPSI total score were 
maintained up to week 32 with apremilast treatment; the 
percent change in mean from baseline was −49.0% at week 
16 and −51.3% at week 32. In addition, PPSI total score 
improved in the placebo group at week 16 from −30.9 to 
−56.7% at week 32 in the placebo/apremilast group. Apre-
milast treatment also demonstrated greater achievement of 
PGA response [treatment difference: 12.0% (–0.6%, 24.6%); 
nominal P = 0.0773] compared with placebo at week 16. 
PGA response rates improved in the placebo/apremilast 
group and were maintained in the apremilast/apremilast 
group at week 32 (Fig. 3).
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Fig. 3  PGA response rate (score of 0 or 1 and ≥ 2 grade improve-
ment) and change from Baseline in patient’s VAS for PPP symptoms 
at Week 16 after treatment with apremilast or placebo (ITT popula-
tion). Data shown for week 16 are LS mean changes and for week 32 
are mean changes from baseline. Error bars represent 95% CI. Intent-
to-treat population. For PGA response, missing data were imputed by 
nonresponder imputation. Differences in patient’s VAS assessments 
are based on MMRM model for the change from baseline, with treat-
ment group, visit, treatment-by-visit interaction, PPPASI total score 

range, and focal infection status at baseline as fixed effects and the 
baseline value as a covariate. An unstructured covariance matrix that 
is homogeneous across treatment groups was used. For patient’s VAS 
assessments, LS mean values are shown for week 16, and mean val-
ues are shown for week 32. APR apremilast 30 mg twice daily, BID 
twice daily, CI confidence interval, MMRM mixed-effects model for 
repeated measures, NRI nonresponder imputation, PBO placebo, 
PGA Physician Global Assessment, PPPASI Palmoplantar Pustulosis 
Area and Severity Index, VAS visual analog scale.
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Fig. 4  Change from Baseline 
in DLQI at Week 16 and Week 
32 (exploratory endpoint). 
Error bars represent 95% CIs. 
Intent-to-treat population. Data 
are presented as observed. BID 
twice daily, CI confidence inter-
val, DLQI Dermatology Life 
Quality Index.
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Table 2  Overview of TEAEs and Most Commonly Reported TEAEs (Safety Population) at Week 16 and Week 32

APR apremilast 30 mg twice daily, BID twice daily, EAIR exposure-adjusted incidence rate, TEAE treatment-emergent adverse event

Patients, n (%) Week 16 Apremilast Total (Week 32)

Placebo (n = 44) Apremilast 30 mg BID 
(n = 46)

Placebo/Apremilast 
30 mg BID (N = 41, 
patient-years = 12.5)

Apremilast 30 mg BID/
Apremilast 30 mg BID 
(N = 46, patient years 
= 27.8)

n (%) EAIR/100 
patient-years

n (%) EAIR/100 
patient-years

n (%) EAIR/100 
patient-years

n (%) EAIR/100 
patient-
years

Any TEAE 31 (70.5) 434.7 38 (82.6) 854.6 32 (78.0) 557.1 41 (89.1) 639.7
Any severe TEAE 1 (2.3) 7.8 0 0 1 (2.4) 8.1 1 (2.2) 3.6
Any serious TEAE 0 0 0 0 1 (2.4) 8.1 2 (4.3) 7.3
Any TEAE leading to drug withdrawal 3 (6.8) 23.5 0 0 0 0 0 0
Any TEAE leading to death 0 0 0 0 0 0 0 0
Most commonly reported TEAEs (≥ 5% of patients)
 Diarrhea 6 (13.6) 51.3 12 (26.1) 112.3 6 (14.6) 54.4 13 (28.3) 63.1
 Abdominal discomfort 1 (2.3) 7.9 7 (15.2) 56.3 5 (12.2) 43.0 8 (17.4) 33.8
 Headache 0 0 6 (13.0) 45.9 4 (9.8) 34.0 6 (13.0) 24.1
 Nausea 2 (4.5) 16.1 6 (13.0) 48.4 3 (7.3) 25.9 6 (13.0) 24.8
 Contact dermatitis 1 (2.3) 7.8 5 (10.9) 37.3 1 (2.4) 8.2 9 (19.6) 35.3
 Nasopharyngitis 2 (4.5) 16.1 5 (10.9) 37.6 4 (9.8) 32.9 6 (13.0) 23.7
 Soft feces 2 (4.5) 16.2 5 (10.9) 39.4 3 (7.3) 25.9 5 (10.9) 20.1
 Decreased appetite 0 0 3 (6.5) 22.0 1 (2.4) 8.1 3 (6.5) 11.4
 Eczema 5 (11.4) 42.0 3 (6.5) 22.3 3 (7.3) 25.5 3 (6.5) 11.5
 Folliculitis 4 (9.1) 32.0 1 (2.2) 7.1 3 (7.3) 24.6 1 (2.2) 3.6
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3.3  Efficacy in Patient‑Reported Outcomes

Greater improvements in pruritus VAS (treatment difference: 
−20.3; nominal P = 0.0002) and skin discomfort/pain VAS 
(treatment difference: −16.1; nominal P = 0.0010) assess-
ments were observed with apremilast compared with placebo 
at week 16 (Fig. 3). Greater improvements were observed as 
early as week 2 compared with placebo. Improvements were 
maintained in the apremilast/apremilast group and improved 
in the placebo/apremilast group at week 32 (Online Resource 
6). Changes from baseline in DLQI total score were −4.7 with 
apremilast versus −2.7 with placebo at week 16 and −4.9 in 
the placebo/apremilast group and −4.3 in the apremilast/apre-
milast group at week 32 (Fig. 4). These changes in DLQI in the 
apremilast group met the minimal clinically important differ-
ence of a four point change in inflammatory skin diseases [33].

3.4  Safety

In the placebo-controlled period, 82.6% (38/46) of patients 
in the apremilast group and 70.5% (31/44) of patients in the 
placebo group experienced ≥ 1 TEAE at week 16, and 83.9% 
(73/87) of all apremilast-treated patients experienced ≥ 1 
TEAE at week 32 (Table 2). The most commonly reported 
TEAEs were consistent with previous clinical trials for apre-
milast and included diarrhea, abdominal discomfort, head-
ache, and nausea (Table 2). Most TEAEs were mild to mod-
erate in severity (Table 2). There were no serious TEAEs 
during the placebo-controlled period. During the apremilast 
exposure period, three patients experienced serious TEAEs, 
including peritonitis in one patient in the placebo/apremilast 
group and COVID-19 pneumonia, constipation, and volvulus 
in the apremilast/apremilast group. Few patients reported 
TEAEs leading to treatment discontinuation (apremilast: 0% 
(0/46); placebo: 6.8% (3/44); Table 2). The three TEAEs that 
led to discontinuation in the placebo group were pustulotic 
arthro-osteitis, dysuria, and peripheral edema. There were 
no deaths reported (Table 2).

4  Discussion

The patient population in this study had significant disease bur-
den, as indicated by baseline scores on PPPASI, PPSI, and PGA 
assessments, and a high proportion of patients had focal infec-
tions at baseline. Patients also exhibited PPP symptoms such as 
pruritus, pain, and substantial quality-of-life impairment.

In this randomized, phase 2 study of the efficacy and 
safety of apremilast in patients with PPP, significantly 
more patients achieved a PPPASI-50 response at week 
16 with apremilast versus placebo [treatment difference 
(95% CI) 37.4% (18.6%, 56.1%), P = 0.0003]. PPPASI-50 

response rates were maintained with continued apremi-
last treatment over 32 weeks. In patients who switched 
from placebo to apremilast, the proportion of patients who 
achieved PPPASI-50 response increased nearly twofold 
from week 16 to week 32. The treatment effects of apre-
milast were also consistently observed in the secondary 
endpoints. Tolerability and AEs were consistent with the 
known safety profile of apremilast. There was no evidence 
of increased incidence of TEAEs with longer apremilast 
exposure.

Apremilast treatment resulted in significant improve-
ments in patient-reported PPP symptoms and quality-of-life 
outcomes. Improvements in pruritus, skin discomfort/pain, 
and DLQI assessments at week 16 were significantly greater 
with apremilast versus placebo, with continued mean score 
improvements from week 16 to week 32. Treatment efficacy 
in VAS measures was noted as early as week 2. Improve-
ments were generally maintained over the 32 week treatment 
period in the apremilast/apremilast group.

The efficacy and safety profiles of apremilast in this study 
are similar to those in studies of apremilast in psoriasis 
[24–28]. In the phase 3 ESTEEM 1 and 2 trials in patients 
with moderate-to-severe psoriasis, approximately 56–60% 
of patients experienced a ≥ 50% reduction in Psoriasis 
Area and Severity Index (PASI-50) at week 16 [24, 25]. 
This response was maintained over 32 weeks of treatment in 
ESTEEM 2 [24, 25]. Significant decreases in pruritus VAS 
and improvements in DLQI have also been seen in studies of 
apremilast in patients with psoriasis over an extended period 
of time [24–27].

The expression of PDE4 in a broad range of cell types 
and its role in immunomodulation have made it an attractive 
therapeutic target for a range of diseases. Four PDE4 inhibi-
tors have been successfully developed: roflumilast for the 
treatment of chronic obstructive pulmonary disease and pso-
riasis; crisaborole for atopic dermatitis; apremilast for pso-
riasis, psoriatic arthritis, and Behçet’s disease; and ibudilast 
for Krabbe disease [34]. Apremilast is the only PDE 4 inhib-
itor to be evaluated in a clinical trial for PPP. Apremilast has 
been shown to decrease plasma levels of various cytokines 
including TNF-α, IL-17, IL-22, and IL-8 in patients with 
psoriasis and psoriatic arthritis [29, 35, 36]. Increases in 
levels of these cytokines have been detected in the serum 
or lesions of patients with PPP [4, 37–39]. Therefore, it is 
possible that the inhibition of these cytokines may contribute 
to the efficacy of apremilast in improving symptoms of PPP. 
Apremilast has also been shown to reduce neutrophil infiltra-
tion, inhibit cell death, and promote production of the anti-
inflammatory cytokine IL-10 [40]. Fibroblast migration and 
keratinocyte proliferation, which is a key cause of epidermal 
thickening in psoriasis, are also attenuated by apremilast 
treatment [40]. These may represent potential mechanisms 
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by which apremilast improves symptoms of PPP, although 
this remains to be tested.

Other therapies being investigated for use in PPP/PPPP 
include the IL-17 inhibitor secukinumab and the IL-23 
inhibitor guselkumab. Secukinumab 300 mg was evalu-
ated in a phase 3b study in patients with moderate-to-severe 
PPPP, and guselkumab 100 mg was evaluated in a phase 3 
study of Japanese patients with PPP [41, 42]. PPPASI-50 
was achieved by 52.2% of patients receiving secukinumab 
(versus 32.9% receiving placebo) and 57.4% of patients 
receiving guselkumab (versus 34.0% receiving placebo) 
at week 16 in these studies. In the current study, 78.3% of 
patients receiving apremilast achieved PPPASI-50 at week 
16 compared with 40.9% receiving placebo. PPPASI-75 
response at week 16 was achieved by 43.5% of patients with 
apremilast in the current study. In the respective studies, 
PPPASI-75 response rates were 26.6% with secukinumab 
and 20.4% with guselkumab. At week 16 in each study, LS 
mean change from baseline in PPPASI total score was −16.5 
with apremilast and −15.3 with guselkumab.

There is a need for more studies of oral systemic treatments 
for PPP. There have been only a few randomized controlled 
trials in a small number of patients that assessed the efficacy 
of oral systemic treatments in patients with PPP [7]. Thus, 
evidence is lacking for use of these therapies in PPP. There 
are also a number of limitations associated with current oral 
systemic therapies. Although retinoids such as acitretin and 
etretinate have been shown to be effective in the treatment 
of pustular psoriasis, especially when in combination with 
ultraviolet light, oral retinoids are associated with side effects 
that affect the liver, mucocutaneous, musculoskeletal, and 
neurological systems and are contraindicated in women of 
childbearing potential due to teratogenicity [43]. Cyclosporine 
has shown efficacy in PPP in clinical trials [44, 45]; how-
ever, treatment is recommended only in short periods for 1–2 
years because of side effects such as increased blood pressure 
and renal impairment [46, 47]. Side effects of methotrexate 
use include myelosuppression, hepatic dysfunction, alope-
cia, and interstitial pneumonia [48]. Furthermore, although 
cyclosporine and methotrexate are commonly used to treat 
PPP, they may not be covered by insurance for PPP in Japan. 
Smaller, exploratory studies and case reports have suggested 
the potential benefits of apremilast for the treatment of PPP 
[49–51]. This randomized, placebo-controlled, phase 2 study 
extends understanding of the potential benefits of apremilast 
in a larger population of patients with PPP. It represents one of 
few randomized controlled trials to demonstrate the efficacy 
of an oral systemic treatment in patients with PPP.

This study is limited by its short duration and small pop-
ulation size. A phase 3 study in a larger population with 
longer follow-up is needed to confirm these findings. As the 
patient population here was limited to patients with a rare 
disease in Japan, generalizability of findings is limited.

5  Conclusion

Apremilast may represent an effective and safe treatment 
option for patients with PPP with inadequate response to 
topical treatment. The data from this phase 2 study have 
assisted in the development of a larger, long-term phase 3 
study in a similar PPP patient population.
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