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ABSTRACT

Background: This review’s goals were to inves-
tigate apremilast’s efficacy versus placebo in
palmoplantar psoriasis (PP) and palmoplantar
pustulosis (PPP), and apremilast’s efficacy versus
methotrexate in PP.

Methods: A literature search was conducted in
PubMed, clinicaltrials.gov, and Embase in July
2022. Publications investigating subjects with PP
or PPP, treated with apremilast, which reported
palmoplantar-specific outcomes were used.
Exclusion criteria included cases of drug-induced
PP/PPP, case studies, non-English texts, omission
of palmoplantar-specific outcomes, and incom-
plete publications. Studies were assessed for risk of
bias using Cochrane Review Manager application

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s13555-022-00877-w.

R. K. Spencer (P<) - K. G. Elhage - J. Q. Jin -

M. S. Davis - M. Hakimi - T. Bhutani - W. Liao
Department of Dermatology, University of
California San Francisco, 515 Spruce Street, San
Francisco, CA 94118, USA

e-mail: rileykylespencer@gmail.com

J. Q. Jin
School of Medicine, University of California San
Francisco, San Francisco, CA, USA

R. K. Spencer
Arizona College of Osteopathic Medicine,
Midwestern University, Glendale, USA

and CASP checklist. Primary endpoints were a
50% improvement of the Palmoplantar Psoriasis/
Pustulosis Area and Severity Index (PPPASI 50)
and improvement of the Palmoplantar Physician
Global Assessment (PPPGA) to O or 1 in patients
with baseline PPPGA > 3.

Results: Seventeen original studies including five
placebo-controlled randomized clinical trials
(RCTs), one phase Il clinical trial, two randomized
methotrexate comparative trials, six cohort stud-
ies, and three case series were analyzed, totaling
1117 participants. Meta-analysis of four placebo-
controlled RCTs investigating PP found apremi-
last treatment to be superior to placebo in
achieving a PPPGA of 0/1 (baseline PPPGA of > 3)
after 16 weeks of treatment (n = 244; OR = 2.69
[1.39-5.22]). Apremilast was superior to placebo
in achieving PPPASI 50 at week 16 in the only
placebo-controlled RCT of PPP (78.3 vs. 40.9%)
[P = 0.0003]. Apremilast was comparable to
methotrexate in achieving PPPASI 50 at week 16
in PP (89.5 vs. 64.3%; n = 84; [P = 0.65]). Non-
randomized studies generally showed marked
improvement in PPPASI, PPPGA, and DLQI scores
following apremilast treatment.

Discussion: Apremilast treatment in PP and
PPP resulted in significant improvement in
objective, palmoplantar-specific clinical param-
eters versus placebo, and comparable efficacy
with methotrexate in PP. Limitations in inter-
preting these results include variations in pal-
moplantar-specific metrics used and risk of bias
of included studies.
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Key Summary Points

Palmoplantar psoriasis and palmoplantar
pustulosis are chronic, inflammatory skin
diseases that are often resistant to topical
corticosteroids or phototherapy.

This study investigated the efficacy of
apremilast versus placebo and
methotrexate in palmoplantar psoriasis
and palmoplantar pustulosis.

Meta-analysis of placebo-controlled RCTs
investigating apremilast in palmoplantar
psoriasis found apremilast to be superior
to placebo in achieving clinical clearance.

Apremilast was superior to placebo in
achieving clinical improvements based on
palmoplantar-specific metrics in
palmoplantar pustulosis.

In patients with palmoplantar psoriasis,
apremilast demonstrated comparable
efficacy to methotrexate, and may be a
preferred oral, non-biologic, systemic
agent in patients with hepatic
insufficiency.

INTRODUCTION

Palmoplantar psoriasis (PP) is a chronic, debili-
tating, inflammatory skin disease of the palms
and/or soles, with reported incidence of
2.8-40.9% in patients with psoriasis [1]. Despite
the surface area of the palms and soles repre-
senting less than 5% of total body surface area
(BSA), patients with PP experience significant
impairments in quality of life. Compared to
moderate-to- severe plaque psoriasis without
palm and sole involvement, patients with PP
have greater impairments in quality of life,
evidenced by higher Dermatology Life Quality

Index (DLQI) scores [2]. The presentation of PP
varies widely, and lesions may present in isola-
tion or with concomitant plaque psoriasis at
other sites. The morphology of PP often
resembles plaque psoriasis (i.e., well-defined,
erythematous plaques with overlying thick,
hyperkeratotic scales, often with accompanying
fissures). PP may also present as cyclic, fluid-
filled, sterile, pustular lesions in an erythema-
tous background [3]. PP is typically classified
into hyperkeratotic palmoplantar psoriasis and
palmoplantar pustular psoriasis subgroups,
respectively, based on these morphological dis-
tinctions [4]. Palmoplantar pustulosis (PPP) is
often considered a distinct entity from PP and
presents with concomitant psoriasis in other
sites less frequently. Of note, PPP dispropor-
tionately affects smokers and women, with a
female-to-male ratio of 8:2 [5]. The treatment of
PP and PPP is challenging and may vary based
on clinical presentation and morphological
subtype. Traditional first-line therapies for pso-
riasis, including topical corticosteroids and
phototherapy, are often ineffective due to the
thickness of the stratum corneum in the palms
and soles [6]. Some systemic medications and
biologic therapies have shown promise, but
many drugs in these classes are still under active
investigation [7, 8].

Objective measures typically used to stratify
disease severity in psoriasis, like the Psoriasis
Area and Severity Index (PASI) and BSA, are
unreliable measures of patient disability in PP
and PPP, as they tend to underestimate disease
severity [2]. Instead, modified assessments like
the Palmoplantar Psoriasis Area and Severity
Index (PPPASI) and the Palmoplantar Psoriasis
Physician Global Assessment (PPPGA) are better
suited for measuring disease severity in PP and
PPP. Given the rapidly evolving landscape in
the treatment of psoriasis, our aim was to assess
the utility of apremilast in palmoplantar disease
using these scoring tools.

Apremilast is an orally administered, selec-
tive inhibitor of phosphodiesterase-4 (PDE-4)
used in the treatment of psoriasis and psoriatic
arthritis. Recommended dosing of apremilast is
30 mg twice daily. PDE-4 inhibition prevents
hydrolysis of cyclic adenosine monophosphate
(cAMP), increasing intracellular cAMP levels,
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resulting in downstream effects on signaling
pathways in various cell types including T cells,
monocytes, keratinocytes, and synovial fibrob-
lasts [9]. Increased intracellular cAMP due to
PDE-4 inhibition leads to protein kinase A (PKA)
activation and increased expression of IL-10, an
anti-inflammatory cytokine [9]. Activation of
cAMP responsive element (CRE) sites also causes
inhibition of NF-kB and reduced production of
downstream proinflammatory mediators impli-
cated in the pathogenesis of psoriasis (e.g., TNF-
a, IL-23) [10].

With traditional first-line therapies for pso-
riasis often proving ineffective in producing
clinical improvement in patients with PP and
PPP, non-biologic systemic agents and biologic
treatments are often necessary. Regarding bio-
logic treatments, the quality of evidence sup-
porting their use is low to moderate, in part due
to a lack of clinical trials investigating their use
in PP and PPP [7, 8].

While the efficacy of apremilast in the
treatment of plaque psoriasis is well established,
randomized controlled trials (RCTs) evaluating
the efficacy of apremilast in PP have demon-
strated mixed results [11, 12]. Fewer studies
have evaluated apremilast in PPP. The aim of
this review is to investigate the efficacy of
apremilast versus placebo in PP and PPP, and to
compare the efficacy of apremilast versus
another orally administered systemic agent,
methotrexate, in PP.

METHODS

Our protocol is reported in line with the Pre-
ferred Reporting Items for Systematic Review
and Meta-Analysis Protocols (PRISMA-P) 2020
guidelines. A literature search was conducted in
PubMed (MEDLINE), Embase, and clinicaltri-
als.gov in July 2022 using a combination of the
terms (‘palmoplantar’ OR ‘palms’ OR ‘soles’)
AND (‘psoriasis’ OR ‘pustulosis’) AND (‘apremi-
last” OR ‘otezla’). This search was replicated in
August 2022 to include articles published in the
interim. Our initial search was filtered using the
“(clinical trial)” filter in the PubMed and
Embase search options. This search was then
modified to include all original, experimental

prospective and retrospective studies, and non-
experimental descriptive studies for the purpose
of this review. Comprehensive review articles
were referenced to identify any additional
studies that were missed during the initial
searches.

Eligibility Criteria

Criteria for publications included in this review
were those with subjects diagnosed with PP or
PPP based on the opinion of the authors of each
publication, and subjects who received treat-
ment with apremilast. Publications were
required to report results using palmoplantar-
specific scoring systems, namely a 50%
improvement in the Palmoplantar Psoriasis/
Pustulosis Area and Severity Index (PPPASI 50)
and an improvement to a score of O or 1 in the
Palmoplantar Psoriasis/Pustulosis Physician
Global Assessment (PPPGA). Studies investigat-
ing patients with plaque psoriasis with con-
comitant palmoplantar involvement were
included if they reported specific outcomes in
the palmoplantar-involved subpopulation using
palmoplantar-specific scoring systems. Exclu-
ded studies were those not written in English,
case studies, publications involving subjects
with drug-induced PP/PPP, and incomplete or
non-peer-reviewed publications (poster
abstracts, preprint publications, etc.). Studies
were grouped for pooled analyses by disease
classification (i.e., PP, PPP). Study characteristics
including author, year of publication, patient
number, intervention, treatment duration, and
results were obtained using a standardized
table tailored to this review, with the tabulated
information evaluated to determine eligibility.

Study Selection and Data Extraction

Initial screening of studies was performed
manually by three independent reviewers
(R.K.S., K.G.E,, J.Q.J.). Discrepancies in eligibil-
ity criteria were resolved by an additional
reviewer (W.L.). Data abstraction was performed
by R.K.S. All randomized studies included for
analysis were assessed for risk of bias by two
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independent authors (R.K.S., M.S.D.) through
manual review of each paper.

Primary outcomes sought for the purpose of
this review include PPPASI 50 and a PPPGA of 0
or 1 (i.e., clear or almost clear) in patients with a
baseline score of > 3. Secondary outcomes
included a 75% improvement in the PPPASI
score (PPPASI 75) and mean PPPASI improve-
ment. Studies that used a Physician Global
Assessment (PGA) in cases of palmoplantar
pustulosis and palmoplantar pustular psoriasis,
or a Hand and Foot Physician Global assessment
(H&F PGA) were also considered. Other out-
comes reported were mean improvement in the
Dermatology Life Quality Index (DLQI) score,
and drug survival time (months of drug until
discontinuation). For studies where certain val-
ues (e.g., mean change, PPPASI 50) were
unavailable but could be determined from
baseline values, absolute change, or individual
subject results, values were calculated manually.
Primary and secondary endpoints measured at
variable intervals amongst studies were defined
and reported as they were in the original stud-
ies. Study characteristics were tabulated for each
individual study.

Statistical Analysis

Using the Cochrane Review Manager 5.4 appli-
cation, a meta-analysis was performed compar-
ing the efficacy (PPPGA 0/1 rates) of apremilast
versus placebo in PP, with an odds ratio being
used as the effect measure in the synthesis of
these results. Only randomized placebo-con-
trolled trials were included for meta-analysis,
with those deemed eligible for analysis having
study intervention characteristics matching the
planned inclusion criteria. To minimize the risk
of reporting bias, only study results with dou-
ble-blinded periods were included for meta-
analysis. Forest plot analysis using the Man-
tel-Haenszel fixed-effect method was utilized in
calculating the odds ratio. The Mantel-Haenszel
statistical method was chosen over the Peto
method as the latter performs best only when
event occurrence is rare [13]. Significance of
heterogeneity amongst studies was assessed
using the %> test (Pvalue < 0.1 as statistically

significant) and presented as the I* test
(I > 50% indicates significant heterogeneity,
I? < 25% indicates non-significant heterogene-
ity). No additional methods to explore causes of
heterogeneity were performed due to the cal-
culated I* value representing non-significant
heterogeneity.

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not involve any new studies of
human or animal subjects performed by any of
the authors.

RESULTS

Initial search yielded 156 total articles; 41
duplicates were excluded, and 115 publications
were screened based on title and abstract. Sub-
sequently, 57 articles were excluded, leading to
the identification of 58 articles for full-text
review. Ultimately, 17 publications investigat-
ing treatment with apremilast in patients with
PP or PPP were included after full text-review
(Fig. 1). These 17 publications consisted of five
placebo-controlled RCTs [11, 12, 14-17], one
single-arm phase II clinical trial [18], two ran-
domized methotrexate comparative trials
[19, 20], six prospective/retrospective cohort
studies [21-26], and three case series [27-29],
totaling 1117 subjects with palmoplantar dis-
ease treated with apremilast or placebo. Of the
1117 subjects with palmoplantar disease, 948
cases of PP and 169 cases of PPP were
represented.

All randomized studies included for analysis
were manually assessed for risk of bias and
compiled using the Cochrane Review Manager
application. Six different domains of bias were
assessed, including method of random sequence
generation, allocation concealment, participant
and personnel blinding, outcome assessment
blinding, incomplete outcomes, and selective
reporting (Fig. 2). Observational and retrospec-
tive cohort studies, and case series were assessed
for risk of bias using the Critical Appraisal Skills
Program (CASP) Cohort Study checklist (Sup-
plemental Table 1).
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[ Identification of new studies via databases and registers ]
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Not in English (n = 1)

(n = 58)

A

New studies included in review through
examination of references
(n=1)

Included

Total studies included in review
(n=17)

Fig. 1 PRISMA diagram showing study selection

Palmoplantar Psoriasis

A total of 12 publications investigated patients
with PP treated with apremilast (APR) including
four placebo (PBO)-controlled RCTs
[11, 12, 14-16], two randomized methotrexate
MTX) comparative trials [19, 20], four
prospective/retrospective cohort studies
[22-24, 26], and two case series [27, 29]
(Table 1).

There were four placebo-controlled RCTs
analyzing the use of apremilast in PP. A post

Reviews (n = 15)
Incomplete information (n = 1)
Incorrect analysis (n = 25)

hoc, pooled analysis of three randomized, pla-
cebo-controlled clinical trials (ESTEEMI,
ESTEEM2, and PSOR-005) demonstrated the
efficacy of apremilast monotherapy in patients
with PP. In patients with moderate to severe PP
(baseline PPPGA > 3), apremilast resulted in
significantly more clearance (PPPGA O or 1)
versus placebo at week 16 (47.8 vs. 26.9%)
(n=144) [P=0.021 (95% CI=0.05-0.37)]
[11, 14-16]. In all patients with PP regardless of
severity (PPPGA > 1), apremilast resulted in
significantly more patients achieving PPPGA of
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Fig. 2 Risk of bias assessment for randomized clinical

trials

0 at week 16 (46.3 vs. 25.4%) (n = 427) (APR vs.
PBO) [P = <0.001 (95% CI =0.12-0.30)] [11.
14-16]. In the placebo-controlled RCT per-
formed by Bissonnette et al. there was no sig-
nificant difference in the rates of PPPGA of O or
1 (14.0 vs. 4.0%) (n=100) [P=0.1595] or
PPPASI 50 (36.0 vs. 22.0%) [P = 0.119] achieve-
ment between the apremilast and placebo
groups at week 16 [12]. However, apremilast did
result in significantly greater rates of PPPASI 75
(22.0 vs. 8.0%) [P = 0.0499] and mean PPPASI
improvement (39.6 vs. 23.1%) [P = 0.0167] at
week 16 versus placebo [12].

Meta-analysis of the four randomized pla-
cebo-controlled trials [12, 14-16] comparing the
rates of clearance (PPPGA O or 1) in patients

with moderate to severe PP (baseline PPPGA
> 3) (n = 244) demonstrated a statistically sig-
nificant difference favoring apremilast versus
placebo [odds ratio (OR) =2.69 (95% confi-
dence interval (CI) = 1.39-5.22)] (Fig. 3). The
heterogenicity between the included random-
ized placebo-controlled clinical trials was found
to be low (3% = 3.29; df = 3; P = 0.35; I> = 9%).

Two comparative trials investigated apremi-
last versus methotrexate in PP which demon-
strated their similar efficacies and improved
ability to produce clearance when given in
combination. In a randomized comparative trial
by Kt et al. [19], the use of apremilast and
methotrexate in palmoplantar disease (PP,
n=76; PPP, n=8) was investigated with the
two drugs demonstrating comparable efficacy in
achieving PPPASI 50 (59.5 vs. 64.3%) [P = 0.65]
and PPPASI 75 (33.3 vs. 40.5%) [P =0.49] at
week 16. In a randomized comparative trial by
Hassanandani et al. [20], apremilast in combi-
nation with methotrexate was shown to be
more effective versus methotrexate monother-
apy in achieving PPPGA of O or 1 at week 16 in
patients with moderate to severe PP (baseline
PPPGA > 3) (80.0 vs. 60.0%) (n=060)
[P = <0.05].

Four prospective/retrospective cohort studies
evaluating apremilast in PP suggest that
apremilast may be able to produce clearance
over an extended period. APRAISAL, a 52-week
prospective cohort study in Greece [22],
demonstrated long- term clearance (PPPGA O or
1 at week 52) in 72.7% [95% CI = 59.6-85.9] of
patients with moderate to severe PP treated with
apremilast (n = 44). In a 52-week retrospective
cohort study by the Spanish Psoriasis Group
[23], the rates of patients treated with apremi-
last (n = 85, mean baseline PPPGA 4.2) achiev-
ing PPPGA O or 1 was 36.1 and 83.3% (as
observed) at weeks 12 and 52, respectively.
LAPIS-PSO, a 52-week, multicenter, observa-
tional cohort study in Germany investigating
apremilast treatment for PP [26], resulted in
62.7 and 71.7% of patients (n = 67) achieving
PPPGA O or 1 at weeks 16 and 52, respectively. A
single-center retrospective cohort study by
Pavia et al. [24] showed 90.9% (n = 12) of sub-
jects with moderate to severe PP (baseline
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Table 1 Studies investigating apremilast in palmoplantar psoriasis (PP)

Author, year, Comparison Number of PPPASI 50 (%) PPPGA 0 or 1 (%) Secondary outcomes
study name, patients (baseline PPPGA 2 3)
study type
Papp ct al. Apremilast vs. 49 (19 baseline 66.7 vs. 20.0 (APR vs.
2013 placebo PPPGA > 3) PBO) (week 16)
[11, 14]
PSOR-005
RCT
Papp et al. Apremilast vs. 254 (83 baseline 38.6 vs. 30.8 (APR vs.
2015 placebo PPPGA > 3) PBO) (week 16)
[11, 15]
ESTEEM 1
RCT
Paul et al. Apremilast vs. 124 (42 baseline 654 vs. 31.3 (APR vs.
2015 placebo PPPGA > 3) PBO) (week 16)
(11, 16]
ESTEEM 2
RCT
Bissonnette Apremilast vs. 100 (baseline 36.0 vs 22.0 (APR  14.0 vs. 4.0 (APR vs. Mean PPPASI improvement (%): 39.6 vs.
et al. 2018 placebo PPPGA > 3) vs. PBO) (week PBO) (week 16) 23.1 (APR vs. PBO) (week 16)
[12] 16) [P =0.119] [P = 0.1595] [P = 0.0167)
RCT PPPASI 75 (%): 22.0 vs. 8.0 (APR vs.
PBO) (week 16) [P = 0.0499]
Mean DLQI improvement: 4.3 vs. 0.8
(APR vs. PBO) (week 16) [P = 0.0004]
Keetal [19]  Apremilast vs. 84 (76/84 PP, 59.5 vs. 64.3 (APR Median PPPASI improvement (%): 62.3
2021 methotrexate 8/84 PPP) vs. MTX) (week vs. 65.8 (APR vs. MTX) (week 16)
MTX 16) [P = 039, (95% CI = — 42-2.1)]
comparative PPPASI 75 (%): 33.3 vs. 40.5 (APR vs.
trial MTX) (week 16) [P = 0.49]
Mean DLQI improvement (%): 50.0 vs.
47.6 (APR vs. MTX) (week 16)
[P =099 (95% CI = - 1.0-2.0)]
Hassanandani ~ Apremilast 60 (baseline 80.0 vs. 60.0 Mean PPPASI improvement (%): 81.5 vs.
et al. 2022 methotrexate PPPGA > 3) (APR + MTX vs. 71.7 (APR + MTX vs. MTX) (week
[20] combination vs. MTX) (week 16) 16) [P = 0.002]
MTX methotrexate [P= <005] PPPASI 75 (%): 43.3 vs. 30.0
comparative (APR + MTX vs. MTX) (week 16)
erial [P = 0.001]

Mean DLQI improvement (%): 66.9 vs.
58.9 (APR + MTX vs. MTX) (week
16) [P = 0.001]
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Table 1 continued

Author, year, Comparison Number of PPPASI 50 (%) PPPGA 0 or 1 (%) Secondary outcomes

study name, patients (baseline PPPGA 2 3)

study type

Ioannides None 111 (44 with 72.7 (week 52) [95% Median DLQI score improvement (%):
et al. 2021 baseline CI = 59.6-85.9] 75.0 (week 24) (includes non-
[22] PPPGA > 3) palmoplantar psoriasis)

APRAISAL

Prospective
Cohort

Del Alcazar None 85 (mean 36.1 and 83.3 (wecks 12 Drug survival after 1 year of treatment
et al. 2020 baseline and 52) (as observed) (%): 54.9 (includes non-palmoplantar
[23] PPPGA 4.2) psoriasis)

Retrospective
cohort

Reich et al. None 67 (28 with PPPGA 0 or 1 (baseline PPPGA > 1)
2019 [26] baseline (%): 62.7 and 71.7 (week 16 and 52)

LAPIS-PSO PPPGA > 3) (full analysis set)

Prospective
cohort

Pavia et al. None 12 (11 with 90.9 (week 24)
2022 [24] baseline

Retrospective PPPGA = 3)
cohort

Stinder et al.  None
2020 [29]

6 (palmoplantar
pustular

Case series psoriasis)

Aceituno- None 4
Madera
et al. 2018
(27]

Case series

PGA of 0 or 1 (%): 83.3 (week 4)

PGA 0 or 1 (%): 100.0 (week 12)

PPPGA 0 or 1 (%): 50.0 (week 16)

APR apremilast, DLQI Dermatology Quality of Life Index, MTX methotrexate, PBO placebo, PGA physician global assessment, PPPASI Palmoplantar
Psoriasis Area and Severity Index, PPPGA palmoplantar physician global assessment, RCT randomized controlled trial

PPPGA > 3) achieving clearance (PPPGA O or 1)
after 24 weeks of apremilast treatment.

One publication proposed apremilast as
viable treatment option in the pustular variant
of PP, suggesting it may produce an immediate
response in some patients. In a case series by
Stander et al. [29] a majority (5/6, i.e., 83.3%) of

subjects with moderate-to-severe palmoplantar
pustular psoriasis (baseline PGA > 3) achieved a
PGA of 0 or 1 at week 4 following apremilast
initiation. Another case series by Aceituno-
Madera et al. [27] showed half of patients with
PP (n = 4) achieving clearance (PPPGA O or 1) at
week 16.
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Apremilast Placebo Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Bissonnette 2018 7 50 2 50 15.3%  3.91[0.77, 19.83] T
Papp 2012 6 8 2 10 56% 8.00[1.00, 63.96]
Papp 2015 22 57 8 26 60.0% 1.41 [0.53, 3.80] —il—
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Fig. 3 Forest plot of apremilast vs. placebo in palmoplantar psoriasis (PP)

Palmoplantar Pustulosis

Five publications investigated patients with PPP
treated with apremilast (APR) including one
placebo-controlled RCT [17], one single-arm
phase II clinical trial [18], two retrospective
cohort studies [21, 25], and one case series [28]
(Table 2).

In the only randomized, placebo-controlled
clinical trial investigating apremilast in PPP
(n = 90), apremilast showed significantly greater
rates of PPPASI 50 achievement compared to
placebo at week 16 (78.3 vs. 40.9%) [P = 0.0003]
[17]. Similarly, apremilast also resulted in
greater rates of clearance or near clearance (PGA
of 0 or 1) at week 16 compared to placebo in
patients with PPP (19.6 vs. 4.5%) (mean baseline
PGA 3.7) [17]. APLANTUS, a single-arm phase II
clinical trial investigating apremilast in patients
with PPP (n = 21), resulted in 61.9% of patients
achieving PPPASI 50 at week 20, including a
median PPPASI improvement of 57.1% at week
20 [P < 0.001] [18].

Two retrospective cohort studies have
examined the use of apremilast in PPP. In a
retrospective cohort study by Kato et al. [21],
apremilast induction resulted in an immediate
response in patients with PPP, with a mean
PPPASI reduction of 61.9% after 2 + 1 weeks of
treatment (n = 10) [P =0.013] and 80.0% of
patients achieving PPPASI 50 by week 16. A
multicenter retrospective cohort study based in
Germany [25] examined drug survival rates (i.e.,
time to drug discontinuation due to loss of
efficacy or adverse effects) in 347 patients with
PPP treated with various non-biologic systemic
agents and biologic medications. Amongst the

non-biologic systemic agents used in the treat-
ment of PPP, patients treated with apremilast
(n = 35) had the highest median drug survival
rate in months at 15 months, followed by
cyclosporine, acitretin-PUVA, methotrexate,
acitretin monotherapy, alitretinoin, and fuma-
ric acid esters [25]. Apremilast also had a greater
median drug survival rate in months compared
to two different biologic medications, secuk-
inumab and etanercept [25]. In this study,
apremilast produced a PPPASI 75 response in
31.4% of patients [25]. A lone case series by Kt
et al. [28] demonstrated 80.0% of patients with
PPP achieving PPPASI 50 after an average dura-
tion of treatment with apremilast for 15.2 weeks
(n=)5).

DISCUSSION

To our knowledge, this study is the first meta-
analysis investigating the use of apremilast in
PP and demonstrates a statistically significant
difference in the rates of disease clearance/near
clearance in patients treated with apremilast
compared to placebo. Our findings are mean-
ingful, as the results of these individual trials
demonstrated mixed results with regard to sta-
tistical significance. According to our search,
only one randomized placebo-controlled clini-
cal trial has been performed investigating the
use of apremilast in PPP, which showed signifi-
cantly greater rates of PPPASI 50 achievement
compared to placebo [17]. While cohort studies
and case series have highlighted the promise of
administering apremilast [21-29], additional
RCTs investigating apremilast in palmoplantar
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Table 2 Studies investigating apremilast in palmoplantar pustulosis (PPP)

PPPGA 0 or
1 (%)
(baseline
PPPGA > 3)

Secondary outcomes

Author, year, Comparison Number of PPPASI 50
study name, patients (%)
study type
Amgen 2022 Apremilast vs. placebo 90 (86 with 78.3 vs. 40.9
[17] baseline (APR vs.
RCT PPPGA > 3)  PBO) (weck
16)
[P = 0.0003]
Reich et al. None 21 (19 with 33.3,57.1, and
2021 [18] baseline 61.9 (weeks
PGA > 3)
Phase II

clinical trial

Kato et al. None 10 80.0 (week 16)
2021 [21]

Retrospective

cohort

Mean PPPASI
improvement (%): 64.3
vs. 42.3 (APR vs. PBO)
(week 16)

PGA 0 or 1 (%): 19.6 vs.
45 (APR vs. PBO)
(week 16)

Median PPPASI
improvement (%): 57.1
(week 20)

[P = <0.001]

PPPASI 75 (%): 9.5, 28.6,
and 14.3 (weeks 4, 12,
and 20)

Median DLQI
improvement (%): 76.5
(week 20) [P = 0.03]

Mean PPPASI
improvement (%): 61.9
(2 £ 1 weeks)

[P = 0.013]

PPPASI 75 (%): 50.0
(week 16)

Mean DLQI
improvement (%): 66.0
(2 + 1 weeks)

[P = 0.009]
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Table 2 continued

Author, year, Comparison

Number of PPPASI 50 PPPGA 0 or Secondary outcomes

study name, patients (%) 1 (%)
study type (baseline
PPPGA = 3)
Kromer et al.  APR vs. cyclosporine vs. 347 (35 treated Median drug survival
2019 [25] acitretin-PUVA vs. with APR) (months): 15 vs. 12 vs.
Retrospective MTX vs. acitretin vs. 9vs. 8vs. 6vs. 5vs. 3
cohort alitretinoin vs. fumaric vs. 47.4 vs. 26 vs. 22 vs.
acid esters vs. 21 vs. 18 vs. 9 vs. 8
certolizumab pegol vs. (APR vs. cyclosporine
infliximab vs. vs. acitretin-PUVA vs.
golimumab vs. MTX vs. acitretin vs.
ustekinumab vs. alitretinoin vs. fumaric
adalimumab vs. acid esters vs.
secukinumab vs. certolizumab pegol vs.
etanercept) infliximab vs.
golimumab vs.
ustekinumab vs.
adalimumab vs.
secukinumab vs.
etanercept)
PPPASI 75 (%): 31.4
(APR)
Kt et al. 2021 None 5 80.0 (average Mean PPPASI
(28] treatment improvement (%): 72.9
Case Serics duration (average treatment
15.2 weeks) duration 15.2 weeks)

PPPASI 75 (%): 40.0
(average treatment

duration 15.2 weeks)

APR apremilast, DLQI Dermatology Quality of Life Index, MTX methotrexate, PBO placebo, PGA physician global
assessment, PPPASI Palmoplantar Pustulosis Area and Severity Index, PPPGA palmoplantar physician global assessment,
PUVA psoralen plus ultraviolet A, RCT randomized controlled trial
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disease, especially PPP, should be conducted for
turther confirmation.

Studies = comparing  apremilast = with
methotrexate demonstrated similar rates of
improvement in PPPASI scores for PP between
the two drugs [19] and higher median drug
survival rates in PPP for apremilast versus
methotrexate [25]. Higher drug survival rates
may suggest apremilast as being better tolerated
or more effective than alternative non-biologic,
systemic drugs. Unlike other non-biologic sys-
temic agents including methotrexate and
cyclosporine, apremilast does not require dose
adjustments in patients with hepatic insuffi-
ciency [30]. These studies support apremilast as
a preferred oral, non-biologic, systemic agent
for the treatment of palmoplantar disease,
especially in patients with concomitant liver
disease.

Our study has several limitations. Numerous
studies that included patients with palmoplan-
tar disease were excluded from this review due
to the lack of use of palmoplantar-specific
scoring systems. Furthermore, patients with PP
and PPP often are excluded from participating
in clinical trials due to limited BSA involvement
or pustular morphologies, contributing to the
lack of RCTs investigating patients with pal-
moplantar disease—especially PPP. Next, varia-
tions in treatment duration to primary
endpoint measurement create difficulties in
generalizing the results of studies with larger
patient populations. The use of different pal-
moplantar-specific metrics amongst studies also
provides an obstacle in comparing results
between separate investigations. Some of the
included randomized studies omitted pertinent
information in their methods, which poten-
tially limit the interpretation of our results and
introduce biases, namely performance and
detection bias. Reporting bias also warrants
consideration, especially in case series. Differ-
ences in reporting methodology (i.e., intention
to treat vs. per-protocol analysis) and omission
of prespecified outcomes, also make reporting
bias worth considering for included clinical tri-
als and cohort studies.

The limitations of our study highlight sev-
eral changes which may be made to future trials
to gain a better understanding of palmoplantar

disease. First, additional investigations of
apremilast in PPP are necessary to evaluate its
efficacy, as only one placebo-controlled RCT
evaluated apremilast in PPP. Next, future stud-
ies’ inclusion criteria must be accommodating
of patients with palmoplantar involvement,
especially those pustular variants. Further, RCTs
should incorporate standardized reporting for
palmoplantar-specific metrics in order to better
compare efficacy across studies (e.g., PPPASI 50
and PPPGA 0/1).

CONCLUSIONS

Apremilast is an effective, oral, non-biologic,
systemic agent in the treatment of palmoplan-
tar disease including PP and PPP. Patients with
PP and PPP treated with apremilast showed
significant improvement in objective, palmo-
plantar-specific clinical parameters versus pla-
cebo, with meta-analysis demonstrating
superiority of apremilast in producing disease
clearance in PP compared to placebo. Apremi-
last demonstrates comparable efficacy to
methotrexate and may be used in combination
with methotrexate to produce further clinical
improvements, and represents an alternative
option for an oral, non-biologic, systemic agent
for the treatment of palmoplantar disease,
which may be preferred in patients with hepatic
insufficiency. Fewer studies investigating treat-
ment with apremilast in PPP exist, but their
results support apremilast as a viable option for
these patients. Future research should be
inclusive of patients with palmoplantar disease,
especially with pustular involvement. Stan-
dardized metrics for the evaluation of palmo-
plantar disease severity amongst studies are
necessary to aid in the generalizability of
results.
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