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Abbreviations

cAMP	 Cyclic adenosine monophosphate
cGMP	 Cyclic guanosine monophosphate
CREB	 Camp responsive element binding protein
ESTEEM	� Efficacy and safety trials evaluating the effects 

of apremilast in psoriasis
IFN-γ	 Interferon-gamma
IL	 Interleukin
NF-κB	 Nuclear factor kappa beta
PASI	 Psoriasis Area and Severity Index
PDE	 Phosphodiesterase
PDE4	 Phosphodiesterase-4
PKA	 Protein kinase A
Th	 T helper
TNF-α	 Tumor necrosis factor-alpha
PASI-75	 75% Improvement in PASI scores
DLQI	 Dermatology Life Quality Index
NB-UVB	 Narrowband-ultraviolet B
PALACE	� Psoriatic arthritis long-term assessment of clin-

ical efficacy
DMARD	 Disease-modifying antirheumatic drugs
ACR20	� American College of Rheumatology criteria for 

20% improvement
PPPGA	� Palmoplantar Psoriasis Physician Global 

Assessment
NAPSI-50	� 50% Reduction in baseline Nail Psoriasis Severity 

Index
EASI	 Eczema area and severity index

PRP	 Pityriasis rubra pilaris
DLE	 Discoid lupus erythematosus
CLASI	 CLE Disease area and severity
SASI	 Sarcoidosis Activity and Severity Index
ISGA	 Investigator Static Global Assessment

�Introduction

Phosphodiesterases (PDEs) are a family of enzymes that 
hydrolyze cyclic nucleotides and contribute to the intracel-
lular regulation of cyclic adenosine monophosphate (cAMP) 
and cyclic guanosine monophosphate (cGMP) [1]. cAMP 
and cGMP are key secondary messengers central to numer-
ous signaling pathways and normal cellular functions, 
including the neurotransmitter signaling and the intracellular 
effects of hormones [1]. The regulation of cAMP is also 
essential for immune cell homeostasis [2]. Therefore, PDE 
inhibitors represent a novel class of medications with broad 
therapeutic application [3].

In 2014, apremilast became the first FDA-approved PDE 
inhibitor for the treatment of moderate to severe plaque pso-
riasis and psoriatic arthritis. The anti-inflammatory proper-
ties of apremilast also have efficacy in the treatment of other 
chronic inflammatory skin diseases, such as atopic dermati-
tis, alopecia areata, and lupus erythematosus [4–6]. In this 
chapter, we provide a brief overview of the PDE family and 
their role in the regulation of the immune response. We will 
also discuss the use of oral and topical PDE inhibitors in the 
treatment of these conditions.

�The PDE Family and Their Mechanism 
of Action

There are 11 PDE families, each family having a different 
tissue-expression pattern [7]. Eight of the eleven PDE fami-
lies have the capacity to degrade intracellular cAMP [8]. 
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The phosphodiesterase-4 (PDE4) family consists of 4 genes 
(PDE4A-D) that generate >20 different variants [9] and 
account for much of the cAMP-hydrolyzing activity of epi-
thelial cells, chondrocytes, keratinocytes, dendritic cells, and 
inflammatory cells [10–15].

Inhibition of PDE leads to decreased degradation of 
cAMP, resulting in elevated cAMP levels. Subsequently, 
cAMP activates protein kinase A (PKA) [16], which phos-
phorylates a nuclear transcription factor named the cAMP 
responsive element binding protein (CREB) [17]. This 
sequence of events results in the inhibition of nuclear factor 
kappa beta (NF-κB) signaling and the transcription of pro-
inflammatory cytokines, such as tumor necrosis factor-
alpha (TNF-α) [18]. The mechanism by which activated 
CREB does this is by competing with the NF-κB p65 sub-
unit for binding of the coactivator CREB-binding protein 
[19]. In other studies, inhibition of PDE has resulted in 
decreased levels of other pro-inflammatory cytokines such 
as interleukin (IL)-2 and interferon-γ (IFN-γ) [13]. 
Elevation of anti-inflammatory cytokines (e.g., IL-10) with 
inhibition of PDE has also been shown [20]. Therefore, 
regulation of cAMP signaling is essential for maintaining 
appropriate levels of inflammation.

�Apremilast: General Information

Before the anti-inflammatory effects of PDE4 inhibitors 
were discovered, PDE4 inhibitors were being studied for the 
treatment of depression [21] and chronic obstructive pulmo-
nary disease [22]. In 2014, the FDA approved apremilast for 
the treatment of moderate to severe plaque psoriasis and pso-
riatic arthritis. Apremilast is an oral, small molecule inhibi-
tor that is highly selective for PDE4 with no appreciable 
effect on other cell enzymes or cell surface receptors [23]. 
Apremilast’s specificity for PDE4 is attributed to its dialk-
oxyphenyl pharmacophore chemical group [24].

Schafer et al. showed that apremilast increases intracel-
lular cAMP levels in peripheral blood monocytes and T 
cells [23] and inhibits the production of pro-inflammatory 
cytokines and chemokines, such as IL-2, IL-12, IL-17, 
IL-23, TNF-α, granulocyte-macrophage colony-stimulating 
factor (GMCSF), and IFN-γ [23, 25]. It has similar anti-
inflammatory effects in dendritic cells, polymorphonuclear 
cells, natural killer cells, and keratinocytes [23, 25]. 
Apremilast also results in upregulation of IL-10, which has 
important anti-inflammatory properties [25]. The foregoing 
observations support the broad anti-inflammatory effects 
seen with apremilast [26].

Apremilast is absorbed rapidly and reaches its maximum 
concentration in the serum in less than 2 h [27]. The major 
route of elimination is hepatic metabolism with a lesser 
extent of excretion due to nonenzymatic hydrolysis and 

elimination of unchanged drug [27]. Its pharmacokinetic 
properties are affected by severe renal impairment, whereas 
moderate to severe hepatic impairment does not require dose 
adjustment. Apremilast is in pregnancy category C and has a 
similar efficacy in adult and elderly populations. The use of 
apremilast with strong CYP3A4 inducers (e.g., St. John’s 
wort, phenytoin, rifampin, and carbamazepine) is not recom-
mended as this combination may result in decreased serum 
levels of apremilast.

Common adverse events include diarrhea, nausea, and 
weight loss [28, 29]. While these adverse events affect 
approximately 20% of patients and often resolve within 1 
month of starting apremilast [29], they may negatively affect 
patient compliance and/or the long-term treatment of 
chronic inflammatory conditions. In the authors’ experi-
ence, antidiarrheal agents (e.g., loperamide or psyllium) 
seem to mitigate diarrhea symptoms and may improve com-
pliance in patients affected by these symptoms. Less com-
mon side effects include upper respiratory infections, 
headaches, depression, suicidal ideation, and fatigue. The 
average wholesale acquisition cost for sixty 30 mg tablets is 
currently estimated to be $2221 [30]. Unfortunately, the 
high cost of apremilast may limit its use where cheaper 
medications with comparable efficacy are available, such as 
methotrexate [30–32].

�Apremilast for the Treatment 
of Inflammatory Skin Disease

Apremilast is currently available in the USA, Canada, and 
Europe for the treatment of psoriasis and psoriatic arthritis. 
Strong evidence supports the use of apremilast for the treat-
ment of psoriasis, and its potential benefits for the treatment 
of other chronic inflammatory conditions of the skin are rap-
idly increasing. Here, we provide a summary of the evidence 
supporting the use of this medication in the treatment of 
various inflammatory skin diseases.

�Plaque Psoriasis

Psoriasis is a chronic, T-cell-mediated, inflammatory skin 
condition with several distinct clinical subtypes. The patho-
genesis of this inflammatory skin disease is the result of a 
complex interplay between the skin, immune system, genet-
ics, and environmental triggers. T helper (Th) cell popula-
tions (e.g., Th-1 and Th-17) and their respective cytokines 
(e.g., TNF-α, IFN-γ, IL-17, IL-12/23) are the primary effec-
tor cells in psoriasis [33–37].

Early phase clinical trials demonstrated a clear treatment 
response in psoriatic patients treated with apremilast (20–
30 mg twice daily) [38–41]. In two of these early studies, 

J. Huber et al.



211

46.7–57% of patients experienced a >50% improvement in 
their Psoriasis Area and Severity Index (PASI) scores after 
12 weeks of treatment [38, 41]. In two studies by Gottlieb 
et al., one demonstrated a 34% median reduction in epider-
mal thickness of psoriatic lesions at 12 weeks, and both had 
significant reductions of infiltrating inflammatory cells of 
psoriatic lesions [40, 41]. Two phase 3, randomized, con-
trolled trials entitled the “Efficacy and Safety Trials 
Evaluating the Effects of Apremilast in Psoriasis” (e.g., 
ESTEEM 1 and 2) have evaluated the benefit of apremilast 
for moderate to severe plaque psoriasis [28, 42]. After 
16 weeks, 28.8–33.1% of the 836 patients treated with apre-
milast 30 mg twice daily versus 5.3–5.8% of 419 patients on 
placebo achieved a PASI-75. Additionally, ~20% of patients 
achieved a Static Physician’s Global Assessment (PGA) 
score of 0 or 1 (clear or almost clear) at week 16, and pruritus 
and skin discomfort were decreased by ~50% in the apremi-
last group by week 16. A decrease of ≥5 points in the 
Dermatology Life Quality Index (DLQI) was also seen in 
~70% of patients with a baseline of DLQI >5 in the apremi-
last group [28, 42]. A phase 4 trial looking at apremilast for 
the treatment of moderate plaque psoriasis reported the mean 
percentage change in the product of sPGA and BSA scores 
(PGAxBSA) was -48.1% for apremilast versus only -10.2% 
for placebo Efficacy and Safety of Apremilast in Patients 
With Moderate Plaque Psoriasis With Lower BSA: Week 16 
Results from the UNVEIL Study. J Drugs Dermatol. 2017 
Aug 1;16(8):801-808. PMID 28809995].

Several studies have assessed the efficacy of apremilast in 
combination with other psoriatic therapies. In patients with 
chronic plaque psoriasis on narrowband ultraviolet B 
(NB-UVB), systemic medications (i.e., methotrexate, cyclo-
sporine), and/or biologics for at least 16 weeks (i.e., etaner-
cept, adalimumab, infliximab, ustekinumab), the addition of 
apremilast 30 mg twice daily resulted in 51 of 63 patients 
(81%) achieving PASI-75 after 12 weeks [43]. Additionally, 
two recent case reports describe recalcitrant psoriatic patients 
who failed treatment with secukinumab and adalimumab but 
experienced dramatic clinical improvement following the 
addition of apremilast [44, 45].

A recent meta-analysis of 13 studies comparing the 
effectiveness of apremilast with other systemic anti-psori-
atic medications found apremilast to have the lowest 
response rates (18.7%) and maintenance of response in ini-
tial responders (61%) at 1 year [46]. A different meta-anal-
ysis compared methotrexate (7.5  mg weekly increased to 
25 mg as tolerated or needed) and apremilast 30 mg twice 
daily. In this study, there was no statistically significant dif-
ference in PASI-75 between apremilast (36.6%) and metho-
trexate (36.4%) at week 16 [30]. Another study compared 
the efficacy and safety of apremilast 30  mg twice daily 
(n = 83) to etanercept 50 mg once a week (n = 83) or pla-
cebo (n = 84). Although the study was not designed to com-

pare apremilast with etanercept, 39.8% of patients taking 
apremilast achieved PASI-75  in comparison to 48.2% of 
patients taking etanercept at week 16 [47]. Both groups 
showed significant efficacy when compared to placebo. At 
week 16, the patients originally started on etanercept were 
switched to apremilast and had no significant adverse events 
[47].

Importantly, one case report demonstrated that apremilast 
30 mg twice daily was effective in a 14-year-old patient. The 
patient achieved a meaningful improvement in his psoriasis 
at 6 months of treatment and experienced decreased plaque 
thickness and reductions in pruritus and scale as early as 
1 month after treatment [48]. No significant adverse events 
were noted. This case report suggests that apremilast may be 
a safe systemic treatment for pediatric psoriasis. There is 
currently a phase 2 trial looking at apremilast in the treat-
ment of moderate to severe plaque psoriasis in ages 
6–17 years (ClinicalTrials.gov Identifier: NCT02576678).

�Psoriatic Arthritis

The pathophysiological mechanisms leading to plaque pso-
riasis and psoriatic arthritis are largely shared, making apre-
milast a potential therapeutic option for both disease 
variants. The psoriatic arthritis long-term assessment of 
clinical efficacy (PALACE) clinical trial program was 
designed to further evaluate the safety and effectiveness of 
apremilast in psoriatic arthritis and consists of four phase 3 
randomized, placebo-controlled clinical trials [49]. The 
PALACE 1–3 trials included psoriatic arthritis patients pre-
viously treated with disease-modifying antirheumatic drugs 
(DMARD) as well as those taking concomitant therapies 
like methotrexate [29, 50, 51]. In contrast, the PALACE 4 
was designed to evaluate the efficacy of apremilast in 
DMARD-naïve patients [52].

In the PALACE 1–3 trials, the proportion of patients that 
achieved the American College of Rheumatology criteria 
for 20% improvement (ACR20) at week 16 ranged from 
28– -37.4% for those taking apremilast 20 mg twice daily, 
32.1–41% for apremilast 30 mg twice daily, and 18–19% for 
placebo [29, 50, 51]. For PALACE 4, ACR20 at week 16 was 
29.2% for apremilast 20 mg twice daily, 32.3% for apremi-
last 30 mg twice daily, and 16.9% for placebo [52]. In all of 
the PALACE trials, ACR20 was achieved in a statistically 
significant number of psoriatic arthritis patients compared 
to placebo at week 16. At week 52, the PALACE 1–3 trials 
demonstrated that 52.6–63% of patients taking apremilast 
30  mg twice daily met ACR20 [29, 50, 51]. Improvement 
was also seen with the number of swollen and tender joints at 
both 16 and 52 weeks with apremilast 30 mg twice daily. The 
mean percent change for the number of swollen joints ranged 
from -24.5– -42.2 at 16 weeks and -66.8– -73.6 at 52 weeks, 

21  Phosphodiesterase (PDE) Inhibitors for the Treatment of Inflammatory Skin Conditions

http://clinicaltrials.gov


212

and the number of tender joints ranged from -18.6– -32.1 at 
16 weeks and -51.8– -53.5 at 52 weeks [29, 51]. Lastly, the 
proportion of patients in the PALACE 3 trial that reached 
the minimal clinically important difference in quality of 
life as measured by the Health Assessment Questionnaire 
Disability Index was 32% at week 16 and 52% at week 52 
[29].

Long-term data for the PALACE 1 revealed that 65.3% of 
patients taking apremilast 30 mg twice daily and 60.9% of 
patients taking apremilast 20  mg twice daily achieved 
ACR20 at week 104 [53]. For the PALACE 4 trial at 
104 weeks, 64.8% taking apremilast 20 mg twice daily and 
57.3% taking apremilast 30 mg twice daily achieved ACR20 
[54]. Interestingly, diarrhea and nausea occurred at lower 
rates after week 52 compared to week 52, and there were no 
significant differences in the type or severity of adverse 
events with apremilast exposure beyond 52 weeks [54].

�Palmoplantar Psoriasis

Palmoplantar psoriasis has a spectrum of clinical phenotypes 
that can include pustular lesions and/or thick, hyperkeratotic 
plaques. This disease variant is often severe and difficult to 
manage. In a retrospective review of 150 patients with pal-
moplantar psoriasis, 48% of patients were categorized as 
having moderate psoriatic disease, whereas 34% had severe 
disease [55]. Another retrospective analysis of 114 patients 
with palmoplantar psoriasis demonstrated that less than one-
third of patients had marked clinical improvement with topi-
cal therapies and the remaining patients required systemic 
therapy [56]. In the authors’ experience, the quality of life 
for patients with palmoplantar disease is often equal to or 
lower than other disease variants. These observations under-
score challenges associated with the management of this 
psoriasis and the need for better treatments.

Bissonnette et al. [57] performed a post hoc analysis of 
patients enrolled in the phase 2 and ESTEEM trials for 
chronic plaque psoriasis. A total of 427 patients were found 
to have palmoplantar psoriasis with a total of 274 patients in 
the apremilast 30 mg twice daily group and 153 patients in 
the placebo group. A significant number of the patients in the 
apremilast group with moderate to severe palmoplantar pso-
riasis, defined by a baseline Palmoplantar Psoriasis Physician 
Global Assessment (PPPGA) score ≥3, experienced signifi-
cant improvement in the PPPGA score with 48% of these 
patients achieving a clear or almost clear score at 16 weeks 
compared to 27% of patients taking placebo (P = 0.021) [28, 
39, 42, 57]. Apremilast was generally well tolerated, and 
most adverse events were mild in severity [28, 39, 42, 57]. 
There is currently a phase 4 trial looking at apremilast in the 
treatment of palmoplantar psoriasis (ClinicalTrials.gov 
Identifier: NCT02400749).

�Nail and Scalp Psoriasis

Approximately two-thirds of patients in the ESTEEM 1 and 
2 trials had moderate to severe scalp psoriasis and nail 
disease. In these patients, a significant proportion of patients 
taking apremilast 30 mg twice daily achieved a ≥50% reduc-
tion in their baseline Nail Psoriasis Severity Index 
(NAPSI-50) score at week 16 compared to baseline (33.3–
44.6% vs. 14.9–18.7%, respectively). They also achieved a 
score of 0 (clear) or 1 (minimal) in the Scalp Physician 
Global Assessment compared to baseline (40.9–46.5% vs. 
17.2–17.5%, respectively). Additionally, the apremilast 
group demonstrated a mean decrease of 0.7–1.3 nails 
involved at week 16. At week 32, those achieving 
NAPSI-50 in the apremilast group was as high as 55.4%, and 
the number of nails and nail bed/matrix scores continued to 
decrease. The improvements seen in nail and scalp psoriasis 
were maintained through 52  weeks [28, 42, 58]. Taken 
together, this clinical trial data suggests that apremilast has 
the ability to reverse the systemic effects of psoriasis includ-
ing the inflammation at distant skin sites.

�Atopic Dermatitis

Like psoriasis, atopic dermatitis (or eczema) is a common, 
chronic, inflammatory skin disease. Atopic dermatitis is 
mediated by pathogenic T-cell populations and the increased 
expression of Th-2, Th-17, and Th-22 cytokines [59, 60]. 
Two small studies have been performed to look at the effi-
cacy of apremilast in adults with atopic dermatitis, and the 
results are conflicting [4, 61]. In one study, ten patients with 
atopic dermatitis received apremilast 30 mg twice daily. At 
3  months, these patients experienced a 39% reduction in 
their Eczema Area and Severity Index (EASI) scores, a 25% 
reduction in itch as measured by a Visual Analog Scale, and 
a 58% improvement in quality of life scores as measured by 
the DLQI.  Statistically significant clinical improvement in 
atopic dermatitis was seen within the first 2  weeks of the 
study, and improvements in quality of life, itch, and EASI 
scores remained statistically significant at 6 months [4]. In a 
separate study, ten adult patients with atopic dermatitis or 
allergic contact dermatitis received apremilast 20 mg twice 
daily. At 12 weeks, one patient achieved a 75% reduction in 
EASI, and two achieved a 50% reduction in EASI. The mean 
EASI score only decreased by 5% at 12 weeks. There was no 
statistically significant reduction in itch or improvement in 
quality of life in this specific study [61]. The majority of 
adverse events in these two studies were mild and were gen-
erally well tolerated [4, 61].

With regard to the treatment of atopic dermatitis in chil-
dren, one case report describes an 8-year-old male with a 
history of severe and recalcitrant atopic dermatitis that was 
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treated with apremilast 30 mg daily. The patient saw a drastic 
improvement in symptoms such as pruritus in as little as 2 
weeks [62]. Given the limited number of atopic dermatitis 
patients treated with apremilast and the lack of randomized 
clinical trials, it is difficult to assess the efficacy of apremilast 
for this condition. Nevertheless, additional systematic stud-
ies are warranted and needed as PDE inhibitors may repre-
sent a safe alternative for atopic dermatitis patients who fail 
to respond to topical therapies and/or traditional immuno-
suppressant medications. A phase 2 trial is underway and is 
further investigating apremilast in the treatment of moderate 
to severe atopic dermatitis (ClinicalTrials.gov Identifier: 
NCT02087943).

�Alopecia Areata

Alopecia areata is an autoimmune disorder characterized by 
the immune destruction of hair follicles and non-scarring 
alopecia. Lesional skin biopsies from the scalp of alopecia 
areata patients reveal robust activation of Th-1, Th-2, and 
IL-23 cytokine pathways as well as increased PDE4 levels 
[63]. Interestingly, atopic dermatitis is two to three times 
more likely to be found in patients with alopecia areata [64]. 
The overlapping cytokine profile of alopecia areata with 
other inflammatory skin disorders, its co-occurrence with 
atopic dermatitis, and the increased PDE levels in areas of 
hair loss support the notion that apremilast may represent an 
effective treatment modality for alopecia areata.

This hypothesis has been studied in a preclinical mouse 
model of alopecia areata. Using a humanized alopecia areata 
model where normal human scalp skin is transplanted onto 
mice with severe combined immunodeficiency, hair loss is 
induced in mice by injecting IL-2-stimulated peripheral 
blood mononuclear cells [65]. Oral apremilast abrogates this 
hair loss phenotype and is associated with reduced IFN-α, 
TNF-γ, and perifollicular inflammatory cells [5]. There is 
currently a randomized controlled trial looking at the treat-
ment of apremilast in moderate to severe alopecia areata 
(ClinicalTrials.gov Identifier: NCT02684123).

�Rosacea

Rosacea is a pleomorphic, inflammatory skin disease affect-
ing the face. Common clinical manifestations include flush-
ing, erythema, telangiectasia, and papules/pustules. The 
etiology of this condition is poorly understood and involves 
a complex interaction between the innate immune response, 
cutaneous microbiota, environmental factors, and adnexal 
structures of the skin. Traditional treatments are aimed at the 
prevention of symptoms or clinical manifestations (e.g., ery-
thema or telangiectasia) by targeting the pilosebaceous units 

and blood vessels [66]. However, the clinical symptoms of 
rosacea are bothersome to patients, and management of this 
condition can be challenging.

In a recent phase 2 study for moderate to severe erythe-
matotelangiectatic and papulopustular rosacea, ten adult 
patients were treated with apremilast 20 mg twice daily for 
12 weeks. While the primary endpoint of papule and pustule 
count did not reach statistical significance during the study, 
statistically significant improvements were seen in the fol-
lowing outcomes at the end of 12  weeks: the Physician 
Global 7-Point Assessment, Physician Overall Erythema 
Severity, the erythematotelangiectatic rating, and nontran-
sient erythema. Affirmation of these findings in a larger con-
trolled study is needed to determine the efficacy of apremilast 
for rosacea [67].

�Pityriasis Rubra Pilaris

Pityriasis rubra pilaris (PRP) is a papulosquamous skin dis-
ease that is commonly mistaken for psoriasis. Clinical fea-
tures of this disease may include follicular hyperkeratosis, 
palmoplantar keratoderma, and/or reddish-orange-colored 
scaling patches. The etiology of this disease is not clear; 
however, studies have shown increased neutrophils and lym-
phocytes [68] as well as increased TNF-α and CXCL-10 in 
the lesional skin of individuals with PRP [69].

A potential role for apremilast in the treatment of PRP 
is supported by one case report involving an elderly male 
with leukemia and refractory PRP [70]. This patient’s dis-
ease was not responsive to acitretin, methotrexate, cyclo-
sporine, or infliximab. His PRP worsened following 
chemotherapy, and apremilast 30  mg twice daily was 
started. Within 4 weeks, improvement was observed, and a 
near complete resolution was noted within 6–8 months of 
treatment; he remained disease-free at 12 months. The 
only adverse event reported by the patient was mild gastro-
intestinal upset [70].

�Discoid Lupus Erythematosus

Discoid lupus erythematosus (DLE) is a chronic autoim-
mune condition characterized by scaly, disklike plaques 
commonly on the head and neck. Lesional biopsies have 
demonstrated increased levels of Th-1 cytokines (IFN-γ and 
IL-2) [71]. The presence of these cytokines and an associ-
ated inflammatory infiltrate in the biopsies of lesional skin 
make DLE a good target for apremilast. In a study of eight 
patients with active DLE, apremilast 20 mg twice daily was 
taken for 85 days [6]. The CLE Disease Area and Severity 
Index (CLASI) was used to evaluate treatment response and 
incorporates assessments of erythema, scale/hypertrophy, 
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dyspigmentation, scarring/atrophy/panniculitis, location, 
mucous membrane involvement, and alopecia [72]. There 
was a statistically significant decrease in their CLASI scores 
after 85 days of treatment [6]. Two patients had complete 
regression of their scalp lesions following treatment. The 
most common side effects experienced were nausea, diar-
rhea, and headache.

�Bechet’s Disease

Similar to psoriasis, Bechet’s disease has an immunologic 
and genetic basis, and response to apremilast has been 
assessed [73]. The disease is a systemic vasculitis with an 
unknown etiology and is characterized by mouth and genital 
ulcers [74]. TNF-α, IL-6, IL-1, and IL-8 have been shown to 
be increased in Bechet’s disease [75]. A phase 2 study was 
conducted to assess the use of apremilast for the treatment of 
Bechet’s syndrome. In this study, 111 patients were enrolled 
and randomized to apremilast 30 mg twice a day or placebo 
for 12 weeks. At week 12 (the primary endpoint), the mean 
number of ulcers for each patient was significantly lower in 
the apremilast group versus placebo (0.5 ulcers vs. 2.1). 
Clinical responses to apremilast were reported as early as 
2  weeks. The mean change in pain from oral ulcers from 
baseline to week 12, measured by a 100 mm Visual Analog 
Scale, was −44.7  mm for the apremilast cohort versus 
-16.0  mm for placebo. All ten patients in the apremilast 
group that had genital ulcers at baseline were free of genital 
ulcers by week 12. Improvements in quality of life, as mea-
sured by the Bechet’s Disease Quality of Life at week 12, 
were also statistically significant for the treatment group. 
There were no unique adverse events different from those 
commonly found with apremilast [76]. There is currently a 
phase 3 trial looking at apremilast in the treatment of Bechet’s 
disease (ClinicalTrials.gov Identifier: NCT02307513).

�Lichen Planus

Lichen planus is a T-cell-mediated process that results in 
painful, pruritic lesions of the skin or mucosal surfaces. 
The etiology of this condition is not entirely clear [77], 
though elevated levels of CD8+ cells, TNF-α, and IFN-γ are 
present in lesional tissues [78]. In one study, ten patients 
that either had moderate to severe cutaneous lichen planus, 
lichen planus with severe itching and/or pain that signifi-
cantly interfered with activities of daily living, or lichen 
planus that was refractory to topical corticosteroids were 
treated with apremilast 20  mg twice daily for 12  weeks 
[79]. At 12 weeks, 30% of patients had a ≥2 grade improve-
ment and a significant decrease in lesion count from 35 at 
baseline to 20.5. A decrease in pruritus score from 67 to 

18.5 at the end of 12 weeks was also noted, and two patients 
had complete clearance of their lesions at 12  weeks. 
Additionally, one patient with 40% involvement of her 
bilateral buccal mucosa at baseline improved to 12% 
involvement at the end of the study. No significant adverse 
effects were noted. This study demonstrates a potential role 
for apremilast in the treatment of lichen planus and might 
be considered for other related disease variants such as oral 
lichen planus or lichen planopilaris.

�Sarcoidosis

Sarcoidosis, a systemic inflammatory disease characterized 
by noncaseating granulomas can be associated with a pleo-
morphic number of skin lesions [80]. Cutaneous sarcoid-
osis was found to have increased levels of IL-12 and 
upregulation of the IFN pathway [81]. The efficacy of apre-
milast 20 mg twice daily for 12 weeks was evaluated in a 
study of 15 patients with persistent, chronic cutaneous sar-
coidosis [82]. For each patient, an index lesion was deter-
mined at baseline. Lesion induration was measured by the 
Sarcoidosis Activity and Severity Index (SASI) induration 
score. At weeks 4 and 12 of treatment, there were statisti-
cally significant decreases in index lesion induration com-
pared to baseline with a median decrease of 1 point in the 
SASI score for both time points. Paired pre- and post-treat-
ment photographs also supported a beneficial role for apre-
milast in this patient cohort. Interestingly, one patient 
required apremilast dosage reduction of 20 mg once daily 
due to “jitteriness.” No mechanism for this adverse effect 
has been suggested, and additional studies are necessary to 
determine its validity.

�Other PDE Inhibitors

�Introduction

There are other formulations of PDE4 inhibitors aside from 
oral medications like apremilast that have been developed 
and studied. For example, inhaled PDE4 inhibitors have been 
studied in asthma [83], one of the components of the atopic 
triad. It is not known how the inhaled PDE4 inhibitors affect 
skin disease. However, topical PDE4 inhibitors have been 
developed and studied in skin disease.

�Topical PDE Inhibitors

The development and study of topical PDE inhibitors are 
currently under way. In cell culture, benzoxaborole PDE4 
inhibitors have been shown to inhibit the release of cytokines 
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like TNF-α, IFN-g, IL-12, IL-23, and Th2 cytokines (e.g., 
IL-4, IL-5, IL-13) in human peripheral blood mononuclear 
cells and human monocytes [84]. This is similar to systemic 
PDE4 inhibitors such as apremilast; however, crisaborole is 
more active in inhibiting IL-4 release, while apremilast has 
better inhibition of TNF-α, IL-23, and IL-17 secretion. 
Apremilast and benzoxaborole PDE4 inhibitors have high 
infinity for the PDE4 isoforms and are not selective among 
PDE4 isozymes. However, unlike apremilast, the benzoxa-
borole PDE4 inhibitors showed moderate inhibitory activity 
on PDE enzymes outside the PDE4 family and were less 
selective for PDE4. It is thought that the inhibition of other 
PDE families in addition to PDE4 may lead to an enhanced 
anti-inflammatory effect [84].

Using a mouse model of atopic dermatitis, one study 
demonstrated that a single application of a topical PDE4 
inhibitor (E6005) relieved dermatitis-associated pruritus. 
Hind-paw scratching of the rostral back was used as an 
index of itching, and the firing activity of the cutaneous 
nerves was electrophysiologically recorded to assess pru-
ritus/itching. Additionally, cAMP concentration in the 
involved skin of these mice was markedly decreased and 
reversed by application of the topical PDE4 inhibitor [85]. 
Further, a study of Japanese children with atopic derma-
titis reported decreased pruritus, erythema, immune cell 
infiltration, excoriation, and lichenification following topi-
cal application of E6005 for 2 weeks compared to vehicle 
alone [86].

Crisaborole 2% ointment is another topical benzoxa-
borole PDE4 inhibitor that has been studied in the treatment 
of atopic dermatitis and psoriasis. In December 2016, 
Crisaborole was approved by the FDA to be used in the treat-
ment of mild to moderate atopic dermatitis. Phase 1b and 2a 
trials showed promising results for crisaborole 2% ointment 
applied twice daily to affected areas for 28 days in adoles-
cents with atopic dermatitis [87, 88]. 35–47.1% of these 
patients achieved a clear or almost clear Investigator Static 
Global Assessment (ISGA) score with a ≥2 grade improve-
ment in the score compared to baseline [87, 88].

Two phase 3 trials enrolled patients 2  years and older 
and assigned patients to crisaborole 2% ointment twice 
daily versus placebo vehicle twice daily for 28 days with a 
2:1 randomization [89]. A combined total of 1522 patients 
were analyzed in these studies. The proportion of indi-
viduals that achieved an ISGA score of 1 or less (clear or 
almost clear) with ≥ 2 grade improvement versus baseline 
was 32.8% (vs. 25.4% for placebo) for the first trial and 
31.4% (vs. 18.0% for placebo) for the second, demonstrat-
ing a significant improvement when compared to the vehi-
cle group at day 29. Statistically significant reductions in 
mean severity at day 29 when compared to baseline were 
seen in erythema (-41%), exudation (-65%), excoriation 
(-52%), induration/papulation (-37%), and lichenification 

(-42%) in a pooled analysis of the two trials. Disease sever-
ity improvement was seen as early as 8 days after the start 
of treatment. Additionally, the early and sustained improve-
ment in pruritus was also noted with no significant adverse 
effects. Pain or burning/stinging at the site of application 
were the most common reported adverse effects.

The use of topical PDE inhibitors for the treatment of 
chronic inflammatory skin diseases shows tremendous prom-
ise. According to information obtained from clinicaltrials.
org, the efficacy of crisaborole is currently being investigated 
in other inflammatory conditions, such as psoriasis. The 
results of these studies have not yet been published.

�Conclusion and Future Directions

PDE4 inhibitors have been shown to be efficacious in a num-
ber of inflammatory skin diseases. It is interesting to note the 
mechanism by which these inhibitors work (i.e., inhibition 
of inflammatory pathways further upstream and within target 
cells). This is quite different than traditional immunosuppres-
sants and biological agents (e.g., TNF-α inhibitors act pri-
marily within the extracellular compartment). Additionally, 
the most common reasons for the discontinuation of conven-
tional systemic and biological therapies include the safety 
concerns/contraindications, fear of injections, cost, loss of 
effectiveness, and need for routine lab monitoring [90–92]. 
It will be interesting to see whether the availability of oral 
and/or topical PDE inhibitors, which have fewer contraindi-
cations and require less monitoring, will displace the use of 
traditional systemic and biologic agents in specific subsets of 
patients and/or diseases.

Long-term safety data for PDE inhibitors, such as apre-
milast, is not yet available and will require the treatment of 
thousands of patients over the next 10–15  years. A 5-year 
extension study of the ESTEEM trial is currently ongoing 
and offers insight into the long-term safety of apremilast. 
However, the safety data that we do have indicates that this 
class of medication is safe and well tolerated, other than those 
affected by mild gastrointestinal complaints. Unfortunately, 
the high cost and low efficacy rates of apremilast compared 
to standard traditional systemic therapies and biologics will 
likely limit its use in psoriasis and possibly other inflamma-
tory diseases. Randomized controlled trials in diseases other 
than psoriasis and psoriatic arthritis represent an unmet need, 
and the safety and efficacy of apremilast in the pediatric pop-
ulation are desperately needed. One clear use for apremilast 
in dermatology is in the treatment of palmoplantar psoriasis. 
For many clinicians, apremilast offers the potential of becom-
ing the first-line therapy in this specific patient population. A 
careful evaluation of apremilast in specific subtypes of dis-
eases is also needed and will offer additional insights into the 
role of PDE inhibitors in inflammatory skin disease [57].

21  Phosphodiesterase (PDE) Inhibitors for the Treatment of Inflammatory Skin Conditions

http://clinicaltrials.org
http://clinicaltrials.org


216

Case Presentation
A 75-year-old Caucasian male presents to the dermatology 
clinic with a more than 10-year history of recalcitrant plaque 
and pustular palmoplantar psoriasis. He notes that he has 
been treated with multiple topical and systemic agents but 
with little success. He endorses intermittent joint pains, 
morning stiffness, and swelling/redness of his fingers or toes. 
Associated symptoms included decreased sleep, itch, pain, 
skin tightness, fissures, and bleeding.

Past Medical History
•	 Hypertension
•	 Hyperlipidemia
•	 Obesity

Social and Family History
•	 Married
•	 35-pack-year history of tobacco use, quit smoking 

18 years ago
•	 Mother, father, and other first-degree relatives with a his-

tory of psoriasis

Previous Therapies
•	 High-potency topical steroids, PUVA, NBUVB, and 

excimer laser
•	 Acitretin, cyclosporine, and methotrexate
•	 Infliximab, etanercept, ustekinumab, and efalizumab

Physical Examination
•	 Thick, well-demarcated, erythematous, scaly plaques 

with prominent scale on the bilateral palms, soles, scalp, 
elbows, trunk, lower extremities, and gluteal cleft

•	 Thick, scaly, plaques with pustules and fissures on the 
palms and soles

•	 Pitting of the nail plate noted on multiple nails of the 
bilateral hands

•	 No recent dactylitis, tender or swollen joints, or enthesitis
•	 Body surface area involvement of approximately 13%

Management
Given the patient’s failure to respond to multiple biologic ther-
apies and the prominent involvement of the palms and soles, 
apremilast 30  mg twice daily in combination with acitretin 
25 mg once daily was started. Within several weeks, the patient 
experienced a dramatic improvement in his skin lesions and 
rated his disease severity as a 3. His body surface area involve-
ment at 4 months was less than 1%, and the patient denied any 
joint symptoms. Adverse events included diarrhea that was 
problematic for the first 3 weeks of treatment but improved 
gradually thereafter. He denied any other significant adverse 

effects other than skin dryness. This particular case highlights 
the utility of apremilast for the treatment of palmoplantar pso-
riasis. It also demonstrates its usefulness when combined with 
other treatment modalities, such as acitretin or phototherapy.
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