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Abstract: Psoriasis is a chronic immune-mediated inflammatory disorder. Phosphodiesterase- 
4 (PDE-4) is an enzyme that mediates inflammatory responses and plays a role in psoriasis 
pathogenesis. PDE-4 degrades its substrate cyclic adenosine monophosphate (cAMP) to 
adenosine monophosphate (AMP), which subsequently leads to the production of pro- 
inflammatory mediators. Inhibitors of PDE-4 work by blocking the degradation of cAMP, 
which leads to a reduction in inflammation. Apremilast is the only approved oral PDE-4 
inhibitor for the treatment of psoriasis. While it is effective for some patients, it may be limited 
by adverse effects in others. A topical PDE-4 inhibitor, roflumilast, is being investigated in 
psoriasis and showing promising results. Crisaborole, a topical PDE-4 inhibitor approved for 
use in atopic dermatitis, has also been investigated in psoriasis. This is an updated compre
hensive review to summarize the currently available evidence for the PDE-4 inhibitors 
apremilast, roflumilast and crisaborole in the treatment of psoriasis, with a focus on data 
from randomized clinical trials. 
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Introduction
Psoriasis is a common, chronic, immune-mediated inflammatory disorder charac
terized by erythematous plaques with silvery scale, numerous comorbidities and 
a significant impact on the quality of life.1 Psoriasis immunopathogenesis involves 
multiple inflammatory mediators, including tumor necrosis factor (TNF)-α, inter
leukin (IL)-12, IL-17, IL-22, IL-23 and interferon (IFN)-γ.2 Various treatment 
modalities for psoriasis exist ranging from topical corticosteroids, retinoids and 
calcipotriol, to oral conventional systemic treatments which act as broad immuno
suppressants, to biological therapies which target specific cytokines or receptors to 
control downstream inflammation. Treatment choices are often based on the 
severity of disease with mild disease often managed with topical therapy, and 
moderate-to-severe disease requiring systemic therapy for control. Though topical 
corticosteroids (TCS) are commonly used and are often effective at treating psor
iatic plaques, their long-term side effects, such as atrophy and striae limit their 
usage.3 This is particularly true in more sensitive areas, such as the face or 
intertriginous areas. Irrespective of the treatment chosen, the same priorities of 
psoriasis management remain: to provide a highly efficacious treatment that targets 
a spectrum of inflammatory mediators involved in the pathogenesis of psoriasis, 
while ensuring a favourable safety profile and limited adverse effects.2

Inhibition of the cyclic adenosine monophosphate (cAMP) pathway was first 
proposed over two decades ago for the management of psoriasis and remains 
a promising treatment target today.2 cAMP is a key secondary messenger that is 
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expressed in all cells and is intimately involved in a wide 
variety of normal cellular responses. Briefly, cAMP is 
activated by G-protein coupled receptor ligands which 
upon activation of cAMP, mediate signal transduction 
mainly through protein kinase A (PKA).4 PKA then acti
vates cAMP response element-binding protein (CREB), 
a response element that is possessed by numerous genes 
involved in the pathophysiology of psoriasis, including 
IL-2, IL-6, IL-10 and TNFα.5 Intracellular cAMP concen
trations are mediated by adenylyl cyclase (AC) and phos
phodiesterases (PDE). PDEs are responsible for degrading 
cAMP, of which the PDE-4 isoenzyme is the most promi
nent in immune cells, such as lymphocytes, granulocytes 
and monocytes/macrophages.6,7 PDE-4 inhibitors can 
therefore suppress inflammatory cytokine generation and 
secretion, including IFN-γ, TNF-α, and IL-2, IL-12 and 
IL-23,8 as well as reduce superoxide generation 
and chemotaxis.6,8 As well, PDE-4 inhibitors upregulate 
anti-inflammatory cytokines such as IL-10 through activa
tion of CREB. See Figure 1 for a summary of the PDE-4/ 
PKA signaling pathway in a pro-inflammatory state and 
with inhibition of PDE-4.

Both non-selective and selective PDE inhibitors are 
available on the market for various indications. The non- 
selective PDE inhibitors include pentoxifylline and theo
phylline and have no known benefit for psoriasis. 
Pentoxifylline, used in peripheral vascular disease, is 
a competitive non-selective PDE inhibitor.9 Theophylline 
is a mostly non-selective PDE inhibitor that has some 
selective inhibition of PDE1-5 and is used to improve 
airflow obstruction in asthma, chronic bronchitis and 
chronic obstructive pulmonary disease (COPD).10

Selective PDE-4 inhibitors have been investigated 
across a wide variety of dermatologic inflammatory con
ditions in addition to psoriasis, including cutaneous sarcoi
dosis, discoid lupus erythematosus, scleroderma, Behcet’s 
disease and atopic dermatitis.2,11 The main issue of sys
temic PDE inhibition is gastrointestinal adverse effects, 
and newer generation, more selective agents have 
improved tolerability. Multiple clinical trials have sup
ported the use of the PDE-4 inhibitor, apremilast, which 
has been approved for use in psoriasis, psoriatic arthritis 
and Behcet’s disease. Adverse events including nausea, 
vomiting, headache, weight loss and depression have 
been reported and may limit use in some patients. Since 
PDE-4 inhibitors are small molecules, they are amenable 
to topical application and therefore, topical PDE-4 inhibi
tors are currently being investigated with the goal to avoid 

systemic adverse effects. Topical roflumilast is being 
investigated in psoriasis, atopic dermatitis and seborrheic 
dermatitis, and topical crisaborole has already received 
approval for use in atopic dermatitis. Though previous 
reviews have examined the role of PDE-4 inhibitors in 
the treatment of psoriasis, this review comprehensively 
summarizes the currently available data.2,12,13 Herein, we 
summarize the literature exploring the efficacy and safety 
of PDE-4 inhibition in the treatment of psoriasis, with 
a specific focus on data from randomized clinical trials.

Apremilast
Apremilast (Otezla®) was the first orally available PDE-4 
inhibitor approved by the Food and Drug Administration 
(FDA) in 2014 for the treatment of moderate-to-severe 
plaque psoriasis.14 Through its intracellular mechanism of 
action, apremilast inhibits the degradation of cAMP, thus 
increasing the concentration of cAMP and ultimately redu
cing the expression of pro-inflammatory mediators and 
increasing the level of anti-inflammatory mediators.13,15–17

Two Phase 3, multicentered, randomized, double- 
blinded, placebo-controlled trials, ESTEEM 1 and 
ESTEEM 2, evaluated the efficacy and safety of apremilast 
30 mg twice a day (BID) in patients with moderate-to-severe 
plaque psoriasis. Eligible subjects had psoriasis with 
a Psoriasis Area and Severity Index (PASI) ≥ 12, body 
surface area (BSA) ≥ 10% and Physician Global 
Assessment (PGA) ≥ 3. In 2015, Papp et al reported the 
ESTEEM 1 trial, which enrolled 844 adults.14 During the 
first 16-week period, the primary endpoint was met with 
a significantly greater proportion of patients receiving apre
milast (33.1%) achieving a treatment reduction of over 75% 
in the PASI score (PASI-75) relative to placebo (5.3%, 
p<0.0001). In the second phase of the study, patients that 
were initially randomized to placebo were switched to apre
milast 30 mg BID for 16 weeks. Subjects switched from 
placebo to apremilast had improved response rates for PASI- 
75, mean change in PASI score, and improvement in the 
pruritus visual analogue scale (VAS) score at week 32. In the 
final 20-week phase of the study, patients initially rando
mized to apremilast were re-randomized to receive either 
apremilast or placebo. Between these cohorts, a significantly 
greater proportion of patients re-randomized to apremilast 
(61.0%) achieved PASI-75 relative to 11.7% of patients re- 
randomized to placebo. A total of 55.7% of patients initially 
randomized to placebo and 69.3% randomized to apremilast 
had at least one adverse event (AE), most of which were 
mild or moderate in severity. The most common reported 
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Figure 1 Overview of the PDE4/PKA cascade pathway. Panel (A). In a proinflammatory state, PDE-4 promotes production of inflammatory cytokines through activation of 
NFκB and reduces production of anti-inflammatory cytokines such as IL-10 by degrading cAMP which is responsible for maintaining immune homeostasis. Panel (B). 
Inhibition of PDE4 leads to elevation of cAMP which triggers the PKA pathway. PKA suppresses the production of proinflammatory mediators and promotes the production 
of anti-inflammatory mediators, such as IL-10, through gene transcription driven by CREB and ATF-1. 
Notes: Adapted from “Activation of Protein Kinase A (PKA)”, by BioRender.com (2020). Retrieved from https://app.biorender.com/biorender-templates. 
Abbreviations: ATF-1, cAMP-dependent transcription factor 1; cAMP, cyclic adenosine monophosphate; CREB, cAMP response element binding protein; IL, interleukin; 
PDE-4, phosphodiesterase-4; PKA, protein kinase A; NFκB, nuclear factor kappa B.
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AEs with apremilast treatment were diarrhea, upper respira
tory tract infection (URTI), nausea, nasopharyngitis and 
headache. The AEs of diarrhea, nausea and headache were 
more frequent during the first 2 weeks and reduced in 
frequency over time. The median weight loss in the 
long-term apremilast-exposure group was 1.40 kg. 
Nineteen percent of these patients had weight loss greater 
than 5%. No patient discontinued treatment as a result of the 
weight loss.

The second pivotal trial, ESTEEM 2, was reported by 
Paul et al.18 Similar results in ESTEEM 1 were reported 
with the primary endpoint of PASI-75 at week 16 being met 
with a significantly greater proportion of patients receiving 
apremilast (28.8%) compared to placebo (5.8%, p<0.0001) 
(See Figure 2). Other significant improvements, such as 
assessment of Dermatology Life Quality Index (DLQI) 
showed a clinically meaningful improvement (DLQI 
improvement >5 points) in those subjects with DLQI>5 at 
baseline in 70.8% of patients (P<0.001) showing improved 
quality of life. Efficacy results were generally maintained 
over the 52-week period in those subjects that were initially 
PASI 50 responders. AEs reported were similar to those in 
ESTEEM 1. Weight loss of greater than 5% was reported in 
20.2% of patients in the long-term apremilast group. Two 
patients in the apremilast group discontinued treatment due 
to weight loss.

In 2017, Reich et al reported on phase 3b, multicentered, 
double-blinded, randomized controlled trial (LIBERATE) of 
250 adults with moderate-to-severe plaque psoriasis.16 For 

the first 16 weeks, patients were randomized to receive 
either placebo, apremilast 30 mg BID or etanercept 50 mg 
weekly (QW). After 16 weeks, a significantly greater pro
portion of patients achieved PASI-75 with apremilast 
(39.8%) versus placebo (11.9%, p<0.0001) at the primary 
endpoint (see Figure 2). In the extension phase from week 
16 to 104, all patients were switched to apremilast therapy. 
Here, it was reported that the PASI-75 response rate was 
maintained across treatment cohorts throughout week 104 
(45.9–51.9%). Similarly, significant, sustained improve
ments were maintained in the scalp physician global assess
ment response (ScPGA), Nail Psoriasis Severity Index 
(NAPSI), DLQI and pruritus visual analogue scale (VAS) 
with apremilast treatment. The most common AEs reported 
were similar to previous studies and included diarrhea, nau
sea, URTI and bronchitis. Most AEs were mild or moderate 
in nature, with the distribution of serious adverse events 
(SAEs) balanced across groups. Relative to baseline, the 
mean weight loss was +0.03 kg for the placebo arm and 
−0.78 kg for the apremilast cohort. In the cohort of patients 
that received a placebo for the initial 16-week period fol
lowed by apremilast therapy, one patient (1.4%) reported the 
development of a psychotic disorder with suicidal ideation.

Rich et al reported a secondary analysis from the 
ESTEEM trials, specifically the efficacy of apremilast in 
difficult-to-treat areas of nail and scalp psoriasis in 1255 
adults.19 In the first 16 weeks, the NAPSI was significantly 
improved in patients that received apremilast versus pla
cebo (ESTEEM 1: −22.5% versus +6.5%, respectively, 

Figure 2 Summary of phase 3 apremilast clinical trials; PASI 75 results at week 16. 
Notes: *P<0.0001 vs placebo. ESTEEM 1,14 ESTEEM 2,18 LIBERATE16. 
Abbreviations: APR, apremilast; ETN, etanercept; PBO, placebo.
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p<0.0001; ESTEEM 2: −29.0% versus −7.1%, respec
tively, p=0.0052). As well, the ScPGA response was sig
nificantly greater with apremilast treatment (p<0.0001). 
Over the course of follow-up, the achievement of 50% 
improvement in NAPSI (NAPSI-50) was maintained in 
patients who were initial PASI responders, irrespective of 
whether they were initially randomized to apremilast 
(ESTEEM 1: 70.7%, ESTEEM 2: 68.6%) or placebo 
(ESTEEM 1: 64.1%, ESTEEM 2: 69.0%). A similar con
clusion was found for patients with scalp psoriasis.19

In 2020, Van Voorhees et al reported a phase 3b, 
double-blinded, placebo-controlled randomized study of 
303 patients with moderate-to-severe plaque psoriasis 
including the scalp.20 Following apremilast therapy, 
a significantly greater proportion of patients achieved the 
primary endpoint of ScPGA response relative to placebo, 
defined as a score of either 0 (clear) or 1 (almost clear), 
43.3% versus 13.7%, respectively, p<0.001. When consid
ering secondary outcomes, apremilast was associated with 
a higher proportion of subjects with response on the scalp 
itch numeric rating scale (NRS) (47.1% versus 22.5%, 
p<0.001) and whole-body itch NRS (45.5% versus 
22.5%, p<0.001). Quality of life measures also favoured 
apremilast over placebo (DLQI improvement: −6.7 versus 
−3.8, respectively, p<0.001). Common AEs reported were 
diarrhea, nausea, headache and vomiting in line with pre
vious trials. In the apremilast group, 2.5% of patients 
reported depression. Mean weight loss was −0.9 kg versus 
−0.2 kg in the apremilast group vs placebo, respectively.

Roflumilast
Oral roflumilast (Daxas®, Daliresp®) is a selective PDE-4 
inhibitor that was FDA approved as a treatment for 
COPD exacerbation in 2011.21 The effect of oral roflu
milast in psoriasis has not previously been reported. 
However, recently an investigator-initiated study 
(PSORRO, NCT04549870) comparing oral roflumilast 
500 mcg to placebo has been registered with a primary 
endpoint of PASI-75 at week 12. Results are not yet 
available.22

Topical roflumilast (ARQ-151, Arcutis Biotherapeutics) 
is a highly potent PDE-4 inhibitor currently under investi
gation for the treatment of plaque psoriasis. Based on IC50 
values of inhibitor affinity for the PDE-4 molecule, roflu
milast is approximately 25–300x more potent than either 
apremilast or crisaborole depending on the comparator and 
PDE-4 isoform analyzed.23 ARQ-151 is a once-daily cream 
consisting of roflumilast in a high-water content 

moisturizing cream base vehicle containing diethylene gly
col monoethyl ether or Transcutol® to enhance penetration 
in the skin.21,24 A Phase 1/2a randomized controlled study 
investigating the efficacy and safety of once-daily roflumi
last cream in patients with plaque psoriasis was recently 
reported.25 This study included patients with a history of 
chronic plaque psoriasis of >6-month duration with ≤5% 
BSA involvement. Cohort 1 (n=8) was a single-dose, open- 
label cohort that received 0.5% roflumilast cream to 
a 25 cm2 psoriatic plaque. Cohort 2 (n=89) was a double- 
blinded portion that randomized patients to receive either 
roflumilast cream 0.5%, 0.15% or vehicle for 28 days. The 
primary endpoint was met with a statistically significant 
improvement in the Target Plaque Severity Score (TPSS) 
x target plaque area (TPA) following administration of 
roflumilast 0.5% (p=0.0007) and 0.15% cream (p=0.0011) 
versus vehicle (Figure 3A). Differences between the two 
comparators were reached as early as 2 weeks. At both 
doses, a 66–67% improvement in TPSS x TPA from base
line was observed at week 4 versus 38% for vehicle. AEs in 
cohorts 1 and 2 were all mild or moderate and were similar 
between active arms and placebo. The most common AEs 
were application-site erythema, application-site pain, naso
pharyngitis and muscle strain.25

A Phase 2b, parallel-group, double-blinded, vehicle- 
controlled trial was conducted to further investigate the 
safety and efficacy of once-daily topical roflumilast in 
plaque psoriasis.26 Subjects were randomly assigned to 
use roflumilast 0.3% cream, roflumilast 0.15% cream or 
vehicle cream once daily for 12 weeks. Eligible subjects 
were 18 years of age or older and had plaque psoriasis for 
a minimum of 6 months of at least a mild severity (score 
≥ 2) on a 5-point Investigators Global Assessment (IGA) 
scale (0=clear, 4=severe). As well, patients had to have 
a score of at least 2 on the modified PASI (mPASI). A total 
of 331 patients were randomized 1:1:1 to three treatment 
arms: 109 to 0.3% cream, 113 to 0.15% cream and 109 to 
vehicle cream. At 6 weeks, the percentage of patients 
achieving an IGA score of clear or almost clear (IGA 
score 0 or 1) was 28% in the roflumilast 0.3% group 
(P<0.001), 23% in the roflumilast 0.15% group 
(P=0.004) compared to 8% in the vehicle group. For 
patients with psoriasis in intertriginous areas, the endpoint 
of an IGA score of clear or almost clear disease plus 
a 2-grade improvement in the intertriginous area IGA 
score at week 6 occurred in 73% of patients in the 0.3% 
roflumilast group compared to 44% in the 0.15% group 
and 29% of those in the vehicle group. The mean change 
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from baseline PASI score at week 6 was −50.0% and 
−49.0% in the 0.3% and 0.15% roflumilast group, respec
tively, compared to the vehicle group (−17.8% from base
line, Figure 3B).26 In terms of safety, the frequency of AEs 
was similar across all groups: 39% in the 0.3% roflumilast 
group, 27% in the 0.15% group and 20% in the vehicle 
group. One SAE occurred in each of the two roflumilast 
treatment groups and two SAEs occurred in the placebo 
group. The most common AEs were nasopharyngitis and 
URTI. Gastrointestinal side effects such as nausea and 

diarrhea had a less than 1% incidence in this study, sig
nificantly less than is commonly seen with apremilast.26

Crisaborole
Crisaborole ointment 2% (AN2728, Eucrisa®, Pfizer, 
New York), is a PDE-4 inhibitor that was FDA approved 
in 2016 for mild-to-moderate atopic dermatitis with an 
extension of indication to children at least 3 months of 
age in 2020.27 The inhibition of PDE-4 is made possible 
by the unique configuration of boron within the crisaborole 

A

B

Figure 3 (A) Summary of Roflumilast Clinical Trials – Mean Percentage Change from Baseline in TPSSxTPA at week 4. (B) Summary of Roflumilast Clinical Trials – Mean 
Percentage Change from Baseline PASI at week 6. 
Notes: (A) *p<0.01 versus placebo. Data derived from Papp et al.25 (B) Data derived from Lebwohl et al.26 

Abbreviations: (A) TPSS, target plaque severity score; TPA, target plaque area. (B) *PASI, psoriasis area and severity index.
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molecule.3 The boron enables the synthesis of a low mole
cular weight compound, allowing for effective penetration 
through skin. Similar to others, this PDE-4 inhibitor leads 
to increased cAMP-dependent activation of PKA and inhi
bits downstream NFAT and NF-kB signaling pathways, 
thereby attenuating skin inflammation.28

Two randomized, double-blinded, vehicle-controlled 
phase 3 clinical trials in patients with atopic dermatitis 
showed that crisaborole ointment 2% effectively reduced 
the signs and symptoms of AD in both children and 
adults.29,30 Early on in development, crisaborole was also 
investigated for plaque psoriasis, in a phase 2b rando
mized, double-blinded, vehicle-controlled, bilateral com
parison 12-week study (NCT01029405).31 Subjects were 
randomized as their own controls to receive 0.5% or 2% 
ointment vs vehicle ointment OD or BID in a split-body 
design. The crisaborole 2% ointment BID regimen was 
most effective, well tolerated and had no safety concerns 
but was never developed further for use in psoriasis, and 
the results were never published in the literature.31 

Multiple other unpublished studies have also supported 
the efficacy of crisaborole in plaque psoriasis.32 Psoriatic 
lesion thickness was significantly reduced relative to vehi
cle in two phase 1b studies (n=24 total) at crisaborole 
concentrations ranging from 0.5% to 5%. In a phase 2a 
trial of crisaborole 5% (n=35), there was a significant 
reduction in target plaque severity (68.6% vs 5.7%, 
p<0.001), which was confirmed in a smaller phase 2b 
trial of 30 patients.32 More recently, crisaborole has been 
investigated for psoriasis in sensitive areas where the 
application of TCS is often a concern. A double-blinded, 
randomized, vehicle-controlled study was conducted to 
investigate the efficacy and safety of 2% crisaborole oint
ment in 21 participants with anogenital, intertriginous and 
facial psoriasis.33 After 4 weeks, there was a 66% 
improvement in the Target Lesion Severity Scale (TLSS) 
compared to 8% in the vehicle group (P=0.0011). At 8 
weeks, there was 81% lesion improvement with 71% 
reaching clinical clearance (TLSS ≤1). There were no 
reports of adverse skin reactions at application sites.33 

Given that the skin barrier remains intact in psoriasis, the 
authors hypothesized that the use of crisaborole in psor
iasis would result in lower rates of skin irritation than in 
atopic dermatitis. Topical crisaborole has not received an 
indication for use in psoriasis but off-label use has been 
reported. Two case reports in the literature detail the suc
cess of crisaborole in facial and intertriginous psoriasis as 
well as palmoplantar psoriasis when systemic therapy was 

either not available or discontinued due to adverse 
effects.34,35

Discussion
Psoriasis is a chronic, relapsing inflammatory skin condi
tion that has a profound impact on the quality of life. The 
mainstay of treatment in mild disease is currently topical 
therapy, with systemic treatments used for moderate to 
severe disease, often with concomitant topical therapy. 
The use of TCS is limited by long-term cutaneous adverse 
effects with particular concern in sensitive areas. Surveys 
show that, despite the variety of systemic agents and 
biologics available, certain psoriasis patients do not con
tinue with treatment because of poor tolerability, lack of 
effectiveness or burden of monitoring and treatment 
administration.36,37 As a result of this unmet need, the 
exploration of alternative treatment agents is continually 
needed. PDE-4 inhibitors block the degradation of cAMP, 
leading to a reduction in inflammation. In this review, we 
aimed to summarize the published literature on PDE-4 
inhibitors in psoriasis.

Only apremilast has been approved for use in moder
ate-to-severe psoriasis as an oral agent and plays an impor
tant role in systemic management. Both ESTEEM 1 and 
ESTEEM 2 demonstrated a higher efficacy response rela
tive to placebo, with differences maintained in difficult-to- 
treat areas, such as scalp and nail psoriasis.14,18 With 
respect to safety, most AEs including diarrhea, nausea 
and headache, are transient, mild-to-moderate in severity 
and have a low incidence of treatment discontinuation.14 

Beyond the efficacy and safety data in psoriasis, apremi
last also plays a role in the amelioration of symptoms of 
psoriatic arthritis.38 To further investigate the role of apre
milast in the management of mild to moderate psoriasis 
patients, the ADVANCE trial has been completed; how
ever, results have not yet been published.39

Due to the potential AEs associated with oral administra
tion of PDE-4 inhibitors, the topical PDE-4 inhibitor roflu
milast has been investigated as an alternative that is 
associated with a reduced incidence of AEs, including gas
trointestinal symptoms. Topical roflumilast was found to 
have a clinically significant level of efficacy starting at 2 
weeks after randomization.25 It has been suggested that based 
on TPSSxTPA scores, roflumilast performs comparably to 
that of betamethasone dipropionate after 4 weeks of 
therapy.25,40 The favourable safety profile of topical roflumi
last is likely derived from its pharmacokinetic advantages. 
Unlike oral forms, which may be associated with spikes in 
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trough-to-peak blood levels following initial administration, 
topical roflumilast cream has a slow ascent to maximal 
plasma concentrations over days.25

Crisaborole is a topical PDE-4 inhibitor currently 
approved for atopic dermatitis, which has been previously 
investigated for use for plaque psoriasis including a study 
in sensitive areas. A recent pilot study showed the efficacy 
of crisaborole 2% was found to be superior relative to 
vehicle.33 Though there have been multiple trials that 
have shown efficacy in psoriasis, most have been unpub
lished and it is unlikely that further research is planned.41 

Considering that the thickness of the stratum corneum is 
inversely proportional to the absorption of topical agents, 
topical crisaborole is ideal for thin, non-scaly plaques.42 

Though studies have reported local burning and stinging 
following crisaborole administration in atopic dermatitis, 
no reports of adverse skin reactions were observed in the 
pilot study of plaque psoriasis patients.33,43 This is likely 
due to the fact that eczematous skin has an inherent barrier 
dysfunction that is not similarly found in psoriatic skin.

Limitations of this review include a paucity of rando
mized controlled trials for PDE-4 inhibitors, especially for 
some agents with only preliminary data, such as crisabor
ole. Most studies report on a limited duration and a limited 
number of participants challenging generalizability to the 
clinic population. It is important to note that, in most 
cases, studies were limited to plaque psoriasis, and the 
external validity of these results in non-plaque variants is 
unknown.

Conclusion
Overall, oral and topical PDE-4 inhibitors are promising 
therapies in the treatment armamentarium for plaque psor
iasis. With proven efficacy and a promising safety profile, 
these agents hold promise and warrant further investiga
tion. Though oral apremilast is the only PDE-4 inhibitor 
currently approved for use in psoriasis, we eagerly await 
results from larger trials of topical roflumilast in this 
setting.
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