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ABSTRACT

Phosphodiesterase-4 (PDE4) inhibitors are reshaping the treatment landscape for chronic inflammatory skin diseases by offering
effective, non-steroidal options for conditions like psoriasis, atopic dermatitis, and seborrheic dermatitis. This perspective translates
recent structural biology and biochemical findings into clinically meaningful guidance. Among available agents, roflumilast stands out
for its high potency and selectivity, with a half-maximal inhibitory concentration of 0.7 nM compared to 140 nM for apremilast (200-
fold less) and 750 nM for crisaborole (1071-fold less). This higher potency enables lower dosing and improved tolerability, particularly in
topical formulations. Unlike earlier PDE4 inhibitors, roflumilast’s structural similarity to the second signal messenger cyclic adenosine
monophosphate (CAMP) results in stronger binding to and inhibition of PDE4 and more effective suppression of inflammation. Clinically,
this translates into rapid improvements in skin erythema, scaling, and itch, with minimal systemic side effects. Roflumilast is especially
valuable for patients who are steroid-averse, pediatric, elderly, or have contraindications to systemic therapy. It can also be integrated
into combination regimens, offering flexibility for refractory cases. As ongoing research explores its use in other skin conditions
such as vitiligo and lichen planus, understanding the molecular differences among PDE4 inhibitors becomes increasingly relevant to
the practicing dermatology provider. By connecting molecular pharmacology with therapeutic decision-making, this article supports
dermatology clinicians in selecting targeted therapies that improve patient outcomes, adherence, and quality of life.
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INTRODUCTION

The introduction of roflumilast, a potent and selective PDE4

hosphodiesterase-IV (PDE4) inhibitors represent a
Pburgeoning frontier in dermatological care, offering

targeted solutions to inflammatory skin diseases such
as psoriasis, atopic dermatitis, and seborrheic dermatitis.
PDE4 inhibitors function by increasing cyclic adenosine
monophosphate (cAMP), leading to reduced inflammation
via cytokine suppression.' This perspective highlights the
practical implications of a recent study? analyzing the chemical,
biochemical, and structural nuances of PDE4 inhibitors -
roflumilast, apremilast, and crisaborole — and translates these

insights for dermatology clinicians aiming to optimize patient
outcomes.

Why PDE4 Inhibition Matters in Dermatology

Inflammatory skin diseases arise from complex immune
dysregulation involving Th1, Th2, Th22, and Th17 cytokine
pathways.® PDE4 is a key enzyme expressed in immune and
epithelial cells that regulates these pathways by breaking down
cAMP, a molecule integral to anti-inflammatory signaling.* PDE4
inhibitors extend cAMP’s action, thereby reducing inflammation
and restoring immune balance.
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inhibitor, offers distinct clinical advantages. Unlike earlier PDE4
inhibitors such as apremilast (oral) and crisaborole (topical),
roflumilast boasts significantly higher potency, allowing for
more effective treatment of inflammatory skin conditions
(Figure 1).2

FIGURE 1. PDE4 inhibitors target multiple inflammatory pathways,
including Th1, Th2, Th22, and Th17 inflammation, and restore skin
barrier integrity.
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Key Findings and Practical Implications

1. Higher Potency and Selectivity of Roflumilast

The study reports the half-maximal inhibitory concentration
(IC50) values of 0.7 nM for roflumilast, compared with 140
nM for apremilast (200-fold less) and 750 nM for crisaborole
(1071-fold less).2® This striking difference translates clinically
into lower required doses of roflumilast to achieve therapeutic
effects, potentially reducing systemic side effects. Additionally,
roflumilast’s high selectivity for PDE4B/D minimizes off-target
interactions, ensuring its safety profile is well-suited for chronic
inflammatory skin diseases.

Practical Tip: For patients with mild-to-moderate atopic
dermatitis or psoriasis who have failed to respond adequately
to topical steroids, roflumilast cream or foam is an optimal next
step before considering systemic therapies or phototherapy.

2. Apremilast: Limited Efficacy for Psoriasis

While apremilast offers the convenience of oral administration,
its efficacy in treating psoriasis is limited based on clinical trials
and indirect network meta-analysis (NMA).” The IC,, value
of 140 nM reflects its weaker inhibition of PDE4, which often
translates to slower and less robust clinical improvement.
Moreover, gastrointestinal (Gl) side effects (nausea, diarrhea)
associated with systemic administration often limit adherence.’
In contrast, biologics like 1L.-:23 or IL-17 inhibitors offer higher
clearance rates and long-term disease control for moderate-
to-severe psoriasis as demonstrated in NMA.29° However,
of the IL-23 and IL-17 biologics, only risankizumab (an 123
inhibitor) has demonstrated in a head-to-head clinical trial
superior efficacy to oral apremilast in terms of skin clearance
and optimal long-term disease control for moderate and severe
psoriasis.’101

Clinical Insight: Apremilast can be used for mild-to-moderate
psoriasis or patients unable to tolerate biologics, but it is less
effective compared with newer alternatives like IL-23 or IL-17
inhibitors.™¢

3. Enhanced Mechanism of Action

Roflumilast’s structural design closely mimics cAMP, allowing it
to bind PDE4 more tightly and effectively inhibit inflammatory
responses. Crisaborole, in contrast, mimics phosphate but
lacks optimal interaction with the PDE4 active site, reducing its
potency.?

Clinical Insight: This mechanism explains why roflumilast
provides rapid relief of itch and erythema in inflammatory skin
conditions.

4. Improved Formulations for Patient Adherence

Unlike oral apremilast (associated with Gl and psychiatric side
effects) and crisaborole (which commonly causes stinging upon
application), roflumilast’s topical cream and foam formulations
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provide a patient-friendly alternative with high tolerability
and the only contraindication being moderate to severe liver
impairment categorized as Child-Pugh B or C."

Practical Tip: Educating patients on roflumilast’s tolerability
and non-steroidal nature can increase adherence, especially in
pediatric and sensitive-skin patients.

Broader Clinical Implications

Expanding Indications

Roflumilast is already FDA-approved for the treatment of
plague psoriasis, seborrheic dermatitis, and atopic dermatitis,
but emerging data suggest efficacy in other inflammatory
conditions™ such as vitiligo™ and lichen planus.™

Integration Into Treatment Pathways

Roflumilast is an alternative to systemic treatments for
patients who prefer topical therapy or have contraindications
for systemic medications (eg, elderly patients, pediatric
populations).'

Potential for Combination Therapy

Given its distinct mechanism, roflumilast can be combined with
biologics or other targeted therapies to enhance outcomes for
refractory cases given no drug-drug interactions according to
the prescribing label.™

Practical Recommendations for Dermatology Clinicians

1. Start Small, Think Big: Use roflumilast cream or foam for
localized psoriasis plaques or mild-to-moderate atopic
dermatitis before escalating therapy.

2. Tailor Therapy: For patients worried about steroid-related
side effects, roflumilast is a potent nonsteroidal option.

3. Monitor Outcomes: Emphasize itch relief and skin
clearance, as these strongly correlate with patient
satisfaction.

CONCLUSION

PDE4 inhibitors like roflumilast are redefining dermatological
care, offering potent, well-tolerated, non-steroidal options
for inflammatory skin diseases. Understanding their unique
mechanisms and practical implications allows clinicians to
elevate patient outcomes while minimizing adverse effects.
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