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Abstract 

Atopic dermatitis (AD) is a chronic, pruritic skin disease often complicated by bacterial super-

infection affecting 10.7% of American children. The pathogenesis involves a skin barrier 

breakdown in addition to dysfunctional innate and adaptive immune response, including an 

unbalanced increase in T-helper 2 cells and hyperimmunoglobulinemia E. The increased 

numbers of T-helper 2 cells are involved in stimulating the production of immunoglobulin E 

and eosinophilia by releasing interleukin-4, -5, and -13 as well as in decreasing protection 

against bacterial superinfection by releasing interleukin-10. The current Food and Drug Ad-

ministration-approved symptomatic treatment for AD includes topical ointments, topical and 

systemic corticosteroids, topical immunomodulant therapy, antibiotics, and phototherapy, 

but there are not approved targeted therapies or cures. By presenting a case of an 8-year-old 

African-American boy, this case report supports novel therapy of moderate-to-severe AD 

with apremilast, a phosphodiesterase type 4 inhibitor. Apremilast has recently completed the 

phase 2 clinical trial (NCT02087943) for treatment of AD in adults. This case report illustrates 

the potential for apremilast as a treatment for AD in children, where there is a great need for 

safe and effective medications. © 2016 The Author(s) 
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Introduction 

Atopic dermatitis (AD) is a chronic, pruritic skin disease often complicated by bacterial 
superinfection affecting 10.7% of American children [1]. The pathogenesis involves a skin 
barrier breakdown in addition to dysfunctional innate and adaptive immune response, in-
cluding an unbalanced increase in T-helper 2 (Th2) cells and hyperimmunoglobulinemia E 
[2]. The increased numbers of Th2 cells are involved in stimulating the production of immu-
noglobulin E (IgE) and eosinophilia by releasing interleukin-4 (IL-4), IL-5, and IL-13 and in 
decreasing protection against bacterial superinfection by releasing IL-10. The current Food 
and Drug Administration (FDA)-approved symptomatic treatment for AD includes topical 
ointments, topical and systemic corticosteroids, topical immunomodulant therapy, antibiot-
ics, and phototherapy, but there are not FDA-approved targeted therapies or cures [2]. Many 
physicians resort to off-label use of systemic immunomodulating therapy such as cyclospor-
ine, mycophenolate mofetil, methotrexate, and azathioprine. There is a large unmet need for 
safe medications to treat severe, recalcitrant AD, especially in children. 

Apremilast is a phosphodiesterase type 4 (PDE4) inhibitor indicated for treatment of 
moderate-to-severe plaque psoriasis and psoriatic arthritis [3]. Apremilast has recently 
completed the phase 2 clinical trial (NCT02087943) for use in treatment of AD in adults. 
Patients with AD were demonstrated to have increased activity of phosphodiesterase in 
their leukocytes compared to controls, which is an important mechanism of inflammation in 
AD [4–7]. Here, we describe a child with severe AD who failed traditional therapy but had a 
favorable response to apremilast therapy. 

Case Presentation 

An 8-year-old African-American male with a past medical history of asthma and envi-
ronmental and food allergies presented for follow-up appointment to the dermatologist with 
a persistent rash located on the upper and lower extremities, trunk, neck, and scalp. The 
rash was pruritic, lichenified, and crusting and had been present and severe in quality for 
years despite therapy escalation by the dermatologist as described below. Two years prior, 
when he first presented to the dermatologist, he was adhering to a regimen of tacrolimus 
ointment and desonide topical cream from his allergist, which showed only minimal im-
provement in the lesions and pruritus. His laboratory data included an IgE level of 11,769 
IU/ml (normal range 0–90) and an eosinophil percentage of leukocytes relatively increased 
at 8.1% (normal range 0–7) but absolutely normal at 0.44 × 103/μl (normal range 0.0–0.5). 
He also had a strong family history of AD since both of his parents had been diagnosed with 
atopic dermatitis as children. At that time, the dermatologist clinically diagnosed the child 
with AD based on his erythematous, eczematous patches, and lichenification that covered 
60% of his body surface area (table 1). No biopsies were performed because they are not 
recommended for diagnosis of AD. At the time of first presentation, there were also honey-
colored crusting suggesting bacterial superinfection and abscesses on the neck (fig. 1a). He 
was prescribed trimethoprim-sulfamethoxazole for 2 weeks. With these signs of infection, 
systemic immunosuppression for AD control was deferred until the infection cleared. He was 
treated with triamcinolone acetonide 0.1% topical ointment b.i.d. and advised to continue 
using desonide on his face, groin, and armpit. Two months later, when the infection had re-
solved, more aggressive treatment was prescribed, including prednisone 20 mg, myopheno-
late mofetil 200 mg/ml topical for his body, and tacrolimus topical for his face. 
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Seven months after treatment escalation with immunosuppressive therapy, 50% of the 
body surface was still covered with the same extremely pruritic rash (fig. 1b). The patient 
was started on omalizumab 300-mg injections for asthma every 2 weeks with the hope that 
these injections might also improve his other atopic conditions, including AD. Five months 
after these injections at 8 years of age, the patient was prescribed off-label treatment with 
apremilast 30 mg daily, half the adult dose of 30 mg twice daily, because his skin was still 
exhibiting excoriation, hyperpigmentation, and intense pruritus (fig. 1c). Apremilast provid-
ed quick and long-lasting relief of his intense pruritus in as little as 2 weeks with no adverse 
effects. His hair has started growing back over his scalp lesions, and the lesions over the rest 
of his body demonstrated significantly less inflammation and excoriation (fig. 1d). 

Discussion 

Cyclic nucleotide phosphodiesterases are a group of eleven isoenzymes that break down 
the second messengers cyclic adenosine monophosphate (cAMP) and cyclic guanosine 
monophosphate (cGMP) into inactive molecules, decreasing the intracellular levels. In AD 
specifically, the increased activity of phosphodiesterase creates a proinflammatory state by 
further decreasing cyclic nucleotides [4–8]. Abnormally low levels of cyclic nucleotides may 
lead to elevated levels of prostaglandin E2 (PGE2), which reduces interferon-gamma (IFN-γ) 
and also may lead to increased IL-4, which simulates Th2 cells [9, 10]. Th2 cells release IL-4, 
IL-5, and IL-13, which are involved in stimulating the production of IgE and eosinophilia. The 
release of IL-10, an anti-inflammatory cytokine, also involved in the Th2 immune response is 
thought to increase the frequency of bacterial superinfection of AD lesions. 

The exact mechanism of how apremilast works for AD patients is unknown, but by in-
hibiting the increased activity of phosphodiesterase, perhaps the hyperactivity of the im-
mune system in AD can be dialed back to baseline [4]. Apremilast specifically inhibits PDE4, 
which is found in keratinocytes and a variety of leukocytes of the innate and adaptive im-
mune system, including Langerhans cells, dendritic cells, monocytes, T helper cells, and eo-
sinophils [4, 8, 11]. Inhibiting PDE4 increases levels of cAMP in leukocytes, which decreases 
the number of proinflammatory cytokines and augments the activity of an anti-inflammatory 
cytokine, IL-10 [4, 8]. By targeting a wide variety of cells, apremilast has been found in in 
vivo and in vitro studies to modulate levels of important mediators of inflammatory reac-
tions (fig. 2). Apremilast decreases IL-12 and IL-23 release from monocytes, which normally 
stimulate the T-helper 1 and T-helper 17 cells, respectively [4, 11, 12]. In addition, it de-
creases PGE2, which may decrease the Th2 cell response. Thus, the mediators of inflamma-
tion released by T helper cells are suppressed, including IFN-γ and tumor necrosis factor-
alpha (TNF-α) from Th1 cells, IL-4 and IL-13 from Th2 cells, and IL-17 and IL-22 from Th17 
cells [11]. These cytokines, most notably IL-4 and IL-17, go on to stimulate keratinocytes to 
produce IL-31, which stimulates pruritus [12]. Thus, by decreasing the Th2 and Th17 im-
mune response, pruritus is also decreased. 

The value of apremilast over currently available oral medications for moderate-to-
severe AD is that it is safe with diarrhea, nausea, upper respiratory infection, and headache 
being the most frequently reported side effect and no known end-organ damage [4, 12]. In 
addition, as was demonstrated in clinical trials for psoriasis with apremilast, pruritus and 
quality of life greatly improve with use in AD [4]. Of note, another biologic with similar tar-
geted treatment of AD named dupilumab is a monocolonal antibody that binds the alpha 
subunit of the IL-4 receptor and inhibits the promotion of the Th2 response by IL-4 and IL-
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13 [12]. Currently in phase 3 clinical trial (NCT02277769), dupilumab shows promise of 
being the first FDA-approved targeted therapy for treating the symptoms of moderate-to-
severe AD in adults [12]. With more targeted therapies, the aim is that the adverse effects of 
therapy for moderate-to-severe AD will be diminished and compliance and efficacy will be 
increased. 

Conclusion 

AD is a chronic disease with no cure and ineffective FDA-approved treatments for mod-
erate-to-severe disease. Clinicians are in need of safe treatment options to ameliorate the 
symptoms of AD, especially for children. With future clinical studies and feedback from der-
matologists in the pediatric population, apremilast could prove to be an effective medication 
to decrease the intense pruritus and inflammation of skin lesions. 
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Fig. 1. Clinical appearance before and during therapy with apremilast. a Neck abscesses on presentation at 

6 years of age. b Patient after treatment with topical immunosuppressant medications and systemic corti-

costeroids. c Patient before apremilast treatment. d Patient 8 weeks after apremilast use. 
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Fig. 2. Inhibition of PDE4 by apremilast affects leukocytes and keratinocytes by modulating the release of 

inflammatory mediators thought to trigger the inflammatory reaction of AD. Figure reproduced with per-

mission from Celgene Corporation. 

 

 

 

 
Table 1. Diagnostic criteria for AD 

  
  
American Academy of Dermatology [13] Hanifin’s and Rajka’s criteria [14] 

  
  
Essential features (must be present) Major criteria (must have 3) 

Pruritus Pruritus 

Eczema (acute, subacute, chronic) Dermatitis affecting flexural surfaces in adults or face and 

Typical morphology and age- extensor surfaces in infants 

specific patternsa Chronic or relapsing dermatitis 

Chronic or relapsing history Personal or family history of cutaneous or respiratory allergy 

Important features Minor criteria (must have 3) 

Early age of onset Facial features (infraorbital darkening, etc.) 

Atopy Triggers (environmental factors, etc.) 

Personal and/or family history Complications (susceptibility to skin infections, etc.) 

IgE reactivity Other (early age of onset, dry skin, etc.) 

Xerosis  

  
  a Patterns include: facial, neck, and extensor involvement in infants and children; current or prior flexural lesions in any age 

group, and sparing of groin and axillary regions. 
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