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Clinical Vignette

A 9 year old boy with a history of chronic atopic dermatitis with recurrent skin infections
presented with extensive eczematous dermatitis that started behind his knees at the age of 4
years and steadily worsened to include the popliteal and antecubital fossae, arms and
abdomen. He scratched the lesions, especially at night, with the result that his sleep was
disturbed. Despite the use of chronic moisturizing therapy and topical corticosteroids, he has
seasonal flares of eczema during the winter months. When he was 6 years old, he also had
experienced bronchial asthma with persistent cough. He is not allergic to any food.
Regarding family history of other atopic conditions, his father has asthma and his younger
sister has allergic rhinitis and cow’s milk allergy. He was referred to an allergist for further
evaluation and management.

Physical examination showed injected conjunctivae and presence of Dennie-Morgan lines.
There was a ‘cobblestone’ appearance of his posterior pharynx. Lungs were clear bilaterally
with good aeration. Cardiac and abdominal examinations were unremarkable. Skin
examination demonstrated scattered scaly eczematous patches along the flexural areas of his
upper and lower extremities. Impetigo “crust like” lesions with serum oozing were found on
the left elbow.
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Laboratory testing to an environmental allergen panel was performed, including common
indoor and outdoor allergens, as skin testing could not be performed due to eczematous
lesion on arms. His total serum IgE level was markedly elevated at 4300 1U/ml with highly
positive ImmunoCAP specific IgE levels to dust mite, mouse, and cockroach, along with
multiple tree and grass pollens. Dust samples vacuumed from his home and sent to a
commercial laboratory showed very high levels of house dust mite.

Appropriate allergen avoidance and integrative pest management (IPM) strategies were
discussed with the patient’s family. As he was symptomatic despite traditional emollient and
topical corticosteroid therapy, he was started on cyclosporine and topical tacrolimus and the
possibility of allergen immunotherapy was discussed with his family.

Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin disease characterized by pruritic skin
lesions, disrupted skin barrier function, dysregulation of the immune system, and allergic
reactions to food and environmental allergens. It generally presents in early childhood.
Scratching at the area of pruritis leads to redness, cracking, scaling and potential
superinfection of the skin. Most AD patients have personal or family history of atopy
(allergic rhinitis, allergic conjunctivitis, AD or asthma). The differential diagnosis of AD is
listed in Table 1.

Data from the National Survey of Children’s Health in the United States demonstrates a
wide range of prevalence from 8.7% to 18.1% in various locales with the higher prevalence
reported in the east coast states. In Europe, 10% to 20% of children and teenagers are
affected by AD.2 Approximately 50% of patients develop this disease during first year of
life and 30% between the ages of 1-5 years.3

Pathogenesis

Atopic dermatitis is a condition that requires interplay from several factors to explain its
pathogenesis. Defects in epidermal barriers, dysregulation of various types of immune
responses, genetic polymorphisms and environmental factors have been implicated in the
pathogenesis of the disease. 4 ° Figure 1 provides a schematic of the immunologic pathology
associated with atopic dermatitis that is explained in the following paragraphs.

Defective epidermal barrier

The epidermis has 4 layers. The outermost layer, called the stratum corneum, serves as a
barrier to reduce water evaporation and penetration of exogenous allergens and microbes.
The stratum corneum is composed of cells that have keratin proteins and structural
components, such as ceramides, filaggrin and lipids. Filaggrin protein (FLG) plays a crucial
role in maintaining the structure of the epidermis by aggregating keratin filaments to form a
cytoskeleton in epidermal cells. FLG is released from keratohyalin F granules as an inactive
form and is converted to an active form by proteolysis and dephosphorylation. Studies have
found that mutations in FLG gene, specifically R501X and 2282del4, can induce a reduction
of natural moisturizing factors including sodium pyrroloidone carboxylic acid, urocanic
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acid, and lipoprotein components especially ceramides.5 7 A meta-analysis of these
nonsense mutations has confirmed that these mutations represent the most compelling
genetic risk for AD.8 The alteration of the epidermal structure due to this protein mutation
leads to trans-epidermal water loss and evaporation, resulting in dry skin and itching. Apart
from FLG, a reduction of SPINK5 gene expression, which encodes Kazal-type 5 serine
protease inhibitor, can increase cleavage of intercellular attachments in the stratum corneum
and can compromise barrier function.® Additionally, De Benedetto et al. demonstrated that
reduced expression of epidermal claudin-1, a transmembrane protein component of tight
junctions (TJs), can cause an impairment in TJs which leads to skin barrier dysfunction in
patients with AD.®

Dysregulation of cutaneous immune response

Thymic stromal lymphopoietin (TSLP) plays an important role in AD. TSLP expression in
keratinocytes is induced by mechanical injury as well as stimulation of Toll-like receptors 2,
5and 6. TSLP activates dendritic cells. This leads to proliferation of CD4 T cells which then
differentiate into T-Helper 2 cells. Next, inflammatory cytokines such as IL4, IL5 and IL13
are produced and released. Furthermore, TSLP also stimulates mast cells, basophils and
eosinophils which play a crucial role in cutaneous inflammation.® It has been shown that
scratching can induce TSLP expression and aggravate the course of AD resulting in a
vicious cycle among itching, scratching, TSLP expression and Th2 upregulation.10
Furthermore, Th2 cells produce IL-31, which provokes pruritus. Th17 cells, which can
produce 1L17 and IL22, are also involved in AD pathogenesis.}! Th17 cells are normally
found in acutely inflamed skin lesions. An increase in the number of Th17 cells correlates
with the severity of AD. In a mouse model, FLG deficiency leads to Th17 dominated skin
inflammation.12 Additionally, 1L22 induces epidermal hyperplasia that may lead to
epidermal acanthosis in the chronic stages of AD.12

Treatment

Education of patients and families is one of the most effective treatments for AD.
Information about avoidance of irritants and allergens is important in preventing AD
exacerbations. In addition, written eczema action plans may be beneficial by enabling
eczema self-management by reminding patients and caregivers of maintenance regimens and
additional therapies to incorporate during flares.13

In order to assess the severity and extent of AD, several parameters have been used such as
The Eczema Area and Severity Index (EASI) , Rajka and Lengeland: Grading of severity of
atopic dermatitis, and The scoring of atopic dermatitis (SCORAD).1* SCORAD is one of
parameters widely used to assess disease severity and determine whether the treatment is
effective. There are 3 major components in SCORAD: A) percentage of affected surface
area, B) intensity of eczema at lesions, on a scale of 0 to 3, composed of erythema, edema,
excoriations, oozing, lichenification, and skin dryness, and C) functional impact evaluated
by visual scale (0-10) composed of pruritus and sleep disturbance. The SCORAD score is
calculated by using the formula A/5 + 7B/2 + C. SCORAD scores <20, 20-40, and >40
suggest mild, moderate, and severe AD, respectively. 14
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An updated practice parameter in 2012 discusses a step-wise approach based on severity,
including allergen/irritant avoidance, skin barrier repair, and use of anti-inflammatory and
antimicrobial agents.1> However, difficult to control AD can still be a therapeutic challenge.
There are a variety of proven AD therapies (Tables 2 & 3). Topical steroids and calcineurin
inhibitors are preferred in the treatment of severe AD. In addition, systemic anti-
inflammatory treatment, allergen specific immunotherapy and phototherapy are options for
management of refractory AD cases. In rare cases, hospitalization might be needed to
temporarily reduce exposure to environmental triggers while initiating intensive patient
education, further diagnostic testing, and administration of antibiotics among other
aggressive treatments. Outpatient therapy may also include the use of bleach baths, vitamin
D supplementation, immunomodulatory and biologic therapies.

Bleach baths

The current recommendation for the concentration of bleach in the bath is 0.005%. To reach
this concentration, 1/4 cup of bleach is added to a half-filled 40-gallon bath. Huang et al,16
reported that with twice-weekly bathing, eczema severity and the affected body surface area
significantly decreased. Two recent controlled trial studies have found no significant
between treatment and placebo groups.1”: 18 Dry skin, burning sensation were reported as
side-effects of using bleach bath.1” However, these dilute bleach baths have been
recommended as a maintenance therapy to suppressing S. aureus overgrowth.1>

Vitamin D

Normally, antimicrobial peptides prevent infection by this microbe, however, their
protective roles are inefficient as a result of deficient beta-defensin and cathelicidin
expression in patients with AD.1° Studies have demonstrated the beneficial effects of
vitamin D on the innate immune response in patients with AD. Peroni et al, evaluated the
severity of disease in 37 children and found that levels of 25(OH)D were significantly
higher in patients with mild AD compared to those with moderate and severe AD.20
Furthermore, patients with AD who took an oral dose of 4000 I1U of vitamin D daily for 3
weeks had a significant increase in cathelicidin expression,?! suggesting that
supplementation with oral vitamin D could improve the innate antimicrobial protection in
patients with AD.

Systemic immunomodulatory agents

In severe AD, systemic steroids are usually effective, but should not be used for a long
period of time because of side effects. Therefore, systemic immunomodulatory treatments
should be considered instead. Consideration should be given to the specific potential side
effects attributable to the specific agent when selecting a treatment and monitoring

plan.15: 22 For example, cyclosporine A is an effective drug but has a narrow therapeutic
index. Patients receiving cyclosporine have to be monitored closely for alterations in blood
pressure and renal function. Azathioprine has a slow onset of action and myeolosuppression
is a major potential adverse effect. However, screening for thiopurine methyltransferase
activity before initiating treatment may identify those at high risk. Mycophenolate mofetil
has been used to treat AD in both adults and children and has a more favorable safety
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profile. Methotrexate has been shown to be effective in adult patients with AD but pediatric
clinical trial data is lacking. Liver toxicity and teratogenicity are its main adverse effects.
IFN gamma is known to antagonize the Th2 immune response and has the ability to decrease
blood eosinophilia. Flu-like symptoms are common adverse effects and limit the use of this
treatment clinically.

Phototherapy

Phototherapy is another useful treatment of chronic and recalcitrant AD. Narrow-band UVB
(peak: 331-313 nm), broadband UVB (280-320 nm), and UVA1 (340-400 nm) are
commonly used. Clayton et al, reported that of 60 children with severe AD (age range 4-16
year) who receiving narrow-band UVB treatment, 40% had complete clearance and 46% had
moderate to good improvement.23 Adverse effects include skin erythema, skin pain and
pruritus. Cutaneous malignancy and premature skin aging are potential long-term adverse
effects.

Allergen specific immunotherapy

Allergen specific immunotherapy (SIT) can be an effective treatment for AD associated with
allergen sensitivity. SIT can be administered subcutaneously (SCIT) or sublingually (SLIT).
Both SLIT and SCIT have shown promising results in reducing topical steroid use and
improving SCORAD scores in patients with AD.24 The safety and efficacy of sublingual
immunotherapy using aqueous preparations for subcutaneous administration has not been
established by the US FDA.25 Patients with a positive skin test and corresponding history of
AD exacerbations are good candidates for SIT.26 Recently, a meta-analysis by Jung Min
Bae provides the evidence for the efficacy of SIT for the treatment of AD. This study found
that SIT had significant positive effect on AD with odds ratio (OR) 5.35 (95% confidence
interval (Cl) 1.61-17.77). Moreover, patients with severe AD showed significant
improvement with SIT (odds ratio 6.42, 95%CI 1.31-7.48).27 Additionally, A multi-centre,
randomized dose—response, double-blind trial by Werfel et al?8 investigated SIT in 89 adults
with chronic AD and sensitized to house dust mite. The result showed that subcutaneous
immunotherapy with dust mite allergen extract administered weekly for 1 year was able to
improve eczema in sensitized patients and reduce the use of steroids. Adverse effects
included transient increase in serum IgE levels, transient eczema flares, increased risk for
anaphylaxis, and transient exacerbation of underlying atopic disease.

Biologic therapy

With greater understanding of the immunopathogenesis of AD, biologic therapies present a
promising therapeutic option. Omalizumab, an exogenous monoclonal anti-IgE antibody,
has shown efficacy in the treatment of severe asthma. To date, it has not been observed to
have significant clinical benefit in most patients with AD.2% Anti-TSLP is of great interest
and antagonists of TSLP are under investigation for patients with AD or asthma3? and
currently in Phase I clinical trials (clinicaltrials.gov). Treatments targeting IL31 are in Phase
I clinical trials, as well. Rituximab, a monoclonal anti-CD20 antibody, was demonstrated by
Simon et al.3! to improve skin symptoms in patients with severe AD when treated with 2
intravenous infusions of 1000 mg administered 2 weeks apart. However, Sediva et al,32
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found that treatment with 500 mg of rituximab administered intravenously twice over a 2-
week interval to patients with severe AD resulted in transient improvement followed by
deterioration. Additionally, the use of rituximab could lead to depletion of CD20*cells3?,
affecting immunoglobulin production, and increase the risk of infection. Recently, a
randomized, double-blind study led by Beck et al, showed efficacy of dupilumab, a
monoclonal antibody to the alpha subunit of the interleukin-4 receptor, in improving
symptoms of moderate-to-severe atopic dermatitis with few adverse events or infections.33
Although there is no approved biologic therapy for AD, these and other immune-targeted
molecules show promise for future therapeutic agents. Further studies will be needed to fully
understand the efficacy and safety of biologic therapy.

Conclusion

Atopic Dermatitis is an inflammatory skin condition which may have a chronic or
intermittent course. Many patients are effectively treated by using emollients in combination
with topical corticosteroids. However, severe AD may require the use of immunomodulating
systemic or topical therapy, as in the case presented, or advanced therapies such as
phototherapy and SIT. A variety of novel biologic agents that target pathogenic immune
molecules, such as anti-CD20, TSLP, and IL31 are currently being investigated. Advanced
understanding in the pathogenesis underlying this disease, briefly depicted in Figure 1, is
essential for developing new targets for effective treatments to improve the quality of life for
patients with AD.
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Figure 1.
Defective epidermal barrier in the pathogenesis of AD. A reduction in FLG, CLDN-1,

SPINKS5, and other injuries lead to increase permeation of allergen and increase trans-
epidermal water loss. Decreased antimicrobial peptides, like beta-defensins and cathelicidins
result in bacterial colonization. Activated DCs by TSLP from keratinocytes and by antigens
stimulate proliferation of Th2 cells. Th2 cells secrete inflammatory cytokines that worsen
AD severity. Mast cells, basophils, and eosinophils are induced by TSLP. Th17 cells secrete
IL17 and 1L22 that can cause epithelial hyperplasia. FLG: filaggrin, CLDN-1: claudin 1,
SPINKS5: Kazal-type serine protease inhibitor, TJ: tight junction, DC: dendritic cell, TSLP:
Thymic stromal lymphopoietin, Eo: eosinophil, Ba: basophil, Mast: mast cell.
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Table 1

Differential diagnosis of Atopic Dermatitis34:35

Diagnosis

Description

Seborrheic dermatitis

Red, shiny, relatively well-demarcated eruptions
typically involving the diaper area. The lower abdomen
and armpits may also be involved, and scalp scaling may
be present.

Discoid (nummular) eczema

Circular “cracked” areas of erythema 1 to 5 cm in
diameter are present initially on limbs, often with
secondary infection

Irritant contact dermatitis

Cumulative damage to the skin barrier from irritants
such as soaps and detergents is present. The clinical
appearance can be identical to that of atopic dermatitis,
but location at sites of maximal exposure.

Allergic contact dermatitis

hypersensitivity reaction exists after sensitization to
specific substances (e.g., nickel in jewelry, the rubber in
gloves)

Frictional lichenoid dermatitis

Shiny papules occur at elbows, knees, and backs of
hands, probably related to friction. The diagnosis may be
common, and may be more so in patients with atopic
dermatitis.

Scabies

Infestation may produce nonspecific eczematous
changes on the entire body. Burrows and pustules on
palms, soles, genitalia, and between fingers help to
establish diagnosis

Cutaneous T-cell lymphoma (Mycosis Fungoides)

Adult with history of eczema; diagnosis by biopsy

Zinc deficiency; acrodermatitis enteropathica

Infant with eczema that does not respond to steroid;
Periorificail rash; Necrotic areas around nose

Netherton syndrome

Dermatitis, scaly skin, with short, spiky, brittle hair or
“bamboo hair”

Immune deficiencies
Wiskott-Aldrich syndrome
Immunodysregulation, polyendocrinopathy,
enteropathy, X linked (IPEX syndrome)
Hyper IgE syndrome
Severe combined immunodeficiency (SCID)

Dermatitis, recurrent infection, and low platelet
Dermatitis, intractable diarrhea, diabetes, and
hypothyroid

Chronic eczema with impetigo

Dermatitis, failure to thrive, diarrhea, and life
threatening infections
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Treatments, actions, and adverse effects for atopic dermatitis15:22:36.37

Table 2
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Treatment

Action

Common adverse effect

Emollient, moisturizers

Avoidance of triggers

Topical corticosteroids

Topical calcineurin inhibitors

Vitamin D

Antihistamines

Bleach Bath
Topical/Systemic antibiotic

Immunomodulation agents

Systemic corticosteroids

Azathioprine

Cyclosporin A

Mycophenolate
Methotrexate
Alitretinoin

IFNgamma
Phototherapy

Narrow-band UVB (peak:
331-313 nm)

Broadband UVB (280-320
nm)

UVAL (340-400 nm)

Allergen Immunotherapy

Moisturize dry skin and help repair the defective skin
barrier

Prevent known allergic reactions

Anti-inflammatory response

Anti-inflammatory response, proactive treatment
(tacrolismus)

Improve cathelicidin production

Sedating effect aid in sleeping, decrease night-time
scratching and skin
excoriation

Decrease microbial load on AD skin, esp. S. aureus

Treat cutaneous bacterial, fungal, or viral infection

Anti-inflammatory response

Inhibit purine biosynthesis with anti-inflammatory
activity

Suppress inflammatory cytokine gene transcription
inT cells

Inhibit purine biosynthesis with immunosuppressive
activity

Inhibit purine and pyrimidine systhesis

Bind to retinoid and rexinoid receptors with anti-
inflammatory activity

Downregulate Th2 cell function

Anti-inflammatory response through inhibition of
langerhans cells and

Alteration of cytokine production. Antimicrobial
effects by reducing the

colonization of S. aureus.

Induce apoptosis/anergy of T cells and induces
immune-regulatory
responses and immune deviation towards Thl

No significant side effect

Straie and atrophy of the skin, rosacea,
suppression of the hypothalamic-
pituitary-adrenal axis

Burning sensation of the skin, facial flushing,
itching

Hypercalcemia,nausea, vomiting

Drowsiness, dizziness

No significant side effect

Depend on each drug's adverse effect

Abdominal discomfort, increase risk of infection,
suppression of the
hypothalamic-pituitary-adrenal axis

Myelosupression, elevated liver enzyme

Abdominal discomfort, hypertrichosis,
paresthesias,hypertension,
hyperbilirubinemia, renal impairment

Gastrointestinal symtomps (nausea, diarrhea),
leukopenia, thrombopenia

Nausea, elevated liver enzyme level
Headache, elevated TSH and serum lipid level

Influenza-like symptoms

Short term: skin erythema, pain, pruritus ,
pigmentation Long term:
premature skin aging and cutaneous malignanacy

Transient increase in serum IgE levels, transient
eczema flares, increase

risk for anaphylaxis reaction, or transient
exacerbation of underlying

atopic disease
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Table 3
Potency rating of topical corticosteroids3®
Potency (Group) Medication Sgﬁ?gg

Augmented betamethasone G.O
dipropionate 0.05% '
Clobetasol propionate 0.05% IE) sh,F.C, G,

Ultra high (1) Diflorasone diacetate 0.05% (0]
Fluocinonide 0.1% C
Flurandrenolide 4 mcg per m? T
Halobetasol propionate 0.05% C,0
Amcinonide 0.1% o
Augmented betamethasone Lc
dipropionate 0.05% ’
Betamethasone dipropionate 0.05% O

High (11) Desoximetasone C,G,0
Diflorasone diacetate 0.05% C
Fluocinonide 0.05% C, GO
Halcinonide 0.1% C, 0, So
Amcinonide 0.1%
Betamethasone dipropionate 0.05% C

Medium to high (I11)
Fluticasone propionate 0.005%
Triamcinolone acetonide 0.5% C,0
Betamethasone valerate CLF
Desoximetasone 0.05% C
Fluocinolone acetonide 0.025% C,0
Fluticasone propionate 0.05% C
Hydrocortisone butyrate 0.1% o

Medium (IV and V)
Hydrocortisone probutate 0.1% C
Hydrocortisone valerate 0.2% C,0
Mometasone furoate 0.1% CLO
Triamcinolone acetonide 0.025% C,L O
Triamcinolone acetonide 0.1% C,L0O
Alclometasone dipropionate 0.05% C, O
Desonide 0.05% G,COL,F

Low (VI)
Fluocinolone 0.01% C
Hydrocortisone butyrate 0.1% C

Least potent (VI1) Hydrocortisone 1%, 2.5% CLO

* C = cream; F = foam; G = gel; L = lotion; O = ointment; Sh = shampoo; So = solution; T = tape
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