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Introduction

immunologic factors all affect atopic dermatitis (AD) development as well as its clinical picture, degree of severity,

and course. In addition to the classic predictors of AD development such as family history and urban environment,
elevated transepidermal water loss in newborns has been found to be a strong predictor of AD, regardless of filaggrin (FLG) gene
status. In addition, recently recognized predictors of disease course and severity include onset of AD signs and symptoms before
12 months of age and the presence of FLG gene mutations and concomitant immunoglobulin E sensitization early in life.

The complex interactions between FLG gene defects and the environment continue to be a topic of great interest in the quest
to better understand the pathologic pathways in AD, including the initiation, maintenance, and promotion of this disease.

The result of research in the past decade has been the development of new and emerging clinical and pharmacologic strategies
for early identification and intervention in AD and other atopic diseases. These treatments focus on the blockade of inflammatory
cytokines, especially those that derive from T helper cell type 2. Among the proinflammatory cytokines that have been identified
as promising therapeutic targets are phosphodiesterase-4 and the interleukin-4/interleukin-13 receptor o chain. Two agents that
have been developed that address these two cytokines are crisaborole and dupilumab, respectively. Both of these agents have been
studied in phase III clinical trials, and publication of the results of those studies is expected in the near future.

The articles in this supplement provide updated information on the epidemiology, pathogenesis, diagnosis, and disease course
of AD, as well as the new and emerging treatments.

Numerous epidemiologic and clinical studies within the past decade have demonstrated that genetic, environmental, and
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Update on Epidemiology, Diagnosis,
and Disease Course of Atopic Dermatitis

Eric L. Simpson, MD, MCR,* Alan D. Irvine, MD,f Lawrence F. Eichenfield, MD,# and Sheila F. Friedlander, MD$

Abstract

Studies of the prevalence of atopic dermatitis (AD) have
provided insights info associated environmental risk factors,
demonstrating the complex interactions between the presence
of flaggrin (FLG) gene defects and environment. Among other
important findings is that elevated transepidermal water loss
(TEWL) in newborns is a strong predictor of AD, regardless of
FLG status. Recently recognized predictors of disease course
and severity include onset of AD signs and symptoms before
12 months of age and the presence of an FLG mutation and
concomitant immunoglobulin E sensitization early in life.
Semin Cutan Med Surg 35(supp5):584-S88

© 2016 published by Frontline Medical Communications
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ithin the past 5 to 10 years, the results of research

s’s/ regarding the epidemiology, diagnosis, and course
of atopic dermatitis (AD) have led to new insights in
understanding this disease. In turn, these new insights have
provided the necessary background for developing novel

prevention and management strategies.
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Environmental Risk Factors for AD—
Insights From Disease Prevalence Studies
AD is estimated to affect between 15% and 20% of chil-
dren in developed countries.! The evidence on adult AD
prevalence is less robust, with estimates ranging from 1% to
10%, depending on how AD is defined in the various studies
considered. Pediatric AD prevalence appears to be increasing
in developing countries, with a maximum prevalence of 20%
to 30% in some populations.>? The reasons for the increasing
prevalence of pediatric AD are unclear, but large-scale studies
suggest that several environmental factors may be responsible.

The first systematic, international investigation of AD prev-
alence from regions outside of Northern Europe came from
the International Study of Asthma and Allergies in Childhood
(ISAAC) in 1999.3 In ISAAC, Williams and colleagues noted
wide variations in AD symptom prevalence between and
within countries with similar ethnic groups, an observation
that led the authors to suggest that disease expression might
depend largely on environmental factors.?

The Urban/Rural Gradient

A number of studies from various countries and regions have
noted the increase in AD among populations worldwide, and
regional studies have suggested and supported the notion of
an urban/rural gradient in AD disease prevalence. Schram
and colleagues* performed a systematic analysis of 26 of these
studies to determine whether an urban/rural gradient could be
established, and concluded that “there is some evidence” of a
higher risk for AD in urban versus rural regions.

More recently, Wang et al’> noted that the increase in AD
among Taiwanese infants overall increased from 6.7% in 2005
to 7.9% in 2007; in Taipei, the 40th most populous urban area
in the world, the prevalence of AD among 6- to 7-year-old
children significantly increased over a period of about 13
years, from 23.9% in 1994, to 26.3% in 2002, and to 29.8%
in 2007. These authors observed that genetic variability in the
population could not have changed within this time frame and
proposed that “environmental factors are likely to be respon-
sible for the rise” in AD prevalence.

In another example, a cross-sectional study of preschool
children from Shanghai, China, showed an overall AD preva-
lence of 8.3%, with a significantly higher prevalence in the
core urban area (10.2%) than in the regions farthest from the
urban area (4.6%).°

The specific factors that may explain these increases in AD
prevalence, as well as the differences between prevalence in
urban and rural areas, have not yet been established. Some
studies suggest that exposure to microbes found in agricul-
tural environments protect the developing immune system
from T helper cell type 2 (Ty2) overactivity.”® McFadden and
colleagues® argue that early life low-dose chemical exposures
via epithelial and epidermal surfaces promote T2 responses.
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Thyssen and colleagues!® suggest a lack of ultraviolet (UV)
radiation exposure may be an additional factor contributing
to the rise in AD prevalence, given the beneficial effect of UV
radiation on epidermal functioning and inflammation.

More recently, Kathuria and Silverberg!' studied the corre-
lation between small-particle air pollution, climate, and
childhood eczema in a US population database of children
17 years of age and younger. The investigators considered
measurements of air pollutants and ozone levels from the
2006-2007 US Environmental Protection Agency report
and measurements of humidity, ultraviolet radiation index,
outdoor air temperatures, and precipitation levels from the
National Climatic Data Center. These investigators found
a number of statistical associations between these various
factors and AD, but further study is required to verify and
further characterize these findings.

Interactions Between Genetics and Environment
Patients who carry a filaggrin loss-of-function (FLG null)
mutation have been shown to have a greater than threefold
increased risk for developing AD,'>!* and both rare and
common FLG null mutations of various types have been iden-
tified in patients with AD worldwide. FLG mutations cause
a loss of FLG protein of at least 50%, leading to multiple
biophysical defections in skin barrier function, including
elevated pH, a disorganized stratum corneum, reduced lipid
content, and increased transepidermal water loss (TEWL).!4
However, not all children with an FLG defect develop AD,
and cohort studies are beginning to elucidate the complex inter-
actions between environment and FLG status. For example,
cat ownership enhances the detrimental effects of FLG muta-
tions, whereas dog ownership may be protective.'>'¢ Another
cohort study confirmed the importance of FLG in predicting
AD, but showed skin barrier dysfunction early in life (that

A. B.

v)
0
v

FIGURE Atopic Dermatitis: Age-Related Patterns of Involvement.

is, elevated TEWL at 2 days and 2 months of age) was the
strongest predictor of AD development, independent of FLG
status.'” These data suggest environmental factors affecting the
skin barrier, together with a person’s genetic profile, help deter-
mine the risk for developing AD. A similar study in a cohort of
Japanese infants also demonstrated that early TEWL is a strong
and independent predictor of AD.'3

Disease Presentation

Morphology

Morphologically, AD presents with the classic signs of
erythema, papulation, lichenification, excoriation, oozing, and
crusting. This classic presentation can vary in patients with
skin of color. For example, in darker skin types, lichenifica-
tion can resemble flat-topped lichenoid papules, and follicular
accentuation and hyper- and hypopigmentation are common.
In addition, a grayish-white discoloration (sometimes referred
to as “ashy” skin) is a manifestation of xerosis and, possibly,
ichthyosis vulgaris.

AD Configuration

In the classic configuration, AD presents as poorly demarcated
papules and plaques; however, AD also may have a well-
demarcated nummular configuration, resembling nummular
dermatitis. True nummular dermatitis, unrelated to atopic
disease, is uncommon in children.?

Age-Specific AD Distribution Patterns

In children, AD usually begins in the face, moves to the exten-
sors, and becomes more accentuated over time in the antecubital
and popliteal fossae (Figure). In adults, the face is commonly
involved, and periocular disease is common. It is unclear at this
time whether different patterns of distribution reflect differ-
ences in pathophysiology or prognosis, and/or whether different
patterns warrant a different therapeutic approach.

©

C.

A. In babies less than 2 years of age, the signs of atopic dermatitis (AD) first appear on the scalp, forehead, and face (typically, the cheeks), then
on the extensor surfaces of the extremities. B. In older children, AD is more accentuated in the flexural folds: the nape of the neck, the antecubital
popliteal fossae, and the wrists and ankles. C. In adults, the pattern of distribution commonly includes the face, often with periocular involvement,

the hands, and the flexural areas of the neck, arms, and legs.
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Recently, Werfel and colleagues® described a subtype of
AD in adults that is characterized by a worsening of derma-
titis provoked by environmental allergens. These authors
reported that exposure to pollen was associated with exacerba-
tion of eczema in the head and neck areas. To date, no clinical
trials have identified any specific therapeutic approach for this
subset of patients that varies from the strategies currently in
routine use. Some weak evidence suggests that oral antifungal
agents could be helpful in a subset of adult patients with
predominant head and neck involvement, as Malassezia has
been hypothesized to play a role in this presentation.?!

Clues to Consider a Differential Diagnosis

The differential diagnosis of AD is well known to pediatric
and dermatology health care providers (Table). This list is
important to consider in patients with a lesion morphology
or distribution that is not typical for AD, in patients who do
not respond to treatment, in those with a history of significant
infections, and in cases of failure to thrive.

Disease Severity

In the majority of children, AD is mild; according to data from
population-based surveys, up to one-third of parents report
moderate to severe signs and symptoms in their children with

TABLE Differential Diagnosis of Atopic Dermatitis

Autosomal recessive hyperimmunoglobulin E syndrome
(AR-HIES)

Benign cephalic histiocytosis

Contact dermatitis
(irritant or allergic; consider bathing products, moisturizers)

Cutaneous T-cell ymphoma

Immunodysregulation, polyendocrinopathy, enteropathy,
X-linked (IPEX) syndrome

Langerhans cell histiocytosis

Netherton syndrome
(severe erythroderma, failure to thrive)

Nummular dermatitis

Psoriasis
(rash in napkin distribution, which is not typical for atopic dermatitis)

Pediatric herpes simplex virus infection

Scabies
(papular and nodular, affecting palm and sole)

Seborrheic dermatitis
Severe combined immunodeficiency (SCID)

Staphylococcus aureus infection

Wiskott-Aldrich syndrome
(bleeding disorder, low platelet count)

Zinc deficiency

AD. The severity of AD in older children and adults has long
been thought to be greater than that in young children, but
data to support this view are lacking.

The factors that determine disease severity are unclear, but
existing data indicate that early age of onset—that is, onset of
signs and symptoms before 12 months of age—is a relatively
strong predictor of severe AD.?? Other important predictors
that have become recognized are the presence of an FLG muta-
tion and concomitant immunoglobulin E (IgE) sensitization
early in life.

Disease Course
Although most large birth cohort studies reveal that the
majority of children with AD do not have disease persisting
into adulthood, the true relapsing and remitting course of the
disease is difficult to capture accurately in large studies. At
least a subset of individuals in cohort studies whose disease
“remits” likely have a persistent atopic tendency which, later
in life, manifests intermittently with signs and symptoms. This
group includes adults who are defined as having “sensitive
skin,” but because they may not have had active eczematous
signs and symptoms, they are not diagnosed with adult AD.
Recently, Margolis and colleagues®® found that symptoms
of AD actually may persist longer than previously thought.
Their analysis of a registry of children with mild to moderate
diseases showed that 50% of patients continued with symp-
toms of AD until 20 years of age.

Comorbidities

The course of AD is not defined solely by the inflammatory
skin disease but also includes a high likelihood of associated
comorbidities. Several comorbidities for AD are traditionally
recognized, including the so-called allergic comorbidities—
allergic asthma, allergic rhinitis, and food allergy. Children
with AD have at least a twofold increased risk for these
comorbidities.’* The risk for developing comorbidities—
and the severity of those associated conditions—appears to
correlate directly with the severity of the skin disease.?*

Emerging Views on Food Allergy in Patients With AD
Food allergies are the most common allergies in children
with AD, most commonly involving cow’s milk, chicken eggs,
peanuts, wheat, soy, nuts, and fish.>>?° In a large, retrospective
population-based study in the United States, the prevalence of
food allergy has been reported to be slightly greater than 15%
in patients with AD.?*?’ In moderate-to-severe childhood AD,
the incidence of food allergy is approximately 35%.% Previous
guidelines for preventing food allergy recommended avoidance
of antigenic foods in high-risk populations. However, epidemio-
logic studies from Lack’s group® found a lower level of peanut
allergy in populations who had early exposure to peanuts.

An important advance in understanding the development
of peanut allergy, specifically, in patients with AD, came
from the Learning Early About Peanut Allergy (LEAP)
study, a randomized controlled trial of the early introduc-
tion of peanuts in children at high risk for developing food
allergy.®® Young children with either an egg allergy or severe
AD comprised the population identified for LEAP. In this
study, children were randomized to one of two groups: peanut
consumption at 4 to 11 months of age or peanut avoidance.
(Children who had demonstrated skin prick wheal sizes
greater than 4 mm were excluded from enrollment.) At 5 years
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of age, the children were tested for food allergy by oral food
challenge. The investigators found a significant reduction in
food allergy in the early consumption group. As a result of
the LEAP study findings, several groups of investigators are
studying whether broad-scale population interventions may be
appropriate to decrease the risk for peanut allergy.

For children at highest risk for developing food allergy, clin-
ical guidance on intervention incorporating these new findings
has led an interim guidance document on feeding of peanuts.’!
Based on the findings in these studies, an expert panel
convened by the National Institute of Allergy and Infectious
Diseases (NIAID) is revising the previously published guide-
lines. The revised guidelines are expected to address whether
children with severe AD and/or egg allergy should be consid-
ered for early peanut feeding. Because patients with very high
skin prick reactivity were excluded from the LEAP study,
data suggest that it may be appropriate to screen infants with
severe AD for IgE reactivity using either serum IgE and/or
skin prick testing. It is likely that the revised NIAID guide-
lines will provide detailed recommendations for regular peanut
exposure to try to minimize the development of peanut allergy
in these patients.

Additionally, it did not appear that AD was affected differ-
entially in the two groups in the LEAP study patients—that
is, the course of AD did not seem to be affected whether
patients had been fed or avoided peanuts. This finding
provides support for abandoning the traditional notion that
avoidance of certain foods based on specific IgE or skin prick
testing without clinical correlation improves AD, or that
ingesting certain foods necessarily exacerbates the disease.

AD and Infectious Diseases

It is widely known that patients with AD have an increased
risk for skin infections, primarily with Staphylococcus organ-
isms.”?> Microbiome studies have confirmed that AD flares are
associated with Staphylococcus aureus colonization, and also
have demonstrated that AD flares are associated with changes
in microbiome diversity.’*** Although patients with AD are
not necessarily at high risk for infection, they may have a
tendency to demonstrate more severe infections with herpes-
viruses, human papillomaviruses, molluscum contagiosum
virus, and Malassezia species.’® One avenue of insight into
these more recent observations about herpetic infections, in
particular, comes from Atopic Dermatitis Research Network
(ADRN) investigators, who have published human clinical
studies suggesting the possibility of a genetic predisposition for
eczema herpeticum through variations in gene-regulating and
interferon pathways.

Association Between AD and Obesity

The association between AD and obesity was suggested by
observational studies of worldwide increases in both AD and
obesity.’73 In a retrospective, practice-based, case-controlled
study, Silverberg and colleagues® reviewed the randomly selected
records of 414 children and adolescents (age range, 0 to 21 years)
with AD and 828 age-matched controls. They concluded that
children were more predisposed to AD when obesity started
before 2 years of age and when it was prolonged for more than
2.5 years. They also noted that obese children had more severe
AD. Another retrospective, case-controlled study, in an adult
population of 2,090 patients in an allergy clinic, showed that
the prevalence of AD was higher in obese patients; it was not

increased in obese patients with asthma, allergic rhinoconjuncti-
vitis, or food allergies without concomitant AD.4°

More robust evidence of the AD/obesity association
came from cohort of Irish children in which the PEA POD
whole-body plethysmography device*! was used to determine
body composition in newborns.*> The babies with a higher
percentage of body fat had a higher rate of AD, beginning
early in life.

In addition, Zhang and Silverberg® published the results
of a systematic review and meta-analysis of literature exam-
ining the AD/obesity relationship. They found that the
association was significant in North American and Asian
populations but not in Europeans.

Future large-cohort, prospective studies are required to
confirm both the AD/obesity association and the possibility
that weight control, beginning at an early age in patients with
AD, may help to mitigate or reverse AD symptoms.

Other AD Comorbidities

Evidence is emerging on the role of AD in the development
of psychosocial and mental health comorbidities in both
children and adults. Some studies suggest that such AD
comorbidities may include attention-deficit/hyperactivity
disorder, autism, anxiety disorder, and depression.* Further
studies using strict definitions are required to firmly estab-
lish the relationship between mental health diagnoses and
AD. Itching and sleep loss may lead to a premature diagnosis
of a mental disorder that is purely transient in nature and
resolves with adequate control of the skin disease.

In addition, associations between AD and a number of
other conditions have been reported in some databases; these
include hypertension, cardiovascular disease, rheumatoid
arthritis, osteoporosis, fractures, dental problems, alopecia
areata, vitiligo, and a propensity for falling.*4> However,
replication of these findings is required in long-term, longitu-
dinal studies before any of these associations can be further
considered as true comorbidities of AD.

Conclusion

AD is a complex disorder involving skin barrier function abnor-
malities and skin inflammation. Given the urban rural gradient
identified from epidemiologic studies, studies are under way
on the role in AD development of environmental factors such
as early microbial exposures and environmental pollutants.
Interest in the prevalence, causes, and prevention of atopic and
nonatopic comorbidities also is increasing.

Studies such as the LEAP study reveal that epidemiologic
findings can provide the impetus for randomized controlled
trials that help guide clinicians in patient care. For example,
promoting early food antigen exposure rather than food avoid-
ance may dramatically reduce the burden of food allergy in
patients with severe AD. Future studies on the epidemiology
of AD will focus on better defining the natural course of the
disease, better understanding of the associated comorbidities,
and testing novel approaches to disease prevention.
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Review of Critical Issues in the
Pathogenesis of Atopic Dermatitis
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Abstract

About a decade ago, loss-of-function mutations in the filag-
grin molecule were first implicated in the pathogenesis of
ichthyosis vulgaris and, subsequently, of atopic dermatitis
and other atopic diseases. Since then, intensive study of the
role of filaggrin null mutations have led to other milestones in
understanding the pathologic pathways in these diseases,
including the initiation, maintenance, and promotion of the
disease processes. The result has been new and emerging
clinical and pharmacologic strategies for early identification
of and infervention in atopic diseases.
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involved in the propensity for and clinical expression
of atopic dermatitis (AD) have led to modifications of
treatment strategies as well as new and emerging therapies.

Genetics and AD

In a recent paper, Paternoster and colleagues' described the
results of the largest AD genetics study to date, a meta-analysis

Recent findings in the pathophysiologic mechanisms
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of studies from European, African, Japanese, and Latino popu-
lations. More than 15 million genetic variants were involved
in 21,399 patients with AD and 95,464 controls. Previously,
21 genetic susceptibility loci had been described in AD; this
group identified an additional 10 AD risk loci, including
genes involved in innate host defenses, T-cell function, and
autoimmunity.

Although filaggrin (FLG) loss-of-function mutations are the
strongest and best-replicated genetic links to AD worldwide
(outside of Africa), the specific FLG mutation spectrum has
been found to differ among populations. In the Han Chinese
population of Singapore,? at least 25 mutations have been
found. In contrast, in Europe, five mutations account for 95%
of all FLG mutations. About I in 10 individuals of European
ancestry carry one FLG null mutation, meaning that such indi-
viduals have only about half of the normal FLG protein in
their skin, resulting in dry skin and/or ichthyosis vulgaris and
a high risk for AD. In addition, about 1 in 400 individuals of
European ancestry carry two FLG null mutations, meaning
that such individuals have no FLG protein in the skin and
have severe ichthyosis vulgaris and a very high risk for AD.?

Studies of specific populations show that genetic defects
in the epidermis and the development of atopic diseases are
not limited to FLG mutations. For example, FLG mutations
are uncommon in African populations. A study of 100 amaX-
hosa children in South Africa with severe AD and ichthyosis
vulgaris symptoms revealed no FLG mutations.* A similar study
in Ethiopia showed one child with an FLG mutation among
75 studied.® African Americans are a poorly studied popula-
tion with respect to AD genetics; however, FLG mutations that
are identified in African Americans with AD are the same as
those seen in European populations (about 25% of the African
American genome is European).®

In another study, immune-mediated skin inflammation was
found to be similar in severe AD in patients with and without
an FLG mutation.” Furthermore, FLG protein is secondarily
downregulated in severe AD,® through mechanisms that are
not yet fully understood, although multiple cytokines are
likely involved.®

Environmental Factors and Immunity
Several new, key findings in immunology research in the past
5 to 10 years hold promise for clarifying the complex mecha-
nisms involved in AD pathophysiology.

Disruption of the skin barrier activates the adaptive
immune alarm system; several cytokines have been identified
in this process, including interleukin (IL)-33, thymic stromal
lymphopoietin (TSLP), IL-25, toll-like receptors, and other
inflammasome-activating signals. In genetically susceptible
individuals, downstream activation of adaptive immunity
results in expression of AD symptoms.
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Food Allergy in Patients

With Atopic Dermatitis

The association between food allergy and severe
atopic dermatitis (AD) has long been recognized,
and the conditions coexist in approximately one-
third of children.! In an international study of more
than 2,100 children with active AD who came
from families with atopic disease histories, Hill and
colleagues? showed that early onset of severe
AD in infancy was associated with a high risk for
immunoglobulin-E (IgE) food sensitization, which is
commonly associated with food allergy. As shown
in the figure below, children who had severe AD in
the first year of life had a high risk for food allergies,
especially to cow’s milk, eggs, and fish.

10U~

M Cow's milk
M Egg
M Fish

Incidence of AD in First Year of Life

Food

FIGURE Risk for Food Allergy Among Infants With Severe AD.

AD=atopic dermatitis.
Source: Hill et al.?

With the identification of, and increased research
inferest in, the presence of filaggrin (FLG) loss-of-
function mutations in AD, a similar mechanism was
hypothesized for food allergy. Brown and colleagues?®
demonstrated that FLG loss-of-function mutations are
strongly associated with IgE-mediated peanut allergy,
an association that remained statistically significant
in their study even after the investigators controlled
for coexistent AD.

Addifional research is required to further explore
the association between AD and food allergy.
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Another important advance was the discovery of type 2
innate lymphoid cells (ILC2s), “first responders” in the skin.
In 2010, several groups simultaneously described what were
then called nuocytes, found to secrete IL-13.1° Later, ILC2s
also were found to secrete IL-25, another key cytokine.!

More recent data demonstrate that the populations of
ILC2s expand massively in the skin of individuals with AD,
as well as in those with asthma and nasal polyposis. Saunders
and colleagues'? further characterized the role of ILC2s in
the diseases of the atopic march. This group found that mice
deficient in FLG developed a skin inflammation analogous
to AD (and driven by innate immunity), then later developed
compromised lung function (a process resulting from adap-
tive immunity). These researchers demonstrated that, in the
absence of the development of adaptive immunity, FLG-
deficient mice had spontaneous, AD-like skin inflammation
but did not progress to compromised lung function.

Recently published work by Jarrett and colleagues'?
focusing on ILC2s has further elucidated the role of CDla.
CDla-positive cells in the skin have been shown to be down-
regulated by FLG; withdrawal of FLG immune suppression
results in CD1a control of the inflammatory process. In addi-
tion, this article shows that the house dust mite allergens
(Der pl and Der p2) drive CD1. This work reveals both an
additional pathophysiologic mechanism and another poten-
tial therapeutic target. (Currently, CDla antibodies are
available, but their use is limited to resistant Langerhans cell
histiocytosis.'4!®) Although much remains to be understood,
the importance of interactions between an “alarmed” skin
barrier leading to ILC2 activation and expansion within the
skin—with expression of IL-13 and subsequent recruitment
of activated T cells, leading to further IL-13/IL-4 expression—
is emerging as a driving pathway in this disease. Analysis of
the transcriptome in AD using mRNA arrays have shown
the relevance of IL-17 in chronic AD lesions, an effect seen
particularly strongly among Asians with AD.!¢

The concept of cutancous lymphoid stress was demon-
strated by Strid and colleagues'’ in a mouse model. These
investigators showed that stressing the skin barrier and
applying an allergen simultaneously triggers a T helper
cell type 2 (Ty2) response. The imbalance in T-cell subsets
in AD—predominantly Ty2—results in expression of 1L-4,
IL-5, and IL-13, as well as so-called “pruritus-specific” cyto-
kine IL-31."8 In patients with chronic AD, Ty2 activation
persists, but activation of Tyl cells also occurs. T2 cytokines
downregulate expression of epidermal differentiation proteins
(including FLG) as well as lipids.

New Insights and Emerging Treatments
Newer and emerging treatments are targeted toward various,
specific aspects of inflammation.

In a seminal study on the topic, Hanifin and colleagues!?
described increased phosphodiesterase (PDE) activity in
patients with AD. Increased PDE was demonstrated in periph-
eral blood leukocytes of individuals with AD compared to
normal controls. PDE, localized in macrophages, lympho-
cytes, and neutrophils, has been shown to decrease cyclic
adenosine monophosphate ((AMP), causing a generalized
overexpression of many proinflammatory cytokines. This
led to the proposal that PDE-4 inhibition might be anti-
inflammatory and to the development of the topical boron-
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based small molecule PDE-4 inhibitor, crisaborole; phase III
trials of this agent have been completed, and publication of
the results are pending.

The oral PDE-4 inhibitor apremilast was evaluated for
the treatment of AD in a pilot study, with good results; it
also is being evaluated in clinical trials. Apremilast currently
is approved for the treatment of moderate to severe plaque
psoriasis. The IL-12/IL-23p40 antagonist, ustekinumab, also
currently approved for the treatment of moderate to severe
plaque psoriasis as well as psoriatic arthritis, is being investi-
gated in AD. In addition, one case report has been published
on the use of this agent for severe, refractory AD in an adoles-
cent patient.?!

The results of phase II trials with another new agent, dupi-
lumab, showed promising results,?” and the results of recently
completed phase III trials are pending publication. Dupilumab
targets the IL-4 and IL-13 receptor o chain.

With the goal of providing an improved treatment for
managing AD-associated pruritus, an IL-31 receptor antago-
nist, nemolizumab, is being evaluated in phase II clinical trials;
an IL-31 antagonist is in an earlier stage of development.
Other pharmacologic targets currently being investigated
include inhibitors of TSLP, chemoattractant receptor-homol-
ogous molecule expressed on Ty2 cells (CRT2), IL-13 alone,
IL-22, and immunoglobulin E. Further discussion of these
agents and other new and emerging therapies for AD can be
found in the article on the next page.

Conclusion

Numerous studies within the past decade have provided valu-
able insights into the pathophysiology of AD and the other
diseases that comprise the triad known as the atopic march.
In AD, the existence of a skin barrier abnormality has been
implicated, but genetic, environmental, and immunologic
factors combine to create a complex and heterogeneous clin-
ical picture of onset of the disease, as well as its severity and
course. It is clear that skin barrier events are important in AD
pathogenesis; it is becoming evident that correct identification
of a barrier defect early in life may alter the natural course
of AD and perhaps related phenotypes as well. Once AD
develops, a number of secondary immunologic events, which
maintain and promote the disease, are likely targets for phar-
macologic intervention.
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Assessing the New and Emerging Treatments
for Atopic Dermatitis

Lawrence F. Eichenfield, MD,* Sheila F. Friedlander, MD,T Eric L. Simpson, MD, MCR# and Alan D. Irvine, MD$

Abstract

The newer and emerging freatments for atopic dermaitis
(AD) focus on blockade of inflammatory cytokines, espe-
cially those that derive from T helper cell type 2 (T42) and
are associated with a pathway of immunoglobulin E (IgE)
sensitization. Among the proinflammatory cytokines that
have been identified as promising therapeutic targets are
chemoattractant receptor-homologous molecule expressed
onT,2 cells (CRT,2), IgE, thymic stromal lymphopoietin (TSLP),
and several monoclonal antibodies that block key cytokine
pathways in the innate immune response. Two agents that
have been studied in phase Il clinical trials are the boron-
based phosphodiesterase-4 (PDE-4) inhibitor, crisaborole, and
dupilumab, an antibody that inhibits the interleukin-4/IL-13
receptor oo chain.
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decade providing newer insights on the pathophysi-
ology of and immunologic factors involved in atopic
dermatitis (AD). Research has demonstrated that AD is a

S large body of work has been published within the past
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disease of both skin barrier dysfunction and T helper cell type 2
(Ty2)—driven inflammation, and that it is commonly associated
with other atopic diseases, including food and respiratory aller-
gies (Figure). These insights have been used as the foundation for
more recent work to explore improved strategies for prevention,
early intervention, and amelioration of AD.

Early Therapy and AD Prevention

Research has shown that the skin barrier is an important
site for both the initiation of AD and allergic sensitization
to protein antigens.! A wide range of potential preventive
measures have been explored, with varying results. One AD
prevention strategy that is supported by convincing evidence
is enhancement of the skin barrier beginning in infancy.

Consistent with pathogenesis studies showing that increased
transepidermal water loss (TEWL) in infancy is associated
with an increased risk for AD, a preliminary study—called the
Barrier Enhancement for Eczema Prevention (BEEP) study—
was conducted to determine the feasibility of performing an
early intervention study of emollient use in high-risk patients
that would begin in infancy.”> The primary endpoint of the
feasibility study was to determine whether families would
be willing to have their children randomized to a group that
received no emollient application (unless the child’s skin
was clinically dry) or to an intervention group. Infants in
the intervention group were to receive daily applications of
topical emollients, starting at 3 weeks of age and continuing
throughout the duration of the study.

In addition to determining that 42% of families agreed to
be randomized, the team also collected data on the develop-
ment of AD in both the intervention and control groups.
Although this was a small sample size and the study was
not designed to determine AD prevention or safety of daily
emollient use, the investigators reported a large reduction in
risk for AD development in the emollient group. In addition,
they found that emollients were well tolerated, and no differ-
ences in adverse events were noted between the emollient and
no emollient groups.

Other authors also have reported beneficial results from
use of emollients beginning in infancy.>* These findings have
prompted the launch of larger trials in both the United States
and the United Kingdom. If these studies confirm the effi-
cacy and safety of emollient therapy, this simple and low-cost
intervention has the potential to reduce the global burden of
allergic diseases.

New and Emerging Therapies for AD

The rationale for the development of new and emerging
treatments for AD is the blockade of known inflammatory
mediators. To date, the cytokines that have been identified as
important in AD are those that derive from T2 cells, namely
interleukin (IL)-4, IL-5, and IL-13, which are associated with
increased production of immunoglobulin E (IgE) and, subse-
quently, IgE sensitization. However, the clinical efficacy of
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blocking a specific cytokine or other inflammatory mediator
must be tested for each molecule. For example, although tumor
necrosis factor (TNF) is expressed in skin and bone cells, TNF
blockade has not been shown to be effective in established
AD.> However, several proinflammatory molecules involved
in AD that have been identified as promising therapeutic
targets include phosphodiesterase-4 (PDE-4), chemoattrac-
tant receptor-homologous molecule expressed on T2 cells
(CRTy2), IgE, thymic stromal lymphopoietin (TSLP), and
several monoclonal antibodies that block key cytokine path-
ways in the innate immune (Ty2) response, including IL-4/
IL-13 receptor o chain, IL-13 alone, IL-22, and IL-31.

Although a number of novel agents for the treatment of AD
currently are in development, this article addresses in depth
only those for which phase III studies have been completed or
are nearing completion, and briefly discusses several agents
that are being tested in phase II clinical studies (Table).

PDE-4 Inhibitors

Since 1996, research has shown that PDE activity is increased
and intracellular cyclic adenosine monophosphate (cAMP)
levels are decreased in the peripheral blood leukocytes of
patients with AD.® The goal of inhibiting PDE is to increase
intracellular cAMP levels and reduce cytokine mediator
release. Both topical and systemic PDE-4 inhibitors have been
investigated for the treatment of AD.

A topical PDE-4 inhibitor, crisaborole, integrates a boron
ring into the cyclic structure of this agent. This low-molec-
ular-weight compound effectively penetrates skin and accesses
target cells. The addition of boron is thought to increase
stability and have an impact on the target-binding capacity
and selectivity of crisaborole.

351
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Boron is a chemical element present in high concentrations
in common foodstuffs (including chickpeas, almonds, beans,
and apples); the skin absorption levels of boron are similar
for crisaborole and dietary intake of boron-containing foods.

In an open-label phase Ila study, Tom and colleagues’
studied the safety, tolerability, and pharmacokinetic profile
of crisaborole topical ointment 2% in 23 adolescents, 12 to 17
years of age, with AD lesions involving between 10% and 35%
body surface area (BSA). The patients applied the ointment
twice daily to affected areas, for a total of 28 days.

One patient discontinued the study because of application
site dermatitis. Application site pain (in three patients) and
nasopharyngitis (in three patients) were the most commonly
reported adverse events; 19 adverse events were reported in 10
patients. The efficacy measures were mean Investigator’s Static
Global Assessment (ISGA) score and AD sign and symptom
severity score. Assessment at day 29 showed that eight patients
(35%) had achieved an ISGA score of 1 or lower, with at least
a 2-grade improvement; the mean treatable BSA in the study
population was reduced to 8.2% from a baseline of 17.6%.
Blood samples for pharmacokinetic study were collected on
days 1, 2, 4, 6, 8, and 9; no significant drug-related laboratory
abnormalities were seen, and minimal serum levels of crisab-
orole were reported.

In another phase Ila study,® two comparable target lesions
were treated in adults with mild to moderate AD. The
patients were randomized in a double-blind assignment to
apply either crisaborole ointment 2% or vehicle twice daily
for 28 days to one of the two target lesions. The primary
efficacy endpoint was a change from baseline in the Atopic

Asthma
M Eczema or skin allergy
M Respiratory allergy

Food Allergy

No Food Allergy

FIGURE Comorbid Food Allergy and Asthma, Eczema or Skin Allergy, or Respiratory Allergy in Previous 12 Months

Among Children <18 Years of Age (%)

According to datfa reported by the National Center for Health Statistics, a National Health Interview Survey of about 9,500 children <18
years of age showed that an estimated 3 million (3.9%) reported having a food allergy within the past 12 months.These data, collected
over a 10-year period (1997-2007), showed that children with food allergy are two to four times more likely fo have related comorbidities
such as asthma and other allergies. Approximately 27% of children with food allergy reported having atopic dermatitis or skin allergy; 8% of
children without food allergy had such comorbidities. More than 30% of those with food allergy also had a respiratory allergy; 9% of children
without food allergy had a respiratory allergy. The data also showed that children <5 years of age had higher rates of reported food allergy
compared with those between 5 and 17 years of age, with boys and girls having similar rates of food allergy.

Source: Branum AM, Lukacs SL. Food allergy among U.S. children: Trends in prevalence and hospitalizations. NCHS data brief, no 10. Hyattsville, MD:

National Center for Health Statistics. 2008.
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TABLE New and Emerging Treatments for Atopic Dermatitis: Agents in Phase Il or Phase Il Clinical Trials

Compound Mechanism of Action Route of Administration
Currently in or completed phase lll trials

Crisaborole PDE-4 inhibition Topical

Dupilumab IL-4/1L-13 receptor a-chain antagonism SC injection

Currently in or completed phase Il trials

Apremilast PDE-4 inhibition Oral

Fevipiprant (QAW039) CRT42 antagonism Oral

ILV-094 IL-22 antagonism IV infusion

Lebrikizumab IL-13 antagonism SC injection

Ligelizumab (QGE031) IgE antagonism SC injection

Nemolizumab (CIM331) IL-31 receptor antagonism SC injection

OPA-15046 PDE-4 inhibition Topical

Q301 CRT42 antagonism Topical

Tezepelumab (AMG157) TSLP antagonism IV infusion

Tralokinumab IL-13 antagonism SC injection

Ustekinumab IL-23 p40 antagonism SC injection

CRTy2=chemoattractant receptorhomologous molecule expressed on Ty2 cells; IgE=immunoglobulin E; IL=interleukin; PDE=phosphodiesterase;
SC=subcutaneous; Ty2=T helper cell type 2; TSLP=thymic stromal lymphopoietin.

Sources: ClinicalTrials.gov. Lauffer F, Ring J. Target-oriented therapy: Emerging drugs for afopic dermatitis. Expert Opin Emerg Drugs. 2016;21:81-89.
E/(l:czirr; Lgrf:pies in Development; National Eczema Association. hitps://nationaleczema.org/research/phases-drug-development. Accessed

Dermatitis Severity Index (ADSI) score at day 28. At day 28,
17 of the 25 patients who received the study medication (68%)
had a greater decrease in the ADSI score in the crisaborole-
treated lesion than in the lesion treated with vehicle only;
5 patients (20%) had a greater decrease in the ADSI score in
the vehicle-treated lesion than in the crisaborole-treated lesion.
Three patients (12%) reported local application site reactions.
No serious or severe adverse events were reported, and no
patient discontinued the study because of an adverse event.

Two phase 111, pivotal trials of crisaborole ointment 2%
have been completed, involving a combined total of more
than 1,000 patients treated with the study medication and
more than 500 patients in vehicle groups. The average age
of the patients in these studies was 12 years (range, 2 to 80
years of age). About one-third of the enrolled patients had
mild AD and two-thirds had moderate AD; the mean BSA
was about 20%.

The primary endpoint for treatment success (clear or almost
clear skin plus two grades of improvement, with a statistically
significant difference between the active-treatment and vehicle
groups) was met in both phase III trials. An early separation
of crisaborole versus vehicle response was seen as early as day
8, with a continued separation of response observed during
the course of the study. The improvements in the different

objective signs of eczema were statistically significantly supe-
rior to the vehicle.

Treatment-emergent events, reported in about 11% of
patients, included AD, application site pain, and, in a small
percentage of patients, application site infection.

To date, long-term safety data that have been collected
for 1 year—filed after completion of the phase III studies—
appear to show that crisaborole has good tolerability and
a low level of adverse events. Application site pain was
observed, consistent with what was seen in the phase I1I
studies. No significant adverse events were reported that
were considered to be treatment-related. Importantly, no
evidence of atrophy, telangiectasia, or hypopigmentation has
been seen to date with the use of topical crisaborole oint-
ment 2%. Other topical PDE-4 agents currently are in earlier
stages of development.

The oral PDE-4 inhibitor, apremilast, currently approved
by the US Food and Drug Administration (FDA) for the
treatment of psoriasis, was studied in two open-label phase I1
trials to examine whether PDE-4 blockade could mediate the
inflammatory cycle in AD. In one proof-of-concept study of
10 patients with either AD or contact dermatitis, the investiga-
tors found the medication to be safe, but efficacy results were
described by the authors as “minimally effective.” In a second
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study, Samrao and colleagues!® found promising results on
clinical measures of efficacy; on gene ontology analyses, the
investigators documented beneficial treatment-related altera-
tions in immune response compared to baseline. A phase 11
multicenter, randomized, double-blind, placebo-controlled,
parallel-group efficacy and safety study of apremilast in
patients with moderate to severe AD was completed in
February 2016; results have not yet been published.

Anti-Interleukin-4 Receptor o-Chain Antagonist
Dupilumab, a subcutaneously administered anti-IL-4R o anti-
body, inhibits both IL-4 and IL-13 signaling by inhibiting the
IL-4 receptor o subunit. This agent has shown promising results
in a broad set of phase I and II studies in adults with AD.

Thagi and colleagues'' conducted a randomized, placebo-
controlled, dose-finding, 16-week, phase IIb trial testing
changes in both dose and frequency of administration. A total
of 380 patients with moderate to severe AD whose symptoms
were not adequately controlled with topical medications were
randomized into six groups to receive 300 mg dupilumab every
week (n=64), every 2 weeks (n=63), or every 4 weeks (n=65); or
200 mg every 2 weeks (n=61); 100 mg every 4 weeks (n=65),
or placebo (n=61); 379 patients received at least one dose of
the study drug.

The Eczema Area and Severity Index (EASI) at week 16
showed a 73% improvement in the high-dose group (ie, 300 mg
per week) versus 18% improvement in the placebo group, a
significant improvement (£<0.0001). However, lower doses also
resulted in statistically significant improvements (P<0.0001
for all active-treatment groups) over placebo, although with
proportionately lower percentages of EASI improvements.
At the lowest dosage—100 mg every 4 weeks—EASI improve-
ment was 44%.

Similar rates of treatment-emergent adverse events were
seen in the dupilumab and placebo groups: 81% versus 80%,
respectively; serious treatment-emergent adverse event rates
were 4% in the dupilumab group versus 7% in the placebo
group. The number of infectious adverse events was low in
both the active-treatment and placebo groups. However,
herpes simplex virus infections were seen in 26 of 318 patients
(8%) in the dupilumab group and in 1 of 61 patients (2%) in
the placebo group.

Two phase III, 16-week trials of dupilumab in patients
with mild to moderate AD have been completed, and topline
results have been announced by the manufacturer. The studies,
LIBERTY AD SOLO 1 and LIBERTY AD SOLO 2, identical
in design, involved a total of 1,379 patients whose AD was
not adequately controlled with topical agents or who were not
candidates for topical medication.

The enrollment criteria included a score of 3 or 4 on the
S-point Investigator’s Global Assessment (IGA) scale (0=clear
to 4=severe); patients also were assessed at baseline using
EASI and other measures of AD. Patients were randomized
to receive dupilumab, 300 mg once weekly; dupilumab, 300 mg
every 2 weeks; an initial loading dose of 600 mg of dupilumab,
followed by placebo for 16 weeks; or placebo.

In the 300 mg/week dupilumab groups in SOLO 1 and
SOLO 2, 37% and 36% of patients, respectively, achieved IGA
scores of 0 or 1 (clear or almost clear); in the groups who
received 300 mg every 2 weeks, IGA 0 or 1 was achieved in
38% and 36%, respectively. In the placebo groups in SOLO

1 and 2, IGA 0 or 1 was seen in 10% and 8.5% of patients,
respectively (P<0.0001 for these treatment- vs placebo-group
comparisons).

Improvements over baseline in EASI were 72% and 69%,
respectively, in patients who received dupilumab, 300 mg per
week, in SOLO 1 and 2. EASI improvements were 72% and
67%, respectively, in patients who received dupilumab, 300 mg
every 2 weeks, in SOLO 1 and 2. In the placebo groups, in both
studies, EASI improvements were 38% and 31% (P<0.0001 for
these treatment- vs placebo-group comparisons).

A 75% improvement in EASI (EASI-75) was seen in 52.5%
and 48%, respectively, of patients who received the 300-mg
weekly dosage of dupilumab in SOLO 1 and 2. EASI-75 was
seen in 51% and 41%, respectively, of those who received
dupilumab 300 mg every 2 weeks. In the placebo groups, 15%
and 12% of patients, respectively, in SOLO 1 and 2 achieved
EASI-75 (P<0.0001 for these treatment- vs placebo-group
comparisons).

The overall rates of adverse events during the treatment
period were 65% and 73% in the dupilumab groups in SOLO
1 and 2, and 65% and 72% in the placebo groups, respectively.
Serious adverse events were seen in 1% and 3% of patients in
the dupilumab groups, and 5% and 6% in the placebo groups.
Injection site reactions and conjunctivitis were seen more often
in the treatment groups; no patient discontinued the study
because of an injection site reaction, and one patient dropped
out because of conjunctivitis.

Interleukin-13 Inhibitors

Interleukin-13 has been shown to be highly expressed in AD
skin on immunohistochemistry and transcriptome studies,
and IL-13 gene polymorphisms are associated with increased
AD risk. The rationale for the development of lebrikizumab
and tralokinumab, IL-13 cytokine inhibitors, is that direct
inhibition of IL-13 will have a therapeutic effect in AD. Both
agents currently are undergoing phase II studies.

Thymic Stromal Lymphopoietin Antagonist

Tezepelumab, an inhibitor of thymic stromal lymphopoietin
(TSLP), currently is being investigated in phase II studies. The
cytokine TSLP is released by epithelial cells and keratinocytes
(and, to a lesser extent, dendritic cells) during the process
of allergen-related inflammation. TSLP has been shown to
induce expression of IL-4, leading to a robust Ty2 response;
the result of this process is upregulation of TSLP receptors
and the consequent development of a positive feedback loop.'?

Interleukin-31 Inhibitors

Several agents that inhibit IL-31 are currently being studied.
One, nemolizumab (CM331), has progressed to phase II trials,
with promising preliminary data'’; others are in earlier stages
of study. IL-31, which is secreted by activated T cells, has been
identified as the key cytokine involved in causing pruritus.'4
Some evidence also suggests that IL-31 may contribute to the
development of AD.

Interleukin-22 Inhibitor

The IL-22 inhibitor, fezakinumab, is being studied in phase I1
trials in adults with AD. IL-22 has been found to be produced
by CD4* and CD8* T-cell populations, referred to as T22;
these cytokines are significantly increased in the skin of
patients with AD.
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Interleukin-12/23p40 Inhibitor

Ustekinumab, an IL-12/23p40 inhibitor approved for the treat-
ment of psoriasis and psoriatic arthritis, is being studied as a
treatment for AD in adults.” The phase II study was completed
recently, and publication of results is pending. A recent case

report suggests the potential efficacy of ustekinumab in severe
childhood AD.!¢

Janus Kinase Inhibitors

A phase Ila trial of topical tofacitinib was conducted in
which the Janus kinase inhibitor was shown to substantially
improve EASI in adult patients with mild to moderate AD.""
The use of oral tofacitinib for severe AD has been reported
in an open-label study.'®

Vitamin D

It is known that cathelicidins in the skin are relatively defi-
cient in individuals with AD, and that vitamin D may mediate
the expression of innate cathelicidins in the skin, although the
literature is mixed on the possible mechanisms involved.
Several intervention studies have been published on the
possible effects on AD of oral vitamin D supplementation;
these studies have yielded mixed results.!?-!

Melatonin Supplementation

Chang and colleagues? examined the possible role of mela-
tonin in AD for its effects on sleep and disease severity in
a double-blind, placebo-controlled, crossover trial of 48
children with more than 5% BSA involvement. The inter-
vention was melatonin 3 mg/day for 4 weeks, with a 2-week
washout and a crossover. The primary outcome measure
was AD severity measured on the Scoring Atopic Dermatitis
(SCORAD) index. Secondary outcomes included sleep vari-
ables such as sleep-onset latency and decreased mobility
during sleep. The investigators reported a statistically signif-
icant difference in the SCORAD index (95% CI, —13.7 to
—4.6; P<0.001) with the use of melatonin. Improvements
also were seen in sleep patterns, with decreases in both sleep-
onset latency and mobility during sleep.

It is important to note that sleep improvement with mela-
tonin can be seen in any population; this effect cannot be
considered specific to AD. In addition, the statistically
significant difference seen in the SCORAD index requires
some closer consideration: the baseline SCORAD index
was 49, indicating the highest level of moderate AD, on the
border of severe AD; post-intervention, the SCORAD was
40, which is still at the highest level of moderate AD and on
the border of severe AD. Thus, the study population had
AD that was not optimally managed with this intervention.
Nevertheless, it will be interesting to see future work using
melatonin as adjuvant therapy in this population compared
to traditional antihistamines.

Conclusion

Through research in animal models, several likely pathways
for targeted treatment have been identified, and several new
and emerging medications hold promise for the treatment of
AD. In addition, early intervention to protect the skin barrier
may be an effective method of preventing AD onset in geneti-
cally susceptible patients.
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The Changing Paradigm of
Atopic Dermatitis Therapy

Sheila F. Friedlander, MD,* Eric L. Simpson, MD, MCR,f Alan D. Irvine, MD,# and Lawrence F. Eichenfield, MD$

Abstract

The pathophysiology of atopic dermatitis (AD) is complex,
and future treatment options will likely be incorporated in a
multimodal approach to management. The new, directed
therapies that have been developed will likely be used in
conjunction with concomitant continuous or infermittent
use of standard therapies; the goal is fo optimize therapeutic
outcomes while minimizing adverse impacts on safety and
cost. Current data regarding disease course and expression
throughout life suggest that treatment strategies also will
need to be adjusted as a patient grows. Research also indi-
cafes that inferventions begun in infancy—such as the use of
emollients—may mitigate or prevent AD signs and symptoms
in children at high risk for the disease.

Semin Cutan Med Surg 35(supp5):597-S99

© 2016 published by Frontline Medical Communications

Keywords

Atopic dermatitis; petrolatum; pimecrolimus; tacrolimus;
topical calcineurin inhibitors; fopical immunomodulators

the pathophysiology of atopic dermatitis (AD) and
other conditions associated with immunoglobulin E
(IgE) sensitization has resulted in an expanded and more

Within the past 2 decades, ongoing research regarding
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comprehensive understanding of the genetic, immunologic,
and environmental factors involved in the onset and expres-
sion of atopic diseases.

This evidence has generated interest in multiple clinical care
pathways. The importance—and possibility—of identifying
and preventing disease in at-risk infants is an area of major
interest. The care of patients with established disease can
now include the use of new agents that are often more clearly
targeted at a specific biologic pathway. Given risk-benefit
ratios that include not only toxicity but also cost, better use
of existing and widely used topical and systemic treatments
remains an area of active investigation. New information has
led to an increased ability to provide optimal management,
and to meet public expectations for better disease control and
quality of life for patients and their families.

However, our better understanding of both the complexity
of atopic disease and the multiple therapeutic choices avail-
able increases the need for health care providers to understand
the myriad options now available for both preventive and
therapeutic interventions. Providers must be aware of safety
and cost issues for available agents and be prepared to inform
families about the range of treatment choices available as well
as the evidence available to date regarding the safety of these
various agents.

Considering Long-Term Treatment

Safety in AD

Medications that are approved by the US Food and Drug
Administration (FDA) have undergone rigorous testing for
efficacy and safety, but the experience with a new medica-
tion prior to FDA approval often is relatively short-term and,
compared to the anticipated, real-world experience, consists
of exposure to relatively few subjects. Postmarketing surveil-
lance over time can reveal safety signals that bear watching
and, in some instances, the FDA has mandated the collection
of such information in a more structured fashion, as in the
case of topical calcineurin inhibitors (TCIs).

The TCIs tacrolimus and pimecrolimus were approved by
the FDA—in 2000 and 2001, respectively—for the second-
line treatment of patients with AD 2 years of age and older.
In 2006, the FDA issued a requirement that both TCIs carry
a boxed warning on their labels, cautioning prescribers and
consumers about a theoretical risk for malignancy associated
with these agents.

Following a meeting of the FDA Pediatric Advisory
Committee in 2003, two 10-year prospective patient registries
were created to track malignancies in patients with AD treated
with TCIs: A Prospective Pediatric Longitudinal Evaluation
to Assess the Long-Term Safety (APPLES) of tacrolimus,
initiated in 2005, and the Pediatric Eczema Elective Registry
(PEER), initiated in 2004. In the protocols for both registries,
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each patient is assessed every 6 months over a period of 10
years for any serious adverse events, including systemic and
cutaneous malignancies. In the APPLES registry, the last
among 8,037 patients was enrolled in 2012; the estimated
date of completion is August 2022.! In the PEER registry,
recruitment is ongoing until 2017, with an estimated total
enrollment of 8,000 patients; the estimated completion date is
December 2021.2 The interim data from the APPLES registry
are expected to be published in the first quarter of 2017.

In the decade since this warning was instituted, numerous
epidemiologic and clinical studies have been published that
fail to support a clear association between TCIs and malig-
nancy, including lymphoma. Among these was an update
published in 2013 by Siegfried and colleagues,® who evaluated
the preclinical, clinical, and epidemiologic evidence available
to that point and concluded that an association between TCIs
and malignancies was unsubstantiated. An analysis of data
from the The Health Improvement Network database in the
United Kingdom also has failed to detect an increased risk for
malignancies with the use of TCIs.*

Finally, Sigurgeirsson and colleagues’® reported the results
of their 5-year randomized, open-label trial involving 2,418
infants with AD between 3 and 12 months of age. The infants
were randomized to receive pimecrolimus (with a short-
term topical corticosteroid allowed to manage disease flares)
or topical corticosteroids alone; 1,205 infants were in the
pimecrolimus group, and 1,213 were in the corticosteroid
group. The study had two objectives: primarily, to compare
the safety of pimecrolimus and topical corticosteroids, and
secondarily, to document the long-term efficacy—treatment
success being defined as a clear or almost-clear score on the
Investigator’s Global Assessment.

The investigators reported that treatment success was
achieved in more than 50% of patients by week 3 in both
groups. After 5 years of treatment, overall treatment success in
both groups was greater than 85%, and facial treatment success
was 95% in both groups. The safety profile in both groups was
similar, and no evidence of impairment of humoral or cellular
immunity was seen in either group. The authors concluded
that these findings support the use of pimecrolimus as a first-
line therapy for mild to moderate AD in infants as young as
3 months of age.

Prior to the appearance of the boxed warning on TCI
labeling, many clinicians were liberally—and successfully—
prescribing these medications, as indicated, as a second-line,
short-term agent for managing mild to moderate flares of AD
in patients 2 years of age and older, particularly in treating
facial and intertriginous areas. Health care providers often
were prescribing TCIs off-label as longer-term, maintenance
therapy to prevent flares and to treat AD in children less than
2 years of age. The institution of the boxed warning caused
many clinicians to avoid TCIs and resume more frequent
use of topical corticosteroids. This was detrimental to those
patients who had achieved control of AD with the TClIs,
particularly those with involvement of skin areas (such as the
face and intertriginous areas) for which topical corticosteroids
cannot be used on a prolonged basis.

Luger and colleagues® recently published a consensus article
that reviewed the literature on TCIs (most of which addressed
pimecrolimus, specifically) and concluded that these agents
are safe and effective for treating AD in infants as young as

3 months of age. They further recommended that the labeling
in the United States and Europe restricting TCI use to patients
2 years of age and older be changed. In addition, they advised
that the boxed warnings be removed.

Scientific Advances and Drug Development
for AD

The advent of biologics greatly expanded the treatment
options for immune-mediated diseases. The discovery of the
role of inflammatory cytokines in rheumatoid and psoriatic
arthritis as well as cutaneous psoriasis and the introduction
of tumor necrosis factor inhibitors for these diseases provided
a much-needed alternative to standard therapies. However,
they also introduced new concerns regarding both safety and
cost. Since that time, treatment options have been introduced
that target other inflammatory mediators, such as interleukins
(ILs), which play key roles in many inflammatory dermato-
logic discases.

Targeted treatments for AD based on pathophysiologic
processes involved in AD have been developed, including
the IL-4Ra receptor blocker dupilumab and small-molecule
phosphodiesterase-4 (PDE-4) inhibitors such as crisaborole.

However, therapeutic strategies using biologic agents and
small molecules that have been successful in treating psori-
asis may not work with equal efficacy in AD. Psoriasis has
specific, identified molecular pathophysiologic pathways that
the newer medications have targeted, whereas AD is a more
heterogeneous disease with multiple genetic, immunologic,
and environmental components and complex pathophysi-
ologic pathways, all of which have been shown to vary among
ethnic and geographic populations. Therefore, although newer
biologic agents are welcome additional options for treating
AD and, it is hoped, will lead to improved outcomes in many
patients, it is unlikely that any single agent, class of agents,
or therapeutic approach can be expected to be universally
applicable treatments for all forms of AD. Instead, the choice
of agents used in subsets of patients may be best guided by
techniques that could include patient stratification based on
biomarkers such as transcriptome analysis, immunohisto-
chemistry, and serum cytokine profiling. This is a key area for
future study in AD.

Renewed Attention to Existing Agents
In the current and future treatment of AD it is likely that
safety and economic considerations will favor the development
of better stratagems that use currently existing, traditional
modalities. Such a strategy was used to improve the treatment
of acute lymphoblastic leukemia (ALL): only one new medi-
cation has been developed for ALL in the last 35 years, but the
patient survival rate has increased over that time from 60% to
95%, the result of optimization of existing treatments.
Traditional therapeutics that are candidates for future opti-
mization in selected patients with AD include methotrexate,
cyclosporine,” and coal tar.’® The use of newer agents such as
systemic biologic agents initially, with subsequent “pulsed”
dosing of topical corticosteroids, in tandem or in concert with
TClIs or topical PDE inhibitors, could provide patients with
a therapeutic plan that maximizes response and minimizes
cost and toxicity. Topical bleach baths have been found to
have both anti-inflammatory as well as anti-infective proper-
ties, identifying their utility in both preventing infection and
decreasing inflammation.'®
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In addition, newer evidence indicates that the traditional
intervention of petrolatum, in an attempt to protect the
skin barrier, appears also to have beneficial immunologic
effects.!!1? Identification of at-risk infants and intervention
with topical emollients and other dry skin care could prove
to be an effective public health intervention, leading to the
decreased incidence of disease. In addition, interventions that
might be optimal in infancy may need to be modified with age
and in light of changing manifestations of AD.

Conclusion

Current evidence indicates that the complex pathophysiology
of AD requires a multimodal approach to management and
a view toward changing strategies as a child grows. Allergen
avoidance, skin barrier protection, and long-term treat-
ment plans will necessitate ongoing patient education and
skill development as patients become increasingly able to
participate in the management of their disease. Therapeutic
education of parents—and, in the long term, patients them-
selves—must include attention to AD comorbidities as more
information becomes available on the effects of AD and its
treatments on cardiovascular, musculoskeletal, and neuro-
logic systems.

In addition, as new classes of therapies are presented for
possible inclusion in the roster of potential treatments for
AD, changes will be needed in the algorithms of care that we
now use, including interventions in infancy—such as emollient
use—that may prevent the manifestation of AD symptoms in
children who are at risk for the disease. Judicious use of the
multiple, new, directed therapies that have been developed—
likely employed in conjunction with continuing or intermittent
use of standard therapies—will allow practitioners to provide
optimal therapy while minimizing adverse impacts on safety
and cost.
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Questions: For each question or incomplete statement, choose the answer or completion that is correct.
Circle the most appropriate response.

Epidemiologic studies have demonstrated that the
prevalence of atopic dermatitis (AD):

A. Has decreased worldwide, but increased in
rural areas

B. Has increased worldwide, especially in rural areas
C. Has decreased worldwide, especially in urban areas
D. Has increased worldwide, especially in urban areas

. The complex interactions between environment and

filaggrin (FLG) status (ie, whether a defect in the

FLG protein is present) is demonsirated in studies of

pet ownership, which show that:

A. Cat ownership enhances the detrimental effects of
FLG mutations

B. Cat ownership may protect against the detrimental
effects of FLG mutations

C. Dog ownership may enhance the detrimental
effects of FLG mutations

D. Dog and cat ownership both enhance the
detrimental effects of FLG mutations

. An important cohort study by Kelleher and

colleagues showed that the strongest predictor of
AD development is:

A. Asthma during the first year of life

B. Elevated fransepidermal water loss (TEWL)
in newborns

C. Peanut allergy, demonstrated by skin prick testing
D. Presence of an FLG mutation

. FLG loss-of-function mutations are the strongest and

best-replicated genetic links to AD in:
A. Africa

B. Asia

C. Europe

D. Worldwide (outside of Africa)

. Disruption of the skin barrier activates:

A. The adaptive alarm system

B. Afopic march

C. Peanut allergy

D. Receptors for tumor necrosis factor (TNF)

6. Both topical and systemic inhibitors of

phosphodiesterase-4 (PDE-4)—including topical

crisaborole and systemic apremilast—have been

investigated for the treatment of AD.The goal of

inhibiting PDE is to:

A. Decrease intracellular cyclic adenosine
monophosphate (CAMP) levels

B. Decrease the need for corticosteroid use to treat
AD flares

C. Increase intracellular cAMP levels and decrease
cytokine mediator release

D. Increase cytokine mediator release

. The monoclonal antibody dupilumab targets

. a key cytokine pathway in the innate
immune (T helper cell type 2 [T42]) response in
patients with AD.

A. Immunoglobulin E

B. Interleukin-4/interleukin-13
C. PDE-4

D. TNF

. Among the following strategies for preventing AD,

which one is supported by convincing evidence?
A. Avoidance of food such as peanuts

B. Enhancement of the skin barrier beginning in infancy
C. Exposure to cats early in life

D. Vitamin C

. Long-term data collected on patients who have

used topical calcineurin inhibitors (TCls)—
ie, pimecrolimus and tacrolimus—show that:

A. TCls are associated with a modest risk for lymphoma

B. The theoretical association between TCls and the
risk for malignancies is not supported

C. These agents should not be used in children less
than 2 years of age

D. These agents should be used only in patients with
very severe AD

10. As reporied by Shi and colleagues, a treatment

sirategy for AD that has both anti-inflammatory and
anti-infective properties is the use of:

A. Bleach baths

B. Coal far

C. Early feedings of peanut products
D. Topical antibiofic ointment
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