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Abstract
Atopic dermatitis (AD) is a chronic inflammatory skin dis-
ease presenting with recurrent eczematous lesions and in-
tense pruritus. It is common and affects both children and 
adults, often beginning in infancy. Due to the unpredictable 
disease course, its visible skin lesions, itching and scratch-
ing followed by sleeplessness, other associated atopic dis-
eases, and behavioral and psychiatric disorders, AD is an im-
mense burden for patients and caregivers. AD is determined 
by a genetic predisposition characterized by an impaired 
skin barrier and a T-helper-2-predominant inflammation. 
Restoration of the skin barrier is the main approach for 
treating and preventing AD. In order to cope with acute 
flares, usually topical corticosteroids (TCS) are applied, 
while topical calcineurin inhibitors (TCI) are used mainly for 
maintenance therapy. There is a small group of patients 
who are refractory to TCS and TCI and require systemic im-
munosuppressive drugs such as ciclosporin. Novel, target-

ed therapies are under clinical investigation, among which 
an anti-IL-4/IL-13 receptor antibody has recently been ap-
proved in several countries. As we learn to understand the 
pathomechanisms of AD, the characteristics of the different 
patient subgroups, and the effectiveness of various target-
ed therapies, a personalized treatment ensuring the best 
efficacy and safety and, probably, a disease-modifying ef-
fect will result. © 2019 S. Karger AG, Basel

Eczematous lesions, intense pruritus, and a relapsing 
disease course, as well as associated atopic diseases in the 
personal or family history, are the characteristics of atop-
ic dermatitis (AD), a common chronic inflammatory skin 
disease. AD affects approximately 20% of all children at 
age 6 years and 5% of adults in Western industrialized 
countries [1, 2]. The development of AD is based on a ge-
netic predisposition that determines both the skin barrier 
function and the predominant T-helper-2 (Th2)-type in-
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flammatory reaction. In addition, environmental factors 
may trigger AD by further affecting the skin barrier and 
inflammation. Th2-type cytokines have been shown to 
further impair the epidermal barrier. Thus, irritants and 
allergens may penetrate into the epidermis and perpetu-
ate the inflammation. Moreover, in over 80% of AD pa-
tients, the skin is colonized by Staphylococcus aureus 
which can further harm the barrier and stimulate im-
mune responses, thus initiating and perpetuating inflam-
mation [3].

There is increasing evidence that several subtypes of 
AD exist. This observation might have implications for 
finding therapeutic approaches toward a personalized 
medicine. In this review, we will discuss the different fac-
ets of AD and the therapeutic strategies.

Clinical Presentation

Phenotypes
In infants, oozing and crusting eczematous lesions are 

found on the face and scalp but also on exterior sites on 
the extremities and trunk, sparing the diaper area. In chil-
dren, adolescents, and adults, all body areas, but espe-
cially the cubital and popliteal folds, can be affected by 
AD. In addition to acute inflamed skin during exacerba-
tions, dyshidrotic lesions, lichenification, and pruritic 
papules and nodules are characteristic clinical presenta-
tions. AD is the main risk factor for the development of 
hand eczema, one of the most common occupational dis-
eases [4–6]. The clinical presentation may vary between 
ethnic groups, as Asian patients tend to have well-cir-
cumscribed, nummular lesions and lichenification, while 
involvement of the extensor sites and papules, a perifol-
licular distribution, or lichen planus-like lesions are seen 
mainly in dark-skinned patients [7, 8]. 

Colonization with S. aureus is a common finding in 
AD. Compared to the noncolonized, S. aureus-colonized 
AD patients have more severe AD, higher blood eosino-
phil numbers, and higher total and allergen-specific IgE 
levels, as well as a greater barrier dysfunction as assessed 
by a transepidermal water loss and stratum corneum  
(SC) integrity that are not associated with filaggrin muta-
tions [9].

Both the eczema area and severity index (EASI) and 
the objective scoring AD (SCORAD) index are validated 
tools for measuring disease severity [10]. A patient-ori-
ented SCORAD (PO-SCORAD) for patient use has been 
validated [11] and is recommended for use in a routine 
setting [12].

Pruritus
Itch is the most striking and disturbing symptom of 

AD. Although scratching might reduce the itch and give 
brief relief, the resulting skin irritation and excoriations 
lead to a perpetuation of the inflammation associated 
with pruritus, and a vicious circle develops. Recent re-
search has demonstrated that pruritus is generated by di-
rect stimulation of nerve fibers as a result of the impaired 
barrier and via cytokines and neuropeptides released by 
inflammatory and resident cells [13]. Various prurito-
gens and their receptors, proteases and protease-activat-
ed receptor (PAR) 2 are involved in pruritus. Histamine 
may induce pruritus by activating H1 and H4 receptors 
and inhibiting H3 receptor on skin-specific sensory 
nerves [14]. IL-31 that is produced by T cells and granu-
locytes such as eosinophils and mast cells, and which 
binds to its receptor on peripheral nerve fibers, has been 
shown to link inflammation and pruritus in the skin [15–
17]. The observation that IL-31 induces an outgrowth of 
primary small-diameter dorsal root ganglia expressing 
abundant IL-31 receptor might explain the increased 
numbers of nerve fibers in AD skin and the sensitivity to 
minimal stimuli which induce itch in patients with AD 
[18, 19].

Prevalence and Disease Course
In a European birth cohort study, the prevalence of AD 

symptoms was between 11.4 and 16.9% during the first 6 
years of age [2]. Children with an early onset (age < 2 
years) of AD, especially those with persistent symptoms, 
had a significantly higher risk of associated food allergy 
and asthma, while the late-onset phenotype (age > 2 years) 
was associated with allergic rhinitis [2]. In Europe, as 
shown for Bavaria/Germany, the AD prevalences of 
12.4% in 1995 and 11.1% in 2002 have remained stable 
over the last decade, whereas a significant increase in ec-
zema prevalence has been observed in Africa (i.e., 11.8% 
in 1995 vs. 19.4% in 2002) [20]. The International Study 
of Asthma and Allergies in Childhood (ISAAC) revealed 
a great variation in the prevalence of current eczema in 
the age group 6–7 years, ranging from 0.9% in India to 
22.5% in Ecuador. Furthermore, it identified Latin Amer-
ica and Southeast Asia as new areas with an emerging 
high prevalence [21].

Although the skin lesions may improve over time, AD 
persists in up to 60% of patients, while a smaller percent-
age of patients (i.e., 18% after the 20th year of life) devel-
op first symptoms as adults [22]. According to an inter-
national, cross-sectional, web-based survey, the point 
prevalence among an adult population of self-reported 
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patients ever having had an AD diagnosis by a physician 
was 4.9% in the USA, 3.5% in Canada, 4.4% in the EU, and 
2.1% in Japan [1].

Comorbidities of AD
In addition to the atopic diseases allergic rhinitis and 

asthma, several other mainly neuropsychiatric disorders 
have been found to be associated with AD [23, 24].

The AD-immanent pruritus leads to sleep disturbanc-
es in children and adults correlating with disease severity 
[25, 26]. Moreover, infant eczema with concurrent sleep-
ing problems has been predictive of emotional and be-
havioral problems at 10 years of age [27]. There is an as-
sociation of AD and attention deficit/hyperactivity disor-
der (ADHD), in particular in children with sleep problems 
[28]. Interestingly, the significantly higher levels of 
ADHD symptoms in children with AD compared to 
healthy controls seem to be linked to the previous use of 
antihistamines [29]. A systematic review revealed an as-
sociation between autism spectrum disorders and AD, 
even though the authors stated somewhat inconsistent re-
sults due to variability in the study population and design, 
and the presence of other risk factors acting as confound-
ing factors [30]. An increased risk of depression has been 
noted in both adolescents and adults affected with AD 
[23, 31]. AD patients have a significantly higher frequen-
cy of suicidal ideation, anxiety, and depression compared 
to healthy controls [32, 33]. A recent study showed that 
prenatal maternal depression and anxiety promote the 
risk of AD in offspring and suggested chronic stress, ab-
normal steroid levels, and reactive oxygen species as un-
derlying mechanisms [34]. 

The prevalence of cardiovascular diseases is markedly 
lower in patients with AD compared to those with pso-
riasis [35]. A study determining the association between 
AD and cardiovascular events in the USA revealed that 
AD was not independently associated with nonfatal MI 
or stroke [36]. Based on recent studies, lifestyle factors as-
sociated with severe AD are likely to explain the apparent 
increased risk of cardiovascular disease [35–38]. A sys-
tematic literature review showed a slightly increased risk 
of lymphoma in patients with AD. Confusion between 
severe AD and cutaneous T-cell lymphoma may account 
for this correlation, though topical corticosteroids (TCS) 
and topical calcineurin inhibitors (TCI) do not seem to 
play a role [39].

The Burden of AD
Patients report immense negative effects of AD on 

their quality of life correlating with severity and inade-

quate control of the disease [40]. In addition to anxiety, 
depression, and sleep disorders, patients with AD report 
higher rates of mental and physical disturbances, work 
absenteeism, and activity impairment compared to non-
AD controls [31].

The direct and indirect costs of AD are huge when 
considering direct health care, including emergency de-
partment visits and hospitalization of patients with severe 
AD and/or infections (e.g., impetiginization and eczema 
herpeticum, costs of therapy including skin care, patient 
education, sick leave, job change or loss, and occupation-
al insurance support) [41, 42].

Pathogenenic Mechanisms

Recent research has provided compelling evidence 
that epidermal barrier structure and function and cutane-
ous inflammation, as well as their interactions, play a role 
in the pathogenesis of AD (Fig. 1). 

Genetics 
Twin and family studies have shown that the predis-

position to atopic disease is highly heritable. Atopic dis-
eases, notably AD, in either the mother or the father are 
significantly associated with eczema in the offspring, 
with the strongest association (OR 4.70; 95% CI 2.64–
8.37) when both the father and the mother report eczema 
[43]. According to a population-based, twin study, ge-
netic predisposition accounted for 82% and nonshared 
environmental factors accounted for 18% of the individ-
ual susceptibility to developing AD [44]. The strongest 
known risk factors are null mutations of the filaggrin 
(FLG) gene, resulting in epidermal barrier deficiency 
[45].

A recent genome-wide association study reported 4 
loci that achieved genome-wide significance for AD. 
These were: the epidermal differentiation complex (EDC) 
on chromosome 1, the genomic region proximal to 
LRRC32 on chromosome 11, the RAD50/IL13 locus on 
chromosome 5, and the major histocompatibility com-
plex on chromosome 6 [46]. So far, 31 risk loci for AD 
have been identified, and most susceptibility loci are re-
lated to (auto-)immune regulation, in particular, innate 
signaling and T-cell activation [47]. Moreover, genome-
wide association studies have revealed that asthma, hay 
fever, and eczema share 136 risk variants in 99 loci that 
dysregulate the expression of immune-related genes [48]. 

Current research focuses on epigenetic effects in AD. 
Recently, an association of prenatal tobacco smoking and 
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the innate immune response, specifically the regulation 
of nucleotide-binding oligomerization and pyrin domain 
containing-receptors (NLRP) owing to changes in NLRP2 
promoter methylation and transcription, have been re-
ported [49]. 

Skin Barrier Dysfunction in AD Patients
The epidermis provides a physical, chemical, and im-

munological barrier mainly involving the SC, the tight 
junction proteins in the stratum granulosum, and epider-
mal dendritic cells [50]. Abnormalities of the epidermal 
barrier are associated with typical clinical features of AD 

such as dry and rough skin, low hydration, high transepi-
dermal water loss, and an increase in pH [51]. In particu-
lar, low levels of filaggrin and natural moisturizing factor 
correlate with structural alterations as assessed by atomic 
force microscopy [52]. A deficiency of filaggrin, an essen-
tial structural protein of the SC, results in impaired kera-
tin filament aggregation in the corneocytes, impaired la-
mellar body secretion, and decreased tight junction ex-
pression, corneodesmin density, and natural moisturizing 
factor production, as well as an elevated pH with subse-
quent enhanced protease activity [53]. Loss-of-function 
mutation in genes encoding filaggrin which are known to 

Fig. 1. Skin barrier dysfunction and inflammation in AD. Nonle-
sional skin already exhibits structural and functional barrier de-
fects. Epidermal dendritic cells (DC) recognize pathogens pene-
trating the defective epidermal barrier and migrate to the regional 
lymph node where they prime naive T cells toward Th2 cells and 
B cells to produce IgE. Upon activation via TLR and PAR-2, kera-
tinocytes release cytokines including TSLP and IL-33, driving T 
cells and innate lymphocytic cells (ILC) to produce type-2 cyto-
kines and thus initiating an acute inflammation. IL-5, IL-13, and 

IL-31 stimulate B cells, eosinophils, mast cells, and nerve cells. Epi-
dermal DC and IDEC, both bearing the high-affinity IgE receptor 
(FcεRI), recognize allergens penetrating the defective barrier and 
enhance Th2 and Th1 inflammation. Th2 cytokines block the IL-
17-induced production of antimicrobial peptides and keratinocyte 
differentiation and enhance the barrier disruption. Th1 cells are 
thought to be involved in the development of spongiosis, while 
Th22 cells promote acanthosis and remodeling in chronic lesions.
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cause ichthyosis vulgaris also predispose to AD [45, 54]. 
Notably, most AD patients do not carry any filaggrin mu-
tation, and not all carriers of filaggrin mutations develop 
AD [55, 56]. Besides a genetic disposition, Th2 cytokines 
such as IL-4 and IL-13 [57] and IL-33 [58] have been 
shown to reduce filaggrin expression. A deficiency of fil-
aggrin might affect the differentiation of keratinocytes 
[59], the expression of tight junction proteins [60], en-
dogenous protease activity [61], and TSLP production 
[62]. Other factors that have been associated with a defec-
tive epidermal barrier in AD are an altered lipid organiza-
tion and ceramide composition with an increase in the 
proportion of short-chain ceramides in the context of 
Th2 inflammation [63–66]. Furthermore, an imbalance 
of protease inhibitors, e.g., reduced LEKTI expression, 
and proteases resulting in a high activity of both endog-
enous and exogenous proteases with subsequent PAR 2 
activation and increased TSLP production, is thought to 
contribute to AD pathogenesis [67–70]. In addition to the 
SC, tight junctions formed by complex multiprotein 
structures are an important component of the skin bar-
rier as they regulate the paracellular passage of water, 
ions, and solutes [71]. High levels of tight junction pro-
teins have been shown to correspond to maximal barrier 
function for intermediate-sized molecules and macro-
molecules [72]. In AD patients, a functionally relevant, 
reduced expression of claudins that inversely correlate 
with Th2 markers has been observed, suggesting that im-
paired tight junctions contribute to the barrier dysfunc-
tion [73]. Moreover, both staphylococci proteases and the 
house dust mite allergen Der f1 which, exert cysteine  
protease activity, may abrogate the epidermal barrier  
[74, 75]. 

An insufficient skin barrier permits environmental 
factors including allergens, microbes, and their products 
to enter the epidermis where they are recognized by epi-
dermal dendritic cells. In AD skin, Langerhans cells bear 
the high-affinity IgE receptor and, upon recognizing al-
lergens which are known to cause immediate type reac-
tions, may initiate T-cell responses [76, 77]. In addition 
to Langerhans cells, lesional skin and nonlesional AD 
skin harbor a distinct population of CD1a+ cells called 
inflammatory dendritic cells (IDEC) which bear even 
more high-affinity IgE receptors than Langerhans cells 
[78]. Recently it has been demonstrated that activated 
Langerhans cells extend dendrites through the tight junc-
tions supposedly to capture antigens from the outside, 
while IDEC are localized in the lower part of the epider-
mis [79, 80]. Antigens may also be recognized by kerati-
nocytes via Toll-like receptors (TLR), e.g., dsRNA by  

TLR 3 [81], S. aureus products by TLR2/TLR-6 [82], 
house dust mites by TLR1/6 [83], PAR 2 [84], and pattern 
recognition receptor NOD2 [85]. Keratinocytes activated 
by pathogens or mechanical injury release Th2-driving 
cytokines such as TSLP [82, 86], IL-25 [83], and IL-33 
[87], as well as the proinflammatory cytokines IL-6, IL-8, 
and TNF-α [88]. 

Predominant Th2 Inflammation
Clinically unaffected (nonlesional) skin of AD patients 

already shows epidermal barrier defects and harbors a 
mild inflammation characterized by T cells, mainly Th2 
cells, increased expression of the high-affinity IgE recep-
tor, and an inflammatory cytokine milieu with prominent 
IL-13 expression [89, 90]. Dendritic cells take up antigens 
entering through the defective epidermal barrier and then 
migrate to the regional lymph nodes where they prime T 
cells. Among these, the CLA+ memory/effector T cells 
shown to produce IL-13 may reenter the skin [91]. Cyto-
kines and chemokines released by keratinocytes and den-
dritic cells upon antigen exposure stimulate T cells resi-
dent in the skin as well as innate lymphoid cells that in 
turn produce an armada of mainly Th2 cytokines, with 
subsequent proliferation, recruitment, and activation of 
inflammatory cells such as T cells, B cells, eosinophils, 
and mast cells [79, 87, 92–97]. Recent research has indi-
cated that IL-13 is a key cytokine in AD inflammation, as 
it is involved in inducing pruritus and remodeling [98], 
activating eosinophils [99], regulating IgE synthesis 
[100], and promoting epicutaneous sensitization [101]. 
IL-33 produced by keratinocytes may also stimulate 
group 2 innate lymphoid cells that produce abundant Th2 
cytokines including IL-5 and IL-13 [102]. In addition to 
Th2 responses, Th1, Th17, and Th22 cells and their cor-
responding cytokines have been detected in AD skin, sug-
gesting possible roles, e.g., in evoking spongiosis [103], 
for the induction of antimicrobial peptide production 
[104] or in stimulation of epidermal hyperplasia and re-
modeling [105, 106]. Interestingly, Asian AD patients 
have been reported to exhibit a distinct phenotype with 
Th2 skewing and Th17 polarization [8]. Also early-onset 
AD in children is characterized by significant Th17/Th22 
skewing in addition to the Th2 inflammation of the skin 
[107].

Interdependency of S. aureus and AD
The impaired epidermal barrier has been associated 

with S. aureus colonization and eczema herpeticum in pa-
tients with AD [108]. During acute flares, the microbial 
diversity significantly decreases, correlating with AD se-
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verity, while the proportion of S. aureus increases [109]. 
Early colonization with commensal staphylococci at age 
of 2 months has been observed to lower the risk of AD at 
1 year [110]. Both dysbiosis and S. aureus promote in-
flammation in AD [111]. Various mechanisms have been 
reported via which S. aureus can contribute to AD patho-
genesis, such as damage to keratinocytes and barrier 
structures, e.g., by proteases and toxins, stimulation of 
TLR on keratinocytes, the release of toxins acting as su-
perantigens resulting in massive T-cell stimulation, and 
the initiation of IgE production and mast cell activation 
[112, 113]. Colonization with toxigenic S. aureus has been 
found to lead to a shift in the intradermal T-cell receptor 
Vβ repertoire that corresponds to the respective superan-
tigen-responsive T-cell subsets and correlates with dis-
ease severity in AD children [114]. In infants, the pres-
ence of S. aureus on the skin at 3 months has been found 
to correlate with later development of AD [115]. Notably, 
the prevalence of S. aureus has been found to be increased 
at the onset of AD and already 2 months before an out-
break [115].

AD and the Atopic March
AD is frequently associated with other atopic diseases 

such as allergic rhinitis and bronchial asthma. Moreover, 
food allergy, oral allergy syndrome, and eosinophilic 
esophagitis are commonly associated with AD [116]. 
There is evidence that the skin might be the starting point 
of the atopic march, i.e., (1) mutations in filaggrin, a key 
barrier protein, have been reported to be associated with 
severe eczema and bronchial asthma as well as food al-
lergy [117, 118], and (2) epicutaneous sensitization to 
proteins (food and pollen) paves the way for developing 
food allergy and airway allergic diseases [119–121]. 

In 80% of AD patients, IgE sensitization is observed; 
however, 20% do not have elevated serum IgE or positive 
skin prick test reactions [122]. Interestingly, significantly 
higher IgE levels have been found in male patients com-
pared to females [22]. Atopy signs and concomitant atop-
ic diseases are significantly more likely to be present in 
patients with an early onset and a chronic persisting 
course [22].

Food Allergy in AD Patients
IgE sensitization to food allergens (milk, eggs, fish, 

peanut or soy, and wheat) seems to be a common phe-
nomenon in children and is not increased in children 
with AD compared to healthy controls [123]. In 14.8% of 
children with AD, food hypersensitivity could be con-
firmed by oral food challenge tests [123], while others re-

port a rate of approximately 30% in patients with refrac-
tory moderate to severe AD [124, 125]. In adults with AD, 
food allergy as assessed by positive skin prick test results 
and history occurs in 10% of cases [126]. In addition to 
IgE-mediated reactions, there is evidence that allergen-
specific T cells are responsible for food allergen-associat-
ed exacerbations of AD [127, 128]. Allergies to milk, eggs, 
and wheat typically resolve during childhood, whereas al-
lergies to peanuts, tree nuts, fish, and shellfish are regard-
ed as persistent [129]. In adults with AD sensitized to pol-
len, e.g., birch pollen, related foods should be considered 
as possible triggers of AD [130]. 

The observation that higher environmental peanut al-
lergen levels are associated with an increased risk of pea-
nut sensitization and allergy in children with FLG-null 
mutations or AD strongly suggests that sensitization oc-
curs through the skin [131, 132]. In contrast, early oral 
exposure to food allergens as shown for peanut and eggs 
seems to lower the risk of allergy specifically to these 
foods [133, 134].

Therapeutic Management of AD

Based on the pathophysiology of AD, i.e., the impaired 
skin barrier and chronic inflammation, the treatment of 
AD is very complex [135, 136]. 

Restoring the Skin Barrier
To avoid dry skin and restore the barrier function, AD 

patients should regularly apply a basic topical therapy 
with emollients. Based on a Cochrane review and vast 
clinical experience, the application of moisturizers leads 
to an improvement in AD severity, increases the effect of 
anti-inflammatory therapies, reduces the number of 
flares, and decreases the use of TCS [137]. Would it be 
possible to prevent AD by restoring the skin barrier? In 2 
studies, the effect of daily use of emollients in infants at 
high risk for atopy was studied, and indeed a significant-
ly decreased relative risk of AD in the first 6 months of life 
was demonstrated [138, 139]. 

Anti-Inflammatory Therapy
In order to reduce skin inflammation and subsequent 

itch, TCS and TCI are applied. Usually, TCS are used to 
cope with acute exacerbations, while TCI are applied in 
subacute eczema as maintenance therapy and to sensitive 
areas of skin such as the face [135, 136]. A proactive ther-
apy with long-term, intermittent application of TCS and 
TCI is clinically effective for flare prevention [140]. Re-
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cent studies have shown that TCI are safe even when used 
for long-term therapy [141, 142]. The routine of topical 
therapy requires time and effort, as well as steadiness and 
special skills by the patient. Accordingly, patients profit 
from educational programs [143, 144]. 

In some patients, these therapeutic measures might 
not be sufficient to control moderate to severe AD despite 
an optimized treatment plan and adherence to the treat-
ment regimen. As a further step, immunosuppressive and 
immunomodulating drugs such as ciclosporin, metho-
trexate, azathioprine, and mycophenolate mofetil have 
been recommended in order to reduce disease-relevant 
inflammatory cell numbers and cytokine expression 
[145]. As these immunosuppressive drugs might affect 
blood cell numbers and function, immune responses, liv-
er and kidney function, and blood pressure, their use is 
limited in certain patients and should be carefully moni-
tored. Alitretinoin can be applied for severe hand eczema, 
including atopic eczema [146]. As an alternative, UV 
therapy is eligible to treat moderate to severe AD; how-
ever, its accessibility is limited [135, 136].

Toward a Targeted Therapy for AD
Currently, a number of new substances and monoclo-

nal antibodies that inhibit specific cytokines, cytokine re-
ceptors, intracellular signal transduction pathways or en-
zymes involved in AD pathogenesis are under clinical 
investigation. Dupilumab, a monoclonal human anti-
body targeting the shared IL-4/IL-13 receptor-α chain 
and thus blocking the action of IL-13 and IL-4, has al-
ready been approved for the treatment of AD in the USA 
and Europe. The application of 300 mg dupilumab qw or 
q2w results in rapid improvement of clinical signs and 
symptoms; among patients with moderate to severe AD, 
up to 85% reach EASI-50, 44–51% reach EASI-75, and 
30–36% achieve EASI-90 after 16 weeks, while the fre-
quency of pruritus decreases by 40–60% [147, 148]. Du-
pilumab has a sustained effect over 1 year and a tolerable 
safety profile, with conjunctivitis as a noteworthy ad-
verse event occurring in 14–19% of patients [149]. Re-
cent published phase 2 studies have demonstrated that 
the monoclonal antibodies that block IL-13 (lebrikizu
mab and tralokinumab) are effective in patients with 
moderate to severe AD [150, 151]. By applying feza-
kinumab, an anti-IL-22 antibody, a significant decline in 
disease severity scores (SCORAD, affected body surface 
area, and investigator global assessment), could be 
achieved and a pathogenic role for IL-22 in AD could be 
demonstrated [152]. Notably, therapy with ustekinumab 
that inhibits the common p40 subunit of IL-12/IL-23 and 

thus the production of IL-17, IL-21, and IL-22, was not 
effective in patients with moderate to very severe AD 
[153, 154]. A 12-week therapy with nemolizumab, the 
anti-IL-31 receptor antibody, was shown to dramatically 
reduce pruritus and in parallel improve clinical signs of 
AD in a phase 2 study underlining the role of the itch-
scratch cycle [155].

The use of small molecules such as Janus kinase (JAK) 
inhibitors follows a different approach as compared to 
biologicals, since they block the intracellular signal trans-
duction upon activation of cytokine receptors, e.g., by  
IL-2, IL-4, IL-7, IL-9, IL-13, IL-15, and IL-21 and 
interferon-γ. The first promising results have been re-
ported with the topical application of tofacitinib achiev-
ing an EASI mean percentage change from baseline of 
82% in the tofacitinib group compared to 30% in the pla-
cebo group [156]. Upon therapy with an oral JAK inhibi-
tor, the percentage of patients achieving EASI-50 was sig-
nificantly higher in the group treated with baricitinib plus 
TCS compared to the group given placebo plus TCS [157]. 
Currently, phase 2 and 3 studies with bariticinib and oth-
er JAK inhibitors are underway [158].

A promising option for treating AD is inhibition of 
phosphodiesterase 4, a critical regulator of intracellular 
cyclic adenosine monophosphate levels that is expressed 
within inflammatory cells including T lymphocytes and 
eosinophils [158]. In 2 identically designed studies, more 
crisaborole- than vehicle-treated patients achieved inves-
tigator’s static global assessment (ISGA) success (clear/
almost clear with ≥2-grade improvement) [159].

Unmet Needs and Outlook

Despite the fact that AD is a chronic disease and that 
patients in remission will retain the AD predisposition 
lifelong, the prospects for treating and managing the dis-
ease are bright. Still, there is a list of unmet needs, in par-
ticular with respect to treatment and prevention of the 
disease as follows:
1.	 To develop therapies that specifically target pathogen-

ically relevant mechanisms. There is immense prog-
ress in developing novel anti-inflammatory drugs; 
however, the problem of finding an effective and du-
rable restoration of the skin barrier needs to be solved;

2.	 to identify biomarkers in order to better classify sub-
groups of AD patients with respect to treatment re-
sponse and to monitor efficacy and safety of thera- 
py – this requires the implementation of novel tech-
nologies in dermatological practice;
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3.	 to find effective methods to prevent AD or at least de-
lay its onset, and to modify the disease course and the 
atopic march;

4.	 to better study the interdependency of AD and its co-
morbidities and develop strategies to recognize and 
treat them early; and

5.	 to raise broad social awareness of the medical, psycho-
logical, and economic burden of AD and to guarantee 
support for AD patients.
As we learn to better understand the pathogenic mech-

anisms, we may be able to treat and modify the disease 
course of AD as well as the development of other atopic/

allergic diseases even in the near future. The recently ac-
quired knowledge on comorbidities will help immediate-
ly with their identification and provide appropriate med-
ical and psychological assistance for AD patients. Novel 
targeted therapies now promise to act specifically on key 
players in the pathogenesis of AD, to be effective and safe, 
and to enable personalized medicine.
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