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1.1            Introduction 

 In the history of medicine, it has always been the 
goal to understand the basic mechanisms leading 
to diseases and to develop appropriate therapeu-
tic approaches based on this knowledge. Over the 
last several centuries, in the absence of appropri-
ate pathophysiological knowledge, the develop-
ment of medical care has been dominated by a 
rather empirical approach. In the end of the last 
century, the need for more scientifi c and eco-
nomic evidences in the wide choice for appropri-
ate treatment regimen became a primary goal. 
However, this approach was not able to take into 
account the wide heterogeneity of almost all dis-
eases and the pharmacological development was 
driven by the idea of generating possibly one or a 
few medical products aimed to treat a large popu-
lation of patients affected by one given disease. 
This kind of “one size fi ts for all” approach was 
of benefi t for some selected situations such as 
pain or headache, while it became obvious that 
diseases such as various kinds of cancer were 
hardly responding to this classical approach [ 1 ]. 

 The idea of personalized medicine can also 
be found in the literature under more or less syn-
onymous terms [ 2 ] such as stratifi ed medicine 
[ 3 ], precision medicine [ 4 ], molecular medicine 
[ 5 ], genomic medicine [ 6 ], or tailored medi-
cine [ 7 ]. The ultimate goal of this approach is 
to reach an ideal stage of very early diagnosis, 
even before the fi rst clinical symptoms, allowing 
the initiation of adapted prevention measures. 
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Once the disease becomes clinically visible 
and symptomatic, personalized medicine aims 
to identify and characterize an individual bio-
marker profi le, the endophenotype [ 8 ], in order 
to propose a more precise and adapted, ideally 
curative treatment. Thereby, the prognosis of 
diseases such as cancer or other debilitating or 
life-threatening conditions can potentially be 
dramatically infl uenced or even reversed. This 
kind of disease-modifying strategy could be 
applied to many diseases including a number of 
dermatological conditions such as atopic der-
matitis [ 9 ] and psoriasis [ 10 ]. Overall, there is 
substantial potential for personalized medicine 
in dermatology (Table  1.1 ).

1.2        The Concept and Goals 
of Personalized Medicine: 
The Right Patient 
with the Right Drug at 
the Right Dose at 
the Right Time 

 With the elucidation of the human genome at 
the beginning of this century [ 11 ] followed by 
the rapid development of bioanalytical high 
throughput technologies (the so-called omics) 
[ 12 ], a new area in our understanding of the 
genetic background of many monogenetic 
but also genetically complex diseases was 
introduced. Thus, the progress in understand-
ing the genetic and epigenetic complexity for 
a number of clinical phenotypes has brought 
substantial information of putative predictive, 
diagnostic, and prognostic value [ 13 ]. The 
molecular pathways based on the genomic 
background are increasingly considered for the 
identifi cation of putative therapeutic targets for 
some subgroups of patients within one seem-
ingly single clinical phenotype or disease [ 14 ]. 
This kind of stratifi cation of complex and het-
erogeneous groups of patients [ 15 ] ultimately 
leads to a better defi nition of disease subgroups 
where a substantial risk-to-benefi t ratio can 
be afforded in responding patients. In select-
ing those patients who will respond to a given 
drug [ 16 ] and avoiding to expose unresponsive 
patients to the same drug with potential side 
effects will overall increase the effectiveness 
of a given medial product and decrease the risk 
for the generation of unnecessary side effects 
or drug interactions which may induce severe 
complications and costs.  

1.3     The Tools of Personalized 
Medicine 

 The biomarkers are the most important tools on 
which personalized medicine strategies will be based 
on in the future [ 17 ]. The tremendous progress in the 
different “omics” areas has open an enormous fi eld 
of investigation for a better understanding of the epi/
genetics and the pathophysiological mechanisms 

   Table 1.1    Key fi elds and potential of personalized 
 medicine in dermatology   

  Key fi elds  
 Heterogeneity of a given target disease 
 Identifi cation and validation of biomarkers and their 
development as companion diagnostic 
 Stratifi cation of patient population with the biomarker/
endophenotype 
 Improved genotype-phenotype relationship with 
information of improved computational medicine 
 Provide evidence for a better benefi t-to-risk ratio and 
effi ciency 
  Potential of personalized medicine in dermatology  
 Identifi cation of still healthy individuals with high risk 
to develop a given disease and the opportunity to act 
preventively (e.g., atopic dermatitis) 
 Opportunity for early detection of a disease 
possibly even before the fi rst symptoms appear 
(early intervention) and to control them effectively 
(e.g., psoriasis arthritis) 
 Better and more precise diagnostic of disease and 
stratifi cation according to ways for a more adapted 
therapy (e.g., malignant melanoma) 
 Prognostic information (e.g., autoinfl ammatory skin 
diseases, skin cancers) 
 Development of more targeted therapies with more 
effi cacies and less side effects (e.g., lupus, malignant 
melanoma) 
 Reduce the time, costs, and failure rate of clinical trials 
for new therapies 
 Stage adapted therapy decisions and improved 
treatment algorithms (e.g., skin cancers) 
 Better monitoring during therapy and more options for 
alternatives by nonresponders (e.g., skin cancers) 
 Opportunity for disease-modifying strategy (e.g., skin 
cancers, atopic dermatitis) 
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leading to complex diseases with a wide clinical 
and heterogeneous phenotype. These technologies 
will allow to discover step by step new biomark-
ers enabling the endophenotype-based stratifi ca-
tion of the patients according to elaborated criteria. 
Besides the aspects of discovery, many efforts will 
have to be invested in the validation of the biomark-
ers until they can be considered of clinical use [ 3 ]. 
The identifi cation of relevant biomarkers and their 
validation can only be reached when they are origi-
nated from biobanks implemented by detailed clini-
cal phenotypic information [ 18 ]. The huge amount 
of data which need to be handled in this context is 
strongly related to sophisticated algorithms inte-
grated in bioinformatics-based system biology [ 19 , 
 20 ]. More recently, it also became evident that the 
microbiome [ 21 ] (and the products of the meta-
transcriptome) must be considered as an important 
factor in the control of health and diseases. Thus, 
data from microbiome which is now considered as 
our second genome, particularly from the skin [ 22 ], 
will be of crucial importance to be included in the 
strategies mentioned herein. Therefore, establishing 
and combining (1) high- quality biobanks gathering 
representative biological samples, (2) high-quality 
phenotypic information, and (3) state of the art in 
systems biological tools are considered to be key 
for the discovery and validation of biomarkers.  

1.4     Dissecting the Complex Clinical 
Phenotypes for Optimized 
Drug Development 
and Application 

 Each disease is characterized by a more or less 
wide spectrum of individual symptoms building up 
a complex clinical phenotype but under the head-
ing of one diagnosis. This clinical  heterogeneity 
often mirrors complex pathophysiological mech-
anisms which may have distinct epi/genetic ori-
gins. Similarly, the heterogeneity of the clinical 
response to the classical treatments includes the 
risk to apply potent drugs with serious side effects 
in patients who will not respond to that particu-
lar drug [ 23 ]. This is one particular and important 
aspect to which stratifi ed medicine tries to fi nd 
an answer. The progress in our knowledge on the 

epi/genetic background and the diversity of the 
pathophysiological mechanisms leading to com-
plex phenotypes will ultimately lead to a splitting 
of this heterogeneous phenotype in some more 
clearly and homogeneously defi ned subgroup 
potentially characterized by a given profi le of bio-
markers and endophenotype (Fig.  1.1 ). Therefore, 
it is expected that most diseases will be refi ned in 
subgroups according to a biomarker-based molec-
ular taxonomy [ 24 ,  25 ]. Besides the genomic and 
epigenomic information as well as the biochemi-
cal and immunological pathways, a number of 
other information will be gathered and integrated 
such as the metatranscriptome [ 26 ], diet, lifestyle, 
exposure to environmental factors, and many oth-
ers in order to better understand the individual 
profi le of each patient in the hope to switch from 
the current attempt to cure diseases towards future 
prevention approaches. The current approach of 
personalized medicine is requesting the interac-
tion of numerous stakeholders facing a number 
of challenges. The success is tightly dependent 
on the progress in the identifi cation of relevant 
biomarkers [ 27 ] enabling us to stratify complex 
phenotypes and to identify those patients with the 
highest response to a given drug with the low-
est possible side effects. Finally it should also be 
mentioned that personalized medicine generates 
substantial ethical [ 28 ] and socioeconomic issues 
[ 29 ,  30 ] which cannot be addressed in this short 
review but are of real concern at all levels.   

1.5     Conclusion and Outlook 

 As a consequence of tremendous progress in 
biomedical research and diagnostic technolo-
gies, an endophenotype-based stratifi cation of 
complex clinical phenotypes will allow to better 
address the patient population which will have 
the highest benefi t of targeted therapy with a 
signifi cantly improved safety profi le. The com-
bination of several biomarkers with different 
predictive and prognostic values [ 31 ] will enable 
to optimize the management of hitherto lethal or 
debilitating diseases. Thus, a kind of refi nement 
with increasingly complex biomarker  profi les 
will emerge, ultimately reaching the level of 
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truly individualized medicine. As an obvious 
consequence of a modern endophenotype-based 
strategy, it will be possible to intervene in a 
pathologic process before the symptoms become 
apparent or before it has caused irreversible 
damages, i.e., disease- modifying strategies will 
become a reality [ 9 ,  16 ]. 

 While personalized medicine has experi-
enced its innovative start in the fi eld of life-
threatening diseases with signifi cant unmet 
medical needs, such as oncology and neurologi-
cal diseases, it is expected that this trend will 
extend progressively to other fi elds such as 
autoinfl ammatory and autoimmune diseases. 
The further reduction of the costs for sequenc-
ing and overall genomics- based diagnostics will 
lead to its implementation to more and more 
fi elds less related to the unmet medical need but 
rather to, e.g., aging-related issue and ultimately 
to lifestyle aspects [ 3 ]. 

 The wider acceptance and application of 
validated and qualifi ed genomic markers may 
initiate a new medical evolutionary process, 
progressively shifting away from the traditional 
curative medicine. This putative future health 
system involves a transition to predictive, pre-
ventive, personalized, and participatory (P4) [ 32 ] 
medicine and will require a systems biologic 
approach including the collection of tremendous 
amounts of data from genomics, endophenotypic 
 information, as well as those related to individ-
ual interactions with the environment. However, 
legal and ethical considerations in the context of 
an increasing risk of transparency should guaran-
tee the privacy and autonomy of choice and deci-
sion of all individuals and patients. Otherwise, an 
uncontrolled overemphasizing of the signifi cance 
of individual genomic information could lead the 
society into temptation to decide on an obligation 
of prevention for each individual.     

  Fig. 1.1    Endophenotype-based stratifi cation of heterogeneous clinical phenotypes into variants and the consequences 
for personalized management       
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2.1            Introduction 

 Melanoma is an aggressive skin cancer that arises 
from melanocytes. Melanocytes produce the pig-
ment melanin, which is pumped into the associ-
ated keratinocytes to act as a UV-protecting 
shield of the dividing cells in the basal layer of 
the epidermis and consequently results in dark-
ened skin color and/or tanning. Benign lesions 
such as nevi result from an initial hyperprolifera-
tion of melanocytes, which then undergo senes-
cence. However, due to certain mutations, 
proliferation of these melanocytic cells may 
become deregulated and result in the formation 
of a melanoma – usually a radial, then a vertical 
growth phase and eventually a metastatic mela-
noma. The challenge of diagnosing pigmented 
melanomas is mainly due to their similarity to 
dysplastic nevi [ 88 ] but also other pigmented 
lesions (e.g., pigmented basal cell carcinomas or 
pigmented seborrheic keratoses). There are also 
melanomas that display low pigment production 
and appear lighter in color (hypomelanotic) or 
pink or red (amelanotic). These melanomas are 
harder to diagnose as they are often either over-
looked or mistaken for other types of skin disor-
ders; however, they are relatively rare [ 88 ]. 

 Melanocytes are found throughout the body, 
including the epidermis, mucosa (e.g., mouth, 
rectum, vagina), and uvea, but also in the inner 
ear, brain, and lymph nodes. Cutaneous mela-
noma, arising from melanocytes in the skin, is the 
most common form of melanoma, comprising 
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more than 90 % of all incidences [ 16 ], while non- 
cutaneous melanomas, which arise in other loca-
tions than the skin, are much less common. When 
detected early, melanoma is highly curative by 
local surgical resection and retains a 98 % 5-year 
survival rate. However, the 5-year survival rate 
drops precipitously as staging progresses, result-
ing in 15 % 5-year survival rate if the patient 
presents with distant metastases upon initial 
diagnosis (Fig.  2.1 ) [ 101 ]. 

 While less than 3 % of all skin cancers are 
melanomas, they are the cause of over 75 % of 
skin cancer-related deaths [ 1 ]. Overall incidence 
of melanoma varies by geographical location 
and race, with the highest incidence occurring 
in 40 of 100,000 males in Australia [ 35 ]. 
Melanoma is an extremely aggressive disease 
and has proven to be highly resistant to current 
therapies.  

2.2     Early Therapies 

 Before 2011, there were few options for 
patients with advanced melanoma. Aside from 
surgical intervention, treatment was comprised 
of either dacarbazine, interleukin-2, or inter-
feron [ 37 ]. 

 Dacarbazine (DTIC, dimethyl triazeno imid-
azole carboxamide), an alkylating agent, was the 
only FDA-approved chemotherapy available for 
metastatic melanoma until recently. Even though 
dacarbazine was the standard treatment regimen, 
it has a low response rate of around 15–20 % and 
only an average 6–7-month overall survival time 
[ 29 ]. Temozolomide, an orally available deriva-
tive of dacarbazine, has also been tested for 
 treatment of metastatic melanoma, but did not 
achieve a signifi cant difference in overall sur-
vival compared to dacarbazine; however, 
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  Fig. 2.1    Pathologic staging of melanoma progression 
and 5-year survival rates. The later stage of melanoma at 
the time of diagnosis is directly related to 5-year survival 
rates, as adapted from the AJCC melanoma staging data-

base. Pathologic staging includes 1A–1B, 2A–2C, 3A–C, 
and stage 4. Breslow thickness, which is measured in mil-
limeters from the  stratum granulosum  of the epidermis, 
also correlates with disease progression and survival       
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 progression-free survival was increased to 
1.9 months compared to 1.5 months [ 82 ]. 
Additionally, multiple regimens combining che-
motherapies have been attempted, such as the 
Dartmouth regimen. The Dartmouth regimen 
includes dacarbazine with cisplatin, carmustine, 
and tamoxifen. While response rate was slightly 
higher, overall survival was not signifi cantly 
increased [ 17 ]. Other single- agent chemothera-
pies have also been attempted to treat malignant 
melanoma, such as  gemcitabine and fotemus-
tine, but none have received FDA approval. 
Gemcitabine has also been tested in the clinic for 
the treatment of advanced uveal melanoma. 
However, gemcitabine combined with treosulfan 
has shown promise in uveal melanoma in some 
trials, increasing median progression- free sur-
vival to 3 months when compared to 2 months of 
treosulfan alone [ 100 ]. 

 In addition to chemotherapy, immune-based 
therapy is another tool used to combat melanoma. 
Approved by the FDA for melanoma treatment in 
1998, high-dose interleukin-2 was shown in clin-
ical trials conducted between 1985 and 1992 to 
result in partial regression in 10 % of patients and 
7 % achieved complete regression [ 99 ]. 
Unfortunately, it has proven to have high toxicity, 
although readily reversible after treatment has 
ended, and for that reason only administered to 
healthier patients. 

 Another cytokine, interferon-α2b (IFN-α2b), 
is used as an adjuvant therapy for patients with a 
high risk of melanoma recurrence. Interferon-
α2b was approved by the FDA after it was noted 
in 1996 to have a signifi cant effect on disease 
recurrence after surgical intervention of late 
stage disease. Used as an adjuvant therapy after 
surgery, INF-α2b was shown to delay disease 
recurrence and to increase overall survival 
(1–1.7 years and 2.8–3.8 years, respectively) 
[ 66 ]. While these therapies did improve survival, 
it was only a modest increase and by no means a 
cure. Only in 2011 did the outlook of melanoma 
treatment change, bringing the hope of fi nding 
better treatments of melanoma through small 
molecule inhibitors and new immunotherapies, 
to name a few.  

2.3     Staging and Genotype 

 Melanoma progression is well documented, 
beginning from a stage 1 localized lesion under-
going radial growth, then achieving vertical 
growth (stage 2) and lymph node metastases 
(stage 3), to fi nally populating distant metastases 
in stage 4 (Fig.  2.1 ). The stages of melanoma are 
further denominated by the TNM system, which 
is comprised of three different categories: tumor 
thickness and ulceration (T), number and size of 
metastatic positive lymph nodes (N), and pres-
ence and location of distant metastases (M) [ 5 ]. 
Depth of invasion into the dermis is also moni-
tored by Breslow thickness (Fig.  2.1 ). The later 
stage at diagnosis, as outlined by these American 
Joint Committee on Cancer (AJCC) classifi ca-
tions, is generally associated with a more somber 
prognosis, as melanoma staging and survival are 
tightly intertwined (Fig.  2.1 ).  

 A number of molecular alterations have also 
been associated with the progression of mela-
noma. Early in the development of cancer, cells 
obtain the ability to undergo uncontrolled prolif-
eration. Two pathways that are known to regulate 
cell proliferation are the mitogen-activated pro-
tein kinase (MAPK) and phosphatidylinositol-
3- kinase (PI3K) pathways, and both have been 
found to be deregulated early in melanoma forma-
tion (Fig.  2.2 ). B-RAF, a serine-threonine kinase 
downstream of RAS in the MAPK pathway, is 
mutated in 80 % of nevi [ 91 ]. This mutation 
produces a constitutively active B-RAF, result-
ing in increased proliferation. Additionally, cell 
cycle arrest that may occur in response to onco-
genic B-RAF activity is impaired by secondary 
inactivation of the  CDKN2A  locus, discussed in 
detail below. PI3K pathway activity is increased 
in melanoma progression by loss of its nega-
tive regulator, the tumor suppressor phosphatase 
and tensin homolog (PTEN). Cell proliferation 
is furthermore enhanced by increased expres-
sion and activity of cell cycle- regulated proteins, 
such as cyclin D. These highly proliferative cells 
then become malignant following enhanced cell 
motility and invasion through alteration of pro-
tein expression. These modifi cations include loss 
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of E-cadherin, increased N-cadherin, as well as 
increased matrix metalloproteinase 2 (MMP-2) 
expression [ 83 ].  

 Not only are certain acquired mutations asso-
ciated with the disease progression, but also 
inherited mutations can enhance the likelihood of 

developing melanoma. Ten percent of melanoma 
patients have a documented family history of 
melanoma [ 42 ]. The most common genetic 
 alteration found in familial melanoma is that of 
 CDKN2A . It is estimated that around 40 % of 
familial melanoma subjects carry a  CDKN2A  

B-RAF

PROLIFERATION

PI3K

AKT

mTOR

PTEN

RAS

C-RAF

MEK

ERK

c-KIT
sunitinib
imatinib
dasatinib
nilotinib

ERBB4
lapatinib

PI3K
XL147
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SAR260301

AKT
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GSK2141795
MK2206

mTOR
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everolimus

RAS
tipifarnib
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dabrafenib
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sorafenib
encorafenib

MEK
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ERK
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RTK
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membrane

  Fig. 2.2    MAPK and PI3K pathway targeting in mela-
noma. Upon ligand binding to transmembrane receptors, 
survival pathways such as PI3K ( left ) and MAPK ( right ) 
are stimulated, resulting in increased cell proliferation. 

Multiple members of these pathways are being explored 
as targets in therapy, and the protein targeted as well as the 
corresponding inhibitors are given in  gray boxes. Red  
writing indicates FDA approval in melanoma       
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alteration [ 44 ,  81 ]. Thirty percent of  CDKN2A  
mutation carriers develop melanoma by age 30 
[ 11 ].  CDKN2A  encodes two regulators of the cell 
cycle, p16INK4a and p14ARF. It is through inac-
tivation of this locus that cancer cells are able to 
evade arrest and enhance proliferation by two 
mechanisms (Fig.  2.3 ) [ 123 ]. Normally p14ARF 
is able to inhibit the function of the ubiquitin 
ligase for p53, HDM2, resulting in increased p53 
levels and cell cycle arrest. Without proper 
p14ARF function, HDM2 is free to target p53 for 
degradation, bypassing arrest mediated by p53. 
In addition to p14ARF,  CDKN2A  encodes 
p16INK4a. p16INK4a normally halts cell divi-
sion at the G1-S checkpoint by inhibiting cyclin- 
dependent kinase 4 (CDK4), preventing Rb 
phosphorylation. Without this protein, Rb is 
phosphorylated and cancer cells are able to move 
into S phase, effectively evading another cell 
cycle checkpoint.  

 Germline mutation of the  CDK4  gene itself is 
also found in melanoma-prone families [ 103 ]. 
CDK4 binds cyclin D and promotes cell cycle 
progression. Mutation of  CDK4 , occurring at 
arginine 24, renders CDK4 unable to bind its 
inhibitor p16INK4a, resulting in increased 

 activity [ 125 ]. Both cyclin D overexpression 
and CDK4 mutation are found in melanoma, 
enhancing cell proliferation by the same 
network. 

 Microphthalmia-associated transcription fac-
tor ( MITF ) is another gene linked to familial 
melanomas and is amplifi ed in 15 % of cases 
[ 124 ]. MITF is known as the master regulator 
of melanocyte differentiation, and mutation and 
loss of function of MITF in mice cause com-
plete absence of the melanocyte lineage [ 70 ]. 
Increased in melanoma, MITF has been found to 
regulate multiple target genes important for cel-
lular survival and proliferation [ 70 ]. Surprisingly, 
MITF expression has also been shown to inhibit 
melanoma cell proliferation [ 14 ,  71 ]. These con-
fl icting results are reconciled by the rheostat 
model, where either extreme of expression (i.e., 
very high or very low) results in arrest or apopto-
sis, while intermediate levels enhance prolifera-
tion [ 46 ]. 

 In addition to proteins that regulate the cell 
cycle, there are other altered cellular mechanisms 
known to enhance melanoma susceptibility. UV 
light, mainly UV-B, has specifi cally been linked 
to melanoma acquisition, as UV radiation is able 
to induce DNA damage. Melanocytes have devel-
oped a mechanism to produce the pigment melanin, 
which can shield DNA from incoming UV rays. 
The lack of skin pigment is one reason melanoma 
occurs far more frequently in those with lighter 
skin who sunburn easily [ 60 ]. Additionally, dys-
function in the regulation of the melanin produc-
tion pathway is connected to familial melanoma. 
Melanocortin 1 receptor (MC1R) is important 
for UV-induced skin pigmentation in response 
to its ligand, α-melanocyte-stimulating hormone 
(α-MSH) [ 7 ]. Without proper MC1R function, the 
ability of melanocytes to produce melanin (spe-
cifi cally eumelanin) is impaired, leaving DNA 
exposed to incoming UV irradiation, therefore 
increasing susceptibility to melanoma [ 111 ]. It is 
important to note that non-UV-induced melano-
mas also occur. In mice that lack MC1R activity 
(and therefore eumelanin production) and harbor 
mutant B-RAF, invasive melanomas arose with-
out any UV exposure. This was found to be due 
to increased pheomelanin synthesis and resulting 
oxidative DNA damage [ 86 ]. 

CDKN2ACDKN2A

APOPTOSIS ARREST

p14ARF p16INK4a

p53

HDM2 CDK4

Rb

Cyclin D

  Fig. 2.3    Protein products and signaling pathways of the 
 CDKN2A  gene. The gene  CDKN2A  encodes p14ARF as 
well as p16INK4a, which are both involved in cell cycle 
control and can result in apoptosis or arrest       
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 Surprisingly, the mutations common in cuta-
neous melanoma, such as  B - RAF  and  N - RAS , are 
not found in uveal melanoma [ 20 ,  95 ]. Uveal 
melanoma, which arises from melanocytes in the 
choroidal plexus of the eye, comprises 5 % of 
diagnosed melanomas and portrays a distinct 
landscape of mutations. For example, BRCA1- 
associated protein 1 (BAP1) is mutated and activ-
ity lost in 84 % of metastatic uveal melanomas 
[ 53 ]. While germline mutation of BAP1 results in 
cancer predisposition, it also is found in sponta-
neous melanomas, with the highest prevalence in 
uveal melanoma (40 %) [ 117 ]. Another mutation 
also appears highly specifi c for uveal melanoma, 
GNAQ. GNAQ, a G-protein α-subunit, has an 
activating mutation in 46 % of uveal melanoma 
[ 112 ]. Even though all melanomas arise from 
melanocytes, not all present the same tendencies 
for mutations, highlighting the necessity for indi-
vidualized molecular profi ling before treatment. 

 One of the oddities of melanoma is the low 
prevalence of  TP53  mutations. p53, encoded by 
the gene  TP53 , is a tumor suppressor protein 
that in response to cell stress and DNA damage 
is increased and can result in cell cycle arrest or 
apoptosis [ 15 ]. While p53 is mutated in about half 
of cancers, mutation frequency in melanoma is 
very low, around 9 % [ 48 ]. Initial studies found 
high levels of p53 in many melanoma samples 
when staining by immunohistochemistry, which 
is normally indicative of accumulated mutant p53. 
However, these results turned out to be mislead-
ing. In fact, not only do melanomas rarely mutate 
 TP53 , but they are also found to express high lev-
els of wild-type (wt) p53 [ 3 ]. It remains unclear 
what function high levels of wt p53 play in mela-
noma, although it is proposed that p53 activity is 
modifi ed. Indeed, other members of the p53 path-
way are found to be deregulated in melanoma. 
This includes loss of p14ARF and also amplifi -
cation of HDM2, leading to increased inhibition 
and degradation of p53. Other proteins have also 
been found to alter the transcriptional ability of 
p53. Recent reports have attributed elevated levels 
of iASPP in modulating p53 transcriptional func-
tion [ 73 ]. While p53 is not commonly mutated in 
melanoma, its levels and activity are modulated, 
leading to a functional impairment. 

 Multiple acquired and inherited mutations are 
known to be prevalent in melanoma. These 
include proteins involved in different aspects of 
cancer progression, from growth and prolifera-
tion to loss of cell adhesion and increased inva-
sion. Many of these proteins are being actively 
pursued for treatment therapies and will be dis-
cussed in detail below.  

2.4     B-RAF Mutation 
and Targeted Therapy 

 B-RAF mutations are found in about 50 % of 
melanomas, and 90 % of these mutations occur at 
amino acid position 600. Furthermore, the vast 
majority of these mutations substitute the amino 
acid valine to glutamic acid (V600E) [ 24 ]. Not 
only is mutant B-RAF common in melanoma, it 
is also linked to more aggressive disease. While 
time of metastasis appearance from initial diag-
nosis was not affected by the presence of wt vs. 
mutant B-RAF, overall survival was shortened in 
patients that harbored mutant B-RAF from 8.5 to 
5.7 months [ 72 ]. However, no prognostic impact 
of BRAFV600 mutations on overall survival was 
observed for patients with primary melanoma 
and also not for patients with distant metastasis 
treated with monochemotherapy [ 79 ,  80 ]. B-RAF 
is activated by RAS, as is its family member 
C-RAF, and both are able to activate MEK, the 
next kinase in the MAPK cascade (Fig.  2.2 ). 
Additionally, in N-RAS mutant melanoma 
C-RAF is preferentially activated over B-RAF 
[ 28 ]. Interestingly, unlike B-RAF, there are no 
known mutations of C-RAF in melanoma [ 32 ]. 

 The fi rst small molecule inhibitor to be tested 
in melanoma patients was sorafenib, a broad- 
spectrum tyrosine and serine-threonine kinase 
inhibitor. While sorafenib showed activity against 
B-RAF, it also inhibits C-RAF and other kinases 
such as PDGFR, VEGFR-2, and c-KIT [ 118 ]. 
Unfortunately, in clinical trials no benefi t was 
found in those treated with sorafenib [ 30 ]. This 
may be due to the fact that even at the maximum 
tolerated dose, B-RAF was not inhibited suffi -
ciently. This could be attributed to the inhibition 
of other kinases, resulting in counteractive effects 
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and/or increased toxicity. In efforts to achieve 
more robust B-RAF inhibition, selective B-RAF 
inhibitors, such as PLX4720 and PLX4032 
(vemurafenib), were generated [ 68 ,  110 ]. 

 Vemurafenib and dabrafenib both selectively 
inhibit B-RAF, including the V600 mutant. In 
clinical trials, 85 % of patients saw some tumor 
regression, an unprecedented robust response. 
Unfortunately, it was shortly discovered that the 
median response for progression-free survival 
was only 5–7 months [ 107 ]. Interestingly, use of 
B-RAF inhibitors has shown to result in sponta-
neous growth of squamous cell carcinomas and 
keratoacanthomas in 20 % of patients. This is 
partly due to developed RAS mutation, which 
preferentially signals through C-RAF, not 
B-RAF. Fortunately, these lesions are easily 
removed by surgical resection [ 106 ]. Additionally, 
it has been discovered that B-RAF inhibition in 
B-RAF mutant melanoma cell lines results in 
loss of signaling through pERK, but in activation 
of the MAPK pathway in wt B-RAF lines. This is 
due to inhibitor binding to B-RAF increasing het-
ero- and homo-dimerization of B-RAF and 
C-RAF, leading to activation of C-RAF and 
increased downstream signaling [ 54 ]. These data 
highlight the necessity of knowing the molecular 
profi le of tumors before therapy is designed. Not 
only do these small molecules have a low toxic-
ity, they also had a high response rate. 
Unfortunately, relapse was common as the dis-
ease was able to compensate for B-RAF inhibi-
tion. These results, however, were very promising 
for future development of small molecule 
inhibitors. 

 In an effort to treat patients who have relapsed 
after B-RAF inhibition, multiple studies were 
undertaken to determine the mechanism of com-
pensation within tumor cells. B-RAF itself was 
probed for second mutations that would hinder 
small molecule inhibitor binding, but none were 
found [ 113 ]. However, alternative splicing of 
B-RAF has been seen, resulting in a protein that 
can still bind the inhibitor but no longer binds 
RAS due to a deletion in that region, resulting in 
increased dimer formation and activity [ 92 ]. 

 In addition to B-RAF splicing, it was more 
commonly observed that the MAPK pathway 

was reactivated by other means. This either 
occurred upstream by mutation of RAS or upreg-
ulation of tyrosine kinase receptors such as 
PDGFR and ERBB2, as well as upregulation of 
C-RAF [ 34 ]. Downstream members of the path-
way were also affected, as activating mutations 
of MEK, or amplifi cation of the gene encoding 
COT, were observed [ 61 ,  115 ]. Outside of the 
MAPK pathway, resistance also occurred through 
increased activity of a parallel pro-proliferative 
pathway, PI3K. All of these mediators of resis-
tance exhibited by melanoma are now possible 
therapeutic targets.  

2.5     The Role of N-RAS 
in Melanoma 

 N-RAS is found to be mutated in 15–30 % of mel-
anomas. Interestingly, N-RAS mutations rarely 
overlap with B-RAF mutation, likely due to the 
redundancy of pathway activation this could cre-
ate [ 24 ,  43 ]. The common mutations of N-RAS are 
substitutions at position Q61 (around 86 %) and 
result in an inability of N-RAS to hydrolyze GTP 
to GDP, resulting in a constitutively active kinase 
[ 36 ]. N-RAS activity can also be upregulated in 
melanoma by increased levels of its upstream 
RTKs, such as c-KIT, c-MET, and EGFR [ 6 ,  40 ]. 

 Tipifarnib (R115777) is a farnesyltransferase 
inhibitor (FTI) currently being tested in mela-
noma to inhibit RAS activity. Farnesylation is an 
important posttranslational modifi cation of RAS 
that promotes its localization to the cell mem-
brane, which is necessary for activation. 
Treatment with tipifarnib did result in decreased 
RAS activity, as indicated by the loss of AKT and 
ERK phosphorylation, in tumor samples taken 
from patients. Unfortunately, there was no clini-
cal response observed [ 41 ]. These results show 
that farnesyltransferase inhibition alone does not 
cause tumor regression in advanced melanoma, 
and a more specifi c RAS drug may be more effi -
cacious. Additionally, downstream components 
of pathways mediated by RAS (MAPK and 
PI3K) are also attractive targets for melanoma, 
and many have multiple small molecule inhibi-
tors already being explored.  
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2.6     MAPK Pathway Inhibition 

 Downstream of RAF in the MAPK pathway are 
MEK and ERK, both of which are under investi-
gation as targets in melanoma therapy. Currently, 
there is one inhibitor specifi c for MEK1 and MEK2 
which is FDA approved, trametinib. In a phase 3 
clinical trial, trametinib was compared to standard 
dacarbazine treatment in patients with metastatic 
melanoma harboring mutant B-RAF. Those given 
trametinib had better progression- free survival 
and increased overall survival when compared to 
the chemotherapy group, with 81 % survival at 
6 months compared to 67 %, respectively [ 39 ]. 

 In addition to trametinib, multiple other MEK 
inhibitors are being explored in melanoma. These 
include MEK162, which has been tested in both 
B-RAF mutant and N-RAS mutant (B-RAF wild- 
type) patients, and both sets achieved 20 % par-
tial response at 3.3 months [ 4 ]. However, there is 
dose-limiting toxicity because the MAPK path-
way is blocked in all cells, not just those that are 
cancerous. 

 Selumetinib (AZD6244), a MEK1/2 inhibitor, 
was shown to suppress melanoma tumor growth 
in mice, and tumor regression was enhanced with 
combination with docetaxel, compared to either 
treatment alone [ 50 ]. This combination therapy is 
now currently undergoing clinical trial 
(NCT01256359). Other trials have also tested 
selumetinib for effi cacy in patients with unresect-
able advanced melanoma. When compared to 
temozolomide treatment, selumetinib did not 
have a signifi cant effect on progression-free sur-
vival [ 2 ]. However, of the partial responders to 
selumetinib, 83 % were B-RAF mutant [ 65 ]. 
These data led to the possibility that this MEK 
inhibitor would be most effective in patients with 
mutant B-RAF. Later, a clinical trial compared 
selumetinib in combination with dacarbazine vs. 
placebo with dacarbazine in mutant B-RAF 
patients with advanced melanoma. Progression- 
free survival was slightly improved with those 
treated with selumetinib in combination with 
dacarbazine, but unfortunately no signifi cant dif-
ference in overall survival was observed [ 96 ]. 

 As MEK inhibition proved to be effectual 
in mutant B-RAF patients, combination of 
MEK inhibition and B-RAF inhibition is being 

explored. In patients with mutant B-RAF, dab-
rafenib and trametinib were combined and com-
pared to single dabrafenib treatment. Not only 
was progression-free survival increased to 9.4 
compared to 5.8 months, less secondary squa-
mous cell carcinoma was observed (7–19 %) [ 38 ]. 
Another MEK inhibitor, cobimetinib, is also in 
clinical trial in combination with vemurafenib, in 
hopes to improve upon mutant B-RAF and MEK 
inhibition therapy (NCT01689519). In addition to 
MEK inhibition, ERK is also a potential target, as 
it lies downstream of the MAPK pathway. Small 
molecule inhibitors of ERK are in use, such as 
SCH772984, and another molecule BVD-523 is 
currently in clinical trial [ 89 ] (NCT01781429).  

2.7     PI3K Pathway Members 
in Therapy 

 The phosphatidylinositol 3-kinase (PI3K) path-
way is activated by multiple growth factors and 
results in increased cell survival and proliferation 
(Fig.  2.2 ). After binding of growth factor to a 
receptor tyrosine kinase, PI3K is activated and in 
turn activates AKT, which regulates multiple 
downstream components to promote cell growth 
[ 75 ]. Multiple components of the PI3K pathway 
are found to be dysfunctional in melanoma. Loss 
of PTEN, a phosphatase and negative regulator of 
the PI3K pathway, has been found to be able to 
induce melanoma formation in concert with 
B-RAF mutation [ 23 ]. This pathway is also acti-
vated in cancer by mutations in AKT as well as 
amplifi cations of receptor tyrosine kinases such 
EGFR and c-KIT. There are multiple small mol-
ecule inhibitors currently being tested that target 
the PI3K pathway. 

 PI3K itself has several drugs in clinical trials 
for advanced metastatic disease, including 
SAR260301, XL147 (SAR245408), and pictil-
isib (GDC-0941). SAR260301 selectively inhib-
its the PI3Kβ isoform. Both XL147 and pictilisib 
directly bind isoforms of PI3K, effectively com-
peting for ATP binding. However, the clinical 
effi cacy for use of these drugs in melanoma has 
yet to be concluded. 

 AKT, a serine-threonine kinase downstream of 
PI3K, has been shown to be important for 
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 transformation to melanoma [ 45 ], and increased 
expression of phosphorylated AKT mirrors disease 
progression [ 22 ]. Increased AKT activity or by acti-
vating mutation (specifi cally AKT3) in melanoma 
can be due to either dysregulation of the PI3K path-
way or by activating mutation and is observed in 
about half of nonfamilial melanomas [ 25 ,  104 ]. 
Thus, AKT is an attractive target for therapy. 
Initially, perifosine, an AKT inhibitor, was not 
found to exhibit a clinical response [ 33 ]. However, 
AKT targeting is still being explored, and MK2206 
is currently in trial for advanced melanoma. 

 In addition to single-agent targeting of the 
PI3K pathway, it has been shown in melanoma 
cells that combination inhibition of the PI3K and 
MAPK pathways is a more effi cient therapeutic 
[ 102 ]. GSK2141795, which is able to specifi cally 
bind and inhibit AKT, is being explored in com-
bination with trametinib in uveal melanoma 
(NCT01979523). Additionally, a clinical trial 
combining the MEK inhibitor AZD6244 with the 
AKT inhibitor MK2206 is also proceeding 
(NCT01021748). 

 Mammalian target of rapamycin (mTOR) reg-
ulates cell proliferation and angiogenesis and is 
an upstream activator as well as a downstream tar-
get of AKT (Fig.  2.2 ). Temsirolimus is an inhibi-
tor of mTOR and has been evaluated in phase 2 
clinical trials in combination with other therapies. 
When temsirolimus is given to patients in combi-
nation with sorafenib compared to sorafenib with 
tipifarnib, no substantial difference was observed 
with either progression-free survival or overall 
survival [ 76 ]. While the downstream targets of the 
PI3K pathway have yet to be fully examined, 
upstream RTKs are also being studied.  

2.8     Decreasing Melanoma 
Growth Through RTKs 

 c-KIT, encoded by the  KIT  gene, is found to be 
mutated in at least 2 % of melanomas [ 120 ]. 
Mutation or amplifi cation of the  KIT  gene was 
found to be present in 28 % of melanomas with 
high sun exposure, as well as 36 % of acral and 
39 % mucosal melanomas [ 21 ]. Stem cell factor 
(SCF) is the ligand for the RTK c-KIT and upon 
ligand binding c-KIT is able to activate both the 

MAPK and PI3K pathways. As c-KIT mutations 
are found in other cancer types, small molecule 
inhibitors have already been created and are 
being tested in melanoma. 

 Nilotinib (Tasigna, AMN107) is a small mole-
cule c-KIT inhibitor that is FDA approved for use 
in chronic myeloid leukemia and currently under-
going trials for use in melanoma (Fig.  2.2 ). A 
small phase 2 clinical trial of nilotinib in patients 
with c-KIT alterations showed low toxicity and 
promising inhibition of tumor progression, with a 
decrease in tumor size in 44 % of patients. 
Interestingly, greater progression-free survival 
was observed in treated patients harboring c-KIT 
mutation (8.4 months) than those with amplifi ca-
tions (1.7 months) [ 18 ]. This trend was also 
observed with imatinib mesylate (Gleevec®, 
Glivec®) which showed a higher response rate for 
those harboring  KIT  mutations rather than ampli-
fi cation [ 49 ,  56 ]. A study with sunitinib, a general 
tyrosine kinase inhibitor, also showed a higher 
percentage of response in those with  KIT  muta-
tions vs. amplifi cations [ 85 ]. All of these drugs 
are tyrosine kinase inhibitors with activity not 
only against c-KIT but also other tyrosine kinases 
as well, such as PDGFR, and more specifi c drugs 
may have different outcomes. Dasatinib, another 
tyrosine kinase inhibitor that also shows high 
selectivity for SRC in addition to c-KIT, was 
examined in patients with advanced melanomas. 
No substantial effect was seen in melanoma and 
was found to be relatively toxic [ 67 ] (Fig.  2.2 ). 

 In addition to c-KIT, the RTK ERBB4 is also 
being targeted in melanoma. The  ERBB4  gene is 
found to be mutated in 19 % of patients with mel-
anoma, which results in increased activity [ 93 ]. 
Lapatinib is a tyrosine kinase inhibitor that is 
already approved for use by the FDA in breast 
cancer. It is currently undergoing phase 2 trial in 
patients with advanced melanoma that are posi-
tive for  ERBB4  mutations (NCT01264081).  

2.9     Inhibition of Angiogenesis 

 In order for a tumor to grow over a few hundred 
micrometers in diameter, new blood vessels 
must be formed to supply the new tissue mass 
with oxygen and nutrients, a process termed 
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 angiogenesis [ 84 ]. Development of new vascula-
ture from existing vessels is orchestrated through 
expression of multiple proteins including cell 
surface receptors as well as secretion of growth 
factors. All of these aspects are found deregu-
lated in cancers, including melanoma [ 31 ]. 
Destroying the ability of a tumor to create new 
vessels to support itself is an attractive therapy 
that could halt tumor growth. Additionally, the 
leaky, unorganized vessels found in tumors also 
make drug delivery much less effi cient. 
Antiangiogenic therapies have been proposed to 
cause tumor vasculature normalization, instead 
of complete collapse, which may enhance drug 
delivery and therefore would be more successful 
as a combination therapy [ 58 ]. 

 Vascular endothelial growth factor (VEGF) 
binding to its receptor VEGFR results in 
enhanced angiogenesis through endothelial cell 
proliferation as well as increased vessel permea-
bility. VEGF and its receptor are overexpressed 
in melanoma, and inhibitors of this ligation are 
being explored in therapy. Bevacizumab is a 
humanized antibody that binds VEGF-A and 
inhibits receptor association and is currently 
FDA approved for use in colorectal cancer. Trials 
with bevacizumab in advanced melanoma include 
combination with other therapeutics. In a phase 2 
trial, bevacizumab was combined with the mTOR 
inhibitor everolimus, and an average 4-month 
progression-free survival time and 8.6-month 
overall survival time were observed [ 51 ]. These 
results show that MAPK pathway inhibition 
combined with bevacizumab could be a promis-
ing therapeutic. Combination of bevacizumab 
with temozolomide resulted in an overall survival 
rate of 9.6 months, which was enhanced to 
12 months if only considering B-RAF wt patients 
[ 114 ]. However, combination of bevacizumab 
with fotemustine showed an overall survival time 
of 20.5 months [ 26 ]. A large clinical trial includ-
ing 214 patients compared treatment of paclitaxel 
and carboplatin with or without bevacizumab 
addition. Bevacizumab increased overall survival 
time to 12.3 months as compared to 9.2 months, 
and while the trend appeared to favor bevaci-
zumab addition, it was not statistically signifi cant 
[ 64 ]. While angiogenesis is an important part of 

tumor growth, the lack of compelling responses 
may be due to the fact that all these trials were 
given to late stage patients, at a point when new 
vessel formation is not as critical.  

2.10     Immunotherapy 

 Normally the immune system works to clear 
pathogens and damaged cells; however, cancer 
cells have found a way to evade destruction and 
thrive. Many therapies being developed against 
cancers have been aimed to initiate clearance by 
the immune system. This is particularly true in 
melanoma, which is considered a highly immu-
nologic tumor. High levels of tumor-infi ltrating 
lymphocytes observed within tumor sites, as well 
as documented cases of spontaneous regression, 
have contributed to this label [ 19 ,  62 ]. Many 
mechanisms by which tumor cells evade immune 
system recognition are being targeted in mela-
noma and will be discussed below. 

 For T-cell activation during the immune 
response, a receptor presented on the surface of T 
cells, CD28, will bind a co-stimulatory molecule, 
B7, on the antigen-presenting cell (APC), in 
addition to a T-cell receptor binding antigen pre-
sented by the major histocompatibility complex 
(MHC) (Fig.  2.4 ). However, if cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4) is 
also presented on the T cell, it will compete with 
CD28 for B7 binding and inhibit T-cell activa-
tion, resulting in inhibition of cytokine produc-
tion and T-cell proliferation [ 13 ]. Therefore, 
inhibition of CTLA-4 promotes T-cell response 
and enhances immune system response. 
Ipilimumab is a fully human IgG1 monoclonal 
antibody that targets and blocks CTLA-4 and is 
FDA approved for use in melanoma. In clinical 
trials, ipilimumab administered with gp100 pep-
tide vaccine vs. vaccine alone produced an over-
all survival of 10 months compared to 6 months, 
respectively [ 57 ]. Furthermore, these results were 
supported by another clinical trial that compared 
ipilimumab in combination with dacarbazine to 
dacarbazine alone. Overall survival rates were 
increased to 11.2 months when ipilimumab was 
added, from 9.1 months of dacarbazine alone. 
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Additionally, 20.8 % of patients treated with the 
combination were alive after 3 years, compared 
to 12.2 % of chemotherapy alone [ 97 ]. While 
response rates are low, the lasting results achieved 
by ipilimumab show promise for future immuno-
therapy, and it would be important to characterize 
the propensity for response.  

 In addition to CTLA-4, another inhibitory 
receptor expressed on activated T cells is pro-
grammed death-1 (PD-1), although it is mostly 
active during chronic infl ammation (Fig.  2.4 ). 
Upon binding of PD-1 to its ligands (PD-L1 or 
PD-L2), T-cell response is reduced and apopto-
sis of the T cell can be induced. Notably, many 
cancers, including melanoma, have been found 
to overexpress PD-L1, which lends to tumor 
evasion [ 27 ]. Given the promise of ipilimumab, 
antibodies blocking PD-1 and PD-L1 are also 
being tested in melanoma. Blocking PD-L1 
accessibility by treatment with a PD-L1 target-
ing antibody (BMS-936559) was explored in a 

52 patient cohort. Of these patients, nine exhib-
ited an  objective response, and three achieved 
complete response [ 12 ]. Lambrolizumab (MK-
3475) is an anti-PD-1 antibody that has shown 
effectiveness in patients with advanced mela-
noma, with a response rate of 25–52 %, depend-
ing on dosage [ 52 ]. Nivolumab (MDX-1106) 
is a genetically engineered fully human IgG4 
monoclonal antibody specifi c for human PD-1. 
Phase 1 clinical trials have used nivolumab in 
combination with ipilimumab to block both 
CTLA-4 and PD-1 in advanced melanoma. High 
occurrence (at least 88 % of patients) of adverse 
events, including rash, fatigue, and diarrhea, 
was observed. However, these were generally 
reversible with treatment of immunosuppres-
sants. In their treatment group that consisted of 
both nivolumab and ipilimumab for 3 weeks fol-
lowed by nivolumab alone for 3 weeks, a clini-
cal response was observed in 65 % of patients. 
Not only was their response rate higher than that 
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observed previously for either treatment alone, 
but 31 % of patients had at least an 80 % reduc-
tion in tumor size at 12 weeks [ 121 ]. Overall, 
targeting CTLA-4 and PD-1 shows not only 
a high response rate but also a relatively high 
durable response. 

 The most recently FDA approved drug for 
melanoma is a PD-1 antagonist, pembrolizumab. 
In a phase 1 trial, patients with advanced mela-
noma who had already undergone treatment with 
ipilimumab achieved an overall response rate of 
26 % at 8 months [ 126 ,  127 ]. These promising 
results, along with low toxicity, resulted in 
approval of the fi rst PD-1 inhibitor by the FDA, 
to be used in patients with advanced disease that 
are not responding to other therapies. This 
approval emphasizes the promise immunothera-
pies hold, and identifying molecular markers of 
responding patients will provide more effectual 
results. 

 Adaptive cell therapy is another strategy being 
employed due to the immunologic nature of mel-
anoma. In this approach antitumor-infi ltrating 
lymphocytes are isolated and expanded ex vivo, 
then infused back into lymphocyte-depleted 
patient along with interleukin-2. Lymphocyte 
depletion by chemotherapy before injection of 
the expanded antitumor lymphocytes increased 
response rates from 49 to 72 %, with about half 
of patients still alive at 30 months [ 98 ]. Future 
trials aim to select tumor-infi ltrating lympho-
cytes that are more effective. Results have shown 
that patients who achieve a complete response 
from adoptive cell transfer have a higher propor-
tion of T cells that are CD8 positive and that also 
express the co-stimulatory molecule BTLA (B 
and T lymphocyte attenuator) [ 94 ].  

2.11     Targeting ER Stress 
and Apoptosis 

 While multiple oncogenic pathways are disrupted 
in melanoma that result in increased prolifera-
tion, such as the PI3K and MAPK pathways, 
melanoma cells have also found a way to enhance 
their survival by resisting apoptosis. As already 
mentioned, the loss of  CDKN2A  locus expression 

results in two means the cell is able to overcome 
cell checkpoint control, thus thwarting apoptosis 
induction. However, that is not the only means 
melanomas escape death. 

 After protein translation, amino acid chains are 
brought into the endoplasmic reticulum (ER) for 
proper folding. However, under certain cellular 
insults that disrupt ER homeostasis, too much 
unfolded protein can accumulate in the ER, a con-
dition known as ER stress. These protein aggre-
gates can be very toxic to the cell, and ER stress 
can result in apoptosis [ 108 ]. ER stress can be com-
pensated for by activation of the unfolded protein 
response, which can either halt protein synthesis or 
increase chaperone protein expression to help fold 
nascent proteins. During cancer progression and 
tumor growth, cancer cells experience hypoxic and 
nutrient deprived conditions, and this can trigger 
ER stress. In order to circumvent ER stress-induced 
apoptosis and survive, cancerous cells have found 
ways to either augment protein folding or sabotage 
apoptosis mechanisms. Impairment of a cancer 
cells ability to prevent apoptosis is a compelling 
therapeutic avenue, which could result in comple-
tion of apoptosis as well as render cancer cells 
more sensitive to cytotoxic drugs. 

 During the unfolded protein response, expres-
sion of chaperone proteins that help correctly fold 
proteins, such as heat shock protein 90(HSP90), is 
increased. It is also found that HSP90 expression 
is increased along with melanoma progression 
[ 8 ]. Additionally, oncogenic proteins are highly 
dependent on HSP90 for correct folding; this 
includes mutant B-RAF, making it an even more 
attractive therapeutic target [ 47 ]. Two inhibitors 
of HSP90 are currently undergoing clinical trials 
in advanced melanoma, XL888 and ganetespib 
(NCT01657591, NCT01551693) (Fig.  2.5 ).  

 Another way to induce apoptosis through ER 
stress has been explored through the use of bort-
ezomib, a proteasome inhibitor [ 55 ] (Fig.  2.5 ). 
Inhibition of the proteasome causes accumulation 
of proteins, including NOXA, and results in apop-
tosis. Bortezomib is currently FDA approved for 
treatment of mantle cell lymphoma and multiple 
myeloma and is being explored for effi cacy in 
melanoma. However, bortezomib alone did not 
have a signifi cant clinical effect in melanoma [ 77 ]. 

C.A. Tonnessen and N.K. Haass



19

 The intrinsic apoptosis pathway is triggered 
through formation of pores on the mitochondrial 
membrane, resulting in release of cytochrome c 
into the cytosol, generating a cascade of proteoly-
sis (Fig.  2.5 ). These pores are either created or dis-
rupted by BCL-2 protein family members, which 
are able to oligomerize with each other. There are 
three classes of proteins within the BCL-2 family, 
depending on their function (pro- or antiapoptotic) 
and basic homology (BH) domains [ 87 ].
    1.    One class of proteins contains four BH 

domains (BH1-4) and is anti- apoptotic; 
examples include BCL-2, BCL-XL, BCL-w, 
BFL-1/A1, and MCL-1 (Fig.  2.5 , green).   

   2.    The second class of proteins expresses three 
BH domains (BH1-3), is pro- apoptotic, and 
includes BAX and BAK (Fig.  2.5 , orange).   

   3.    A third class is the BH3 only proteins, which 
have only one BH domain and work to inhibit 

antiapoptotic BCL-2 proteins, therefore mak-
ing themselves proapoptotic. These include, 
but are not limited to, NOXA, PUMA, BID, 
and BIM (Fig.  2.5 , red).    
  For example, when activated, BAX will form 

pores with BAK in the mitochondrial membrane 
in order to release cytochrome c and cause apop-
tosis. However, the antiapoptotic BH1-4 proteins 
can bind BAX and BAK and inhibit pore forma-
tion. In addition, this process can be further regu-
lated by BH3 proteins, such as PUMA, BIM, and 
BID, which bind antiapoptotic BCL-2 proteins, 
resulting in inhibition of apoptosis disruption 
[ 119 ]. Many of these proteins are deregulated in 
melanoma, resulting in enhanced resistance to 
apoptosis, and are currently being explored as 
drug targets [ 69 ]. 

 BCL-2 is a target gene of MITF, both of which 
have been found overexpressed in melanoma 
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cells [ 69 ,  78 ]. Additionally, other antiapoptotic 
BCL-2 proteins have been found in melanoma, 
such as BCL-XL and MCL-1 [ 109 ]. The overex-
pression of these proteins contributes to the cells 
ability to resist apoptosis and is therefore appeal-
ing for therapeutic targeting. 

 Oblimersen (a.k.a. G3139) is an antisense oli-
gonucleotide that targets BCL-2 and has shown 
increased apoptosis and chemosensitivity when 
combined with dacarbazine in melanoma xeno-
grafts [ 59 ]. When taken into clinical trial, the use 
of oblimersen in addition to dacarbazine showed 
enhanced effi cacy compared to dacarbazine 
alone, but the difference was moderate 
(progression- free survival was 2.6–1.6 months, 
respectively) [ 9 ]. While oblimersen showed poor 
clinical effi cacy, other means by which to target 
BCL-2 proteins have been explored. 

 BH3 mimetics are small molecules that con-
tain a BH3 domain and therefore can bind and 
inhibit antiapoptotic proteins. ABT-737 is a BH3 
mimetic that targets multiple antiapoptotic pro-
teins, such as BCL-2, BCL-W, and 
BCL-XL. While effective against melanoma cell 
lines, which is improved with combination of 
MCL-1 inhibition or NOXA induction, ABT-737 
has yet to be brought into the clinic for melanoma 
[ 63 ,  74 ]. MAPK pathway inhibition upregulates 
BIM and downregulates the antiapoptotic protein 
MCL-1 and thus promotes apoptosis in mela-
noma [ 10 ]. Combination of the B-RAF inhibitor 
PLX4720 and ABT-737 killed melanoma cells 
synergistically in vitro, dependent on induction 
of BIM and downregulation of MCL-1 [ 122 ]. 
Consequently, the orally available derivative of 
ABT-737, navitoclax (ABT-263), that also pref-
erentially inhibits BCL-2, BCL-XL, and BCL-W 
is currently recruiting for a clinical trial treating 
advanced metastatic disease, including mela-
noma, in combination with dabrafenib and tra-
metinib (NCT01989585).  

2.12     Therapies on the Horizon 

 In addition to optimizing the therapies mentioned 
above, other new strategies are also being 
explored but remain in early stages. The cyto-

skeleton is another potential target, and use of a 
tropomyosin inhibitor (TR100) to disrupt the 
actin cytoskeleton of tumor cells shows promise 
in melanoma lines [ 105 ]. Glutamine transport is 
also being investigated, as inhibition of gluta-
mine transport results in diminished growth of 
some melanoma cell lines [ 116 ]. Decreased 
MITF expression could be achieved by histone 
deacetylase (HDAC) inhibitors. Additionally, the 
downstream target of MITF, cyclin-dependent 
kinase 2 (CDK2), is also being evaluated in mela-
noma. Targeting players in cell checkpoint 
 control mechanisms, such as CHK1, also show 
promise in treatment of melanoma as well as 
increasing sensitivity to other therapies [ 90 ]. The 
use of small molecule inhibitors opens many 
doors for cancer treatment in addition to immu-
notherapies and chemotherapies, and these only 
represent a small amount of new approaches cur-
rently being explored in cancer.  

    Conclusion 

 As the molecular biology of melanoma 
becomes increasingly more clear, multiple 
proteins and pathways that are deregulated 
come to light. With this knowledge comes the 
ability to specifi cally target cancerous cells 
that are relatively indistinguishable from other 
normal tissue, as that is their origin. Early 
therapy banked on the fact that cancerous cells 
accumulated more DNA damage, due to inhi-
bition of repair mechanisms, and used chemo-
therapy to damage all cells throughout the 
body. While all cells would be affected, nor-
mal cells would be able to recuperate, while 
cancerous cells would accumulate so much 
damage that they would no longer be func-
tional and die. This strategy, while effectual in 
some cases, is highly toxic and the success 
rate in melanoma is strikingly low. 

 Using the knowledge gained by scientists 
in the laboratory, more specifi c strategies can 
be created to target specifi c mutated proteins. 
With the use of small molecule inhibitors, 
which are generally well tolerated, cancer 
therapy is evolving to more advanced treat-
ments. The use of selective B-RAF inhibitors 
was remarkably effectual in melanoma treat-
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ment; unfortunately, the disease had a high 
rate of relapse. This, however, gives hope to a 
new approach to cancer treatment. Multiple 
targets can be exploited by this approach, as 
discussed above. In addition, mapping the 
molecular signature of a specifi c tumor can 
also uncover the probability of a patient’s 
response to other therapies, such as immune-
based or antiangiogenic therapies. 

 In the general populace there is a tendency 
to lump cancers by location, such as breast 
cancer or melanoma, for example. However, it 
is becoming increasingly clear that not all 
tumor types are equal, and subsets of each 
cancer types are apparent, each with their own 
molecular signature and each with varying 
responses to different therapies with unique 
results. The future of cancer therapy, espe-
cially melanoma therapy, lies in the molecular 
landscape of each patient’s tumor and will 
require personalized strategies.     
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3.1           Introduction 

    Chronic ultraviolet (UV) radiation is the main risk 
factor for actinic keratoses (AKs). Patients with 
fi eld cancerization (defi ned as two or more AKs 
on photodamaged skin) are at an increased risk 
for invasive nonmelanoma skin cancer (NMSC). 

 Further fi eld cancerization is also associated 
with other forms of NMSC – including Bowen’s 
disease, squamous cell carcinoma (SCC), and 
basal cell carcinoma (BCC).  

3.2     Actinic Keratosis and Field 
Cancerization Background 

 AKs are intraepidermal lesions typically present-
ing as rough, scaly, keratotic macules, papules, or 
plaques. The lesions typically appear on the skin 
that has been subject to chronic exposure – the 
so-called sun terraces of the skin, including the 
face, chest, ear lobes, balding scalp, and backs of 
arms and hands – and are an indicator of cumula-
tive UV exposure. Some patients may present 
with a single lesion, but the typical clinical pre-
sentation is multiple lesions across an area of 
sun-damaged skin. 7.7 AKs per person have been 
found in a seminal Australian study of more than 
1,000 people over the age of 40 [ 1 ]. 

 Before invasive SCC develops, intraepithelial 
changes occur in the clinical forms of AK and 
Bowen’s disease. While only the latter is tradi-
tionally called carcinoma in situ due to its total 
loss of regular architecture of the epidermis, we 
believe that AK is part of the continuum of SCC 
development based on histological and molecular 
changes common to AK, Bowen’s disease, and 
invasive SCC [ 2 ]. 

 Histologically, AK is characterized by atypia 
or dysplasia of the keratinocytes in the basal layer 
of the epidermis and with progression in epider-
mal layers above. Disordered maturation of the 
superfi cial layers results in alternating areas of 
parakeratosis and hyperkeratosis [ 3 ]. 

 A signifi cant advance leading to more effec-
tive treatment of AK is acceptance of fi eld can-
cerization as an underlying condition driving 
disease pathology and progression. UV exposure 
is believed to generate fi eld cancerization. It is 
widely accepted that visible AK lesions (whether 

few or many) are a manifestation of pervasive 
damage and that the surrounding area (“fi eld”) of 
sun-damaged skin contains subclinical lesions and 
cellular changes. Bowen’s disease, SCC, and BCC 
are also visible indicators of this damage. The 
presence of any of these NMSC lesions (to include 
AK) represents evidence of fi eld cancerization. 

 The current focus of AK treatment is to target 
fi eld cancerization, rather than limiting treatment 
to clinically apparent individual lesions.  

3.3     Epidemiology and Risk Factors 

 AKs occur more frequently in regions with higher 
UV exposure and in fair-skinned populations. A 
2006 report from the World Health Organization 
noted a clear relationship between latitude and 
AK prevalence as well as the likelihood of mul-
tiple AKs at lower latitudes [ 4 ]. Prevalence rates 
of 40–60 % in adults in Australia and 11–25 % in 
various Northern Hemisphere populations have 
been reported [ 5 ]. Prevalence rates are greater in 
males than in females and increase with age [ 5 ]. 

 The most notable risk factor for development of 
AK is accumulated chronic UV radiation expo-
sure, and the person with AK typically presents 
with characteristic signs of photodamage, includ-
ing freckles and solar lentigines. Recently pub-
lished results from a multicenter study across eight 
European countries provide additional informa-
tion about a number of risk factors [ 6 ]. Differences 
in risk were noted among hair and eye coloration: 
red hair conferred a seven times higher risk than 
black hair, and brown eyes about a 40 % reduced 
risk when compared to blue. The presence of even 
a few freckles on the face was found to confer 
greater risk. Outdoor occupation, history of sun-
burns as a child, and residency in a tropical coun-
try were all associated with increased risk, whereas 
higher education levels were associated with a sig-
nifi cantly reduced risk. This study also noted 
potentially signifi cant increased risks in patients 
taking photosensitizing thiazide diuretics and car-
diac drugs and a possible protective effect from 
nonsteroidal anti- infl ammatory drugs (NSAIDs). 

 Patients who are immunocompromised are at 
signifi cant increased risk for development of 
NMSC, as are patients with genetic disorders 
such as xeroderma pigmentosum.  
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3.4     AK Progression to SCC 

 Although not all AKs will progress to SCC – and, 
indeed, some AKs will regress – there is a clear 
relationship between AK and SCC. A review of 
the evidence supporting this relationship found 
that approximately 90 % of SCCs may have con-
tiguous AKs, consistent with the concept that 
AKs are preinvasive forms of SCC [ 3 ]. One study 
found that up to 60 % of SCCs arise directly from 
an AK [ 7 ]. Another study found that 136 of 165 
cutaneous SCCs examined were closely associ-
ated with AKs; of these, 26.7 % of the SCCs were 
found to have arisen directly from an existing AK 
lesion, and another 55.7 % were in close proxim-
ity to an AK lesion [ 8 ]. 

 A large majority of lesions remain stable and 
others will regress. The review found that annual 
rates of regression for single lesions ranged 
between 15 and 63 %, with recurrence rates of 
15–53 % [ 9 ]. 

 The uncertainty of the timing and likelihood of 
AK progression has stimulated much discussion 
regarding the best treatment approach to AK, with 
some advocating watchful waiting and others a 
more aggressive approach. It is the perspective of 
the REAKT Working Group that we must consider 
AK a serious precursor to more invasive disease 
and treat promptly. The treatment algorithm will 
present appropriate treatment path based on patient 
presentation and risk factors, balancing health, fi s-
cal, and quality-of- life concerns (Fig.  3.1 ).   
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  Fig. 3.1    Actinic keratosis 
and fi eld cancerization 
treatment algorithm. The 
algorithm is intended to aid 
in the treatment decision 
process for actinic 
keratosis and fi eld 
cancerization and is not 
intended to replace a 
physician’s best judgment 
on the most appropriate 
treatment path for each 
individual patient       
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3.5     Prevention 

 As stated, chronic UV radiation exposure is under-
stood to play an essential role in the development 
of AK and other forms of NMSC. Childhood and 
adolescence are pivotal periods for primary preven-
tion efforts, which should focus on reducing overall 
exposure (minimizing the incidence of childhood 
sunburn) and helping to establish lifelong self-
care habits. There is a need for primary prevention 
measures starting in childhood to reduce overall 
population- based risk for AK and NMSC. 

 Prevention measures focus on limiting UVA 
(ultraviolet-A) photodamage through avoidance 
of unnecessary exposure to UV light (including 
sunbeds) and the use of sunscreen when exposure 
is unavoidable. Despite wide-ranging skin cancer 
education, there remain needs for continued edu-
cation of children and adolescent about the poten-
tial long-term effects of excessive sun exposure, 
proper sunscreen application, and the effective-
ness of clothing and shade as protective measures. 
Further there is still a need for continued efforts 
on changing societal values related to tanned skin. 

 In adults, including those who have a history 
of AKs or other NMSC, randomized clinical 
 trials have demonstrated that the use of sunscreen 

reduces the incidence of AKs and SCC. A ran-
domized, controlled trial demonstrated reduction 
in SCC (but not BCC) through the regular use 
of sunscreen within 4.5 years [ 10 ]. In particu-
lar high-risk populations may also benefi t from 
sunscreen use. Ulrich and colleagues studied the 
protective effects of regular sunscreen use on the 
development of NMSC in organ transplant recip-
ients (OTR) and showed a reduction in lesion 
count from baseline and fewer lesions overall 
than the control group [ 11 ]. 

 In very high-risk patients, the use of systemic 
chemoprevention like acitretin may also have 
some benefi t [ 12 ]. In addition, two small, open- 
label studies demonstrated some protective ben-
efi ts of oral capecitabine in OTR [ 13 ,  14 ]. The 
effi cacy of afamelanotide, a fi rst-in-class photo-
protective drug, for use as a photoprotective 
agent for OTR patients is currently discussed.  

3.6     Actinic Keratosis and Field 
Cancerization Management 

 Table  3.1  outlines the recommendations for 
screening and management of AK and fi eld can-
cerization based on patient and disease factors. 

   Table 3.1    Management recommendations for actinic keratosis and fi eld cancerization   

 Patient presentation  Recommended management  Suggested timing  Additional information 

 Photodamage; no 
other risk factors 

 Clinical skin examination  If new lesions occur 
 Patient-directed self-examination  Every 3 months 

 Fewer than 5 
lesions; no other 
risk factors 

 Clinical skin examination  Every 12 months 
 Patient-directed self-examination  Every 3 months 

 Recurrent lesions 
and recalcitrant 
lesions 

 Clinical skin examination  Every 3, 6, and 12 months 
following treatment 

 Recalcitrant lesion 
requires biopsy by 
dermatologist  At least every 6 months thereafter 

 Patient-directed self-examination  Every 3 months 
 History of skin 
cancer 

 Clinical skin examination  Every 3, 6, and 12 months 
following treatment 

 Lymph node exam by 
dermatology 
specialist in high-risk 
patients 

 At least every 12 months thereafter 
 Patient-directed self-examination  Every 3 months 

 CLL/OTR  Clinical skin examination by 
dermatology specialist 

 For CLL:  Invasiveness of skin 
lesions can be 
clinically 
underestimated in 
CLL/OTR 

 Every 12 months 
 For OTR: 
 One screening exam 
pretransplantation 
 Clinical exam at least every 
12 months following transplantation 

 Patient-directed self-examination  Every month 
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Absent specifi c risk factors, we recommend 
encouraging patients to perform skin self- 
examination every 3 months, with clinical exami-
nation if new lesions are noted. Certain risk 
factors require more frequent self- and clinical 
exams, as noted in the table. In any patient type, 
suspicious lesions necessitate timely professional 
inspection.

   Professional screening for AK and fi eld can-
cerization offers several important benefi ts. It 
enables the patient and physician to establish a 
baseline (at fi rst screening) or note changes to the 
patient’s skin since the last visit, thereby poten-
tially promoting earlier identifi cation of new or 
changing lesions. It also offers the opportunity to 
evaluate for other skin cancers, such as mela-
noma. Skin examinations should be comprehen-
sive, including areas such as the scalp, palms, 
oral cavity, and genitalia. For patients at high risk 
for invasive skin cancer (e.g., those with history 
of melanoma or who have large lesions), it is rec-
ommended that the examination include palpa-
tion of the lymph nodes. 

 Clinician visits also offer the opportunity to 
introduce or reinforce prevention and self-care 
habits, as patients are typically noncompliant 
with regular self-examination as well as clinical 
examination of new lesions. Patients should be 
trained on how to effectively perform at-home 
skin self-examination. 

 Of course high-risk patients for NMSC like 
OTR, as well as patients with chronic lympho-
cytic leukemia (CLL) and other patients on long- 
term immunosuppression, require special 
consideration for screening. Annual clinical 
exams by a dermatology specialist and monthly 
skin self-examinations are encouraged for these 
patients; OTR should be screened by a dermatol-
ogist for NMSC prior to transplantation [ 15 ].  

3.7     Clinical Assessment/
Diagnosis 

 AK lesions can often be diagnosed clinically. 
They broadly presents visually as a scaly, ill- 
defi ned macule, papule, or plaque, commonly 
fl esh colored, pink, or reddish brown. A classic 
feature of many AKs is a rough “sandpaper” feel. 

Firm, raised, and tender lesions are at greater risk 
for invasive carcinoma and should be biopsied. 
AK lesions may be solitary but more commonly 
present as multiple lesions in a photodamaged 
fi eld. 

 Dermoscopy is very helpful for accurate diag-
nosis of AK. A red pseudonetwork is a widely 
cited characteristic dermatoscopic fi nding of AK 
and is signifi cantly associated with AK [ 16 ,  17 ]. 
Other features include a pattern of linear wavy 
vessels in facial nonpigmented lesions and mul-
tiple gray or brown dots and globules around the 
follicular ostia in pigmented lesions [ 16 ]. 

 If in a single patient two or more lesions of 
AK, Bowen’s disease, invasive SCC, or BCC 
with accompanying photodamaged skin (with 
clinical signs such as skin atrophy, inhomoge-
neous pigmentation, dermatochalasis, purpura 
senilis of Bateman, or pseudocicatrices stellaires) 
have been diagnosed, the diagnosis of fi eld can-
cerization should be considered.  

3.8     Treatment Considerations 

 Although at this time it is not possible to predict 
which AKs will progress to invasive SCC, early 
diagnosis and treatment is believed to be key for 
minimizing disease progression and severity [ 18 , 
 19 ]. 

 Based on the patient’s presentation and risk 
characteristics, the treatment strategy may differ 
(Table  3.2 ) [ 20 ].

   Table 3.2    Factors that infl uence treatment decisions for 
actinic keratosis and fi eld cancerization   

 Disease-specifi c factors 
   Progression/development of disease 
   Number of lesions 
   Localization and severity of disease 
   Location of lesions 
   Recurrence 
 Patient-specifi c factors 
   Age 
   Mental condition 
   Ability and willingness to adhere to therapy 
   History of skin cancer 
   Risk factors, especially immunosuppression 

3 Targeted and Personalized Therapy for Nonmelanoma Skin Cancers



34

   Treatment decisions must also be weighed 
against tolerability data and the burden presented 
by the treatment regimen in the context of the 
patient’s disease considerations. For example, in 
a patient with no known risk factors and a single 
clinical lesion, the treatment path may appropri-
ately be quite different from that of the patient 
with many visible lesions in a damaged fi eld and 
a history of prior NMSC. Lesion location is an 
important factor, as lesions located in diffi cult-to- 
treat areas (e.g., the back) may prove too burden-
some for patient-directed home-based treatment. 
There are different general paths dependent on 
the patient’s disease severity and unique risk 
profi le. 

 Specifi c considerations related to the patient’s 
lifestyle, competence, and attitude toward treat-
ment should signifi cantly infl uence the treatment 
decision, as they are all important contributors to 
the patient’s adherence behaviors [ 21 ]. Because 
treatment adherence is the foundation of good 
outcomes, it is essential to anticipate common 
factors associated with poor adherence and effec-
tively work to overcome patient barriers.  

3.9     Treatment Options 

 Treatment approaches to AK can be broadly 
divided into lesion directed or fi eld directed. 
Lesion-directed therapies work by physically 
destroying individual clinically apparent lesions 
and are best reserved for use in patients who have 
only a few isolated lesions and no elevated risk 
for development of invasive NMSC. Field- 
directed therapies target both clinically visible 
lesions and preclinical lesions and other changes 
in keratinocytes in the skin surrounding the visi-
ble lesion. Because AK is a visible marker of 
more extensive damage caused by chronic UV 
radiation exposure, it is recommended fi eld- 
directed therapy as the optimal treatment 
approach for most patients. 

 Figure  3.1  presents a visual guide designed to 
assist physicians with the important decision 
points inherent to determining the best treatment 
approach for each individual patient. 

3.9.1     Sunscreen 

 Several studies have demonstrated benefi t with 
regular sunscreen use for prevention of new AK 
lesions and mitigation of fi eld cancerization pro-
gression to SCC and other invasive skin cancers 
[ 10 ,  11 ,  22 ,  23 ]. One Australian study [ 23 ] noted 
a clear dose-response relationship after the use of 
daily sunscreen that applied to both the formation 
of new lesions and remission of existing lesions. 
We recommend that all patients presenting with 
fi eld cancerization be encouraged to use sunscreen 
frequently (daily is recommended). Education is 
recommended to ensure that patients use an appro-
priate dose; underdosing is a common mistake.  

3.9.2     Curettage 

 Curettage is not a fi rst-line therapy for treatment 
of AKs. The treatment is best reserved for  treating 
a small number of AKs and/or thick, hyperkera-
totic lesions. Any potential benefi ts of curettage 
must be balanced against common adverse out-
comes, including infection, scarring, and pigmen-
tary changes. Curettage has no benefi t in treating 
subclinical lesions or the broader damaged fi eld.  

3.9.3     Cryotherapy 

 Cryotherapy is the most widely used nonsurgical 
technique for treatment of a broad range of skin 
cancers and remains the most common treatment 
for AKs [ 24 ]. Its procedure is simple, widely 
available, quick, and effective. So far there is no 
standardized approach to frequency, duration, 
intensity, or temperature of cryotherapy. This 
leads to a variety of physician-specifi c approaches 
with resulting differences in outcomes. 

 Study results [ 25 ] show in general that higher 
effi cacy rates are linked to longer freeze times; 
longer freeze times, in turn, are associated with 
higher incidence of undesirable adverse effects. 
Cosmetic response was rated “good” or “excel-
lent” in 94 % of the patients who had a 100 % 
response rate at 3 months following treatment. 
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Pain, redness, edema, and blistering are common 
side effects of treatment with cryotherapy. In 
addition, signifi cant local adverse events, such as 
hyper- or hypopigmentation (up to 29 %), scar-
ring, and hair loss, have been observed [ 25 ,  26 ]. 
Cryopeeling (diffuse cryotherapy) has been sug-
gested as a possible approach for treating indi-
vidual AKs as well as the broader damaged fi eld 
[ 27 ]. Evidence for this treatment is limited, and 
no standardization in approach or methods exists.  

3.9.4     5-Fluorouracil 

 Topical 5-FU interferes with deoxyribonucleic 
(DNA) and ribonucleic (RNA) synthesis in rapidly 
dividing cells, preventing cell proliferation and 
resulting in cell death. Clinical study of 5-FU has 
reported fi eld clearance rates of 42–96 %, with 
recurrence rates up to 55 % [ 28 – 30 ]. 5-FU is asso-
ciated with an almost 100 % incidence of local 
skin reactions. A 5 % formulation of fl uorouracil 
is available for treatment of senile and actinic ker-
atosis, requiring application once or twice daily 
for 3–4 weeks or longer in some cases. A 0.5 % 
fl uorouracil formulation has demonstrated similar 
effi cacy rates as the 5 % formulation but appears to 
cause less severe adverse events and is associated 
with improved patient satisfaction [ 30 – 32 ]. 

 A combination product of 5-FU 0.5 % plus 
salicylic acid (SA) 10 % solution is approved in 
Switzerland for once-daily application over 
12 weeks. In one trial [ 33 ], patients were treated 
with the combination 5-FU + SA and demon-
strated signifi cantly greater histological clear-
ance (72 %) and complete clearance (55.4 %) 
rates at 20 weeks than either the vehicle or diclof-
enac 3 %. Application-site reactions were more 
common with the 5-FU + SA product but were 
mostly mild to moderate.  

3.9.5     Diclofenac 

 Diclofenac sodium 3 % gel in a hyaluronic acid 
vehicle is approved for treatment of AK with 
a twice-daily administration for 60–90 days. 

Diclofenac is a nonsteroidal anti-infl ammatory 
cyclooxygenase-2 (COX-2) inhibitor. Activation 
of COX-2 has been implicated in UV-induced 
skin cancers; inhibition of the COX-2 path-
way has been shown to signifi cantly reduce 
UV-induced tumorigenesis [ 34 ]. Diclofenac 
sodium 3 % gel in hyaluronic acid also induces 
apoptosis, which is believed to play an impor-
tant role in its effectiveness as an AK treatment 
[ 35 ]. Forty percent complete clearance rate has 
been demonstrated in a meta-analysis of three 
trials [ 36 ]. 

 Studies [ 37 ,  38 ] are suggesting that diclofenac 
sodium 3 % gel is also effective and well toler-
ated as a treatment of AKs in OTR. The complete 
clearance rate in a randomized controlled trial 
was 41 % and overall lesion counts decreased; 
importantly in this high-risk patient group, there 
were no cases of invasive SCC or aggressive AK 
in the 24-month follow-up period [ 38 ]. Diclofenac 
is typically associated with mild-to-moderate 
application-site reactions.  

3.9.6     Imiquimod 

 Imiquimod is an immune-response modifi er that 
is well studied for treatment of AK. The approved 
course of therapy for treatment of non- 
hyperkeratotic, non-hypertrophic AKs on the 
face or scalp is three times per week for 16 weeks. 
Complete clearance rates from clinical trials of 
this protocol range from 48.3 to 57.1 % [ 39 ,  40 ]. 

 Long-term follow-up data revealed that 
24.7 % of patients who applied imiquimod three 
times weekly had a recurrence of AK in the origi-
nal treatment area after a median follow-up 
period of 16 months [ 41 ]. An overall complete 
clearance rate was shown ranging between 53.7 
and 55 % in two studies [ 42 ,  43 ]. Topical imiqui-
mod causes local skin reactions (LSRs), includ-
ing severe erythema, scabbing, and ulceration. In 
addition, it has been associated with fairly sig-
nifi cant but rare adverse events, including fl ares 
of previously controlled autoimmune diseases 
[ 44 – 47 ]. Despite these potential side effects, 
imiquimod is typically well tolerated. 
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 In 2012, a 3.75 % imiquimod formulation was 
approved in Europe. Clinical trial data demon-
strates that a complete clearance rate after applica-
tion of imiquimod 3.75 % (treatment daily for 
2 weeks, followed by 2 weeks without treatment, 
and then another 2 weeks with daily treatment) was 
35.6 % and the partial clearance rate was 59.4 % 
[ 48 ]. Similar results have been seen with a regimen 
3/3/3 (treatment daily for 3 weeks, followed by 
3 weeks without treatment, and then another 
3 weeks with daily treatment) with imiquimod 2.5 
and 3.75 % [ 49 ]. Although most subjects experi-
enced LSRs (up to 55 % of which were considered 
severe in the 3/3/3 protocol group), patient adher-
ence rates exceeded 90 % in the trials [ 48 ,  49 ].  

3.9.7     Resiquimod (Emerging Therapy) 

 Resiquimod is an investigational toll-like recep-
tor 7 and 8 antagonist. Resiquimod’s immuno-
modulatory effects are comparable to imiquimod, 
but it has greater potency in inducing cytokine 
expression [ 50 ,  51 ]. A phase 2 dose-ranging 
study evaluated the safety and effi cacy of four 
different concentrations of resiquimod gel (0.01, 
0.03, 0.06, and 0.1 %), applied once daily three 
times per week for 4 weeks [ 52 ]. Complete 
clearance rates after one course of treatment 
ranged from 40 % (0.01 % concentration) to 
74.2 % (0.03 % concentration). After an 8-week 
treatment- free interval, patients with remaining 
lesions received a second course of treatment. 
Overall complete clearance rates ranged from 
77.1 % (0.01 % concentration) to 90.3 % (0.03 % 
concentration). The most common adverse 
events were application-site reactions. In the 
dose- ranging study higher concentrations were 
associated with a greater incidence of adverse 
events and more severe adverse events. The 
lower concentrations (0.01 and 0.03 %) were 
better tolerated.  

3.9.8     Ingenol Mebutate 

 Ingenol mebutate is the most recent option for the 
non-hyperkeratotic, non-hypertrophic AK treat-
ment. Ingenol mebutate is a novel drug that 

appears to have two distinct and complementary 
mechanisms of action: initial rapid lesion necro-
sis within hours of application followed by spe-
cifi c neutrophil-mediated, antibody-dependent 
cellular cytotoxicity within days [ 53 ]. 

 Ingenol mebutate gel is available in two 
strengths: 150 mcg/g, administered once daily 
for three consecutive days to the face and/or 
scalp, and 500 mcg/g, administered once daily 
for two consecutive days to the trunk and/or 
extremities. A pooled analysis of two phase 3 
studies of ingenol mebutate 150 mcg/g for the 
face/scalp indicated that ingenol mebutate 
shows a complete clearance rate of 42.2 % ver-
sus 3.7 % for placebo ( p  < 0.001) [ 54 ]. A 
pooled analysis of two additional phase 3 stud-
ies of the 500 mcg/g concentration for the 
trunk/extremities revealed similar effi cacy, 
with a complete clearance rate of 34.1 % with 
ingenol mebutate versus 4.7 % with placebo 
( p  < 0.001) [ 54 ]. 

 LSRs were the most common adverse events in 
the phase 3 studies [ 54 ]. For the 150 mcg/g con-
centration, LSRs peaked at day 4 following treat-
ment initiation, rapidly decreased by day 8, and 
then continued to decrease until returning to base-
line around day 29. For the 500 mcg/g concentra-
tion, LSRs peaked between days 3 and 8 and then 
followed a similar pattern as with the 150 mcg/g 
concentration, returning to baseline by about day 
29. Fewer than 2 % of subjects who received 
ingenol mebutate experienced more serious 
adverse events. More than 98 % of patients in the 
four trials completed the treatment protocol, thus 
showing adherence rates similar to those expected 
with physician-directed treatments [ 54 ]. 

 One hundred seventy-one patients who had 
achieved complete clearance by day 57 in the 
ingenol mebutate phase 3 trials completed a 
12-month observational follow-up study [ 55 ]. At 
12 months, there was a 46 % sustained clearance 
rate (face and scalp lesions) and an 87 % reduc-
tion in the number of AK lesions as compared to 
baseline. 

 A study that investigated the potential for sys-
temic absorption of ingenol mebutate found that 
no systemic exposure of ingenol mebutate or its 
metabolites was detected in any sample (lower 
limit of quantifi cation = 0.1 ng/mL) [ 56 ].  
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3.9.9     Photodynamic Therapy (PDT) 

 PDT involves the irradiation of AK lesions with 
light to cause cell death. Prior to light exposure, a 
photosensitizing agent is applied; neoplastic cells 
accumulate more of the agent than normal cells 
and are thus subject to greater thermal and chemi-
cal effects. The most frequently used photosensi-
tizing agents are 5-aminolevulinic acid (ALA) and 
its methyl ester MAL. MAL-PDT is approved for 
treatment of thin or non-hyperkeratotic AKs on the 
face or scalp. ALA-PDT is approved for treatment 
of mild AKs with a maximum diameter of 1.8 cm 
on the face and hairless regions of the scalp. In 
addition to topical creams, an ALA patch is also 
available and demonstrates similar effi cacy as the 
creams. Treatment protocols for PDT are not yet 
standardized; incubation times, wavelength, and 
dose differ in both trial and practice [ 57 – 61 ]. 

 Studies of ALA-PDT and MAL-PDT reveal 
similar effi cacy. One study results of ALA-PDT 
range between 66 % lesion clearance at 8 weeks 
(following single treatment) and 85–89 % at 
16 weeks (following retreatment) [ 62 ,  63 ]. A 
study of MAL-PDT demonstrated complete 
(lesion) response rates of up to 89 % with retreat-
ment [ 64 ]. Pretreatment curettage is often used in 
conjunction with PDT and probably enhances the 
effi cacy rates. PDT is associated with pain (more 
signifi cant with ALA) and hypersensitivity to 
light. However, PDT can be used over large areas 
in a single session and has been associated with 
favorable cosmetic results. A recent study dem-
onstrated that MAL-PDT was associated with 
reduced keratinocyte atypia on photodamaged 
skin (supporting its effi cacy in fi eld canceriza-
tion) as well as an increase of new collagen depo-
sition (perhaps explaining its benefi cial cosmetic 
effect) [ 65 ]. 

 In patients with thin AK lesions in large fi eld- 
cancerized areas, daylight-mediated PDT may 
provide an effective and less painful treatment 
option [ 66 ]. Several small randomized clinical 
studies of daylight-mediated PDT for treatment 
of mostly thin AK lesions on the face and scalp 
have demonstrated 3-month lesion response rates 
of 75–79 %, with signifi cantly less pain than 
reported with conventional PDT [ 67 – 69 ]. This 
treatment approach is still in development.  

3.9.10     Radiotherapy 

 Radiotherapy is an effective approach for treatment 
of AK and fi eld cancerization in patients who 
require treatment of a large fi eld with a multiplicity 
of lesions or in patients with lesions that have not 
been responsive to other treatments [ 70 – 72 ]. 

 Radiotherapy allows irradiation of large fi elds 
(the size of two outstretched hands) of damaged 
skin at each session and is most commonly used 
for treatment of the face and balding scalp. 
Recommended treatment is six sessions over 
3 weeks, although some case reports have 
reported more sessions [ 71 ]. Cosmetic outcomes 
are typically excellent, and effects of treatment 
last up to two decades. Radiotherapy treatment 
for cutaneous neoplasms on the trunk and limbs 
has been associated with poorer cosmetic out-
comes [ 73 ], but radiotherapy may be used to treat 
the lower arms and legs if indicated. 

 Grenz ray therapy is the preferred modality, as 
soft X-ray therapy may induce permanent alope-
cia. Side effects and adverse events are typically 
limited to some mild discomfort and reddening of 
the skin for 2 weeks following the treatment. 
Because there is a small increased risk for devel-
opment of a secondary malignancy due to treat-
ment, radiotherapy is contraindicated for treatment 
of AK in immunosuppressed patients. In addition, 
radiotherapy is best reserved for older patients 
(60 years +) in order to maximize the typically 
long-term results of treatment while minimizing 
the risk for secondary malignancy, which also has 
a typically long-term latency period.  

3.9.11     Other Therapies 

 Other treatments for AK are available, but the 
evidence behind their use is less robust in com-
parison to effective options already presented. 
We briefl y review these other treatment options. 

 Excision of AK lesions is not a fi rst-line treat-
ment approach. Shave or punch excision is occa-
sionally used to treat individual lesions, typically 
to obtain a specimen for histologic examination 
in cases of suspected invasive SCC [ 74 ]. 

 Skin grafting may have some benefi t in high- 
risk patients with severely actinically damaged 

3 Targeted and Personalized Therapy for Nonmelanoma Skin Cancers



38

skin. A retrospective study of 11 kidney trans-
plant patients who underwent surgical resurfac-
ing of the entire dorsum of the hand as a treatment 
for multiple skin cancers demonstrated no recur-
rences of skin cancer over a mean follow-up time 
of 4.7 years [ 75 ]. 

 Topical retinoids have been studied for treat-
ment of AK. Recent results from a large random-
ized chemoprevention trial in high-risk patients 
demonstrated no differences in NMSC develop-
ment or AK counts between the tretinoin group 
and the control group [ 76 ]. 

 Skin resurfacing with chemical peels or lasers 
has shown some good results. A small, randomized, 
prospective    study comparing carbon dioxide (CO 2 ) 
laser resurfacing, 30 % trichloroacetic acid (TCA) 

peels, and 5-FU administration (3 weeks) dem-
onstrated similar effi cacy results among the three 
treatment groups [ 77 ]. The results vary strongly 
depending on the agent used of chemical peeling 
and on skill and technique of the physician using 
a laser. Small studies have reported some benefi ts 
from dermabrasion for treatment of AK. But these 
study results are not compelling, and there are side 
effects, including bleeding and scarring. 

 Table  3.3  summarizes the available treatments 
for AK discussed throughout this section and their 
effi cacy in the treatment of fi eld cancerization. 
Figure  3.2  presents the REAKT Working Group’s 
assessment of each available treatment within the 
context of important considerations related to select-
ing the optimum treatment for specifi c patients.

   Table 3.3    Summary of treatments for actinic keratosis and effi cacy in the treatment of fi eld cancerization   

 Treatment  LD/FD 

 Effi cacy in treatment of fi eld cancerization 

 Comments  Evidence of treatment benefi ts 
 OCEBM 
LOE 

 Sunscreen  FD  Use of sunscreen improves lesion 
remission and reduces lesion 
progression 

 2  Use is encouraged adjunctively for all 
patients 
 May be used as sole treatment in some 
patients 
 Should be applied to all sun-exposed 
areas 

 Curettage/
electrodessication 

 LD  Undocumented  N/A  May be benefi cial in hyperkeratotic 
lesions and in combination with fi eld 
therapy 
 Localized use preferred over fi eld 
application 

 Cryotherapy  LD  Some fi eld cancerization benefi t 
reported in a review of charts from 
a single practice where patients 
were treated with a cryopeeling 
technique 

 4  Widely used lesion-directed treatment 
 Physician-directed treatment 
 Approach is not standardized, leading 
to wide range of outcomes 
 Localized use preferred over fi eld 
application 

 5-Fluorouracil  FD  Complete clearance rates for 5 % 
5-FU 

 1  Treatment of large areas possible with 
occlusion (Unna boot). This use is 
physician directed    42–96 %, 4 weeks posttreatment 

   Sustained clearance rate at 
12 months: 33 % (one RCT) 

 Complete clearance rate for 0.5 % 
5-FU + SA at 8 weeks following 
treatment: 55.4 % 

 Diclofenac  FD  Complete clearance rate 30 days 
following treatment: approximately 
40 % (meta-analysis of 3 RCTs 
with treatment duration either 60 
or 90 days) 

 1  Good cosmesis 
 Larger areas can be treated depending 
on side effects and patient tolerance 
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(continued)

 Treatment  LD/FD 

 Effi cacy in treatment of fi eld cancerization 

 Comments  Evidence of treatment benefi ts 
 OCEBM 
LOE 

 Imiquimod  FD  Complete clearance rates after 
16-week course: 48.3–57.1 % 

 1  Unmasking of subclinical lesions 

 Complete clearance rates after 
4-week short-course treatment: 
26.8 % after one course; 53.7 % 
after 2 courses 

 Systemic reactions rarely 
 Larger areas can be treated depending 
on side effects and patient tolerance 

 Resiquimod 
(currently in 
phase 3) 

 FD  Complete clearance rates 8 weeks 
following treatment 

 3  Treatment aimed at biological response 
(infl ammation). Infl ammation may be 
early or late 

   After one course of treatment: 
40–74.2 % (dose dependent) 

 Larger areas can be treated depending 
on side effects and patient tolerance 

 After second course of treatment: 
77.1–90.3 % (dose dependent) 

 Ingenol mebutate  FD  Complete clearance rates 57 days 
following treatment 

 1  Strong local reaction with short 
administration time 

   37–47 % (face)  Larger areas can be treated depending 
on side effects and patient tolerance    28–42 % (body) 

 Sustained clearance rates at 
12 months following treatment 
(patients who had achieved 
complete clearance at 57 days) 
   46.1 % (face) 
   44 % (body) 

 Topical retinoids  FD  Varied effi cacies reported. Recent 
RCT reported no observed 
difference in lesion counts between 
topical tretinoin and placebo 

 2  Not recommended due to low effi cacy 

 ALA/MAL + 
PDT 

 LD 
and FD 

 Lesion clearance rates range from 
66 to 89 % depending on 
photosynthesizing agent and 
treatment regimen. Small studies 
indicate benefi t for treatment of 
fi eld cancerization 

 3  Physician-directed treatment 
 Pain is a consideration and will limit 
the size of treatment fi eld depending on 
patient preference and previous 
experience 
 Daylight PDT in development 

 Radiotherapy 
(Grenz ray) 

 FD  13 out of 16 patients had complete 
clearance 2 weeks following 
treatment completion 

 4  Physician-directed treatment 
 Recommended that its use be limited to 
patients over 60 years of age 
 1 treatment cycle per fi eld per lifetime 
 Grenz ray is recommended. Soft X-ray 
may induce alopecia 
 Larger areas can be treated depending 
on side effects and patient tolerance 

 Excision  LD  Undocumented  N/A  Not a fi rst-line treatment 
 Appropriate only for localized use. 
Typically reserved for lesions highly 
suspicious for invasive SCC 

 Skin grafting  FD  11 out of 11 patients had complete 
clearance out to 4.7 years 

 4  Rarely used; may be helpful in singular 
cases involving areas of pronounced 
fi eld cancerization, such as the back of 
the hands 

Table 3.3 (continued)
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3.10          Combination Therapy: 
Concomitant and Sequential 
Approaches 

 Combination therapy may be especially helpful 
when treating patients with many lesions. 
Although lesion-directed therapy is not recom-
mended for treatment of fi eld cancerization, in 
some patients judicious use of lesion-directed 
therapy in combination with fi eld-directed ther-
apy may prove to be the most benefi cial approach. 
Although the potential benefi ts of combination 
therapy are signifi cant, there are no guidelines or 
standardized treatment protocols for use of vari-
ous modalities or topical agents in combination. 
Combination therapy is also presenting added 
risks for synergistic adverse events, with poten-
tial for increased treatment-related pain and 
LSRs. 

3.10.1     PDT in Combination 

 One study has demonstrated that sequential ther-
apy with ALA-PDT + imiquimod 5 % provides a 
better response than either therapy alone, with 

“signifi cantly less intense local reactions,” and 
greater patient satisfaction than imiquimod 5 % 
monotherapy [ 78 ]. 

 Studies have also investigated sequential treat-
ment strategies using topicals (tazarotene, 5 % 
5-FU or diclofenac) as the initial therapy, fol-
lowed by PDT. These small studies indicated 
enhanced results over PDT alone and signifi -
cantly reduce lesion count [ 79 – 81 ].  

3.10.2     Cryotherapy in Combination 

 A number of studies have investigated the use of 
cryotherapy in combination with other therapies. 
In two studies, patients with AK were treated 
with cryotherapy followed by application of 
imiquimod 3.75 %,    imiquimod 5 %, or placebo 
cream. The results demonstrated that the use of 
imiquimod 3.75 % post-cryotherapy resulted in 
subject complete clearance rates of 60 % versus 
30 % in subjects who received placebo ( p  < 0.001) 
and also imiquimod 5 % showed an improved 
effi ciency [ 82 ,  83 ]. 

 Similarly, another study found that cryother-
apy followed by application of diclofenac for 

 Treatment  LD/FD 

 Effi cacy in treatment of fi eld cancerization 

 Comments  Evidence of treatment benefi ts 
 OCEBM 
LOE 

 Chemical peels  FD  AK lesion reduction of up to 89 % 
reported 

 3  May be helpful in select patients 
 Larger areas can be treated depending 
on side effects and patient tolerance 

 Laser  FD  AK lesion reduction of up to 92 % 
reported 

 3  May be helpful in select patients 
 Larger areas can be treated depending 
on side effects and patient tolerance 

 Dermabrasion  FD  Some sustained benefi t observed in 
small case series 

 4  May be helpful in select patients 
 Larger areas can be treated depending 
on side effects and patient tolerance 

  Note: The level of evidence has been noted based on evidence of each treatment’s effi cacy for fi eld cancerization. 
Treatment comments and recommendations for use are based on a consideration of available evidence as of the article 
submission date regarding treatment of fi eld cancerization, in conjunction with the subjective opinions of the authors 
based on their collective practical experiences. It is not the intention of the REAKT Working Group to preferentially 
promote the use of one modality or product over another except within the context of evidence and experience that sup-
ports better effi cacy for a patient’s unique presentation  

Table 3.3 (continued)
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Resiquimod

Cryotherapy

Greater convenience of application

Fluorouracil

Imiquimod

Ingenol mebutate

Diclofenac

Radiotherapy
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Chemical peel

CO2 laser

Side effects
less

pronounced

Side effects
more

pronounced

Lower convenience of application

a

Radiotherapy

Radiotherapy

Chemical peel

Chemical peel

CO2 Laser

CO2 laser

Cryotherapy

Cryotherapy

Ingenol Mebutate

Ingenol mebutate

Diclofenac

Diclofenac

Imiquimod

Imiquimod

PDT

PDT

Fluorouracil

Fluorouracil

Resiquimod

Resiquimod

Shorter
duration of

therapy

Longer
duration of

therapy

Shorter duration of remission

Efficacy more pronounced

Consistent
adherence

Variable
adherence

Lower convenience of application

Longer duration of remissionb

c

  Fig. 3.2    Summary of 
treatment-related 
considerations for actinic 
keratosis and fi eld 
cancerization. The choice 
of therapeutic modality 
should be personalized 
based on physician 
assessment and patient 
preference. In practice, 
displaying options on a 
two-dimensional grid may 
provide orientation for 
such a joint decision- 
making. Possible pairings 
of characteristics separate 
treatment by ( a ) conve-
nience of application 
versus side effects, ( b ) 
duration of remission 
versus duration of therapy, 
and ( c ) effi cacy versus 
adherence. Treatments 
have been assessed 
according to the subjective 
opinions of the authors 
based on their collective 
practical experiences and 
not necessarily supported 
by objective data. 
Treatments are listed in 
alphabetical order       
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90 days was signifi cantly more effective at clear-
ing lesions than cryotherapy alone: 64 % achieved 
complete clearance with sequential therapy ver-
sus 32 % with cryotherapy alone [ 84 ]. 

 A randomized controlled trial of the effect of 
treatment with 0.5 % 5-FU followed by cryother-
apy to residual lesions at 4 weeks following treat-
ment initiation found that the combination was 
signifi cantly more effective in lowering 6-month 
lesion count when compared to cryotherapy 
alone [ 85 ]. 

 Studies comparing a sequential treatment reg-
imen of cryotherapy followed by fi eld treatment 
with ingenol mebutate gel versus cryotherapy 
followed by vehicle gel for treatment of AKs 
demonstrated a signifi cantly higher complete 
clearance rate following sequential treatment 
with cryotherapy + ingenol mebutate (60.5 % vs. 
49.4 %;  p  = 0.04) [ 86 ,  87 ].  

3.10.3     Combining Topical Therapies 

 Combinations of topical therapies may also be 
benefi cial. Studies testing the combination of two 
established topicals, imiquimod 5 % and 5-FU, 
have shown to be relatively faster and more con-
venient than either therapy alone [ 88 ,  89 ].   

3.11     Management Considerations 
for the Immunocompromised 

 Patients who are immunocompromised require 
diligent monitoring for AKs and other NMSC 
and aggressive treatment if lesions are noted. 
Patients with CLL are at signifi cant elevated risk 
for development of cutaneous neoplasms; multi-
ple instances or aggressive forms of skin cancer 
could raise suspicion of CLL. 

 OTR are an important and growing subset of 
patients at increased risk for the development of 
NMSC with unusual presentation and aggressive 
progression rates. OTR have next to the same risk 
factors as the general population, the added bur-
den of immunosuppressive therapy. Up to 40 % of 
OTR patients develop premalignant tumors within 
the fi rst 5 years of immunosuppression [ 90 ,  91 ]. 

 The increased risk of skin cancer may result 
from decreased immunosurveillance as well as 
drug-specifi c properties [ 92 ]. Azathioprine 
(AZA), for example, has a photosensitivity effect 
compared to mycophenolate (MMF). In a Swiss 
study results revealed that changing from AZA to 
MMF did reduce skin photosensitivity to UVA, 
but not UVB, in the patient population tested 
(primarily skin types II and III) [ 93 ]. 

 The use of calcineurin inhibitors has also been 
associated with an increased risk for NMSC. One 
study noted a 2.8 times greater risk of NMSC 
when cyclosporine was added to an immunosup-
pressive protocol of AZA and prednisolone [ 94 ]. 
Another study found that replacing calcineurin 
inhibitors with sirolimus reduced the incidence 
of SCC and lengthened the time to onset, although 
adverse events were signifi cantly greater with 
sirolimus therapy [ 92 ]. 

 Other studies have found no specifi c connec-
tion between types of immunosuppressive ther-
apy and NMSC risk, and it is possible that the 
level of immunosuppression is a more critical 
factor than the type [ 95 ]. 

 The immunosuppressed population requires 
specifi c targeted surveillance to ensure early diag-
nosis and management of skin cancers. Therefore, 
we recommend that OTR and other patients who 
are immunocompromised receive yearly compre-
hensive screening to ensure early diagnosis of SCC 
in situ and timely and aggressive treatment to limit 
progression. Concern has been raised about the 
safety of immune stimulators such as imiquimod. 
However, there is now a body of evidence suggest-
ing that these substances are safe in OTR [ 96 ].     
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4.1            Introduction 

 Tumor therapy more and more focuses on indi-
vidualized therapeutic regimens, as they allow for 
a maximum of effi cacy in a single patient while 
simultaneously minimizing the risk of adverse 
events. Cutaneous T-cell lymphoma (CTCL) is 
especially suited for the development of such 
individualized therapeutic approaches due to its 
typical characteristics. 

 The term CTCL was introduced in the 1970s 
with the fi rst reported staging classifi cation [ 7 ]. 
During the following decades, the introduction of 
immunohistochemistry allowed a more detailed 
description of cutaneous lymphomas. The histo-
immunohistochemical fi ndings were correlated 
with the clinical presentation and follow-up of 
patients with cutaneous lymphomas. This led to 
the development of a fi rst separate classifi cation 
of cutaneous lymphomas [ 46 ]. Today, cutaneous 
lymphomas are classifi ed according to the WHO/
EORTC classifi cation [ 45 ]. This classifi cation 
acknowledges the individual clinical picture and 
prognosis of each cutaneous lymphoma entity. 
Many cutaneous lymphomas run an indolent 
course. However, they have to be distinguished 
from more aggressive forms of cutaneous lym-
phomas. A correct diagnosis and classifi cation is 
the basis for treatment decisions. Furthermore, 
staging classifi cations for cutaneous lymphomas 
have been developed [ 23 ,  31 ]. An increased inci-
dence of cutaneous lymphomas was described 
for the last decades in a large US study [ 3 ]. 
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A  signifi cant infl uence on the quality of life was 
noted in a number of studies. The leading symp-
tom is itching. Many patients are worried about 
having a serious disease which is possibly life-
threatening [ 11 ]. 

 The most common form of CTCL is mycosis 
fungoides (MF), a generally indolent variant with 
restriction to skin manifestations. It runs a slowly 
progressive course over years up to decades in 
individual patients. Three clinical stages have 
been described: patch, plaque, and tumor stage 
(Fig.  4.1 ). MF is characterized by a monoclonal 
proliferation of CD4+ T cells (Fig.  4.2 ). The sec-
ond most common group of CTCL is primary 
cutaneous CD30-positive lymphoproliferative 
disorders like lymphomatoid papulosis and pri-
mary cutaneous anaplastic large cell lymphoma. 
Both types have an indolent clinical course. 
Sézary syndrome is an aggressive and leukemic 
form that beyond skin manifestation shows blood 
and lymph node involvement. All types of cuta-
neous lymphomas are summarized in Table  4.1 .  

   CTCL challenges both basic and clinical 
research for three reasons: fi rst, its pathogenesis 
is widely unknown, although evidence on altered 
signaling or metabolic pathways as well as 
changes in the microenvironment increases. 
Second, quick and precise diagnosis is compli-
cated by the lack of unique diagnostic markers 
defi ning CTCL and demarcating it from other 

skin diseases. Third, the disease is not curable by 
now. Existing CTCL treatment only prolongs or 
delays the disease progression and shows high 
relapse rates. Hence, there is an urgent need to 
further investigate the mechanism of CTCL 
development in order to develop new therapeutic 
approaches.  

4.2     New Insights into CTCL 
Pathogenesis 

 The development of individualized therapeutic 
approaches requires knowledge on the patho-
genesis of a disease. Information is needed on 
possible alterations in signaling or metabolic 
pathways, in microenvironment or protein activi-
ties in a specifi c patient. Identifying any cellu-
lar or molecular changes that might explain the 
development of the disease is essential, as every 
difference between a malignant and a healthy cell 
represents a possible therapeutic target. In recent 
years, a wide variety of altered molecular struc-
tures or pathways have been identifi ed that might 
be therapeutically targeted. Each of these altered 
target structures affects only a more or less small 
percentage of CTCL patients, which under-
lines the need for individualized approaches in 
 identifying target structures for cancer therapy. 
The development of such therapies fi lls a gap 

Patch stage Plaque stage Tumor stage

  Fig. 4.1    The clinical stages of mycosis fungoides       
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  Fig. 4.2    Histopathological and molecular diagnosis of mycosis fungoides       

    Table 4.1    WHO classifi cation of cutaneous lymphomas   

 Cutaneous T-cell and NK-cell lymphomas  Cutaneous B-cell lymphomas 

 Mycosis fungoides (MF)  Primary cutaneous follicular B-cell lymphoma 
(PCFCL) 

 Mycosis fungoides variants and subtypes  Primary cutaneous marginal zone B-cell 
lymphoma (PCMZL) 

   Folliculotropic MF  Primary cutaneous diffuse large cell B-cell 
lymphoma – leg type (PCBLT) 

   Pagetoid reticulosis  Primary cutaneous diffuse large cell B-cell 
lymphoma, others    Granulomatous slack skin 

 Sézary syndrome (SS)  Primary cutaneous intravascular large cell B-cell 
lymphoma 

 Adult T-cell leukemia/lymphoma 
 Primary cutaneous CD30+ lymphoproliferative diseases   Hematological precursor neoplasms  CD4+, 

CD56+ hematodermic neoplasm (plasmacytoid 
dendritic cell neoplasm) 

   Primary cutaneous anaplastic large cell lymphoma (PCALCL) 
   Lymphomatoid papulosis (LyP) 
 Subcutaneous panniculitis- like T-cell lymphoma (SPTCL) 
 Extranodal NK/T-cell lymphoma, nasal type 
 Primary cutaneous γ/δ T-cell lymphoma 
   Primary cutaneous aggressive epidermotropic CD8+ T-cell 

lymphoma (provisional) 
   Primary cutaneous small- to medium-sized pleomorphic T-cell 

lymphoma (provisional) 
 Peripheral T-cell lymphoma, not otherwise specifi ed 
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in the therapeutic spectrum of CTCL that at the 
moment consists mainly of general therapeutic 
concepts. 

4.2.1      Apoptosis Resistance 

 The malignant T-cell population in CTCL 
is characterized by a phenotype of resting, 
CD3 + CD4 + CD7 − CD45RO + -bearing Th2 memory 
cells. The lifespan of a peripheral T cell is nor-
mally limited to several days under physiologic 
conditions. Upon activation, a cell death pro-
gram, the activation-induced cell death (AICD), 
is enabled and even decreases this lifespan. 
CTCL cells have been found to return to a rest-
ing state decreasing their turnover and rendering 
them insensitive towards cell death stimuli. They 
evade AICD that is triggered by the death recep-
tor CD95 by their lack of phospholipase-γ1 [ 24 ]. 
This enzyme is needed to process the TCR stimu-
lation signal intracellularly that leads to formation 
of CD95 ligand. This ligand activates CD95 in 
an autocrine way leading to induction of AICD 
(Fig.  4.3 ). Due to this mechanism and their resis-
tance towards intrinsic and extrinsic cell death 
stimuli, the accumulation of CTCL cells in the 
skin and subsequently in the lymph nodes rather 
derives from an acquired resistance towards cell 
death than from an increased proliferation rate. 
This cell death resistance is a very typical charac-
teristic of CTCL cells that originates from altera-
tions in several signaling pathways. Restoring 
sensitivity towards cell death contains a powerful 
therapeutic potential in fi ghting CTCL.  

 The nuclear factor κB (NFκB) represents one 
important trigger structure that can turn a cell 
resistant to cell death stimuli. Different alterations 
in this complex pathway have been described in 
CTCL cell lines and primary patient cells. These 
alterations lead to a constitutive activation in the 
NFκB pathway in the nucleus which impairs cell 
death signaling. The exact reason for this activa-
tion is unknown, but enhanced levels of single 
NFκB subunits like p50 as well as increased 
DNA binding of NFκB components found in 
CTCL cells explain it at least in part. This insight 
into CTCL pathogenesis has led to great ambition 
in medically reverting NFκB activation and thus 
inducing apoptosis in the CTCL cells [ 21 ,  36 ]. 

 NFκB activity can be targeted directly and 
indirectly via either inhibiting NFκB components 
themselves or other molecules crosstalking with 
the NFκB pathway. NFκB activation is sensitively 
regulated by phosphorylation and dephosphory-
lation of single components. The kinases in this 
interplay are well characterized. Recently, the 
phosphatases involved in antagonizing the kinase 
activity have come into focus more closely. The 
phosphatase PP4R1 connects the inhibitory phos-
phatase PP4c with the IKK complex within the 
NFκB signal, so that NFκB signaling is inactivated 
by PP4c. PP4R1 is hardly expressed in malignant 
T cells of many CTCL patients, so that PP4c can-
not bind to the IKK complex and thus block its 
signaling (Fig.  4.4 ). This results in a constitutive 
activation of the NFκB pathway [ 6 ]. This phos-
phatase activity might represent an interesting 
therapeutic target for an individualized approach, 
but by now no substance exists that would inter-
fere with the mentioned mechanism.  

 Another pathway that is related to the NFκB 
pathway and can also, independently of NFκB, 
lead to enhanced survival signals in T cells is the 
MAPK pathway. This signaling cascade has also 
been recently found relevant for CTCL patho-
genesis and represents another structure for indi-
vidualized CTCL patient care for several reasons. 
Both in CTCL cell lines and in isolated T cells 
of about 5 % of CTCL patients single nucleotide 
mutations in the n-ras (Q61K) and k-ras (G13D) 
genes were detected. These mutations lead to an 
excessive activation of the gene products N-Ras 
and K-Ras within the MAPK pathway and thus 
to decreased cellular susceptibility towards cell 
death signals [ 22 ]. As the MAPK and the NFκB 
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  Fig. 4.3    Modifi ed TCR signaling is responsible for 
AICD resistance in CTCL       
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pathway  communicate, enhanced MAPK activ-
ity also results in increased constitutive NFκB 
activity.  

4.2.2      Altered T-Cell Functions 

 Besides cell death resistance, other T-cell func-
tions have been found impaired in CTCL cells 
on a molecular level recently. In parallel to other 
malignancies like melanoma, the expression 
of the cell surface protein programmed death-1 
(PD-1) is pathologically increased in some types 
of CTCL [ 9 ,  20 ]. Similar to the surface protein 
CTLA-4 PD-1 inhibits effector T-cell func-
tion and thus possibly leads to suppression of 
an antitumor immune response. However, the 
exact signifi cance of PD-1 overexpression is not 
clarifi ed in the context of CTCL pathogenesis. 
Nevertheless, PD-1 can already be targeted medi-
cally; respective studies are in the clinical phase 
in melanoma patients. So this overexpression in 
CTCL contributes to the spectrum of targets for 
individualized approaches in CTCL therapy. 

 In addition, a wide variety of molecules infl u-
encing cellular transcription patterns have been 
found altered in CTCL. For example, the tran-
scription factor E2A is genetically deleted in 
about 70 % of patients with Sézary syndrome. 
This loss results in increased proliferation rates 
and cell cycle progression via derepression of the 
proto-oncogene MYC and the cell cycle regulator 
CDK6 [ 38 ]. The transcription factor E2A also 
communicates in a synergistic with the Ras path-
way that also enhances CTCL cell survival. 
Transcriptional activity is further pathologically 

infl uenced by signal transducer of transcription 
(STAT) protein family members in CTCL. STAT3 
shows constitutional activation in Sézary syn-
drome, at least in part due to autocrine IL-21 
stimulation [ 42 ]. STATs trigger the expression of 
certain miRNAs like miRNA155 and miRNA21 in 
CTCL [ 26 ,  43 ] which themselves induce resis-
tance towards cell death stimuli. 

 A unique target for T-cell-directed therapy in 
CTCL is found in the T-cell receptor (TCR). The 
monoclonal, malignant T-cell population bears a 
specifi c TCR composition that differs from the 
TCR repertoire that is formed by the nonmalig-
nant cell population. So far, one primary limita-
tion in this approach lies within the detection of 
the monoclonal TCR. In recent years, the detec-
tion methodology has largely improved including 
highly sensitive PCR and high-throughput deep 
sequencing techniques [ 44 ].  

4.2.3     CTCL Tumor Microenvironment 

 Basic cancer research has mainly focused on the 
tumor cell itself. Since the fi rst description of the 
hallmarks of cancer by Hanahan and Weinberg in 
2000, it became more important to investigate the 
microenvironment of each tumor [ 17 ]. Today, it is 
known that tumor cells interact with their micro-
environment in order to avoid immune destruction 
and to induce tumor-promoting infl ammation [ 18 ]. 
The interaction of CTCL tumor cells with infl am-
matory cells in the skin is also important for the 
understanding of CTCL pathogenesis. In many 
CTCL skin lesions, the minority of skin-infi ltrating 
cells represent CTCL tumor cells. The majority of 
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lesional cells are reactive immune cells – mainly 
lymphocytes. Only in the rare case of progres-
sive advanced disease the tumor cells become 
more prominent than the reactive cells. Therefore, 
CTCL basic research has so far mainly focused on 
the CTCL tumor cell microenvironment. 

 Tumor-infi ltrating infl ammatory cells are 
known to stimulate tumor cell growth, to induce 
angiogenesis in tumors, and to promote tumor 
invasion as evidenced by a dense infl ammatory 
infi ltrate at the marginal zones of a tumor. Immune 
progenitor cells (CD11b+, Gr1+) are able to sup-
press cytotoxic T and NK cells directed against 
the tumor. Rabenhorst et al. investigated the role 
of mast cells in the pathogenesis of CTCL [ 32 ]. 
They observed a better outcome in CTCL patients 
with less mast cells in the CTCL lesion (<100 
mast cells/mm 2 ) than those with a denser cuta-
neous mast cell infi ltrate (>100 mast cells/mm 2 ). 
Their in vitro experiments identifi ed a stimulation 
of CTCL tumor cell growth by incubation with a 
mast cell supernatant. They concluded a growth 
promotion of CTCL tumor cells by mast cells. 

 In 1990, Reinhold et al. isolated suppressive 
lymphocytes from MF skin lesions in contrast to 

non-suppressive MF tumor cells [ 33 ]. Five years 
later, these suppressive cells were termed regu-
latory T cells (Treg) [ 35 ]. Treg are CD4+ lym-
phocytes with suppressive properties in order to 
terminate immune responses and to avoid auto-
immunity. They are characterized by expression 
of the transcription factor FOXP3. Elimination 
of these important immune regulatory cells leads 
to severe autoimmune conditions in mice and 
humans. Immunohistochemical studies of CTCL 
skin samples revealed a signifi cant decrease of 
FOXP3+ cells in biopsies from Sézary syndrome 
in contrast to MF lesions [ 25 ]. Other studies corre-
lated low numbers of FOXP3+ cells with advanced 
disease in MF or CD30+ cutaneous lymphoma 
patients (summarized in [ 28 ]). The physiological 
target of suppression by Treg is the CD4+ lym-
phocyte. The abovementioned fi ndings in CTCL 
lead to the hypothesis that Treg are capable of sup-
pressing CTCL tumor cells in the early stages. The 
property is lost in advanced disease or aggressive 
forms of CTCL (e.g., Sézary syndrome) (Fig.  4.5 ).  

 In a subgroup of Sézary patients, the CTCL 
tumor cells themselves are FOXP3+ [ 19 ,  27 ]. 
FOXP3 might serve as a tumor suppressor in wt 

SkinMycosis fungoides Sézary syndrome
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  Fig. 4.5    The number of Treg correlates with an indolent course in CTCL       
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expression. However, the expression of FOXP3 
splice variants might be a pro-survival factor for 
tumor cells [ 50 ,  51 ].   

4.3     Personalized Aspects 
in Established CTCL Therapies 

4.3.1     Standard of Care/Treatment 
Guidelines 

 Treatment of CTCL patients is entity specifi c due 
to the very different clinical courses of the different 
types of CTCL (see Fig.  4.1  and Table  4.1 ). And 
treatment should be stage-adapted to avoid too 
aggressive therapies. Most patients run an indo-
lent course and require treatment for years up to 
decades. Therefore, the therapeutic effect needs to 
be balanced against possible side effects. The treat-
ment guidelines of the German dermato- oncology 
group recommend skin-directed therapies for 
indolent forms and early stages [ 37 ]. Skin-
directed therapies include topical corticosteroids, 
UV-based treatments like PUVA or UVB311 nm 
and radiotherapy. In more advanced disease or 
nonresponders, systemic treatments are added to 
the skin-directed treatment. First-line systemic 
treatments are interferon-α and the rexinoid bex-
arotene. In erythrodermic patients, extracorporeal 
photopheresis is given additionally or as mono-
therapy. For second- line treatments of CTCL, 
either cytotoxic monotherapies like low-dose 
methotrexate, gemcitabine, or liposomal doxo-
rubicin or antibodies like denileukin diftitox are 
applied. Other options include the use of HDAC 
inhibitors like vorinostat and romidepsin or total 
skin electron beam irradiation. In the majority of 
CTCL patients, the disease can be well controlled 
with the mentioned standard treatments. However, 
even within one type of CTCL, individual patients 
might behave very differently requiring personal-
ized treatment approaches.  

4.3.2     Individualized Management 
of Bexarotene Therapy 

 Although being a standard therapy bexarotene 
treatment requires an elaborate personalized 
 therapeutic regimen. Its characteristic side 

effects are often misunderstood and may lead 
physicians to wrong interpretations and deci-
sions. Mainly these side effects include central 
hypothyroidism and hyperlipidemia, which are 
observed in almost 100 % of patients [ 1 ]. The 
occurrence of these side effects can be explained 
by the molecular mechanism of the bexarotene 
effect. This compound mainly affects nuclear 
retinoid X receptors (RXR) and thus infl uences 
apoptosis. RXR are in combination with reti-
noic acid receptors (RAR) involved in the regu-
lation of thyroid function and lipid metabolism. 
So intriguingly, hypothyroidism and hyperlipid-
emia rather refl ect bexarotene being active and 
effective in a patient than displaying a reason 
for discontinuation of treatment. Both bex-
arotene effectiveness in suppression of CTCL 
symptoms and the occurrence of these side 
effects show great interindividual differences, 
but so far there are no known correlations with 
any individual parameters that would allow any 
predictions about effectiveness and severity of 
side effects in a certain patient. Therefore, the 
side effect management has to be tuned indi-
vidually in accordance with their characteristic 
and severity. All patients need an accompanying 
medication with thyroxin, whereas the dosage 
may vary between 50 and 200 µg/day depending 
on the blood values of thyroxin and triiodothy-
ronine. The dramatically suppressed TSH that 
necessarily occurs during bexarotene therapy 
refl ects the central character of the hypothyroid-
ism and may in combination with the normal 
values of thyroxin and triiodothyronine under 
substitution not be mistaken for a constellation 
of peripheral hyperthyroidism. The individual-
ized management of hyperlipidemia is more 
sophisticated. First-line therapy would include 
fi brates in therapeutic doses. In case of insuf-
fi ciency of this therapy, it can be combined with 
esterifi ed fi sh oils that are FDA approved under 
the brand name Lovaza® or Omacor® to lower 
very high triglyceride blood levels. In case of 
myopathies or signs of rhabdomyolysis under 
fi brate therapy, it can be replaced by atorvas-
tatin 10 mg/day that infl uences both triglyceride 
and cholesterol levels with a milder side effect 
spectrum [ 1 ,  14 ,  39 ]. Obviously dose adjust-
ments have to be  considered in accordance 
with effi cacy and risk of the treatment. In our 
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experience, not many patients tolerate the maxi-
mum dose aimed for, which is not necessarily 
a problem. Most patients who respond at all to 
bexarotene show already good response rates at 
moderate doses, so that tapering down the dose 
to the lowest level of response is obviously the 
most reasonable method to manage side effects. 
It has to be emphasized that bexarotene needs 
up to 6 months to show a clinical therapeutic 
effect.  

4.3.3     Individualized Management 
of Interferon Therapy 

 The handling of interferon therapy with respect 
to side effect management or concurrent medica-
tion is less diffi cult and requires less experience 
and consideration of mechanistic interaction. In 
terms of concurrent medication, the most com-
mon side effects that have to be individually dealt 
with are fl ulike infl ammatory responses and 
depressive disorders. 

 The fi rst one can in almost all cases easily be 
treated by nonsteroidal anti-infl ammatory drugs 
(NSAID) like paracetamol 500 mg 1 h before and 
1 h after the injection of interferon. The manage-
ment of depressive disorder in interferon therapy 
includes two different possibilities. Either inter-
feron can be reduced to the lowest possible effec-
tive dose, although that often does not reduce 
depression suffi ciently. The alternative would 
be a medical symptom suppression. This can be 
reached by cotreatment with different antide-
pressants. Selective serotonin reuptake inhibi-
tors (SSRI), tricyclic antidepressants (TCA), and 
mirtazapine can be equally effective depending 
on the individual patient’s tolerance and response 
[ 2 ]. Interestingly different antidepressant drugs 
are effective in suppression of pruritus that is 
often an agonizing symptom of CTCL [ 15 ]. 
These drugs include mirtazapine and amitripty-
line. Therefore, we would fi rst line recommend a 
depression management upon interferon therapy 
with mirtazapine due to its lowest side effect pro-
fi le and its proven effectiveness for pruritus con-
trol in CTCL [ 12 ].   

4.4     New Individualized 
Therapeutic Options 
in Clinical Trials 

4.4.1     Anti-CCR4 Therapy 

 In recent years, cytokines and chemokines have 
gained increasing interest in the therapy of hema-
tological malignancies. They conduct important 
immune modulating signaling functions in T cells 
and thus represent powerful potential to impede 
malignant T-cell functions. Among other func-
tions, T-cell migration is infl uenced. Especially 
the chemokine receptor CCR4 has been found to 
be associated with a skin-homing T-cell pheno-
type [ 8 ]. In accordance with this fi nding, CTCL 
cells show an increased CCR4 expression driv-
ing them into the skin [ 13 ]. Indeed, targeting of 
CCR4 in CTCL has shown therapeutic potential 
in vitro and in vivo and thus might become a 
standard therapeutic option in fi ghting this dis-
ease [ 10 ,  16 ]. Yet, the percentage of CCR4 +  cells 
shows a strong interindividual variation. Ferenczi 
et al. show a range between 31.5 and 80 % of 
CCR4 +  cells in the peripheral blood of Sézary syn-
drome patients ( n  = 11) and 39.2 and 95 % within 
skin lesions ( n  = 7). Unfortunately, no predictive 
markers are known so far that correlate with the 
number of CCR4 +  cells in an individual patient 
and thus with the chance of therapeutic success 
when treating with an anti-CCR4 antibody. 

 In order to solve these questions, the random-
ized multicenter phase 3 study NCT01728805 
compares therapy with the anti-CCR4-mAB 
KW-0761 (Mogamulizumab) to vorinostat as a 
standard treatment. Progression-free survival, 
response, quality of life, and pruritus are 
assessed. Thus, planned in 2015, the study will 
deliver information, if anti-CCR4 treatment will 
be effective in a wide population of CTCL 
patients or if perhaps patient stratifi cation is nec-
essary prior to therapy. Therefore, targeting 
CCR4 might in any case be an effective treat-
ment option in individual CTCL patients, who 
show a high expression of CCR4 on their malig-
nant T cells or an “addiction” of their cells to 
CCR4 signaling.  
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4.4.2     Anti-CD30 Therapy 

 The abovementioned anti-CCR4 study excludes 
patients with transformed CTCL. These patients 
might benefi t from another clinical study. Cellular 
transformation in CTCL represents an event 
accompanied by tumor progression, a higher risk 
of systemic involvement and thus a decline in 
prognosis. Upon transformation, CTCL cells 
start the expression of the surface marker CD30. 
This protein belongs to the TNF receptor super-
family and can mediate signal transduction via 
TRAFs that leads to the activation of NFκB and 
cell death resistance. CD30 is highly expressed in 
a variety of nodal and systemic lymphoma sub-
sets, including Hodgkin lymphoma and anaplas-
tic large cell lymphoma. Treatment of systemic 
lymphoma patients with a CD30-mAB alone 
showed limited success. Therefore, the antibody 
was bound to different cytostatic substances. 
Indeed, brentuximab vedotin, an antibody-drug 
conjugate that selectively delivers monomethyl 
auristatin E, an antimicrotubule agent, into 
CD30-expressing cells, showed very promising 
study results that even led to the approval of this 
drug for the therapy of patients with relapsed 
Hodgkin lymphoma and anaplastic large cell 
lymphoma [ 30 ,  47 ,  48 ]. 

 At the moment, the randomized phase 3 trial 
NCT01578499 of brentuximab vedotin (SGN- 
35) versus physician’s choice (methotrexate or 
bexarotene) addresses the question if brentux-
imab vedotin is also effective in CD30- 
transformed CTCL. Response to therapy, 
progression-free survival, and tumor burden of 
the skin are evaluated. The study obviously only 
includes the small subgroup of CTCL patients 
whose malignant cell population expresses 
CD30. Similar to the abovementioned anti-CCR4 
treatment brentuximab vedotin might be effective 
only in a subgroup of enrolled patients. 
Individualized stratifi cation of eligible patients 
might make a correlation of CD30 expression 
levels on the malignant cell population and thera-
peutic success necessary. On the other hand, the 
coupling to auristatin E could make it an effective 
drug even in case only very few CD30 molecules 

are expressed, as the drug itself has cytotoxic 
activity and does, in contrast to the anti-CCR4- 
mAB, not need the involvement of the immune 
system in killing the opsonized CTCL cells. 
Indeed, in Hodgkin’s disease, there is evidence 
that brentuximab vedotin is effective even in case 
very few or no CD30 molecules are expressed on 
the malignant cell population. The exact mecha-
nisms for that are still to be elucidated, but most 
probably infl uences on the tumor microenviron-
ment and subsequent antitumor immunologic 
effects are responsible for this effect [ 34 ,  40 ].   

4.5     Experimental/Future 
Individualized Therapies 

4.5.1     Restoring Apoptosis 
Sensitivity 

 As described above, cell death resistance is one 
major feature of CTCL cell that complicates ther-
apy. Different, partly interacting pathways have 
been described that are involved in this process 
(see also  4.2.1 ). Due to their crosstalk, it is cru-
cial to identify essential switch points within the 
signaling. Ideally, inhibition of such a switch 
point would impede a certain pathway without 
allowing for another redundant pathway to take 
over the respective signal and function of the 
impaired pathway. Alternatively, a far down-
stream signal of one pathway or even a common 
end signal of different pathways can be targeted. 
Good candidate molecules fulfi lling these condi-
tions can be found within the NFκB pathway. 
Unfortunately, by now possible candidate drugs 
either showed too little therapeutic effi cacy 
already on a preclinical level or were not suitable 
for treatment of human patients due to their high 
degree of toxicity [ 21 ,  36 ]. Recently, new non-
toxic direct NFκB inhibitors have been identifi ed 
and successfully tested preclinically. Yet, their 
exact molecular targets within the NFκB pathway 
are unclear. In addition, clinical studies will have 
to prove them effective in the treatment of CTCL. 

 For the crosstalking MAPK pathway that is 
also involved in apoptosis resistance of CTCL 
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cells, there are already well-established inhibit-
ing drugs that are already in clinical use for 
 treatment of other malignant diseases. For exam-
ple, the multikinase inhibitor sorafenib could be a 
promising therapeutic approach, at least for 
patients whose malignant T cells bear a K-Ras or 
N-Ras mutation. In vitro data hints towards 
sorafenib being able to induce apoptosis in CTCL 
cells. Interestingly inhibitors of b-Raf or other 
Ras/Raf proteins like U0126 and PLX4720 do 
not show any cell death-inducing properties. In 
addition, sorafenib can sensitize cells towards 
cell death stimulation by other drugs. Therefore, 
it is rather a candidate for combination therapy 
with other drugs that are limited in dosage by 
toxicity or side effects by enhancing the effects of 
these substances. 

 Another interesting therapeutic approach for 
targeting apoptosis resistance in CTCL includes 
the antiapoptotic members of the Bcl-2 protein 
family like Bcl-2, Bcl-xL, and Mcl-1. In CTCL, 
genetic and functional alterations of the protein 
Bcl-2 have been described [ 29 ]. This protein 
inhibits cytochrome c externalization from the 
mitochondria during apoptosis and thus blocks 
apoptosis signaling on a crucial step. Inhibitors 
or Bcl-2 like ABT-737, ABT-263, and the most 
recently developed ABT-199 are already in clini-
cal testing or even clinical use for different other 
hematologic malignancies like multiple myeloma 
and chronic lymphocytic leukemia (  http://clini-
caltrials.gov/ct2/results?term=ABT199    ). Similar 
to sorafenib, Bcl-2 inhibitors are rarely used as 
single treatment. Their ability to block cell death 
evasion via Bcl-2 upon drug-induced apoptosis 
stimulation makes them ideal combination ther-
apy partners for cytotoxic substances. Therefore, 
they rather represent cell death enhancers than 
cell death inducers in most malignant cells. In 
CTCL cells, it is unclear whether they depend on 
Bcl-2 function with respect to survival or whether 
Bcl-2 signaling is just switched on upon cellular 
stress. A dependence of CTCL cell survival on 
constitutive Bcl-2 function would make the Bcl-2 
inhibitors even promising candidates for mono-
therapy. Yet, the described heterogeneity in alter-
ations in Bcl-2 function found in CTCL cells 
from different patients would make a  stratifi cation 

necessary, as this therapy would just exert its 
action in an eligible subgroup of patients with 
high Bcl-2 levels and Bcl-2 “addiction” of their 
cells. 

 Curcumin is a drug that at least in vitro com-
bines the inhibition of different essential path-
ways involved in cell death resistance of CTCL 
cells. For curcumin, a downregulation of sur-
vivin, of Bcl-2, and of STAT-3 on mRNA level 
and a reduction of NFκB and STAT-3 function 
via inhibition of phosphorylation has been 
described [ 49 ]. These effects would induce cell 
death by several different and independent path-
ways and would simultaneously inhibit survival 
signals that could counteract this cell death 
induction. Despite these very promising in vitro 
data, no clinical data exists yet that would give 
evidence if these effects also hold true in patients 
and their malignant cells – neither in the general 
collective nor in special subpopulations. It is not 
known either if these effects can be reached by 
reasonable and nontoxic doses of this drug. 

 In some patients, nonsteroidal anti- 
infl ammatory drugs (NSAID) might be a thera-
peutic option that could support or enhance 
therapeutic effects of CTCL standard treatment. 
NSAID have been shown to induce apoptosis in 
CTCL cells. Although the exact target or involved 
mechanisms for this fi nding are not completely 
elucidated, an involvement of Mcl-1 downregu-
lation, an antiapoptotic Bcl-2 family member, 
could be identifi ed [ 5 ]. So far, no systematic clin-
ical testing of these in vitro and ex vivo results 
has been performed in order to confi rm a possible 
therapeutic action of NSAID in CTCL patients. 
There is also no published data on a possible 
correlation between a favorable prognosis or 
milder CTCL symptom occurrence and systemic 
NSAID intake in CTCL patients, as many people 
take them anyway for other indications.  

4.5.2     Targeting Impaired T-Cell 
Functions (Beyond Apoptosis) 

 Besides direct apoptosis induction, a wide variety 
of T-cell functions that are altered in CTCL cells 
compared to healthy T cells are within the focus 
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of defi ning new individualized therapies for 
fi ghting CTCL. 

 The protein PD-1, which suppresses antitumor 
response and is overexpressed in CTCL, can be 
targeted medically. Different monoclonal anti-
bodies against PD-1 have been developed. One of 
them, nivolumab, has already shown promising 
clinical phase II results in the treatment of small 
cell lung cancer, melanoma, and renal cell cancer. 
Colon and pancreatic cancer that were also tested 
did not respond [ 4 ,  41 ]. Unfortunately for lym-
phoma, especially CTCL, no data exists on a pos-
sible effect of anti-PD1 therapy. For CTCL, 
besides an anti-PD-1 antibody, a conjugate of the 
antibody to a cytostatic drug might be a promis-
ing new therapeutic approach in parallel to bren-
tuximab vedotin in CD30+ lymphoma. 

 From the pharmacologic point of view, the 
perfect individualized therapy in CTCL would be 
a monoclonal antibody against the specifi c and 
monoclonal TCR of the CTCL cell population, as 
it would specifi cally exert maximal therapeutic 
effect on the malignant population while leaving 
the rest of the T cells or other tissues unaffected. 
Techniques in identifying the monoclonal TCR 
have improved a lot, so that this identifi cation 
should be possible in all cases now. A problem in 
this approach that so far impaired all attempts in 
this fi eld lies in the very high cost. Performing 
high-sensitivity PCR and deep sequencing for 
identifying the clonal TCR alone is very expen-
sive. In addition, every patient would need an 
antibody generated for just one person. So far, 
nothing is known about possible TCR loci that 
preferred for monoclonal expansion, so that one 
has to consider a random interindividual distribu-
tion of clonal TCR in the CTCL patient collec-
tive. Therefore, as long as such an anti-TCR-mAB 
therapy is connected to such high cost, it can at 
best be considered in experimental or strictly 
selected single individuals. 

 A wide variety of other molecules that are 
involved in T-cell development and signaling 
could be possible targets in CTCL therapy in the 
future. These include transcription factors like 
E2A; cytokines and chemokines like IL-2, IL32, 
IL17F, and IL31; and different miRNAs (see also 
 4.2.2 ). At the moment, therapeutic strategies 

against these targets would collapse as neither 
small molecules nor safely clinically usable anti-
bodies exist to interfere with these structures. 
Nonetheless, recent research in CTCL pathogen-
esis and therapy showed a wide number of new 
therapeutic approaches and pushed them quickly 
into clinical settings. Therefore, there is good 
hope that the pipeline of new individualized or 
general therapies in fi ghting CTCL will not run 
dry, as there is constant need of new therapies in 
this so far incurable disease.      
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5.1            Introduction 

 Atopic dermatitis (eczema) is probably the most 
common infl ammatory disease overall [ 1 ]. The 
incidence of atopic dermatitis has increased by 
about threefold in the last four decades, particu-
larly in Western countries [ 2 ]. The disease affects 
between 15 and 20 % of the children and – 
depending on the studies – between 2 and 10 % 
of adults. One of the most important aspects of 
this disease relies in the considerable impact on 
the quality of life of patients and their relatives 
[ 3 – 5 ]. Therefore, due to its high prevalence and 
incidence, atopic dermatitis generates a substan-
tial socioeconomic burden [ 6 – 17 ]. 

 One of the key aspects of atopic dermatitis is 
its wide spectrum of clinical phenotype [ 18 ,  19 ]. 
There is a great discrepancy between the physi-
cian’s perception, on the one hand, and the 
patient’s perception or of their relatives, on the 
other hand. The physician usually sees the dis-
ease as a kind of screenshot situation and tends to 
prescribe some therapeutic management based 
on his own experience with this kind of particular 
diagnosis and situation. The parents and patients 
on the other hand have in mind a long and some-
times painful history of the disease with a strong 
impact on the quality of life. Moreover, the thera-
peutic management by the physician is more and 
more dictated by national or international guide-
lines, which usually do not consider the natural 
history of the disease. Instead, these guidelines 
concentrate on the treatment of individual fl ares 

        T.   Bieber ,  MD, PhD, MDRA      
  Department of Dermatology and Allergy , 
 Center of Translational Medicine, University of 
Bonn ,   Sigmund Freud Str. 25 ,  Bonn   53105 ,  Germany   
 e-mail: Thomas.Bieber@ukb.uni-bonn.de  

  5      Personalized Management 
of Atopic Dermatitis: Beyond 
Emollients and Topical Steroids 

           Thomas     Bieber     

Contents

5.1  Introduction  . . . . . . . . . . . . . . . . . . . . . . . .  61

5.2  Pathophysiological Heterogeneity 
of Atopic Dermatitis . . . . . . . . . . . . . . . . . .  62

5.2.1  Environmental Factors . . . . . . . . . . . . . . . . .  63
5.2.2  Genetics of Atopic Dermatitis  . . . . . . . . . . .  64
5.2.3  Epigenetics in Atopic Dermatitis . . . . . . . . .  65

5.3  Heterogeneity of the Clinical 
Phenotype of Atopic Dermatitis  . . . . . . . .  65

5.3.1  Age of Onset of Atopic Dermatitis  . . . . . . .  65
5.3.2  The Natural History of Atopic Dermatitis . . .  66
5.3.3  Semiology of the Skin Lesions  . . . . . . . . . .  66
5.3.4  Spectrum of the Severity 

in Atopic Dermatitis. . . . . . . . . . . . . . . . . . .  67

5.4  The Quest for Biomarkers Leading 
to a New Taxonomy of Atopic 
Dermatitis  . . . . . . . . . . . . . . . . . . . . . . . . . .  67

5.5  The Long Way to Personalized 
Management of Atopic Dermatitis . . . . . .  69

5.5.1  Personalized Prevention 
to Avoid the Atopic March. . . . . . . . . . . . . .  69

5.5.2  A Personalized Management 
to Control a Disease on the Long Run . . . . .  69

5.5.3  A Personalized Diagnostic Approach 
to Identify the Provocation Factors 
in Atopic Dermatitis. . . . . . . . . . . . . . . . . . .  69

5.5.4  Personalized Approach 
in the Context of Drug Development . . . . . .  70

  Conclusion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70

mailto: Thomas.Bieber@ukb.uni-bonn.de


62

and hardly consider the chronic and possibly life-
long aspect of atopic dermatitis [ 20 – 28 ]. Thus, 
while the patient is always considering himself as 
a single individual requesting a tailored manage-
ment, the physician will tend to apply a therapeu-
tic approach according to the “one size fi ts for 
all” schema. Finally, there is a substantial gap 
between the wide heterogeneity of the clinical 
phenotype and the very limited choice of avail-
able and approved drugs for the management of 
atopic dermatitis despite the progress in our 
understanding of the genetic background and the 
pathophysiology of atopic dermatitis.  

5.2     Pathophysiological 
Heterogeneity of Atopic 
Dermatitis 

 Atopic dermatitis is by defi nition a genetically 
complex disease where gene-gene and gene- 
environment interactions seem to play a key role. 
In most of the cases, typically starting during 
infancy, the disease can be divided into three 
main phases [ 1 ]:

•    Phase 1: The initial infantile form where IgE 
sensitization is not yet detectable and where 
there is no evidence for allergic reactions. 
This phase could also be defi ned as non-IgE 
(formerly intrinsic)-associated form.  

•   Phase 2: The chronic infl ammation catalyzes 
the emergence of IgE sensitization, and aller-
gies – at the beginning particularly to food fol-
lowed by environmental allergens – are known 
to play a role as provocation factors. This 
phase could also be defi ned as IgE (formerly 
extrinsic)-associated form.  

•   Phase 3: While the sensitization profi le is 
expanding, other allergic diseases such as 
allergic rhinitis and asthma are developing. 
The atopic march is completed. In some cases 
(30 % of adult patients), the individuals 
develop an IgE sensitization towards self- 
proteins, typically derived from keratinocytes: 
atopic dermatitis has a strong autoimmune 
component.    
 Figure  5.1  schematically depicts the main fac-

tors involved in the pathophysiology of this dis-
ease with regard to the different phases of the 
natural history, i.e., the atopic march.  
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  Fig. 5.1    The pathophysiological factors and the classical natural history of atopic dermatitis for a patient developing 
an atopic march (Adapted from Bieber [ 1 ])       
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5.2.1     Environmental Factors 

 A number of environmental factors have been 
analyzed in many epidemiological studies over 
the last three decades. Besides the exposition to 
highly variable factors like hard water or soaps 
[ 29 – 32 ] which may directly impact or worsen the 
well-accepted impaired epidermal barrier func-
tion, a number of more specifi c factors have been 
highlighted and which may play a crucial role in 
the sensitization phenomenon as well as in induc-
ing skin infl ammation. 

5.2.1.1     Allergens 
 Although the exposition to allergens has been 
assumed during pregnancy [ 33 – 36 ] and condi-
tioned by the mother’s diet, the most evident 
exposition to allergen occurs directly after birth. 
Hereby, food allergens as well as environmental 
allergens (such as animal dander or pollens) are 
certainly to be considered with regard to the sen-
sitization phenomenon [ 33 ,  35 ,  37 ]. However, 
there is more and more evidence that the disease 
starts initially without any kind of sensitization 
and that the latter is most probably started or 
enforced during the chronic course of the disease 
in early childhood [ 2 ,  38 ,  39 ]. This also means 
that the disease most probably starts as a nonal-
lergic condition where the impaired epidermal 
barrier function plays a primary role in the 
induction of the infl ammation. However, it is 
still not clear how genetic mutations or variants 
of relevant genes for the epidermal barrier func-
tion can solely lead to the underlying infl amma-
tory condition. On the other hand, it has been 
speculated that the contact of foodstuff with the 
infl amed skin on the perioral region could con-
tribute to the sensitization to food allergens, 
while the contact of food with the oral mucosa 
and the gastrointestinal tract would rather lead to 
tolerance mechanism [ 40 ]. This is even sup-
ported by recent epidemiological data strongly 
suggesting that an early introduction of food 
diversity may be protective against atopic der-
matitis [ 35 ,  41 ,  42 ]. However, it is not clear 
which individuals may have greater benefi t from 
this kind of strategy.  

5.2.1.2     Microbiome and Infections 
 The role of  Staphylococcus aureus  and the prod-
ucts thereof has been supported by a number of 
in vitro and only few in vivo experiments [ 43 , 
 44 ]. It is well accepted that the skin of patients 
with atopic dermatitis is heavily colonized with 
this bacterium and that the superantigens pro-
duced by staphylococci could amplify the infl am-
matory condition in an allergen-independent way 
[ 45 ,  46 ]. However, the use of antibiotics and anti-
septics seems to only have a limited effi cacy in 
controlling the fl ares of atopic dermatitis [ 47 –
 49 ]. The overall role of bacteria on the skin in 
atopic dermatitis has more recently been high-
lighted by new insights in the diversity and com-
plexity of the skin microbiome [ 50 ,  51 ]. Indeed, 
it appears that healthy skin is characterized by the 
colonization of at least 250–500 different bacte-
ria, yeast, and viruses which all are involved in a 
continuous cross talk between themselves and 
the skin innate immune system [ 52 – 54 ]. Thus, 
healthy skin seems to be dependent on a balanced 
colonization, and a reduction of the diversity of 
the skin microbiome could be of pathophysiolog-
ical relevance not only for atopic dermatitis [ 55 ], 
but also for other infl ammatory skin conditions 
such as acne, rosacea, and psoriasis [ 56 – 58 ]. As 
the microbiome is now considered as our second 
genome, it introduces a new level of complexity 
that we are just starting to realize but far from 
being able to understand. We will have to increas-
ingly consider the microbiome and its products in 
the context of an impaired epidermal barrier dys-
function since the latter allows a more facilitated 
interaction with our skin immune system and 
possibly the facilitated growth of pathogens.  

5.2.1.3     Pruritus and Tissue Damage 
 Pruritus belongs to the main symptoms of atopic 
dermatitis, and it largely contributes to the 
impairment of the quality of life of the patients 
[ 59 ]. Besides this aspect, it has been shown that 
scratching may induce substantial tissue damage 
within the epidermal compartment, and this dam-
age leads to the release of intracellular 
keratinocyte- derived compounds [ 60 ]. It has been 
assumed that these compounds are then captured 
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by epidermal dendritic cells in the context of a 
microenvironment favoring a switch towards 
Th2, mainly provided by cytokines such as TSLP 
[ 61 ]. This constellation ultimately leads to the 
sensitization to keratinocyte-derived self-proteins 
to which the immune system mounts an IgE 
immune response [ 62 – 65 ]. While pruritus and 
scratching are not observed in the fi rst weeks of 
the diseases in infancy, the fi rst evidence for an 
IgE response to self-proteins is reported within 
the fi rst year [ 66 ], where the chronic scratching 
activity has already been installed. However, it is 
still unclear why a number of children sensitized 
to self-proteins do not experience a more chronic 
course of the disease and the exposition to aller-
gens like food and pollens still seems to represent 
the primary provocation factors in these sensi-
tized individuals. On the other hand, a substantial 
proposition of adult patients with chronic and 
diffi cult to manage atopic dermatitis displays 
high amounts of IgE directed through self- 
proteins leading to the assumption that this par-
ticular population may have experienced a switch 
from an allergic to an auto-allergic form of atopic 
dermatitis (Phase 3) [ 1 ,  61 ].   

5.2.2     Genetics of Atopic Dermatitis 

 The genetic background of atopic dermatitis is 
highly complex, but it can be schematically strat-
ifi ed in two main groups of genes possibly 
responsible for this disease (Fig.  5.1 ) [ 1 ]. This 
dichotomic view is mainly based on the fact that 
two main aspects learned from the pathophysio-
logical understanding of atopic dermatitis have 
been put forward: an intrinsic defect in the epi-
dermal barrier function on the one hand and a 
genetically driven dysfunction of the immune 
system leading to high tendency of IgE-mediated 
immune responses on the other hand. 

5.2.2.1     Epidermal Genes 
 A number of different genes involved in the 
structure and regulation of the epidermal barrier 
functions have been proposed as candidates for 
the explanation of the impaired epidermal barrier 
function observed in atopic dermatitis. However, 
only two of them have reproducibly been investi-

gated, and the functional consequences of 
mutations or single nucleotide polymorphisms 
(SNPs) of these genes have just started to be elu-
cidated. Mutations of the gene encoding for fi lag-
grin (FLG) have been shown to be relevant for 
the pathophysiology of ichthyosis vulgaris, the 
most common genodermatosis [ 67 ]. Similarly, 
genetic variants of the same gene have been 
shown to be associated with atopic dermatitis 
[ 68 ]. However, it should be noted that at least 50 
different mutations or variants of fi laggrin have 
been shown in different populations while the hot 
spots in European Caucasian populations seem to 
be different from those observed, for example, in 
Asian countries. Due to the relevance of fi laggrin 
as a precursor molecule of the so-called natural 
moisturizing factor [ 69 ], this functional aspect is 
of primary interest for epidemiological studies 
which have supported the hypothesis that indi-
viduals carrying fi laggrin mutations seem to have 
the highest risk to develop an early onset of atopic 
dermatitis followed by a severe and chronic form 
of the disease associated with other allergic dis-
eases, i.e., an atopic march [ 38 ,  70 – 76 ]. 

 Similarly, the protease-antiprotease system 
involved in the regulation of the epidermal bar-
rier function has been scrutinized, and genetic 
variants of the gene encoding for the so-called 
LEKTI/SPINK5 gene has been shown to be 
associated with atopic dermatitis [ 77 ]. 
Interestingly, as is the case for fi laggrin in ich-
thyosis vulgaris, mutations in LEKTI/SPINK5 
are known to be at the origin of another geno-
dermatosis associated with an impairment of the 
epidermal barrier function and the occurrence of 
an atopic dermatitis- like infl ammation with high 
IgE levels: the Netherton syndrome [ 78 ]. A 
series of experiments performed in animal mod-
els where variants of the SPINK5 gene have 
been knocked in have shown that this genetic 
background can indeed induce an unspecifi c 
skin infl ammation simply driven by an imbal-
ance in the epidermal protease-antiprotease sys-
tem [ 79 – 83 ]. As a consequence, this genetic 
background also induces a strong TSLP produc-
tion by the epidermal keratinocytes and thereby 
prones the overall immune response towards 
Th2 profi le. These observations could be rele-
vant for the very initial infantile stage of atopic 
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dermatitis (Phase 1) where an infl ammatory 
condition is observed in the absence of any IgE 
sensitization context. 

 More recently, due to the progress in high- 
throughput technologies, a number of genome- 
wide association studies (GWAS) have been 
conducted in atopic dermatitis and have high-
lighted some new candidate genes such as C11 of 
30, or ACTL9, and KIF3A [ 84 – 88 ]. While the 
functional relevance of these genes is still not 
understood, it is clear however that the genetic 
background of atopic dermatitis is even more 
complex than initially suspected.  

5.2.2.2     Immunological Genes 
 Since atopic dermatitis was initially considered 
primarily as an immunologically driven condi-
tion, many candidate gene approaches have been 
performed in the past and highlighted a number 
of relevant genes possibly involved in the context 
of the immunological mechanisms underlying 
the IgE sensitization as well as the skin infl am-
mation. Interestingly, several candidate genes 
have been identifi ed in the so-called cytokine 
cluster on chromosome 5q31-33 which encom-
passes key mediators such as IL4, IL5, and IL13 
[ 89 – 91 ]. Similarly, genetic variants of the genes 
encoding for the receptor for IL4 [ 92 ,  93 ] have 
reproducibly been described as well as mutations 
in the promoter region for the gene and encoding 
for the chemokine CTACK/CCL27 and particu-
larly the keratinocyte-derived cytokine TSLP 
which seems to play a key role in the pathophysi-
ology of the disease [ 94 – 97 ]. The immunological 
aspects underlying atopic dermatitis have been 
reviewed recently [ 98 ] highlighting the move 
away from a uniform dogma involving mainly 
the Th1–Th2 balance towards a more complex 
network of many different T cells with a wide 
spectrum of cytokines such as IL-22 [ 99 – 102 ], 
IL-9 [ 103 – 105 ], and IL25 [ 106 – 109 ]. 

 When it will come to establish a genomic pro-
fi le supposed to be more or less characteristic for 
a subgroup of patients with atopic dermatitis, a 
various combination of different candidate genes 
will certainly be considered and will hopefully 
give us more information about the individual 
risk for the disease itself and the associated atopic 
march.   

5.2.3     Epigenetics in Atopic 
Dermatitis 

 In the recent years, it became evident that the 
classical genetic background can be substantially 
modulated by mechanisms involving the methyl-
ation of genes and the acetylation/deacetylation 
of chromatin regions or microRNA sequences. 
Thus, since these mechanisms are under the sig-
nifi cant infl uence of environmental factors such 
as foodstuff, exposition to pollutants, or poten-
tially signals from the microbiome, epigenetic 
regulation could explain some contradictory 
results of a number of genetic studies reported in 
the fi eld of allergic diseases. Only few studies 
have addressed the epigenetic regulation in atopic 
dermatitis [ 110 – 114 ], but it is expected that new 
knowledge in this fi eld could provide important 
information with regard to new prevention strate-
gies relevant for individualized prevention 
measures.   

5.3     Heterogeneity of the Clinical 
Phenotype of Atopic Dermatitis 

 The clinical phenotype of atopic dermatitis dis-
plays a very wide spectrum of different aspects, 
and at least four levels of complexity can be dis-
tinguished, namely, (1) the age of onset, (2) the 
natural history, (3) the semiology of the lesions, 
and (4) the severity of the disease. These aspects 
are not independent but are usually related and 
sometimes strongly interacting. 

5.3.1     Age of Onset of Atopic 
Dermatitis 

 As shown on Fig.  5.2 , at least six different ages of 
onset can be identifi ed [ 115 ]. It is currently far to 
be clear what the reasons for this high heteroge-
neity in the age of onset could be and whether 
genetic or more environmental factors could play 
a major role in the initiation of the study. Overall, 
it is interesting to note that the sensitization rate 
is the highest among people having started the 
disease before adulthood, while the classical late 
onset (between 20 and 60 years) seems to be a 
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particular form which affects mainly females in 
which an IgE sensitization as well as other atopic 
diseases such as rhinitis or asthma are rarely seen 
[ 116 – 122 ]. Interestingly however, as it seems the 
case for psoriasis, we are currently assisting to 
the emergence of a very late onset (senile) of 
atopic dermatitis which is characterized by an 
average age of onset of more than 65 years, a 
rather severe form of atopic dermatitis typically 
as an erythrodermic variant, a male predomi-
nance (ratio M:F of 3:1), and a mean high total 
IgE level above 8,000 kU/l [ 123 – 126 ].   

5.3.2     The Natural History of Atopic 
Dermatitis 

 Figure  5.1  depicts the classical natural history of a 
child with an infantile or childhood onset of atopic 
dermatitis in which the sensitization emerges dur-
ing the chronic phase of the disease and potentially 
ending up with other atopic diseases affecting the 
airways, i.e., allergic rhinitis and allergic asthma. 
This natural history affects approximately 45 % of 
all patients, and they usually suffer from the more 
severe forms of the disease. On the other hand, 
it has been reported that approximately 60 % of 
the kids will improve the condition and go into 
complete remission before the puberty [ 18 ,  19 , 
 115 ,  127 – 132 ]. However, this has been questioned 

more recently in a large cross-sectional and cohort 
study which suggests that mild to moderate forms 
of atopic dermatitis may persist well into the sec-
ond decade and even longer, strongly suggesting 
that atopic dermatitis should be considered as a 
lifelong condition [ 133 ].  

5.3.3     Semiology of the Skin Lesions 

 Although atopic dermatitis is usually character-
ized by more or less sharply demarcated, ery-
thematous, and scaly lesions mainly localized on 
typical body sites such as the head, neck, fl ex-
ures, and hands, this archetypical kind of mor-
phology may not be applied to all patients 
suffering from this disease (Fig.  5.3 ) [ 117 ]. 
Indeed, besides clear evidences of dry skin (xero-
sis), the semiology of the skin lesions can also be 
very diverse including, e.g., isolated retroauricu-
lar fi ssures or mainly highly infi ltrated and 
lichenifi ed lesions on other places, sometimes 
isolated or combined with a strong pruritus (the 
so-called lichen Vidal). Finally, the so-called 
nummular eczema is also considered as a possi-
ble variant of atopic dermatitis for which, besides 
the possible role of the microbiome and espe-
cially  Staphylococcus aureus  [ 134 ], no real 
pathophysiological explanation has been found 
so far.   

  Fig. 5.2    The different 
types of onsets observed in 
atopic dermatitis (Adapted 
from [ 115 ]) and the risk 
of IgE sensitization       
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5.3.4     Spectrum of the Severity 
in Atopic Dermatitis 

 One of the key features of atopic dermatitis 
remains its wide spectrum of severity, which can 
be evaluated by different tools. Among the vali-
dated tools currently in use in clinical practice as 
well as in the context of clinical trials are the 
scoring systems SCORAD [ 135 – 139 ] and EASI 
[ 140 – 142 ]. Moreover, due to the increased 
importance of patient-related outcomes under 
socioeconomic and pharmaco-economic aspects, 
tools to evaluate the severity from the patients 
point of view (PO-SCORAD and POEMS) [ 136 , 
 141 ,  143 – 147 ] as well as questionnaires for the 
evaluation of the quality of life specifi cally 
designed for patients with skin conditions (e.g., 
DLQI or the Skindex) have been developed 
[ 148 – 156 ]. 

 Three main severity categories have been 
defi ned: mild (including xerosis), moderate, and 
severe. It has been shown that most of the patients 
are switching from one category to the other 
depending on the disease activity, usually dic-
tated by the fl ares. As expected, disease severity 
is strongly associated to the frequency of fl ares. 
However, in the absence of adequate therapeutic 
management, the disease keeps a level of severity 
of its own. Except for the case of the infantile and 

childhood onsets of the disease where a gradual 
increase in the affected body regions and body 
surface area is usually observed during the 
chronic course of the disease, only few data are 
available for the natural history in terms of sever-
ity with the adult onsets of atopic dermatitis. 
Among the population of patients suffering from 
atopic dermatitis, the severity is not evenly dis-
tributed, but it is estimated that severe patients 
represent 10–15 % of the overall AD populations. 
However, the moderate-to-severe and severe pop-
ulation (SCORAD >30) have the biggest medical 
unmet need.   

5.4     The Quest for Biomarkers 
Leading to a New Taxonomy 
of Atopic Dermatitis 

 The spectrum of possible biomarkers useful in 
any kind of disease is quite large and much 
dependent on the kind of disease and the approach 
selected. Progress in our understanding of the 
genetic background and the epidemiology and 
pathophysiology of atopic dermatitis has led to a 
series of candidate genes and molecules which 
could be used as biomarkers in the context of per-
sonalized medicine. With regard to the particular 
natural history of atopic dermatitis, a number of 
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  Fig. 5.3    The heterogeneity of the clinical phenotype of atopic dermatitis in relation to the severity grade       
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different kinds of biomarkers are expected to be 
discovered. Figure  5.4  shows the typical scenar-
ios of a natural history of atopic dermatitis with 
early onset and the different time points at which 
biomarkers could be useful for the management 
of the disease. Thereby, the following types of 
biomarkers can be considered: 
    1.    Screening biomarkers which are unable to 

identify those patients at high risk of develop-
ing atopic dermatitis even before the fi rst clin-
ical signs of the disease.   

   2.    Diagnostic biomarkers which could be used at 
a very early time point in case of differential 
diagnostic problems.   

   3.    Severity biomarkers typically useful in the 
setting of clinical trials for the evaluation of 
therapeutic success or even as surrogate bio-
markers for clinical trials and long-lasting 
control.   

   4.    Biomarkers for individualized diagnostics of 
the sensitization profi le. A determination of 
specifi c IgE belongs to this kind of biomark-
ers already available.   

   5.    Biomarkers predicting the therapeutic 
response and the risk of side effects for a spe-
cifi c drug (pharmacogenomics).   

   6.    Prognostic biomarkers which may predict the 
occurrence of remission before puberty or 
adulthood or a successful disease-modifying 
strategy.   

   7.    Diagnostic biomarkers for atopic march and/
or autoimmunity in atopic dermatitis enabling 
to identify those patients who would not have 
benefi t from any kind of avoidance strategy 
with respect to allergens or other environmen-
tal factors.    
  Overall, it is assumed that most of the dis-

eases will not be stratifi ed according to one sin-
gle biomarker [ 157 – 159 ]. Thus, as our 
understanding in the genetics and pathophysiol-
ogy of atopic dermatitis will progress, an increas-
ing number of different biomarkers will be 
available, and depending on the goal of the strat-
ifi cation, a more or less complex combination of 
several biomarkers will be considered: they built 
the so-called endophenotypes. As for other com-
plex diseases, the endophenotype will ultimately 
lead to a stratifi cation of atopic dermatitis 
according to a new kind of molecular taxonomy 
[ 160 ]. This stratifi cation will be the basis of 
future developments in personalized prevention 
and therapy.  
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  Fig. 5.4    Schematic profi le of the natural history of atopic 
dermatitis with the different time points where a bio-
marker could be applied (Adapted from [ 178 ]).  1  
Screening biomarkers for detection of patients at risk for 
atopic dermatitis.  2  Diagnostic biomarkers.  3  Severity 
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ers predicting the therapeutic response.  6  Prognostic bio-
markers predicting the course (complete remission or 
relapse) of the disease.  7  Diagnostic biomarkers for auto-
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5.5     The Long Way to Personalized 
Management of Atopic 
Dermatitis 

 With regard to the abovementioned complexity 
of the pathophysiology and clinical phenotype of 
atopic dermatitis, a number of opportunities can 
be defi ned for which a personalized approach 
could substantially be of benefi t for an 
endophenotype- defi ned subgroup of patients suf-
fering from this disease. 

 In the following, a few ideas and speculations 
are drawn in order to address some key opportu-
nities and goals. 

5.5.1     Personalized Prevention 
to Avoid the Atopic March 

 The analysis of different kinds of natural history 
of this disease has strongly suggested that there is 
one particular subpopulation of patients starting 
with an early onset which has the highest risk to 
develop a long life severe form of atopic dermati-
tis associated with strong sensitization and a high 
risk to develop allergic asthma, i.e., the atopic 
march. Preliminary evidence from genetic stud-
ies suggests that fi laggrin mutations are strongly 
associated with this particular natural history of 
the disease [ 70 – 73 ,  161 ]. However, we will cer-
tainly need some other biomarkers related to the 
immunological sets of genes associated with the 
regulation of IgE synthesis in order to have a 
more complete picture of the possible endophe-
notype associated with individuals at high risk to 
develop this particular course of the disease. 
Based on this information provided by a combi-
nation of appropriate biomarkers, it could be pos-
sible to identify the newborns and children at 
high risk at a very early time point (Phase 0) and 
to stratify these populations starting in a way that 
would allow to provide a more differentiated 
information to the parents as well as the very 
early use of particularly adapted prevention mea-
sures [ 162 ]. This kind of primary prevention 
could potentially hamper the appearance of the 
disease or lead to the delay of the fi rst symptoms. 
Appropriate prevention measures with regard to 

the exposition to foodstuff and other potential 
allergens could be designed in order to induce 
tolerance instead of sensitization. Even if these 
primary prevention measures would not be effec-
tive, and the disease has already started (Phase 1), 
the knowledge about the risk of atopic march 
would be very helpful in order to convince the 
parents about the importance of a good compli-
ance to a therapeutic management plan proposed 
by the physicians. In this context, a targeted 
implementation of a long-term proactive man-
agement would be of particular benefi t and could 
potentially hamper the emergence of sensitiza-
tion, i.e., the Phase 2 of the disease.  

5.5.2     A Personalized Management 
to Control a Disease 
on the Long Run 

 While the prevention of the atopic march is a 
strategy which is applicable in infancy and child-
hood, it would be important to design new 
approaches for a better control of the fl ares in 
patients suffering from a chronic and moderate-
to- severe form of atopic dermatitis. Indeed, 
although it is now well accepted that the control 
of the fl ares is mainly reached by a better control 
of the subclinical information, it is still not clear 
how long the proactive management has to be 
provided in order to reach the goal of a complete 
remission of the disease. Thus, appropriate bio-
markers would give us important information 
about the subclinical infl ammation and the time 
point which should be reached in order to stop 
the long-term anti-infl ammatory treatment.  

5.5.3     A Personalized Diagnostic 
Approach to Identify 
the Provocation Factors 
in Atopic Dermatitis 

 Most of the patients affected by atopic dermatitis 
display a very wide spectrum of sensitization as 
detected by either prick test or specifi c 
IgE. However, it is well accepted that only a 
few of these allergens may be relevant for this 
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particular patient [ 163 ]. This issue is not specifi c 
to atopic dermatitis but remains a challenge for 
most allergic diseases when allergen-specifi c 
immunotherapy is envisaged. Therefore, a refi ne-
ment of the allergic diagnostic based on new 
molecular approaches could be very useful in 
order to detect those allergens which are relevant 
for each individual patient in order to provide 
him an appropriate avoidance strategy and 
thereby to reduce the number of provocations and 
fl ares due to contacts with allergens. Most impor-
tantly, the hotly debated causative therapy with 
allergen-specifi c immunotherapy for atopic der-
matitis would have a greater chance of success 
under these conditions [ 164 – 171 ].  

5.5.4     Personalized Approach 
in the Context of Drug 
Development 

 Patients affected by moderate-to-severe atopic 
dermatitis usually cannot be controlled effi -
ciently on long term using the few approved 
systemic drugs for these conditions such as 
cyclosporine. Therefore, a number of patients 
have to be treated with off-label regimens 
[ 172 – 176 ]. However, all these treatments 
which have not been developed specifi cally for 
this disease may expose the patients to 
unwanted, more or less severe side effects. 
Therefore, the risk-to-benefi t ratio for most of 
the patients treated by systemic immunosup-
pressive drugs is not satisfactory. A better 
understanding of the complex pathophysiology 
of atopic dermatitis and more specifi cally the 
role of individual cytokines in the regulation of 
IgE and in the generation of the skin infl amma-
tion in patients with the more severe forms will 
have a tremendous impact on the discovery of 
new biomarkers and potentially on the devel-
opment of new targets for this particular popu-
lation. Among the biologics which are currently 
in development, the anti-IL4 strategy seems to 
be the most promising [ 177 ], while it is not 
clear whether this particular approach will be 
benefi cial only for a subpopulation of patients 
with AD.   

    Conclusion 

 Due to its pathophysiological and clinical com-
plexity, atopic dermatitis is a candidate disease 
for personalized medicine. Although atopic der-
matitis is not life-threatening, it is well accepted 
that it kills the quality of life of the patients and 
their relatives. Unfortunately, more than other 
kinds of disease, atopic dermatitis has so far only 
been treated with some few standard regimens 
including emollients and topical anti- 
infl ammatory drugs such as steroids and calci-
neurin inhibitors. For the most severe forms, 
depending on the countries, there is no approved 
systemic drug for the management of this dis-
ease. On the other hand, the heterogeneity of the 
clinical phenotype and our knowledge about the 
natural history strongly suggest that the manage-
ment of these patients should be considered in a 
more differentiated way. While about half of the 
children affected by atopic dermatitis will expe-
rience a remission until adulthood, the other half 
will have to suffer more or less from this disease 
for their whole life. Moreover, within this popu-
lation, a substantial proportion of patients will 
develop other atopic diseases like rhinitis and 
allergic asthma, and there is an urgent need and 
opportunity for early intervention strategies in 
order to limit the emergence of the atopic march. 
Thus, one of the primary goals of personalized 
medicine in the context of atopic dermatitis is to 
develop new disease-modifying strategies aimed 
to better control the infl ammation in the skin and 
ideally to hamper the occurrence of IgE sensiti-
zation in those patients with high risk to develop 
an atopic career.     
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6.1           Introduction 

 Psoriasis is a complex disease, resulting from the 
interaction of genetic, immunological, and envi-
ronmental factors [ 1 ,  2 ]. The complex nature of 
the disease is mirrored by a spectrum of clinical 
phenotypes, which often associates with comor-
bidities (e.g., psoriatic arthritis (PsA), cardiovas-
cular diseases (CVD), and metabolic disease) 
that are also multifactorial. Moreover, psoriasis is 
always accompanied by a psychosocial disability 
with patients struggling to adapt to the chronic 
yet variable and unpredictable nature of the dis-
ease and to cope with the anticipated negative 
reactions of shame or stigmatization of others. 
Thus, clinicians are presented with the challeng-
ing task of managing a multifaceted and lifelong 
disease which, although not lethal, severely 
affects patients’ quality of life. 

 The current therapeutic portfolio for psoriasis is 
wide, spanning from local to systemic therapies, 
from old-fashioned drugs discovered by serendipi-
tous circumstances to innovative targeted therapies. 
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 In the presence of such clinical heterogeneity 
and given the availability of multiple treatment 
options to which patients unfortunately do not 
respond in the same manner, the successful con-
trol of the disease is usually achieved after vari-
ous therapeutic attempts until the best-matched 
treatment for that specifi c patient, at that disease 
stage, is identifi ed. 

 Thus, personalized medicine approaches 
are highly needed in the context of psoriasis, in 
order to maximize therapeutic effi cacy, shift risk- 
benefi t balance, and reduce costs. Biomarkers 
predicting therapy response (so-called theranos-
tic biomarkers [ 3 ]) or disease prognosis would be 
extremely helpful to stratify patients and apply 
personalized medicine in an effective and quick 
manner, but unfortunately there are no such bio-
markers available yet. Nonetheless, continuous 
advances in elucidating psoriasis immunopatho-
genesis and developing more and more power-
ful technologies have led to the identifi cation of 
several potential biomarkers which could meet 
this clinical need in the near future. Here, we 
review the current knowledge about psoriasis 
 pathogenesis, including the latest genetic and 
immunological fi ndings, and discuss current and 
future therapeutic options, as well as innovative 
tools and strategies currently in place to realize 
the promise of personalized medicine approaches 
in the treatment of psoriasis.  

6.2     Epidemiology, Clinical 
Phenotypes, 
and Etiopathogenesis 
of Psoriasis 

 Psoriasis is a common disease, affecting 2–4 % 
of the population in western countries, with prev-
alence rates infl uenced by age, geographic loca-
tion, and genetic background [ 4 ]. Prevalence is 
higher in adults (from 0.91 to 8.5 %) as compared 
to children (from 0 to 2.1 %), and two peaks 
of onset have been observed: an early onset, 
before the age of 40, which is often associated 
with familiar disease history and showing high 
association with the human leukocyte antigen 

(HLA)-Cw0602 allele (type I psoriasis), and a 
late onset, after the age of 40 (type II psoriasis) 
[ 5 ]. Geographical patterns of prevalence suggest 
lower prevalence in those closer to the equator, in 
keeping with the benefi cial effects of UV radia-
tion exposure [ 6 ]. Prevalence is higher in individ-
uals of European descent (from 0.73 to 2.9 %) as 
compared to those of African and Asiatic back-
ground (from 0 to <0.5 %). 

 The term psoriasis encompasses a num-
ber of distinct clinical phenotypes. According 
to the International Psoriasis Council, there 
are four main forms of psoriasis: plaque type 
(Fig.  6.1 ), guttate, generalized pustular pso-
riasis (GPP), erythroderma, plus several fur-
ther sub- phenotypes defi ned based on different 
parameters, i.e., the distribution, anatomical 
localization, size and thickness of plaques, onset, 
and disease activity [ 7 ]. It is becoming increas-
ingly clear that this phenotypic heterogeneity is 
likely to refl ect not only a dynamic, anatomical, 
or qualitative spectrum of the same disease, but 
also to pin down the existence of different dis-
ease entities, such as GPP. Plaque-type psoriasis, 
occurring in 85–90 % of affected patients, is the 
most common form of psoriasis and is character-
ized by oval- or irregularly shaped, red, sharply 
demarcated, raised plaques, covered by silvery 
scales [ 1 ]. Epidermal thickening (acanthosis), 
incomplete keratinocyte terminal differentia-
tion with retention of the nucleus by corneocytes 
(parakeratosis), and elongation of the rete ridges 
extending downward between dermal papillae 
(papillomatosis) are the key histological features 
of psoriasis, together with blood vessel dilation 
and immune cell infi ltration into the skin. In the 
epidermis, neutrophils accumulate into the para-
keratotic scales in the  stratum corneum , while 
lymphocytes, mainly CD8+T cells, are inter-
spersed between keratinocytes. The dermis is 
heavily infi ltrated by T cells (mainly CD4+) and 
dendritic cells (DC).  

 Guttate psoriasis is characterized by multiple 
small scaly plaques with often sudden onset, usu-
ally within few weeks after a bacterial infection 
of the upper airways, notably streptococcal phar-
yngitis in children and young adults [ 8 ]. 
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 GPP is a rare but potentially life-threatening 
disease characterized by episodic, widespread 
skin and systemic infl ammation including 
high fever, fatigue, and neutrophil leukocyto-
sis. Recent genetic data support the hypothesis 
that GPP is a disease of distinct etiology, being 
inherited as an autosomal recessive due with 
mutations in the  IL36RN  gene encoding the 
anti-infl ammatory IL-36-receptor antagonist, 
IL-36Ra [ 9 ,  10 ]. 

 Erythrodermic psoriasis is characterized by 
diffuse erythema, with or without scaling, and 
represents the most severe, albeit rare, phenotype. 

 About 20–30 % of psoriasis patients develop 
psoriatic arthritis (PsA), a seronegative, chronic, 
infl ammatory musculoskeletal disorder with a 
wide spectrum of clinical disease presentation, 
expression, and clinical course [ 11 ,  12 ]. Since 
about 80 % of the patients develop PsA following 

psoriasis [ 13 ], PsA is sometimes considered as a 
disease within a disease, with the skin manifesta-
tion being the parent disease [ 14 ]. 

 Psoriasis etiopathogenesis is that of a complex 
disease with disease initiation taking place in 
genetically predisposed individuals, in which a 
dysregulated immune response occurs following 
exposure to certain environmental triggers. 

 Genetic predisposition to psoriasis is sup-
ported by population and family studies as well 
as higher concordance rates in monozygotic 
twins, compared with dizygotic twins (up to 73 
vs 20 %, depending on the population studied) 
[ 15 – 18 ]. Large efforts have been made in the past 
two decades to understand the genetic architec-
ture of psoriasis. The psoriasis genetic landscape 
emerging from recent genome-wide association 
studies (GWAS) (See also Sect.  6.7 ) and their 
meta- analysis [ 19 – 28 ] includes 36  independent 

a b

  Fig. 6.1    ( a ) Clinical features of chronic plaque-type psoriasis. Clinical pictures of chronic plaque-type psoriasis char-
acterized by scaly ,  red ,  extended skin lesions. In ( b ), note psoriatic lesion surrounding a scar       
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 psoriasis- associated genetic regions in indi-
viduals of European ancestry, plus fi ve more 
uniquely associated in the Chinese population 
[ 29 ]. Psoriasis susceptibility genes encompass 
skin- specifi c genes and immune-related genes, 
with the latter belonging to either the innate or 
the adaptive immunity, as well as bridging the 
two arms of the immune system. Psoriasis sus-
ceptibility region 1 (PSORS1) within the major 
histocompatibility complex is the strongest sus-
ceptibility locus [ 30 ,  31 ], and the HLA-Cw*0602 
allele of the MHC class I molecule HLA-C is 
considered to be the primary associated allele, 
as confi rmed by early sequence and haplotype 
analysis [ 32 ], genome-wide association stud-
ies (GWASs) [ 21 ,  22 ,  27 ], and analysis of high-
density SNP data [ 33 ]. Among immune genes, 
the overrepresentation of four fundamental 
immunological processes and pathways strongly 
points towards their critical contribution to dis-
ease susceptibility: antigen presentation (HLA-C 
and ERAP1), NF-κb signaling (e.g., TNFAIP3, 
TNIP1, TRAF3IP2, CARD14), IL-23/IL-17 axis 
(e.g., IL-23, IL12B, and IL23R), and type I INF 
pathway (e.g., IL28RA and RNF114) [ 34 ]. The 
critical involvement in disease pathogenesis of 
the IL-23/IL17 pathway has been  particularly 
well documented by a wealth of clinical and 
experimental studies showing a pivotal role for 
IL-23-induced and IL-17-mediated responses 
in psoriasis [ 35 ]. Moreover, the genetic asso-
ciation with IL23R is one of the very few sup-
ported by functional evidence with reduced IL-17 
responses in carriers of the protective Arg381Gln 
IL23R allele [ 36 ,  37 ]. 

 In contrast to the fast-growing list of psoriasis 
susceptibility genes, the environmental factors 
initiating the disease are still ill defi ned. Among 
known environmental triggers of psoriasis are 
drugs (the antiviral and antiproliferative agent 
imiquimod, lithium, beta-blockers, the cytokine 
INF-α, and anti-cytokine therapies such as anti- 
TNF agents), infections (streptococcal, HIV), 
physical trauma (tattoos, scars), smoking, alco-
hol, and stress [ 8 ]. 

 The contribution of the immune system to 
psoriasis is not less complex than the overall dis-
ease pathogenesis, with a variety of innate and 

adaptive immune cells and proinfl ammatory 
mediators involved, possibly at different stages 
of the disease. The current view of psoriasis 
pathogenesis implies that the aberrant immune 
and epidermal response seen in psoriasis is sus-
tained by a pathogenic cross talk between epithe-
lial and immune cells [ 38 ,  39 ]. This interplay is 
primarily driven by the critical proinfl ammatory 
molecules, TNF, IL-23, and IL-17, whose direct 
therapeutic targeting has proven to be clinically 
effective, with other mediators, such as IFN-α, 
IFN-γ, and IL-22 also contributing to the initia-
tion, amplifi cation, and maintenance of the dis-
ease (Fig.  6.2 ).  

 In the initiation phase, LL-37 released by 
KCs, following physical trauma (Koebner phe-
nomenon) or infection, binds to self-DNA/RNA 
fragments [ 40 ,  41 ], released by stressed or dying 
keratinocytes. LL-37/self-DNA complexes acti-
vate pDCs to produce IFNα [ 40 ], while self-
RNA- LL-37 complexes, keratinocyte-derived 
IL-1β, IL-6, TNF, and pDC-derived IFNα acti-
vate DC. DC migrate to the skin-draining lymph 
nodes to present as yet unknown antigen (either 
of self or of microbial origin) to naive T cells. 
DDC activation and their interaction with T cells 
are central to plaque progression as it creates an 
IL-23/IL-17 infl ammatory environment in which 
DC and macrophage-derived IL-23 promote an 
IL-17-rich proinfl ammatory environment sus-
tained by Th17 cells [ 42 ,  43 ], Tc17 [ 44 – 47 ], γδ-T 
cells [ 48 ,  49 ], NCR +  group 3 innate lymphocytes 
(ILC3) [ 50 – 52 ], and possibly neutrophils and 
mast cells [ 53 ], producing IL-17A and IL-17 F, 
as well as IL-22 and IFN-γ. IL-17A and IL-17 
F, sharing high structural and functional homol-
ogy, activate keratinocytes to produce an array 
of molecules with chemoattractant properties, 
including neutrophil (CXCL1, CXCL2, CXCL5, 
CXCL8)- and T-cell (CCL20)-recruiting chemo-
kines and AMP (LL37, S100A7/8/9/15) [ 54 , 
 55 ]. Moreover, IL-22 produced by Th, Tc, and 
NCR +  ILC3 mediates most of the epidermal 
hyperplasia by impairing KC differentiation 
[ 56 ,  57 ]. Finally, a recent study has identifi ed 
IL-9-producing Th cells in psoriatic lesions 
although their pathogenic relevance has not been 
 established to date [ 58 ].  
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6.3     Immunosuppressant Therapy 

 At present, there is no defi nitive cure for psoria-
sis, and all the available treatments aim at induc-
ing disease remission for the longest period of 
time. Treatments are chosen according to disease 

severity; however, all patients should be coun-
seled for their psychosocial disability [ 59 ]. 

 Most psoriasis patients (65 %) present with a 
mild form of disease which is usually treated 
with topical agents, with local anti-infl ammatory 
and/or antiproliferative action. 

  Fig. 6.2    Psoriasis etiopathogenesis. The combination of 
environmental factors with psoriasis susceptibility genes 
triggers a cascade of pathogenic events leading to disease 
initiation and plaque formation. In the initiation phase, 
proinfl ammatory cross talk between injured or stressed 
keratinocytes ( KCs ), releasing self-nucleic acids and 
LL-37, recruited plasmacytoid dendritic cells ( pDCs ), acti-
vated dermal DC ( DDCs ), and infl ammatory DDC 
( iDDCs ), producing IL-23, TNF, and nitric oxide radicals 
( NO  . ), promote the activation of skin-resident and newly 
recruited T cells that lead to plaque formation. IL-23 stim-
ulates T helper 17 ( Th17 ) and T cytotoxic 17 ( Tc17 ) cells, 
expressing cutaneous leukocyte antigen ( CLA ), CCR6, and 
CCR4, plus very late antigen ( VLA )-1 in the epidermis, to 
release IL-17A, IL-17 F, IL-22, and IFN-γ. IFN-γ further 
activates DDC. IL-17A and IL-17 F act on KCs promoting 
production of T cells and neutrophil- attracting chemo-
kines (CXCL1,3,8-11;CCL17-20) and antimicrobial pep-
tides ( AMPs ): S100 proteins and LL-37. CCL- 20 favors 

the recruitment of more Th17 cells. IL-22, also produced 
by Th1 cells, expressing CXCR3 and skin-homing marker 
CLA, and “Th22”/“Tc22” cells, expressing CCR6, 
CCR10, and CLA, induces epidermal hyperplasia by 
impairing KC terminal differentiation. Recruited uncon-
ventional Vγ9vδ2 T cells, expressing CLA and CCR6, are 
activated by pDC-derived IFN-α and release further proin-
fl ammatory cytokines (IL-17A, IFNγ, TNF) as well as 
neutrophils ( Neut ) and Th-1-attracting chemokines 
(CCL3-5). Infi ltrating Neut, mast cells, and macrophages 
( M ) contribute to the proinfl ammatory environment pro-
ducing cytokines (IL-17A, TNF), AMPs (S100 proteins, 
LL-37), and chemokines. Cross talk between keratinocytes 
producing IL-1, TNF and transforming growth factor beta 
( TGFβ ), and fi broblasts, which in turn release keratinocyte 
growth factor ( KGF ), epidermal growth factor ( EGF ), and 
TGFβ, and possibly Th22 cells releasing fi broblast growth 
factor ( FGF ), contributes to tissue reorganization 
(Reproduced with permission from Di Meglio et al. [ 38 ])       
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 However, moderate (25 %) and severe disease 
(8 %) cases require systemic treatment. Systemic 
treatment usually comes after unsuccessful topi-
cal strategies, in a two-tiered approach where 
systemic therapy is used as a second-line treat-
ment of moderate to severe psoriasis. Traditional 
systemic therapies aim at general immunosup-
pression and include the use of cyclosporine and/
or methotrexate (MTX). 

6.3.1     Cyclosporine 

 Cyclosporine was observed to have clinical activ-
ity in psoriasis more than 30 years ago [ 60 ] and 
having gained FDA approval in 1997 has been 
extensively used since. Cyclosporine is a cal-
cineurin inhibitor that, by interfering with IL-2 
production, selectively inhibits T cells [ 61 ], thus 
acting on one of the key immune players in pso-
riasis immunopathogenesis. Other effects include 
the depletion of dermal and epidermal macro-
phages [ 62 ] as well as the inhibition of kerati-
nocyte hyperproliferation [ 63 ] and expression of 
adhesion molecules [ 64 ]. The benefi ts of treat-
ment with cyclosporine are rapidly seen, and the 
effi cacy is dose dependent. However, improved 
effi cacy obtained by using high doses (higher 
than 5 mg/kg/day) is counteracted by increased 
side effects. Although generally well tolerated, 
safety concerns are related to nephrotoxicity 
and neurotoxicity [ 65 ]. To minimize toxicity, a 
reduced dose of cyclosporine can be combined 
with topical and systemic treatments [ 66 ].  

6.3.2     Methotrexate 

 Methotrexate is an effective fi rst-line oral therapy, 
and it is considered the gold-standard comparator 
for new drugs such as biologics. Its effi cacy in 
psoriasis was discovered in the 1950s, and it was 
offi cially approved for this indication in the early 
1970s [ 67 ]. Methotrexate is an antifolate prodrug 
which is converted in its active form within the 
cells where it inhibits the enzymes involved in 
DNA synthesis. Such interference with DNA rep-
lication is most effective at high doses, and it is 
the basis of its antiproliferative effect, widely 

applied in the anticancer therapy. However, the 
mechanism of action of this drug in the context of 
psoriasis accounts for both antiproliferative and 
anti-infl ammatory effects, which are seen at the 
low drug doses used in psoriasis treatment. 
Methotrexate (MTX) is effective in chronic 
plaque psoriasis not responding to conventional 
therapy but also in pustular psoriasis, psoriatic 
erythroderma, and psoriatic arthritis [ 68 ]. 

 The limitations of the use of methotrexate, 
especially as a long-term treatment, are related 
to the development of toxicities such as myelo-
suppression, hepatotoxicity, and pulmonary 
damage [ 69 ]. 

 There is no doubt that both cyclosporine and 
methotrexate are effective in treating psoriasis. 
A direct comparative study [ 70 ] showed that both 
drugs have comparable effi cacy in treating psori-
asis. The side effects associated with both drugs 
require careful monitoring of the patients during 
treatment and supported the development of 
more targeted immunological therapies which 
are now available as biologic therapies. However, 
conventional systemic therapies can be up to 20 
times cheaper than biologics [ 71 ].   

6.4     Biologic Therapy 

 In the last decade, the advancements in under-
standing psoriasis immunopathogenesis have 
been translated into better therapies. In particular, 
antibody- or fusion protein-based drugs, known 
as biologics, have been developed to target a 
specifi c immune receptor or cytokine. Biologics 
have proven to be an effective third-line therapy 
in moderate-to-severe psoriasis patients, unre-
sponsive to non-biologic systemic agents. There 
are currently fi ve biologics approved for the treat-
ment of psoriasis, targeting either T cells or cyto-
kines such as TNF or IL-12/IL-23 [ 8 ] (Table  6.1 ).

6.4.1       Anti-T-Cell Therapy 

 The fi rst biologics to be approved for psoriasis 
treatment were anti-T-cell therapies (alefacept 
and efalizumab), targeting T-cell adhesion or 
activation. 
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 Alefacept, approved in 2003, is an LFA-3/
IgG1 fusion protein which binds CD2 on T cells, 
thus blocking the interaction with antigen- 
presenting cells (APC) and inducing antibody- 
dependent cytotoxicity. The approval of this fi rst 
biologic drug for treating psoriasis followed the 
successful completion of phase 3 clinical trials 
[ 72 ,  73 ] showing that 40 % of patients achieved a 
PASI 75 (75 % reduction of the PASI) response. 

 Efalizumab is a humanized monoclonal anti-
body targeting CD11a (alpha chain of LFA-1) 
therefore blocking the interaction of T cells with 
both APC and the blood vessels, inhibiting cuta-
neous infi ltration. Efalizumab showed good effi -
cacy in phase 3 clinical trials [ 85 – 91 ], but three 
cases of progressive multifocal leukoencephalop-
athy [ 92 ] caused the withdrawal from the  market 
in 2009, highlighting the importance of carefully 
monitoring the long-term safety of immunomod-
ulatory therapies. 

 Overall, notwithstanding good effi cacy, anti-
T- cell-targeted agents associate with general 
immunosuppression, and there are now available 
alternative biologic drugs with more targeted 
effects and therefore a better safety profi le.  

6.4.2     Anti-cytokine Therapies 

 The importance of a cytokine network mediating 
the cross talk between immune cells and kerati-
nocytes to sustain the infl ammatory loop in pso-
riasis has been further confi rmed by the clinical 
success of targeting key cytokine pathways with 
specifi c biologic therapies. The fi rst cytokine 
whose blockade showed therapeutic benefi t in 
psoriasis was TNF. This was a serendipitous dis-
covery made during the treatment with the anti- 
TNF drug infl iximab of a patient affected by 
infl ammatory bowel disease with concomitant 
psoriasis [ 74 ]. Currently there are three anti-TNF 
biologics approved for psoriasis each of them 
blocking TNF in a slightly different manner: inf-
liximab and adalimumab are monoclonal anti-
bodies against TNF, while etanercept is a human 
p75 TNF receptor fusion protein. TNF inhibitor 
effi cacy has been shown in phase III clinical trials 
with up to 80 % of patients under treatment 

achieving PASI75 within 10–12 weeks of treat-
ment [ 75 – 82 ]. Disease resolution is accompanied 
by normalization of KC differentiation and pro-
liferation, downregulation of DC activation 
markers and downstream effector molecules, as 
well as reduction of Th17 responses [ 93 ,  94 ]. 
Interestingly downregulation of IL-17 pathway 
genes correlates with successful therapy response 
to etanercept [ 94 ,  95 ]. 

 The second category of anti-cytokine biolog-
ics approved for psoriasis includes an antibody 
blocking the p40 subunit shared by IL-12 and 
IL-23 (ustekinumab) thus simultaneously block-
ing IL-12 and IL-23. Its effi cacy is high, with 
67 % of patients achieving PASI75 at 12 weeks of 
treatment [ 83 ]. A direct comparison of etanercept 
and ustekinumab showed that, despite both drugs 
achieved a PASI75 response in most patients, 
ustekinumab was clinically superior to etanercept 
as evaluated by the Physician Global Assessment 
with similar safety over a 12-week period [ 84 ]. 
Moreover, among patients who did not respond to 
etanercept, half of them achieved PASI75 after 
crossing over ustekinumab for 12 weeks. 

 The downside of the high effi cacy rates of bio-
logics is the potential of some serious adverse 
events, such as opportunistic infections and reac-
tivation of latent tuberculosis [ 96 ]. However etan-
ercept and ustekinumab have shown a good 
long-term safety profi le in studies assessing safety 
up to 4- and 5-year treatment [ 75 – 77 ,  97 ,  98 ].  

6.4.3     Emerging Biologics 

 New biologics have been developed so to specifi -
cally target either IL-17 or IL-23, and these mol-
ecules are currently tested for their safety and 
effi cacy in clinical trials (Table  6.2 ).

   Blockage of IL-17 is presently investigated 
using monoclonal antibodies targeting either 
IL-17A (ixekizumab and secukinumab) or 
IL-17RA (brodalumab). In the latter case, the 
inhibition is not limited to IL-17A but covers 
also IL-17 F, IL17A/F, IL-25, and potentially 
IL-17C. All anti-IL17 biologics have shown 
striking effi cacy in phase 2 clinical trials with 
more than 70 % of patients achieving PASI 75 
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and more than half achieving a notable PASI 90 
[ 104 – 106 ]. 

 Phase III clinical trials are ongoing to further 
confi rm the safety and effi cacy of these drugs 
while comparing them with approved biologics 
such as ustekinumab and etanercept. At the 
molecular level, IL-17 blockade showed a greater 
magnitude in regulating the expression of genes 
synergistically regulated by IL-17 and TNF-α as 
compared to TNF blockade [ 112 ]. 

 There are three antibodies (BI655066, tildraki-
zumab, and guselkumab) specifi cally targeting 
the IL-23p19 subunit which are currently being 
tested in phase II [ 103 ], III [ 99 ], or have recently 
completed phase II [ 101 ] clinical trials, respec-
tively. Preliminary data for guselkumab and til-
drakizumab, presented at the American Academy 
of Dermatology meeting in 2013 and 2014, are 
very encouraging. Phase IIb data for guselkumab 
showed up to 81 % of patients receiving the high-
est dose achieving PASI75 response [ 102 ], while 
phase 3 data for tildrakizumab showed PASI75 
response rates of 64–74 %, [ 100 ].   

6.5     Emerging Small Molecules 

 The therapy revolution introduced by biologics in 
psoriasis is challenged by the high cost of about 
£10 k per patient/per year [ 113 ] by about 20–30 % 
of nonresponder patients and by the loss of 
response of some patients due to the development 
of antidrug antibodies which can decrease the 
drug bioavailability or induce side effects [ 114 , 
 115 ]. Moreover, clinicians prefer to go for a safer 
option, at least for milder forms of disease. This 
has encouraged the exploration of small mole-
cules as an alternative therapeutic option. Small 
molecules are low molecular weight compounds 
which target specifi c intracellular molecules 
involved in pivotal cellular signaling pathways 
[ 116 ]. Based on the importance of the cytokine- 
driven infl ammatory pathways in psoriasis, the 
most promising small molecules currently under 
testing (Table  6.2 ) are targeting key cellular com-
ponents in cytokine signaling such as Janus 
kinases (JAK) as well as enzymes involved in 
cytokine production. Among the JAK inhibitors 

tofacitinib, which specifi cally inhibits JAK1 and 
3 and is approved for RA treatment, showed good 
effi cacy in phase II trials of both oral and topical 
formulation of the drug [ 109 ,  111 ]. 66.7 % of 
patients treated with the highest dose of oral 
tofacitinib reached the end point PASI 75 at 
12 weeks as compared to 2 % in the placebo- 
controlled group in a phase 2b study [ 110 ]. The 
other small molecule showing good results in 
phase II trials is apremilast, a phosphodiesterase 
4 inhibitor that by inhibiting an enzyme involved 
in the breakdown of cAMP, suppresses the pro-
duction of proinfl ammatory cytokines. Phase IIb 
clinical trials [ 107 ,  108 ] showed that the drug is 
safe and well tolerated. Effi cacy as compared to 
placebo was signifi cant with 41 % of patients 
achieving PASI75 at week 16 at the highest drug 
dose, advocating for additional clinical studies to 
test this small molecule. 

 Despite the potentially lower effi cacy of small 
molecules as compared to biologics, the advan-
tages are in the cheaper manufacturing process, 
the route of administration (oral or topical vs 
injectable), and a good safety profi le in some 
cases. Thus, their use in mild to moderate form of 
psoriasis is foreseeable, although long-term 
safety data are required.  

6.6     Concepts and Principles 
of Personalized Medicine: 
Patient Stratifi cation 
and Biomarkers 

 The aspiration of tailoring medicine to the indi-
vidual characteristics of each patient has long 
been a central vision of medicine. Pioneering 
studies resulting in the genetic diagnosis of 
Mendelian diseases and in the understanding that 
individual genetic variation affects how drugs are 
absorbed and metabolized laid the foundation of 
personalized medicine in the twentieth century. 

 In 1902, the fi rst genetic disorder, alkapton-
uria, was identifi ed by Sir Archibald Garrod, who 
linked for the fi rst time disease occurrence with 
genetic inheritance [ 117 ], laying the foundation 
of genetic diagnosis. In 1956, the genetic basis 
for selective drug toxicity was fi rst postulated in 
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the case of the antimalarial drug primaquine 
[ 118 ] and further strengthened later on by the 
 discovery of the drug-metabolizing activity of the 
cytochrome P450 family enzymes [ 119 ] and 
the subsequent understanding of how their varia-
tion can affect the effective dose of a drug, 
launching the science of genetic variation in drug 
response or pharmacogenomics [ 120 ]. 

 It is in the twenty-fi rst century, however, that 
personalized medicine has begun in earnest, 
building upon the tremendous advances in the 
understanding of human diseases that have been 
enabled by the technological developments dis-
cussed in Sect.  6.7 . 

 Genetics has taken the lead with a number of 
initiatives that have revolutionized our knowl-
edge. The completion of the fi rst draft of the 
human genome in 2001 [ 121 ,  122 ], comple-
mented by the release and periodic update (1998–
ongoing) of the Single Nucleotide Polymorphism 
Database (dbSNP, currently dbSNP 138) [ 123 ], 
provided the foundation for the advanced study 
of human genetics. Next, the launch and comple-
tion (2002–2009) of the International HapMap 
Project [ 124 ], listing allele frequencies and the 
correlation patterns between nearby gene vari-
ants, a phenomenon known as linkage disequilib-
rium (LD), across several populations for several 
million SNPs has made possible the discovery of 
disease susceptibility gene by means of genome- 
wide association studies (GWAS). Finally, the 
1,000 Genome project (2008–ongoing) [ 125 ], 
aimed at sequencing the genome of 2,500 indi-
viduals from about 25 populations around the 
world, is poised to produce an extensive public 
catalog of human genetic variation to further sup-
port medical research studies, including person-
alized medicine approaches. 

 A number of objectives aimed at improving 
patient care are within the scope of personalized 
medicine: to predict individual susceptibility to 
disease, based on genetic or environmental fac-
tors; to detect the onset of disease at the very ear-
liest stages; to predict and preempt disease 
progression; to develop novel targeted therapies; 
and to prescribe safe and effective medicines to 
each patient. The implementation of such objec-
tives is also expected to increase the effi ciency of 

the health-care system by improving quality, 
accessibility, and affordability. 

 In order to achieve such ambitious goals, per-
sonalized medicine is fast moving beyond the 
genome to encompass the entire spectrum of 
molecular medicine, including the proteome, 
metabolome, and epigenome, again fueled by 
improved knowledge and technology. 

 At the heart of personalized medicine is patient 
stratifi cation, or the classifi cation of individuals 
into subpopulations that differ in their suscepti-
bility to a particular disease, or the natural history 
of their disease or their response to a specifi c 
treatment. Genetic and epigenetic testing, together 
with more conventional types of analysis (blood, 
urine, etc.), as well as with the careful consider-
ation of lifestyle and other environmental factors, 
can effectively guide patient stratifi cation, over-
coming heterogeneity and aiding in disease diag-
nosis, prognosis, and therapy (Fig.  6.3 ).  

 Critical to the implementation of stratifi ed and 
personalized medicine approaches are biomark-
ers or biological characteristics that are measured 
and evaluated objectively as an indicator of nor-
mal biological processes, pathogenic responses, 
or to pharmacological responses to therapeutic 
intervention. 

 Biomarkers can be classifi ed in diagnostic 
biomarkers, indicating the existence of disease; 
prognostic biomarkers, able to forecast disease 
progression, with or without treatment; and pre-
dictive or theranostic biomarkers, able to predict 
the probable response to a particular treatment. 

 Thus, biomarkers can be distinguished in 
 disease- related   (diagnostic and prognostic) and 
 drug-related biomarkers  (pharmacokinetic and 
pharmacodynamic biomarker), the latter indicat-
ing how the patient’s body will process it and 
whether or not the drug will be effective. 

 An alternative classifi cation, according to the 
NIH Biomarkers Defi nitions Working Group, 
distinguishes biomarkers in three categories: type 
0 biomarkers, correlating longitudinally with the 
severity of disease; type 1 biomarkers, refl ecting 
the effect of an intervention according to the 
mechanism of action of therapy itself (drug endo-
type); and type 2 biomarkers which are surrogate 
end points for a therapy [ 126 ]. 
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 Finally, biomarkers can be classifi ed  according 
to their ontogeny in genetic, epigenetics, 
 transcriptional, soluble, and cellular biomarkers. 

 The classical biomarker discovery pipeline is 
a three-step process, from discovery to validation 
and clinical adoption [ 127 ]. A key element in 
translating biomarkers into clinical practice is the 
validation process. Tests used in the clinic to 
measure biomarkers must be reliable, with an 
acceptably low rate of false-positive and/or false- 
negative results. Sensitivity, specifi city, positive 
predictive value (PPV), and negative predictive 
value (NPV) are key parameters to take in account 
when evaluating the performance of such tests 
[ 128 ]. Only biomarkers with high sensitivity and 
specifi city can enter to the clinical practice, 
explaining why only a small fraction of potential 
biomarkers translate into clinical use. 

 Personalized medicine approaches are already 
established in modern clinical oncology, where a 
number of reliable biomarkers aiding in patients 
stratifi cation have been identifi ed and imple-
mented in clinical practice. One of the fi rst 
examples is the overexpression of the human 
epidermal growth factor receptor (Her2) in breast 
cancer tissue of certain patients. Her2 is a twofold 
biomarker, being a prognostic marker of more 
aggressive disease, but also a theranostic marker 

supporting the use of trastuzumab, a monoclonal 
antibody binding to Her2 used in the treatment 
of Her2-positive metastatic breast cancer [ 129 ].  

6.7       Novel Technologies 
for Stratifi ed Medicine 
in Psoriasis 

 The identifi cation of biomarkers for patient 
stratifi cation purposes can be done by using 
either a hypothesis- or a non-hypothesis-driven 
approach. While the former was the most com-
mon approach in the past, the latter has become 
a popular method in recent years thanks to the 
tremendous advancements in technologies in 
multiple areas of medical research. Overall, the 
recently developed technologies allow deep anal-
ysis of biological samples available in limited 
quantity, in a high-throughput manner permitting 
almost simultaneous genomics, proteomics, tran-
scriptomics, and metabolomics analysis. 

 The most striking progresses have been 
made in the genomic sequencing fi eld, where 
novel high-throughput technologies and next- 
generation sequencing (NGS) have enabled 
the genomics community to comprehensively 
characterize human DNA sequence variation, 
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  Fig. 6.3    Conventional 
versus stratifi ed medicine. 
In conventional medicine 
approaches ( left ), patients 
receive the same drug 
which will have a 
therapeutic effect on the 
majority of them but will 
be ineffective in some and 
cause adverse events in 
others. In personalized 
medicine approaches, 
patients undergo screening 
using biological materials 
(DNA, urine, blood) to 
identify theranostic 
biomarkers allowing their 
stratifi cation to receive the 
most appropriate and 
effective drug for each 
individual       
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 quantitating transcript abundance, detecting 
methylated region of the genome, and character-
izing different gene isoforms. While a fully auto-
mated application of fi rst-generation sequencing, 
such as the chain termination method developed 
by Sanger in 1975 [ 130 ], has been the main-
stay for the original sequencing of the human 
genome, this has come with a cost of 3 billion 
dollars and took almost 10 years to complete 
[ 131 ]. The increasing demand for low-cost and 
high-throughput sequencing has driven the 
development of NGS technologies (second- and 
third-generation sequencing) that parallelize the 
sequencing  process, producing thousands or mil-
lions of sequences concurrently, at a fraction of 
the initial costs. Moreover, the impact of these 
technologies extends far beyond genomic DNA 
sequencing. Traditional methods for study-
ing DNA modifi cation and its interactions with 
other cellular components or gene expression 
are being redesigned to take advantage of these 
powerful technologies, e.g., ChIP-Seq, to inter-
rogate whole-genome histone modifi cations, 
whole-genome bisulfi te sequencing of the DNA 
methylome, or deep- RNA sequencing [ 132 , 
 133 ]. In psoriasis, high- throughput genotyp-
ing has enabled the identifi cation of 36 psoria-
sis susceptibility genes by means of GWAS in 
which common genetic variations such as SNPs 
are examined in patients and control individu-
als to identify association with the disease [ 27 ]. 
Moreover, NSG have enabled the refi ning of 
the psoriasis transcriptome [ 134 ,  135 ] via RNA 
sequencing, building upon array-based analysis 
[ 136 ,  137 ]. 

 Array-based technologies have also been used 
for DNA methylation profi ling resulting in the 
identifi cation of detection of different methyla-
tion profi les between lesional and nonlesional 
psoriatic skin [ 138 ]. 

 Genetic, transcriptional, and epigenetic 
analysis can be complemented by the multipa-
rameter analysis of samples at cellular level. 
Multidimensional analysis at single-cell level 
classically performed via fl ow cytometry has 
greatly improved in terms of number (up to 
20 parameters) and types of markers (surface, 
intracellular, and phospho proteins) which can 

be measured thanks to advances in both instru-
mentations and reagents. Efforts have also been 
made to standardize the technology to be more 
applicable in clinical trials, for example, with the 
use of lyoplates, which are preformatted plates 
containing lyophilized cocktails of antibodies. 
Sample staining and acquisition for fl ow cytom-
etry analysis using lypolates increase reproduc-
ibility, standardization, and medium throughput 
processing of the samples [ 139 ]. Intrinsic fl ow 
cytometry limitations in marker detection due 
to the spectral overlap of fl uorochromes have 
been recently overcome by a novel technology 
for multiparameter cellular analysis named mass 
cytometry. By replacing the detection of fl uoro-
chromes with that of metal stable isotopes allows 
the investigation of up to 100 markers at the 
same time [ 140 ]. Studies using human samples 
have demonstrated the power of mass cytom-
etry to identify highly diverse cell subsets [ 141 , 
 142 ], resulting in a fi ne and detailed mapping of 
immune cells and their response. Moreover, mass 
cytometry-based analysis has recently elucidated 
a previously unappreciated role for CD8+ and 
γδ T cells in celiac disease following short-term 
gluten challenge, suggesting that immunological 
changes after short-term gluten exposure could 
be used to develop a novel diagnostic tool much 
faster than those currently in use requiring a lon-
ger exposure to the antigen [ 143 ]. 

 Another powerful fl ow-based technology is 
phospho-fl ow cytometry, which quantifi es the 
amount of phosphorylated intracellular signaling 
proteins before and after relevant cell stimula-
tion, thus characterizing the functional state of 
complex immune cell populations in single indi-
viduals. Phospho-fl ow-based studies in immune- 
mediated disease such as SLE and RA have 
indicated signaling heterogeneity of different cell 
populations and different signaling profi les in 
different disease states [ 144 ], while similar stud-
ies are awaited in psoriasis. 

 Another area of recent investigation is metab-
olomics, which consists in the quantifi cation of 
the metabolites in a biological system, by using 
complex technologies such as nuclear magnetic 
resonance and mass spectrometry. Both the quan-
tifi cation of specifi c metabolites and an untargeted 
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and comprehensive metabolic profi le associated 
to disease status can be obtained by metabolo-
mics analysis [ 145 ]. This type of analysis has 
been proved successful in distinguishing differ-
ent clinical phenotypes in complex disease such 
as CVD, cancer, and asthma [ 146 ]. Clinically 
relevant metabolite present in easily accessible 
samples such as urine could lead to the identifi ca-
tion of metabolic biomarkers in psoriasis. 

 All the aforementioned technologies each 
generate a vast amount of data. Moreover, they 
are often used in combination to analyze the 
same biological sample, thus resulting in an 
escalating amount of data which require pow-
erful bioinformatics tools not only to analyze, 
but also to integrate, handle, manage, and store 
these “omics” data [ 147 ]. Computational analy-
sis approaches applied to the analysis of large 
data in psoriasis has already proven successful in 
a number of studies, especially taking advantage 
of the large amount of publicly available gene 
expression data from psoriasis skin. A meta-ana-
lytic approach has recently been used to combine 
the results of fi ve microarray datasets obtaining 
the Meta-Analysis Derived (MAD) psoriasis 
transcriptome [ 134 ]. The overrepresentation of 
atherosclerosis signaling and fatty acid metabo-
lism pathways in lesional skin support the close 
relationship between psoriasis and systemic man-
ifestations [ 134 ]. A set of 20 “classifi er” genes 
clearly separating lesional from nonlesional 
psoriasis skin has also been identifi ed [ 134 ], to 
contain many genes that were part of the residual 
disease genomic profi le, or “molecular scar’, still 
present in psoriasis skin after successful treat-
ment [ 148 ] or genes with differential methylation 
status [ 138 ]. 

 From skin gene expression data, ensembles of 
decision tree predictors were used to cluster pso-
riatic samples, and the analysis revealed distinct 
molecular subgroups within the clinical pheno-
type of plaque psoriasis [ 149 ]. In another study, 
cytokines and cell-type specifi c signatures were 
identifi ed according to differentially expressed 
genes in the lesions, uncovering a range of 
infl ammatory- and cytokine-associated gene 
expression patterns able to differentiate between 
etanercept responders and nonresponders [ 137 ]. 

 Data from human samples can also be inte-
grated with data from in vivo models to over-
come the translational gap in the development of 
new targeted therapies. For example, the role of 
IL-22 in psoriasis has been recently evaluated by 
comparing the publicly available psoriasis tran-
scriptome with the transcriptome derived from 
humanized mouse models of disease (i.e., IL-22 
injection into xenografts of normal human skin) 
or inhibition of disease (i.e., antibody-mediated 
blockade of IL-22 into xenografts of psoriasis 
human skin). Mapping the in vivo experimen-
tal data over the psoriasis transcriptome led to 
the identifi cation of the serine/threonine kinase 
PIM1, subsequently validated as a critical check-
point for human skin infl ammation and poten-
tial future therapeutic target in psoriasis [ 150 ]. 
Finally, a systems biology approach has been 
used to model and quantify immune cell interac-
tions contributing to skin infl ammation via cyto-
kine signaling [ 151 ]. 

 These new technologies provide high- 
throughput data platforms, shifting the analysis 
from discrete markers to the analysis of sev-
eral interconnected systems. Such integrative 
approach is likely to result in the identifi cation 
of novel biomarkers in the form of combina-
tion of markers or patterns instead of a single 
measurement.  

6.8     Biomarkers in Stratifi ed 
Medicine Approaches 
for Psoriasis 

 Large efforts aimed at the identifi cation of psori-
asis biomarkers are ongoing in order to imple-
ment stratifi ed medicine approaches in disease 
management [ 127 ]. 

 Psoriasis is diagnosed by clinical assessment 
by a dermatologist, with rare cases of histologi-
cal confirmation of the disease. Thus, there is no 
urgent need for diagnostic biomarkers neither for 
disease monitoring during treatment as success-
ful therapies are clinically evaluated by plaque 
resolution. On the contrary, prognostic biomark-
ers indicating disease severity progression or the 
onset of cardiovascular or other  comorbidities 
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would be extremely useful for better patient 
management. Moreover, biomarkers for early 
diagnosis are an unmet need in psoriasis arthri-
tis, where the large disease heterogeneity often 
hampers proper diagnosis and the progressive 
course of the disease also calls prognostic bio-
markers. Finally, despite the growing number 
of therapeutic alternatives to treat psoriasis, not 
all patients respond to the same treatment, and a 
recent survey has indicated that more than 50 % 
of patients polled are dissatisfied by the manage-
ment of their disease [ 152 ]. The current therapeu-
tic approach to treat psoriasis, especially in its 
moderate- to-severe forms, contemplates the use 
of different treatments, in an empirical attempt 
to find the most effective one. Patients are there-
fore likely to experience one or more ineffective 
therapies with relative associated side effects. 
Moreover, this approach also results in increased 
public health costs which are especially relevant 
in the case of expensive biologic drugs. Thus, 
biomarkers for better disease management are 
both a clinical and public health need which 
would benefit both patients and the health-care 
system. Despite large efforts in the quest for pso-
riasis biomarkers, none of those identified so far 
have entered into clinical use for disease diagno-
sis, prognosis, or for predicting therapy response 

[ 127 ]. Here, we describe them according to the 
type 0, 1, and 2 classification and discuss their 
potential use in stratified medicine approaches in 
psoriasis (Fig.  6.4 ).  

6.8.1     Type 0 Psoriasis Biomarkers: 
Markers of Disease Severity 

 Type 0 biomarkers, correlating with the severity 
of psoriasis, include genetic as well as tissue and 
systemic biomarkers. 

 HLA-Cw*0602- positive patients have more 
severe disease and early onset (Type I Psoriasis) 
compared to HLA-Cw*0602- negative patients 
[ 5 ]. On the contrary, HLA-Cw*0602- positive PsA 
patients have a less severe clinical course [ 153 ]. 

 The altered skin architecture found in psori-
atic plaques is refl ected by the altered expression 
of tissue-specifi c molecules, such as keratins, as 
well as proinfl ammatory molecules in the tis-
sue. Keratins associated with cell proliferation 
such as K6 and K16 are upregulated in psoriatic 
skin as compared to normal, while those indicat-
ing keratinocyte terminal differentiation such as 
K1 and K10 [ 154 ] are decreased. Antiapoptotic 
proteins are overexpressed in psoriatic skin, 
and their expression correlates with pathology 
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  Fig. 6.4    Psoriasis 
biomarkers in translational 
research. Psoriasis patients 
would benefi t from the 
clinical use of diagnostic, 
prognostic, and theranostic 
biomarkers. Translational 
research, involving the 
integrated use of biore-
sources, high-throughput 
technologies, and data 
analysis, aims to discover 
biomarkers for stratifi ed 
medicine approaches in 
psoriasis       
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 improvements after successful therapy with 
anthralin [ 155 ] and anti-TNF [ 156 ]. 

 However, psoriasis being “more than skin 
deep,” it is not surprising that systemic mark-
ers are also altered. Alteration of infl ammatory 
mediators both at tissue and peripheral levels 
correlates with disease status. Proinfl ammatory 
cytokines such as TNF, IFN, IL-6, IL-8, and 
IL-12 [ 157 ,  158 ] are increased in both psori-
atic skin and circulation of psoriatic patients as 
compared to healthy volunteers. Infl ammatory 
gene expression rapidly reduces after success-
ful anti- TNF treatment [ 93 ]. Interesting work 
by  Suarez- Farinas and colleagues [ 159 ] showed 
that infl ammatory cytokines increased in pso-
riatic serum were also increased in the skin, 
suggesting that peripheral blood can mirror the 
skin. The study of circulating markers has been 
extensively investigated due to the easy access 
to patients’ peripheral blood samples, with the 
view to develop a minimally invasive biomarker 
test. IL-22 serum levels are increased in psoria-
sis patients, and they show a positive correlation 
with PASI [ 160 ,  161 ]. Cellular and molecular 
components of the key IL-23/Th17 axis are asso-
ciated with psoriasis severity. IL23, IL23R, and 
Th17 cytokines are increased in lesional psori-
atic skin [ 162 ], and IL23R is overexpressed in 
circulating T cells [ 163 ]. However, it is not clear 
yet whether IL-17A serum levels are altered in 
psoriatic disease as compared to healthy status 
as inconsistent results have been found in differ-
ent studies, possibly due to low levels and sen-
sitivity issues of the detection assays [ 158 – 161 , 
 164 ]. Nevertheless, high IL17-A serum levels, 
together with high IL1RA, correlate with the 
eruptive infl ammatory form of the disease and 
not with chronic and stable psoriasis [ 165 ]. 
Investigating at the cells producing these cyto-
kines, results indicate an increased frequency of 
T-cell subsets such as Th1, Th17, and Th22 cells 
in the circulation of psoriasis patients as well as 
in the tissue [ 43 ,  166 ,  167 ]. Interestingly, also 
innate cells involved in the production of IL-17 
and IL-22 such as ILC3 are increased in the skin 
and blood of psoriasis patients and decrease in 
the circulation after successful anti-TNF treat-
ment [ 50 – 52 ]. Besides the alteration of  markers 

related to the specifi c immunopathogenesis of 
the disease, psoriasis patients present high level 
of generic infl ammation markers shared with 
other infl ammatory conditions (e.g., CRP, hap-
toglobin, and platelet P-selectin) [ 168 ] as well 
as lipids and oxidative status alterations [ 169 , 
 170 ] shared with metabolic diseases. The het-
erogeneity of the type 0 psoriasis biomarkers 
further highlights the complex nature of psoria-
sis and the diffi culty to fi nd psoriasis-specifi c 
biomarkers.  

6.8.2     Type 1 Psoriasis Biomarkers: 
Drug Endotype 

 Type 1 biomarkers, refl ecting the effect of an 
intervention according to the mechanism of 
action of therapy itself are being identifi ed as 
results of targeted therapies involving the use of 
biologic drugs targeting specifi c immune circuits 
which are dysregulated in psoriasis. In particular, 
anti-IL12/23 and anti-IL17 biologics act on the 
central IL23/IL17 axis in psoriasis. The mole-
cules directly targeted by these drugs have the 
potential to be used as prognostic or theranostic 
biomarkers to monitor the actual suppression of 
the targeted pathway and the associated clinical 
improvements. 

 Blockade of IL-17 with ixekizumab leads to 
decrease of IL-17 and other infl ammatory media-
tors (IFN, IL-22) in the tissue as well as of IL-17- 
regulated molecules in epidermal keratinocytes 
(LL37, beta-defensin 2, S100A7, S100A8) 
already after 2 weeks of treatment. This in turn 
leads to the decrease of lymphocytic and den-
dritic cell infi ltration as well as normalization of 
keratinocyte structural and activation markers 
within 6 weeks of treatment. This correlates with 
the rapid clinical improvements suggesting that 
IL-17 is a key marker whose regulation is suffi -
cient to normalize many other circuits that dereg-
ulate in psoriatic skin [ 112 ]. Downregulation of 
IL17 and its immediate regulated genes is also 
necessary for positive response to the anti-TNF 
biologic etanercept [ 94 ,  95 ], suggesting that the 
effi cacy of TNF blockade is ultimately down to 
the inhibition of IL17 signaling. 
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 Interestingly, the benefi cial effects of non- 
targeted immunosuppressant therapies, such as 
cyclosporine [ 171 ] and UVB therapy [ 172 ], have 
also been associated to the inhibition of the IL-17 
axis. As the mechanism of action of these drugs 
in psoriasis has not fully been elucidated, a better 
understanding of such mechanisms could help to 
develop type 2 biomarkers for psoriasis.  

6.8.3     Type 2 Biomarkers: Predictive 
or Theranostic Biomarkers 

 Type 2 biomarkers, which are surrogate end 
points for therapy, have predictive value and ther-
anostic use. 

 As already highlighted earlier, the identifi ca-
tion, validation, and implementation of this type 
of biomarker is most urgently needed in psoria-
sis. Soluble, circulatory, or genetic markers asso-
ciated to therapy response would be ideal 
theranostic biomarkers in psoriasis, being not or 
minimally invasive. 

 In a small study, a disease response classi-
fi er including 23 genes using gene expression of 
PBMCs has been obtained to accurately predict 
response to alefacept [ 173 ]. Among circulating 
markers, the relative frequency of some periph-
eral immune cell populations within the fi rst few 
weeks of treatment has been shown to correlate 
with more long-term therapy response. T regula-
tory cells that increase within 8 weeks of anti- TNF 
therapy predict good therapeutic response [ 174 ], 
while the expression of cutaneous lymphocyte- 
associated antigen (CLA) on lymphocytes nega-
tively correlates with PASI at 6 weeks [ 175 ]. A 
number of genetic biomarkers have also been 
shown or have the potential to play a theranostic 
role and guide patient stratifi cation. Conventional 
pharmacogenetic studies focused on genes 
involved in drug transport and metabolism such 
as ABCC1 and ABCG2 have identifi ed SNPs 
in these genes associated with good response to 
methotrexate [ 176 ]. Another approach focuses 
on psoriasis susceptibility genes identifi ed by 
GWASs which represent a potential gold mine 
for the identifi cation of theranostic biomarkers. 
SNPs in TNAFAIP3, encoding for a zinc fi nger 

protein (A20) that is a negative regulator of TNF-
induced pathways, are associated with improved 
response to anti-TNF agents [ 177 ]. Moreover, a 
small cohort of HLA-Cw06+ patients have been 
shown to respond better and faster to ustekinumab 
[ 178 ]. An obvious potential candidate to probe is 
the  IL23R  R381Q SNP in IL-23R, given its func-
tional role in downregulating IL-23 responses in 
psoriasis patients [ 37 ]. 

 The perceived need to identify theranostic 
biomarkers has resulted in the establishment of a 
number of UK-wide initiatives with the aim of 
identifying biomarkers predicting therapy 
response (BSTOP study – Biomarkers of 
Systemic Treatment Outcomes in Psoriasis) 
[ 179 ] and developing an algorithm to guide pso-
riasis management (PSORT – Psoriasis 
Stratifi cation to Optimise Relevant Therapy) 
[ 180 ]. The PSORT consortium is formed by 
world-leading psoriasis experts from both aca-
demia and industry which are working together 
to effectively deliver personalized medicine to 
psoriasis patients.   

    Conclusion 

 The complex pathogenesis of psoriasis has 
been untangled in the last 40 years, yet spe-
cifi c genetic factors, environmental triggers, 
and immune dysregulation which predict dis-
ease progression therapeutic response at a 
single patient level are unknown. However, 
tremendous advances in technologies and data 
analysis are providing researchers with pow-
erful discovery tools at the bench, while clini-
cians are evaluating the results of novel 
targeted therapies at the bedside. The integra-
tion of such basic and clinical activities results 
in a lively translation of research process, 
whose aim is to identify ways to stratify the 
patient population to predict therapy response 
and to achieve effi cient disease management, 
thus benefi ting both patients and the health-
care system. The concept of personalized 
medicine is therefore central in the multifac-
eted reality of psoriasis disease, and prognos-
tic and theranostic biomarker discovery, 
validation, and implementation in the clinical 
practice are eagerly awaited. Personalized 
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medicine lessons learned in psoriasis could 
also be of interest to other immune- mediated 
infl ammatory diseases, with which psoriasis 
shares infl ammatory mechanisms, genetic 
traits, and therapeutic options.     
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7.1            Introduction 

 The comprehension of the pathogenetic mecha-
nisms of the autoinfl ammatory disorders has pro-
foundly changed the nosology of infl ammatory 
disorders [ 1 ]. It has opened the path to a  sign - 
based    , personalized approach to the patient with 
an infl ammatory disorder, allowing optimized 
treatment and avoiding unnecessary overtreat-
ment [ 2 ]. 

 The term autoinfl ammatory syndrome (AIS) 
refers to a group of monogenic disorders charac-
terized by seemingly unprovoked bouts of recur-
rent infl ammation [ 3 ]. Infl ammatory fl ares can 
occur in many organs, especially in the skin, 
joints, eyes, and serous membranes. It is an 
underlying genetic abnormality involving actors 
of the innate immune system that predisposes the 
affected individual to an exaggerated infl amma-
tory response to exogenous or endogenous trig-
gering factors. Markers of autoimmunity are 
absent. However, a few novel conditions present 
with both autoimmune and autoinfl ammatory 
disease presentation, and therefore innate and 
adaptive immunity should be considered as two 
extremes of a continuous spectrum. According to 
Jesus and Goldbach-Mansky, it is probably more 
accurate to consider the autoinfl ammatory syn-
dromes as dysregulatory conditions marked by 
excessive infl ammation, mediated predominantly 
by cells and molecules of the innate immune sys-
tem and with signifi cant host predisposition [ 4 ]. 
Some sporadic or polygenic disorders are closely 
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related to the AIS and involve similar pathogenic 
mechanisms. It is therefore important to distin-
guish between monogenic AIS and complex dis-
orders with underlying AI mechanisms such as 
gout, adult-onset Still’s disease, or Schnitzler’s 
syndrome. Indeed, the comprehension and 
genetic deciphering of the AIS has allowed a new 
classifi cation of infl ammatory diseases in general 
[ 1 ]. The same or shared mechanisms that under-
lie those rare disorders also contribute to infl am-
mation in many frequent complex polygenic 
disorders. Thus, the importance of the compre-
hension of their pathogenesis reaches far beyond 
the simple comprehension of this group of dis-
eases. Skin signs can be the presenting sign or 
one of the main clinical fi nding in many of these 
disorders. The relevance of AI mechanisms in 
much commoner infl ammatory dermatoses, such 
as the neutrophilic dermatoses, will be 
emphasized.  

7.2     Monogenic Mainly  
IL-1- Mediated AIS 

 Table  7.1  summarizes the general clinical charac-
teristics of the major AIS. Familial Mediterranean 
fever (FMF) is a relatively common disorder in 
some parts of the world, while most other disor-
ders are extremely rare diseases, sometimes 
reported only in few families. For FMF, the high-
est prevalence rates are found in the Sephardic 
Jewish, Turkish, Armenian, and Arab popula-
tions; prevalence rates of 1:248 to 1:1,000 and 
carrier rates of 1:3 to 1–7 are reported [ 5 ].

   An AIS should be suspected in every patient 
with otherwise unexplained recurrent fl ares of 
infl ammation with or without fever. Age of onset, 
type of involvement, and duration of the attacks 
will help establishing a correct diagnosis 
(Table  7.1 ). In this author’s experience, a signifi -
cant number of patients have however all the 
characteristics of a typical AIS, but they do not fi t 
into established nosology, as the whole spectrum 
of these disorders is so far not delineated and new 
entities are regularly reported and mutations in 
new genes described. 

 We shall only briefl y describe the cutaneous 
fi ndings of some of these disorders, especially 
those that are clearly IL-1 mediated [ 4 ]. This will 
allow us to draw conclusions that we can apply to 
the much commoner complex polygenic disorders. 

7.2.1     Clearly IL-1-Mediated AIS: IL-1 
Is the Only or Main 
Pathogenic Factor 

7.2.1.1     Excessive IL-1 Production: 
Cryopyrinopathies or Cold- 
Induced Autoinfl ammatory 
Syndromes (CAPS) 

 They include three, partially overlapping autoso-
mal dominant entities related to mutations in the 
same  NLRP3 / CIAS1  gene: familial cold autoin-
fl ammatory syndrome (FCAS), Muckle-Wells 
syndrome (MWS), and chronic infantile neuro-
logical and articular (CINCA)/neonatal onset 
multi-infl ammatory disorder (NOMID) [ 3 ,  4 ]. 
Within the CAPS spectrum, FCAS is the least 
severe entity, while CINCA is the most severe. 

 A closely related syndrome to the milder 
FCAS/MWS variants was described in patients 
with a  NLRP12  mutation [ 6 ]. 

 The three disorders usually start in the new-
born or during early infancy with fever, fatigue, a 
fl u-like syndrome, and rash. The fl ares are trig-
gered by exposure to cold in FCAS – after an 
interval of 1–2 h – and are accompanied by thirst, 
transpiration, joint pain, and conjunctivitis. Cold- 
stimulation tests (ice cube, immersion) can be 
negative, as ventilated cold is the usual trigger. 
Cold dependency of fl ares is less marked in 
MWS, but this disorder is more severe and 
patients develop sensorineural hearing loss and 
they are at risk of AA amyloidosis. 

 Continuous fl ares with neutrophilic aseptic 
meningitis, dysmorphism, mental retardation, 
sensorineural deafness, and deforming arthropa-
thy characterize CINCA, a very severe disorder. 
Diagnosis is based on typical clinical and bio-
logical fi ndings; evidencing an autosomal domi-
nant mutation in  NLRP3 / CIAS1  gene is helpful, 
but the mutation will not be present in all patients. 
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  Skin Findings and Histopathology 
 Neutrophilic urticarial dermatosis (NUD; see also 
below) is the classic cutaneous manifestations in 
those children [ 7 ,  8 ]. An urticarial rash with a 
neutrophilic intravascular, perivascular, periec-
crine, and interstitial infi ltrate on histopathologic 
evaluation is typical. In this author’s experience, 
leukocytoclasia is frequent in patients with NUD 
in the context of Schnitzler’s syndrome (see 
below) but much less so in children with CAPS.   

7.2.1.2     Defi cient IL-1 Inhibition: 
Defi ciency of Interleukin-1 
Receptor Antagonist (DIRA) 

 DIRA is suspected in every newborn with a pustu-
lar dermatitis, multifocal osteomyelitis, and peri-
ostitis with marked elevation of acute phase 
reactants though fever is only low grade or absent. 
Pustules are aseptic. Chronic lung disease, respira-
tory distress syndrome, and central nervous sys-
tem vasculitis were rarely described. Fatal 
evolution is reported [ 9 ,  10 ]. Diagnosis relies on 
clinical and radiological fi ndings (widened rips 
and clavicles, osteolytic lesions of long bones) and 
is supported by evidencing an autosomal recessive 
loss-of-function mutation in  IL - 1Rn     gene [ 9 ]. 

  Skin Findings 
 Grouped pustules on an erythematous base in the 
newborn or within the fi rst 3 weeks and evolution 
toward yellowish crusts [ 9 ,  11 ]. The lesions can be 
localized or widespread, including face and scalp 
involvement. Bullae with hypopyon can be pres-
ent. Evolution toward ichthyosiform lesions with 
diffuse desquamating scaly and sometimes slightly 
red skin can occur [ 12 ]. Oral mucosa and nail can 
be affected, with pitting and onychomadesis.  

  Histopathology 
 Epidermal spongiosis and acanthosis and most 
notably a neutrophilic infi ltrate of the epidermis, 
with intracorneal, subcorneal, and intraepidermal 
microabscesses, as well as a neutrophilic infi ltrate 
in the dermis and the perifollicular and perieccrine 
areas [ 9 ,  11 ]. Neutrophilic syringotropism could 
be a distinctive feature [ 12 ], and this latter fi nding 
is also found in CINCA syndrome [ 8 ].    

7.2.2     AIS in Which IL-1 Plays 
an Important Role, but Other 
Factors Are Involved 

7.2.2.1     Familial Mediterranean 
Fever (FMF)  

 The disease usually starts before the age of thirty 
with recurrent fl ares of fever; abdominal pain, 
sometimes mimicking an acute abdomen; pleu-
risy; and large joint arthritis that last between 1 
and 3 days. The major risk is the development of 
infl ammatory AA amyloidosis, and this risk can 
be largely prevented with continuous treatment 
with colchicine. Diagnosis is supported by evi-
dencing a pathogenic autosomal recessive  MEFV  
gene mutation (rare dominant variant exist); 
diagnosis is based on the Livneh criteria [ 13 ]. 

  Typical Skin Findings 
 The most typical cutaneous fi nding is the so- 
called erysipelas-like erythema [ 14 ,  15 ]. It con-
sists of a red edematous, warm, swollen erythema, 
more often than a circumscribed plaque. The ery-
thema is usually localized on the lower limbs 
below the knee, typically in the perimalleolar 
area or the dorsum of the foot.  

  Histopathology 
 A sparse neutrophilic infi ltrate in the upper der-
mis is the hallmark of the erysipelas-like ery-
thema [ 14 ,  15 ]. Leukocytoclasia can be present 
but no signifi cant vasculitis. Histiocytes and 
eosinophils can also be present.   

7.2.2.2     Pyogenic Sterile Arthritis, 
Pyoderma Gangrenosum, 
and Acne (PAPA) Syndrome 

 Early-onset childhood fl ares of recurrent painful 
sterile arthritis, sterile abscesses, and pathergy are 
typical. By puberty, joint symptoms tend to subside, 
while skin symptoms increase. Diagnosis is estab-
lished on grounds of clinical history and fi nding an 
autosomal dominant mutation in  PSTPIP1  [ 16 ]. 

  Skin Findings 
 Pathergy and aseptic abscesses, as well as ulcer-
ations related to pyoderma gangrenosum, can 
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occur from childhood on. Gingival pustules can 
also occur from childhood on [ 16 ]. By puberty, 
severe nodulocystic acne develops. PAPA should 
be considered in every patient with a familial his-
tory of pathergy and/or pyoderma gangrenosum.  

 Hidradenitis suppurativa can also develop and 
has been reported in a patient with a novel 
 PSTPIP1  mutation; authors then called this 
expanded entity PAPASH [ 17 ]. A related entity 
referred to as “PASH syndrome” has been 
described [ 18 ]. These patients lack the sterile 
arthritis, but they have nodulocystic acne and 
pyoderma gangrenosum; in addition, they 
develop hidradenitis suppurativa. The underlying 
genetic abnormality is so far unknown. 

  Histopathology 
 There are no specifi c histopathological fi ndings 
reported so far.     

7.3     Pathophysiology 

 CAPS are related to mostly missense mutations 
in the  NLRP3 / CIAS1  gene encoding a death 
domain protein known as NLRP3 (or cryopyrin). 
This protein is expressed in the epithelial cells 
of the skin and the mucosa, the granulocytes, 
the dendritic cells, and the T and B cells. A vari-
ety of danger signals, including “pathogen-asso-
ciated molecular pattern” (PAMP), induce 
association of NLRP3 with other members of 
the death domain superfamily to form a cyto-
solic protein complex named the “infl amma-
some.” This results in activation of caspase 1 
which cleaves biologic inactive pro-IL 1β into 
biologic active IL-1β [ 3 ,  4 ]. It also upregulates 
NF-κB expression and thereby increases IL-1 
gene expression. IL-1 is a major proinfl amma-
tory cytokine and the key mediator of the mani-
festations of CAPS. This assumption is 
supported by the observation that IL-1 blockade 
induces rapid and complete response in patients 
with CAPS. 

 DIRA is related to a defi ciency of the naturally 
occurring antagonist of the IL-1 receptor 
(IL-1Rn) [ 9 ,  11 ]. The result is an excess in IL-1- 

mediated infl ammation, by lack of inhibition of 
(initially) normally produced IL-1. 

 The pathophysiology of FMF is less clear. 
FMF is usually an autosomal recessive disorder 
related to mutations in the  MEFV  gene, though 
rare dominant mutations exist [ 19 ]. MEFV 
encodes pyrin, which plays probably an impor-
tant role in the modulation of caspase 1 and thus 
the production of IL-1. 

 Mutations in  PSTPIP1  that alter its interaction 
with pyrin and the infl ammasome and induce 
overproduction of active IL-1β are found in 
patients with PAPA syndrome [ 3 ,  4 ].  

7.4     Other AIS 

 There are numerous other AIS which will not be 
addressed here; excellent review articles have 
been published during the last years [ 3 ,  20 ]. 
The key features of some of them like partial 
mevalonate kinase defi ciency (or HIDS, hyper-
IgD syndrome), TNF-receptor-associated peri-
odic syndrome (TRAPS), Blau syndrome, or 
Nakajo- Nishimura syndrome are summarized in 
Table  7.1 . 

 Some particular variants of psoriasis are AIS, 
challenging the nosology of this entity. This is 
the case for recessive familial generalized pus-
tular psoriasis related to a defi ciency of interleu-
kin- 36 receptor antagonist (DITRA) [ 21 ] and 
for CARD14-mediated psoriasis (CAMPS) 
[ 22 ]. The latter was found to cause plaque pso-
riasis and generalized pustular psoriasis, as well 
as familial pityriasis rubra pilaris. It is therefore 
not surprising that some variants of pustular 
psoriasis respond to IL-1 inhibition with 
anakinra [ 2 ,  23 ]. 

 Majeed syndrome is related to autosomal 
recessive loss-of-function mutations of the 
 LPIN2  gene and presents with neonatal recurrent 
multifocal osteomyelitis and congenital dys-
erythropoietic anemia. Neutrophilic dermatoses 
are frequent in the rare patients reported to have 
Majeed’s syndrome: no further specifi ed pustu-
lar lesions, pustular psoriasis, and Sweet syn-
drome [ 24 ].  
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7.5     A Synopsis of the Cutaneous 
Findings in Monogenic AIS 
and Their Relevance 
to Sporadic Diseases 

 A careful analysis of the cutaneous fi ndings 
reported in the patients with IL-1-mediated AIS 
shows that they are always neutrophilic aseptic 
dermatoses. Table  7.2  summarizes the dermato-
logic fi ndings and provides comparison with 
related complex/polygenic disorders. It is 
therefore tempting to speculate that the 
 pathomechanisms underlying all neutrophilic  
( aseptic )  dermatoses involve autoinfl ammatory 
mechanisms .

   Neutrophilic urticarial dermatosis deserves a 
special mention, as this entity is not only charac-
teristic of CAPS but strongly associated with sys-
temic complex disorders [ 7 ]. The rash is peculiar: 
it consists of rose or red macules or only slightly 
elevated plaques. Signifi cant edema is rare. 
Pruritus is usually initially absent. Dermographism 
can be present. Lesion resolves within some 
hours. From a histopathological point of view, 
there is a signifi cant interstitial neutrophilic infi l-
trate, with leukocytoclasia, sometimes small foci 
of necrobiosis, but without vasculitis and without 
signifi cant dermal edema. Especially two  diseases, 

now considered as polygenic expression of auto-
infl ammation, display this type of rash: adult-
onset Still’s disease (AOSD) (Fig.  7.1 ) and 
Schnitzler’s syndrome (Fig.  7.2 ) [ 7 ,  25 ,  26 ]. Both 
disorders are characterized by high fever, joint 
pain, and rash. Pharyngitis, hepatitis, and very 
high ferritin levels are suggestive of AOSD, while 
a monoclonal IgM gammopathy is suggestive of 
Schnitzler’s syndrome (see Table   7.3   for diagnos-
tic criteria of the latter entity). In every patient 
with NUD, an underlying autoinfl ammatory 

   Table 7.2    Examples of neutrophilic dermatoses responsive to IL-1 inhibition occurring in monogenic and complex 
disorders   

 Dermatological sign with 
tissular neutrophilic aseptic 
infi ltration (nosologic entity) 

 Hereditary 
autoinfl ammatory 
syndrome  Related sporadic or complex disorder 

 Evanescent maculopapular 
rash (nosology =  neutrophilic 
urticarial dermatosis ) 

 CAPS  Schnitzler’s syndrome 
 Adult-onset Still’s disease 
 Systemic-onset juvenile idiopathic arthritis 

 Ulceration (nosology = 
 pyoderma gangrenosum ) 

 PAPA  Pyoderma gangrenosum “idiopathic” or occurring in the setting 
of a nosologically characterized infl ammatory disease 

  Pustule  (aseptic)  DIRA  Generalized pustular psoriasis 
 PAPA  Impetigo herpetiformis 

 SAPHO syndrome 
 Acne fulminans 

 Edematous plaque (nosology 
=  Sweet syndrome ) 

 Majeed syndrome  Sweet syndrome either “idiopathic” or occurring in the setting 
of a nosologically characterized infl ammatory disease 

   CAPS  cryopyrin-associated periodic syndrome,  DIRA  defi ciency of interleukin-1 receptor antagonist,  PAPA  pyogenic 
arthritis, pyoderma gangrenosum, and acne  

  Fig. 7.1    Discrete red macules in a patient with adult- onset 
Still’s disease. Lesions resolve within hours. Biopsy revealed 
typical fi ndings of neutrophilic urticarial dermatosis       
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mechanism should be suspected, and treatment 
option should fi rsthand target neutrophils and/or 
IL-1 production.  

7.6        Treatment of Dermatoses 
with a Supposed AIS 
Mechanism 

 As is shown in Table  7.1 , colchicine (in FMF) 
and IL-1 antagonists are the main treatments for 
the IL-1-mediated AIS. In particular, the progno-
sis of CAPS has been completely changed since 
IL-1 inhibitors are available. Before IL-1 inhibi-
tion, there was no effi cient treatment for affected 
children, while a single injection of anakinra con-
trols all clinical signs of the disease within hours. 
The response is very impressive for both the 
patient and the physician. The same is true for the 
complex disorders AOSD and Schnitzler’s syn-
drome that are now commonly included in the 
spectrum of AIS. The response in patients with 
Schnitzler’s syndrome is as complete and imme-
diate as the one observed in CAPS. This strongly 
points to the fact that the clinical manifestations 
of Schnitzler’s syndrome are solely IL-1 medi-
ated, though that has not been proven so far. In 
AOSD, the situation is interesting: the “rheuma-
tologic variants” with much pain and less intense 
systemic signs are only poorly responsive or 
unresponsive to IL-1 inhibition, while the “der-
matologic variants” with high fever and rash, 
sometimes complicated by macrophage activa-
tion syndrome, usually respond well to IL-1 inhi-
bition [ 27 ,  28 ]. 

 When we now turn to the treatment of the neu-
trophilic aseptic dermatoses, it is obvious that 
drugs should target the key tissue effector, the 
neutrophils. As in FMF, colchicine, an inhibitor 
of neutrophil migration, is sometimes useful. 
Dapsone inhibits neutrophil chemotaxis but also 
the generation of fi ve lipoxygenase products, and 
it binds and inactivates myeloperoxidase. It is a 
very useful drug in many of the neutrophilic der-
matoses. Though it is not the aim of this chapter 
to address the treatment of the neutrophilic der-
matoses, I will only briefl y mention the fact that 
in some diffi cult-to-treat patients with neutro-
philic dermatoses, either because they are refrac-
tory to standard treatment or because of 
contraindications, the lessons learned from the 
AIS can apply to this group of diseases. Indeed, 

  Fig. 7.2    Red macules, papules, and plaques in a patient 
with Schnitzler’s syndrome. Lesions resolve within hours. 
Biopsy revealed an interstitial neutrophilic infi ltrate in the 
dermis, without vasculitis and without edema, typical of 
neutrophilic urticarial dermatosis       

   Table 7.3    Schnitzler’s syndrome: Strasbourg diagnostic 
criteria   

 Obligate criteria 
   Chronic urticarial rash + 
   Monoclonal IgM or IgG 
 Minor criteria 
   Recurrent fever a  
   Objective fi ndings of abnormal bone remodeling 

with or without bone pain b  
   A neutrophilic dermal infi ltrate without vasculitis on 

skin biopsy c  
   Leukocytosis and/or elevated CRP d  
 Defi nite diagnosis if 
   2 obligate criteria and at least 2 minor criteria if IgM 

and 3 minor criteria if IgG 
 Probable diagnosis if 
   2 obligate criteria and at least 1 minor criterion if 

IgM and 2 minor criteria if IgG 

   a A valid criterion if objectively measured. Must be >38 °C 
and otherwise unexplained. Occurs usually – but not 
obligatory – together with the skin rash 
  b As assessed by bone scintigraphy, MRI, or elevation of 
bone alkaline phosphatase 
  c Corresponds usually to the entity described as “neutro-
philic urticarial dermatosis” ( Medicine  2009;88:23–31); 
absence of fi brinoid vessel wall necrosis and absence of 
signifi cant dermal edema 
  d Neutrophils >10,000/mm 3  and/or CRP >30 mg/l  
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IL-1 inhibition can be a very effi cient alternative 
treatment, and this has already been published in 
some examples: neutrophilic urticarial dermato-
sis, Sweet syndrome, neutrophilic panniculitis, 
pustular psoriasis, and relapsing polychondritis 
(reviewed in [ 29 ]). In this author’s experience, 
however, IL-1 inhibitors will provide signifi cant 
relief only in those patients with a neutrophilic 
dermatosis and systemic signs of IL-1 impregna-
tion such as fever, leukocytosis, and elevated 
CRP levels. 

 Therefore, dermatologists should become 
familiar with the handling of the IL-1 inhibitor 
anakinra [ 29 ]. Anakinra has a short half-life of 
4–6 h and is rapidly completely eliminated from 
the body; therefore, daily injections (100 mg, 
subcutaneous) are required. In the aforemen-
tioned situations, it is worth to be tried as response 
is usually rapid, occurring a couple of hours after 
the fi rst injection; if there is no response after 
3 days of treatment, the dermatosis is usually not 
responsive and treatment can be interrupted. 
Injection site reactions are very frequent with 
anakinra, but otherwise the drug is well tolerated. 
In case of long-term use (e.g., Schnitzler’s syn-
drome, CAPS), neutrophil count, liver function 
tests, and triglycerides should be monitored. The 
usage of the other longer-acting IL-1 antagonists 
(gevokizumab, canakinumab, rilonacept) should 
be restricted to physicians with extensive experi-
ence, because of longer half-life and exorbitant 
price for those so far available.  

7.7     Non-IL-1-mediated AIS 
and Their Relevance 
to Infl ammatory Dermatoses 

 There are more and more reports of non-IL- 1-
mediated AIS [ 3 ,  20 ,  30 – 33 ]. Their description 
is beyond the scope of this book. It is probable 
that we will learn a lot from those disorders in the 
coming years. The Nakajo-Nishimura/CANDLE 
(chronic atypical neutrophilic dermatosis with 
lipodystrophy and elevated temperature) syn-
drome is a serious disorder with prominent 
dermatologic involvement [ 30 – 33 ]. It is charac-
terized by early onset of recurrent fever, rash, 

arthralgia, or arthritis and increase in acute phase 
reactants. Violaceous pernio-like eyelid and fi n-
ger swelling is characteristic, as is lipoatrophy, 
which can be secondary to panniculitis. Enlarged 
lymph nodes, spleen, and/or liver as well as 
increased liver function test are frequent. Basal 
ganglia calcifi cation and muscle atrophy are also 
reported. Up to 50 % of patients could die before 
adulthood. The remaining develop muscle atro-
phy, cardiac arrhythmias, and dilated cardiomy-
opathy. Diagnostic criteria were published by 
Japanese authors [ 31 ]. Abnormal signaling in 
the interferon pathways characterizes Nakajo-
Nishimura and/or CANDLE syndrome [ 30 ,  31 ]. 
This syndrome, fi rst reported in Japan, is related 
to a mutation in the  PMSB8  gene, encoding the 
ß5i subunit of the (immuno)proteasome, which 
is highly expressed in hematopoietic cells and is 
involved in protein degradation [ 33 ]. It is prob-
able, from a clinico-biologic perspective, that 
this syndrome shares many features with a sub-
group of patients with dermatomyositis and lupus 
erythematosus.  

7.8     The Concept 
of Autoimmunity 
and Autoinfl ammation 
in Clinical Practice: 
A Paradigmatic Case Report 
Highlighting Bedside 
Relevance of These Concepts 

  Case Report   A 22-year-old girl developed 
joint pain with effusion, autoimmune hemolytic 
Coombs-positive anemia, and abdominal pain 
with diarrhea. She was found to have high titer 
of ANA (1:2,048), anti-dsDNA, anti-SSA, and 
anti-SSB antibodies. Imaging revealed intestinal 
thickening, abnormal bowel wall enhancement, 
increased fat attenuation, engorgement of mes-
enteric vessels with increased number of visible 
vessels, and features highly suggestive of lupus 
enteritis. She was treated with steroid pulse ther-
apy and mycophenolate mofetil for lupus enteri-
tis in the context of SLE. After the acute enteric 
episode had resolved, steroids were tapered. 
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Hydroxychloroquine was then added. Two years 
later while still being treated with prednisone 
10 mg/day, hydroxychloroquine 400 mg/day, 
and mycophenolate mofetil 1 g/day, she had 
daily episodes of joint pain, red eyes related to 
episcleritis, and an urticarial rash. As all these 
signs fi t perfectly in her known SLE, increasing 
steroid and mycophenolate mofetil dosages was 
considered, but a second opinion was required in 
our institution. A skin biopsy showed the typi-
cal fi ndings of neutrophilic urticarial dermato-
sis. As there were no other signs of active SLE, 
we therefore stopped mycophenolate mofetil, 
tapered prednisone at a rate of 1 mg/month, 
and started dapsone 100 mg/day. Response was 
immediate and spectacular; within days, rash 
ceased, joint pain and swelling regressed, and 
eyes normalized.  

 This case report highlights the importance of 
distinguishing between autoimmune and autoin-
fl ammatory pathomechanisms. It also underlines 
that classic autoimmune diseases can have 
autoinfl ammation- driven symptoms and that 
 every sign must be pathogenetically deciphered . 

 Indeed, SLE is a paradigm of an autoimmune 
disorder, and defi nitely the initial signs of this 
patient, namely, hemolytic Coombs-positive ane-
mia and enteric vasculitis, were clearly autoanti-
body mediated. However, 2 years later, she had 
NUD with joint pain and episcleritis. It was 
important at that stage to perform biopsy and to 
distinguish between urticarial vasculitis and 
NUD, as NUD is almost always a cutaneous 
expression of an autoinfl ammatory mechanism 
[ 7 ]; autoinfl ammation can also occur in a subset 
of patients with SLE, especially those with neu-
trophilic cutaneous LE [ 34 ]. Recognition is 
essential as it prevents unnecessary overtreat-
ment with steroids and immunosuppressors, 
treatments that are more toxic than the drugs tar-
geting autoinfl ammatory mechanisms and, by the 
way, much less effi cient to treat these symptoms, 
as highlighted by this case report. 

 In summary, when dealing with patients with 
infl ammatory disorders, we should be able to 
classify the disorder rather as having underlying 
autoimmune pathogenesis (e.g., SLE, pemphi-
gus, etc.) or an autoinfl ammatory  pathogenesis 

(AOSD, Crohn’s diseases, ankylosing 
 spondylitis, etc.). But as the previous case report 
highlights, though general disease mechanism 
provides a broad pathogenic approach, actually 
each sign must be analyzed in terms of patho-
genicity; this is bedside personalized medicine 
with direct therapeutic consequences. In the era 
of next-generation sequencing, we will certainly 
learn in the coming years that the shared genetic 
background of many infl ammatory diseases is 
modulated by sign-specifi c genetic signatures. 
So far, a careful clinicopathological analyses can 
already provide meaningful and therapeutically 
revealed informations, many of which we have 
learned from the genetic deciphering of the rare 
monogenic AIS.     
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8.1            Introduction 

 Personalized treatment in urticaria is a very 
important aspect as many urticaria patients have 
very special triggering factors and also many 
have a special need for treatment. 

 On the other hand, the current international 
guidelines do provide an excellent standard for 
diagnosis and management which will be suffi -
cient for the vast majority of patients. Still, if some 
small amendments are made for those who need 
it, a more personalized approach is warranted. 
This personalized approach will be successful if 
the physician is watchful enough to check for the 
rarer underlying causes and is able to listen to pos-
sibly small individual remarks a patient makes. 

 This chapter has therefore taken into account 
the international guidelines that have just been 
published [ 1 ]. It will therefore quote the relevant 
parts of the existing guidelines and add the per-
sonalized approaches which are based not only 
on the level of evidence in the literature but also 
on the personal experience of the author. Where 
personal experience has been taken into account 
it will be marked explicitly.  

8.2     Defi nition and Classifi cation 
of Urticaria 

 Urticaria is a disease characterized by the devel-
opment of wheals (hives), angioedema, or both. 
Urticaria needs to be differentiated from other 
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medical conditions where wheals, angioedema, 
or both can occur as a symptom, e.g., skin prick 
test, anaphylaxis, autoinfl ammatory syndromes, 
or hereditary angioedema (bradykinin-mediated 
angioedema). 

8.2.1     Clinical Appearance 

 Urticaria is characterized by the sudden appear-
ance of wheals, angioedema, or both.
    A.     A wheal consists of three typical features:

    1.    It is characterized by a central swelling of 
variable size, almost invariably sur-
rounded by a refl ex erythema.   

   2.    It is associated with itching or sometimes 
a burning sensation.   

   3.    It has a fl eeting nature, with the skin 
returning to its normal appearance, usually 
within 1–24 h. Sometimes wheals resolve 
even more quickly.       

   B.     Angioedema is characterized by:
    1.    A sudden, pronounced erythematous or 

skin-colored swelling of the lower dermis 
and subcutis with frequent involvement 
below mucous membranes.   

   2.    Sometimes pain rather than itching and 
frequent involvement below mucous mem-
branes. Its resolution is slower than that 
for wheals and can take up to 72 h [ 1 ].         

 Surely the defi nition of the disease leaves 
very little room for interpretation in a personal-
ized manner, but it needs to be acknowledged 
that like in all areas of medicine, sometimes the 
cutoff is not extremely clear. Thus it is important 
to monitor the duration of the different wheals in 
the individual patient. In some patients, it may 
occur that wheals in some areas are typical short- 
lasting wheals and in other areas show signs of 
vasculitis although not fully pronounced. This 
is an important aspect to note as especially the 
longer-lasting wheals do respond differently on 
treatment regimes. 

 In addition to the defi nition, also the proposed 
classifi cation of urticaria should be clearly 
adhered to as it is important for the  communication 

among specialists to use the same terminology 
even though it may not be perfect in all instances.   

8.3     The Personalized Approach 
in Assessing Disease Severity 

 The guidelines clearly state that it is important to 
monitor the quality of life of patients using stan-
dardized questionnaires which are available for 
both wheals and angioedema. Both instruments 
and the validated Urticaria Activity Score (UAS) 
are important tools in the personalized approach 
to the patient. In the course of time, the activity 
score helps in the discussion especially with 
those patients who are very unsatisfi ed with the 
treatment options and often show an increasing 
demand for better treatment despite already 
improved treatment response. The Quality of 
Life questionnaire allows a better understanding 
which of the symptoms of the disease are the 
most bothersome for the patient, requiring a pos-
sible amended therapeutic approach. Thus it is 
striking that the majority of patients feel embar-
rassed about the way they look and struggle with 
the feelings of a social dysfunctionality [ 2 ]: 

 Urticaria interferes with my social 
relationship 

 67.11 % 

 I feel embarrassed by urticaria signs on my 
body 

 84.21 % 

 I’m embarrassed in going to public places 
understanding the personal impact is thus 
important for the management 

 72.37 % 

8.4        Diagnosis 

 The guidelines obviously provide a rational 
approach for the diagnosis of urticaria based on 
the typical patient and is also based on a concept 
of an economic use of resources in medicine. The 
guidelines however also leave freedom for the 
decision and emphasize that based on the history 
of the patient, additional diagnostic procedures 
may be warranted and are mentioned as an 
extended diagnostic program in Fig.  8.1  [ 1 ]:  
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  Fig. 8.1    Recommended diagnostic algorithm for patients presenting with wheals, angioedema, or both.  AAE  acquired 
angioedema due to C1-inhibitor defi ciency,  ACE-Inh  angiotensin-converting enzyme inhibitor,  AE  angioedema,  AH  
antihistamine,  AID  autoinfl ammatory disease,  HAE  hereditary angioedema,  IL - 1  interleukin-1 

 1.  Other (new) drugs may also induce bradykinin- mediated angioedema. 
 2.  Patients should be asked for a detailed family history and age of disease onset. 
 3.  Test for elevated infl ammation markers (C-reactive protein, erythrocyte sedimentation rate), test for paraproteinemia 

in adults, look for signs of neutrophil-rich infi ltrates in skin biopsy; perform gene mutation analysis of hereditary 
periodic fever syndromes (e.g., cryopyrin-associated periodic syndrome), if strongly suspected. 

 4.  Patients should be asked: “How long do your wheals last?” 
 5.  Test for complement C4 and C1-INH levels and function; in addition, test for C1q and C1-INH antibodies, if 

AAE is suspected; do gene mutation analysis, if former tests are unremarkable but patient’s history suggests 
hereditary angioedema. 

 6.  Wait for up to 6 months for remission; additional diagnostics to test for C1-inhibitor defi ciency should only be 
performed if the family history suggests hereditary angioedema. 

 7.  Does the biopsy of lesional skin show damage of the small vessels in the papillary and reticular dermis and/or 
fi brinoid deposits in perivascular and interstitial locations suggestive of UV (urticarial vasculitis)? 

 8.  Patients should be asked: “Can you make your wheals come?” 
 9.  In patients with a history suggestive of inducible urticaria, standardized provocation testing according to 

international consensus recommendations [ 3 ] should be performed. 
 10.  Acquired AIDs (autoinfl ammatory syndromes) include Schnitzler’s syndrome as well as systemic-onset 

juvenile idiopathic arthritis (sJIA) and adult-onset Still’s disease (AOSD); hereditary AIDs include cryopyrin- 
associated periodic syndromes (CAPS) such as familial cold autoinfl ammatory syndromes (FCAS), Muckle-
Wells syndrome (MWS), and neonatal-onset multisystem infl ammatory disease (NOMID), more rarely 
hyper-IgD syndrome (HIDS) and tumor necrosis factor receptor alpha-associated periodic syndrome (TRAPS). 

 11.  In some rare cases, recurrent angioedema is neither mast cell mediator mediated nor bradykinin mediated, and 
the underlying pathomechanisms remain unknown. These rare cases are referred to as “idiopathic 
angioedema” by some authors. 
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 The guidelines also provide a list of questions 
which should be discussed with the patient to 
understand possible courses [ 1 ]:

 1.  Time of onset of disease 
 2.  Frequency/duration of and provoking factors for 

wheals 
 3.  Diurnal variation 
 4.  Occurrence in relation to weekends, holidays, 

and foreign travel 
 5.  Shape, size, and distribution of wheals 
 6.  Associated angioedema 
 7.  Associated subjective symptoms of lesions, 

e.g., itch and pain 
 8.  Family and personal history regarding urticaria 

and atopy 
 9.  Previous or current allergies, infections, internal 

diseases, or other possible causes 
 10.  Psychosomatic and psychiatric diseases 
 11.  Surgical implantations and events during surgery, 

e.g., after local anesthesia 
 12.  Gastric/intestinal problems 
 13.  Induction by physical agents or exercise 
 14.  Use of drugs (e.g., NSAIDs, injections, 

immunizations, hormones, laxatives, 
suppositories, ear and eye drops, and alternative 
remedies) 

 15.  Observed correlation to food 
 16.  Relationship to the menstrual cycle 
 17.  Smoking habits (esp. use of perfumed tobacco 

products or cannabis) 
 18.  Type of work 
 19.  Hobbies 
 20.  Stress (eustress and distress) 
 21.  Quality of life related to urticaria and emotional 

impact 
 22.  Previous therapy and response to therapy 
 23.  Previous diagnostic procedures/results 

   For the interested physician, it is useful to 
adapt and possibly extend these questions to a 
questionnaire which can then be handed out to the 
patient still in the waiting room. This allows a 
very quick overview of patient history and also 
allows the patient a time for refl ection saving on 
the other hand time in the doctor’s offi ce. For our 
urticaria clinic, we have extended the question-
naire to “100 questions on your urticaria.” The 
full questionnaire in English language can be 
found on the web page   www.ecarf.org    . In my own 
experience, taking a very thorough history based 
on this questionnaire in approximately 20 % of 

patients with chronic spontaneous urticaria, hid-
den courses can be detected. Some of them may 
even be worth to be published such as the use of 
aspirin as a preservative [ 4 ] which I have now dis-
covered is also sometimes used in restaurants 
especially in Brazil, where salad is sprayed with 
an aspirin solution to prevent oxidation. 

 Another aspect which is frequently over-
looked but can be discovered by the right ques-
tions is subtle underlying infl ammatory processes. 
More severe diseases are certainly noticed by 
patients, but chronic infl ammatory processes, 
e.g., chronic sinusitis, gastritis, or an infl amma-
tion of the bile duct, are often regarded as less 
noteworthy by patients. However they may be an 
important causative factor in urticaria. In this 
instance it is also important to mention that not 
only the infectious agent, e.g.,  Helicobacter 
pylori , themselves can be a trigger but also non-
infectious infl ammatory processes. This is well 
established for  Helicobacter pylori -negative gas-
tritis, and in my own experience, several patients 
recorded that the severity of urticaria symptoms 
correlates well with lifestyle factors which is 
having an impact on the severity of their gastritis 
as smoking or emotional distress. 

 While in chronic spontaneous urticaria, taking 
a history may reveal the triggering factor and 
allow a causal treatment, in inducible urticarias, 
in most instances the disease itself has to be 
regarded as idiopathic, and it is not helpful to go 
into an extensive diagnostic program. However 
also in these instances, a thorough history will 
help to better understand the situation of a patient 
and allow a better conception about the avoid-
ance of triggering factors. Thus many patients, 
e.g., in pressure urticaria, have not really under-
stood the correlation that pressure is defi ned by 
force per area and simple measurements like 
changing shoes and using cushioned soles or 
gloves may have a high impact. The same holds 
true for other subtypes of inducible urticarias, 
e.g., light urticaria, where consultation about the 
UV protection factor of clothes, the better under-
standing of their recreational habits, and the con-
sultation about the proper use of sunscreens 
adapted to the wavelength which triggers the 
wheals is extremely helpful for patients. To offer 
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a most perfect personalized treatment in the 
inducible physical urticaria subtypes, it is in gen-
eral extremely important that the doctor pictures 
the daily life and also the working environment 
of the patients and knows the available items 
which can possibly give support, e.g., UV light 
protection screens for windows or specially 
worked tools causing less friction when being 
handled. 

 The guidelines propose a very clear and strict 
algorithm in treatment which is suffi cient for 
the vast majority of patients, and a personalized 
approach is limited to those few patients needing 
other forms of treatment but should also take into 
account when using the standard algorithm which 
of the treatments supposed are fi tting best for the 
individual requirements (Fig.  8.2 ). However, in 
this aspect, it also has to be noted that the treat-
ment mentioned in the algorithm is not in all cases 
licensed, and certainly the alternative treatments 
are off-label. In fact until recently, only antihis-
tamines had been licensed for all kinds for urti-
caria, and only in March 2014, omalizumab has 
been licensed by the EMA and FDA for chronic 
spontaneous urticaria.  

 Regarding the very strong recommendation 
against the use of fi rst-generation sedating anti-
histamines in the guidelines as shown in Fig.  8.3 , 
it must be noted that in a personalized approach, 
the guideline of course leaves room for the indi-
vidual patient to be treated with these drugs. 
However, the reason why also some patients do 
like fi rst-generation antihistamines at night is the 
obligatory sedating effect which helps patients 
to fall asleep despite of the itch and is sometimes 
also considered as slightly anxiolytic in the more 

anxious patient. Thus in a case where a patient 
already has been treated with sedating antihista-
mines and feels dependent on them, it may be 
warranted to continue this for a short period of a 
few days and at the same time treat them with a 
quadruple dose of nonsedating modern antihista-
mines and suggest a withdrawal of the sedating 
antihistamine after complete symptom control.  

 The next step in the algorithm is clearly to up- 
dose modern nonsedating antihistamines up to 
fourfold (see Fig.  8.1 ). 

 An individual choice here needs to be 
made about which of the currently available 

First line:
Modern second generation antihistamines 

If symptoms persist
after 2 weeks 

Second line:
Increase dosage up to fourfold of modern second

generation antihistamines 

If symptoms persist
after 1-4 further weeks

Third Line:

Add on to second line*:Omalizumab or Ciclosporin
A or Montelukast

Short course (max 10 days) of corticosteroids may
also be used at all times if exacerbations

demand this

  Fig. 8.2    Recommended treatment algorithm for urticaria [ 1 ]       

Are modern second generation H1-antihistamines to be preferred over
first generation H1-antihistamines in treatment of urticaria?

Summary:
We recommend that modern second generation H1-antihistamines are
to be preferred over first generation H1-antihistamines in the treatment

of urticaria (strong recommendation/high level of evidence)

Consented by voting
Voting result: 95 % of audience and the panel members agreed.  Fig. 8.3    Recommendation 

and voting results [ 5 ]       
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 second- generation antihistamines should be 
used. As there are no head-to-head trials except 
in one case comparing desloratadine and levoce-
tirizine in a higher dosage, the practical approach 
is to start with the antihistamine which has been 
used as single dose. If the up-dosing in this case 
does not show suffi cient response, it can be dis-
cussed with the patient if, in conformity with the 
guidelines, the third step in the algorithm should 
be made or if a possible switch to another antihis-
tamine may be useful. This latter approach had 
been recommended in the previous guidelines but 
due to the lack of evidence was omitted in the 
current version. 

 However there are some points which are in 
favor of this approach as scientifi cally the second- 
generation antihistamines differ from the fi rst- 
generation antihistamines in the aspect that they 
also inhibit the release of pro-infl ammatory mast 
cell mediators other than histamine. This prop-
erty may be different comparing the different 
compounds available but has not been studied in 
extension. Some patients however clearly report 
that they have a better response to one or the 
other antihistamine without a clear tendency 
which one to prefer. 

 In addition, switching the antihistamine at a 
higher dosage has also the advantage of gaining 
more time to discuss the possibilities of third-line 
treatment with the patient and, in case of choos-
ing one of the non-licensed medications, allows 
for the time to fi le an application with the insur-
ance companies which are required in many 
countries of the world. 

 However very important is to mention to the 
patient that the high-dose antihistamine treatment 
in fact is also off-label although regarded by 
insurance companies and general medical prac-
tice as one of the most frequent treatment strate-
gies which is also known from other areas of 
medicine like using painkillers, blood pressure 
tablets, or others. Thus the principle is easy to 
explain to the patient, and in the majority of 
countries, no fi ling for regulatory authorities is 
required in this case, especially as the treatment 
itself is comparatively cheap with the availability 
of generic second-generation drugs at costs as 
low as 0.10€ per tablet.  

8.5     Further Therapeutic Possibilities 
for Antihistamine-Refractory 
Patients 

 With the licensing of omalizumab for chronic 
spontaneous urticaria, it is clear that this is the 
drug of choice to stay in label treatment in the 
fi rst instance but also the level of evidence is 
clearly the best for this drug with a very low 
adverse event profi le.  

8.6     An Individualized Approach 
in Therapy-Refractory 
Patients 

 In those patients where neither up-dosing nor the 
combination treatment of high-dose antihista-
mines with omalizumab has been successful or 
suffi ciently successful, clearly an alternative 
strategy is needed. In the guideline itself, some 
drugs are mentioned as a very short comment:

  For H 2 -antagonists and dapsone, still recom-
mended in the previous version of the guideline, 
the evidence is too low to maintain this as recom-
mendable in the algorithm, but they may still have 
relevance as they are very affordable in some 
poorer health care systems. For sulfasalazine, 
methotrexate, interferon, plasmapheresis, photo-
therapy, and intravenous immunoglobulins (IVIG), 
only trials of low-quality or case series have been 
published [ 6 ] (Table 5). 

 Antagonists of tumor necrosis factor a (TNF- 
alpha) [ 7 ] and IVIG [ 8 – 11 ], which have been suc-
cessfully used in case reports, are recommended 
currently only to be used in specialized centers as a 
last option (i.e., anti-TNF-alpha for delayed pres-
sure urticaria and IVIG for chronic spontaneous 
urticaria) [ 1 ]. 

   Regarding these drugs mentioned above in 
the guideline, it is worthwhile mentioning that 
although not based on high-quality evidence, 
there are in my own practice still a considerable 
number of patients who do profi t from the addi-
tional treatment of H2 antagonist or dapsone, 
although these are different types of patients. 

 H2 antagonists are clearly not evidence based, 
but in my own experience, they are worthwhile 
to try in those patients who mention any, even 
if slight, symptoms of gastritis. In this case they 
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appear to be better than the use of proton inhibi-
tors like omeprazole, possibly because they 
both act on the gastric infl ammation and on the 
stimulation of H2 receptors in the stomach and 
intestine. However, this is purely a personal rec-
ommendation and surely needs further research. 
The same holds true for dapsone. 

 While in the guideline there is a statement that 
the current evidence does neither allow to vote 
for nor against dapsone as some trials do exist, 
but the quality of these trials is not suffi cient 
although the outcome of these trials is convinc-
ing. In my own practice, I do use dapsone espe-
cially in those patients with long-standing wheals 
which are at the edge of turning over into urti-
caria vasculitis. On histopathology, often in these 
patients, an increased leukocytic infi ltrate is 
observed in a perivascular pattern. Again based 
on old literature, I tend to combine dapsone in 
these patients with pentoxifylline which has a 
mild anti-TNFα activity and has been recom-
mended in the past as a combination treatment 
for patients with an urticaria vasculitis. 

 Another avenue of possible alternative treat-
ments becomes more and more interesting. Based 
on recent fi ndings, apparently in some subgroups 
of patients with chronic spontaneous urticaria, 
elevated D-dimers have been found [ 12 ]. 

 Already in the past, case reports on the effect 
of treatment with anticoagulants as heparin or 
warfarin had been published [ 13 ]. In my own 
experience, I have tried both heparin and warfa-
rin and still use this as an alternative possibility in 
refractory patients due to the mode of handling as 
oral therapy. I prescribe warfarin at a level to 
achieve a reduction of the prothrombin time to 
50 %.  

8.7     Treatment of Children 
and Pregnant 
and Lactating Women  

 Clearly the treatment of children and especially 
pregnant and lactating women is always a chal-
lenge to the treating physician. Especially in 
pregnancy, there is no hard evidence based on tri-
als, and circumstantial evidence on the safety of 

possible therapeutic approaches needs to be taken 
into consideration. This always involves a very 
open discussion with the pregnant woman and 
thorough information; many countries prefer a 
written informed consent. Similar aspects hold 
true in children and in the lactating women. 
However, in urticaria luckily the standard treat-
ments are comparatively safe to be used, and at 
least during times of pregnancy, it is also impor-
tant to inform the frequently anxious patient that 
not treating the disease may also have an impact 
as consistently high levels of histamine fl ood the 
bloodstream and it is unknown which effects this 
may have on the unborn child. Regarding the 
therapeutic approach in these special popula-
tions, it can clearly be recommended to follow 
strictly only the guideline-recommended proce-
dures which are quoted here:

  The same considerations in principle apply to 
pregnant and lactating women. On one hand, use of 
any systemic treatment should generally be 
avoided in pregnant women, especially in the fi rst 
trimester. On the other hand, pregnant women have 
the right to best possible therapy. While the safety 
of treatment has not been systematically studied in 
pregnant women with urticaria, it should be 
pointed out that the possible negative effects of 
increased levels of histamine occurring in urticaria 
have also not been studied in pregnancy. Regarding 
treatment, no reports of birth defects in women 
having used modern second generation antihista-
mines during pregnancy have been reported to 
date. However, only small sample size studies are 
available for cetirizine [ 14 ] and one large meta- 
analysis for loratadine [ 15 ]. Furthermore, as sev-
eral modern second generation antihistamines are 
now prescription free and used widely in both 
allergic rhinitis and urticaria, it must be assumed 
that many women have used these drugs especially 
in the beginning of pregnancy, at least before the 
pregnancy was confi rmed. Nevertheless, since the 
highest safety is mandatory in pregnancy, the sug-
gestion for the use of modern second generation 
antihistamines is to prefer loratadine with the pos-
sible extrapolation to desloratadine and cetirizine 
with a possible extrapolation to levocetirizine. All 
H1-antihistamines are excreted in breast milk in 
low concentrations. Use of second-generation 
H1-antihistamines is advised, as nursing infants 
occasionally develop sedation from the old fi rst- 
generation H1-antihistamines transmitted in breast 
milk. 

 The increased dosage of modern second gen-
eration antihistamines can only be carefully sug-
gested in pregnancy since safety studies have not 
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been done, and with loratadine it must be remem-
bered that this drug is metabolized in the liver. First 
 generation agents may be cautiously employed 
when symptoms dictate in the face of nonresponse 
to modern second generation antihistamines. Use 
of fi rst-generation H1-antihistamines immediately 
before parturition may cause respiratory depres-
sion and other adverse effects in the neonate (the 
fi rst-generation H1-antihistamines with the best 
safety track record in pregnancy are chlorphenira-
mine and diphenhydramine). All further steps 
should be based on individual considerations, with 
a preference for medications that have a satisfac-
tory risk-to-benefi t ratio in pregnant women and 
neonates with regard to teratogenicity and embryo 
toxicity. For example, cyclosporine, although not 
teratogenic, is embryo-toxic in animal models and 
is associated with preterm delivery and low birth 
weight in human infants (the median gestation 
duration of infants born to mothers taking cyclo-
sporine is 35.7 weeks, and the median birth weight 
of their infants is 2.2 kilograms). Whether the ben-
efi ts of cyclosporine in chronic urticaria are worth 
the risks in pregnant women will have to be deter-
mined on a case-by-case basis. However, all deci-
sions should be reevaluated according to the 
current recommendations published by regulatory 
authorities. [ 1 ] 

8.8        What Else Can Be Offered 
(and at Low Cost): The Value 
of Diets 

 Especially in chronic spontaneous urticaria (as 
well as in acute urticaria), many patients suspect 
food items to be responsible or partly responsible 
for their symptoms. The guideline gives clear 
advice to dietary management but comments on 
who is eligible in a personalized approach are 
clearly required:

  Dietary management. IgE-mediated food allergy is 
rarely the underlying cause of chronic spontaneous 
urticaria [ 16 ,  17 ]. If identifi ed, the specifi c food 
allergens need to be omitted as far as possible. In a 
subgroup of chronic spontaneous urticaria patients, 
pseudoallergic reactions (non-IgE-mediated 
hypersensitivity reactions) to naturally occurring 
food ingredients and in some cases to food addi-
tives have been observed [ 16 – 20 ]. Since the last 
version of the guidelines, the proposed pseudoal-
lergen free diet has now also been successfully 
tested in different countries [ 21 ]. 

 Similar to drugs, pseudoallergens can both 
elicit and aggravate chronic spontaneous urticaria 

[ 22 ]. In these cases, a diet containing only low lev-
els of natural as well as artifi cial food pseudoal-
lergens should be instituted and maintained for a 
prolonged period, at least 3–6 months. It should be 
underlined that avoidance of type I-allergens 
clears urticaria symptoms within 24–48 h if the 
relevant allergens are eliminated rapidly, whereas 
in pseudoallergy, a diet must often be maintained 
for a minimum of 3 weeks before benefi cial effects 
are observed. Detailed information about dietary 
control can be found in the referenced manu-
scripts. However, it should be pointed out that suc-
cess rates may vary considerably due to regional 
differences in food and dietary habits. More 
research is necessary on the effect of foodstuffs in 
causing urticaria, particularly in areas where the 
daily diet is greatly different from the one in 
Western Europe. [ 1 ] 

   Especially this passage of the guideline has 
been a matter of debate, and there are strong dif-
ferences in opinion and in the frequency of 
dietary approaches used between Europe and the 
United States. 

 Much of the misunderstanding is based on the 
fact that previously especially in publications 
from the United States pseudoallergy was dis-
missed if provocation tests with frequent food 
additives were negative. However it is clear that 
not only food additives but much more frequently 
naturally occurring ingredients in food like aro-
matic compounds [ 23 ] can be eliciting factors. 
Pseudoallergic reactions are especially frequently 
observed in patients who also have a pseudoal-
lergic reaction to aspirin in their history (more 
than 35 % of patients with chronic spontaneous 
urticaria). In addition, in my own experience, it is 
valuable to offer patients the possibility to use an 
exploratory diagnostic diet for 3 weeks. This 
gives the patient the feeling to be involved in the 
treatment, and independent of the outcome, it is 
helpful. In case the diet reduces the symptoms or 
leads to complete remission, the patient is clearly 
happy, and the next steps in expanding the diet 
can be quickly made. In case the diet does not 
reduce the severity of the disease again, the 
patient is happy as now for himself, it is clear that 
food is not responsible, and the dietary restric-
tions many patients with urticaria oppose on 
themselves (more than 60 % [ 2 ]) are not required. 

 The diet itself has now been used and tested in 
many different countries and appears to be 
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 helpful to a similar extent all over the world. 
However it needs to be mentioned that the grade 
of success clearly depends on the selection of 
patients and the time the doctors spend on 
explaining the background of the diet. 

 Patients profi ting the most from the diet are 
those with chronic spontaneous urticaria with 
daily occurrence of wheals. Explaining the 
diet without time-consuming appointments is 
most easily made by employing a validated list 
(Table  8.1 ).

   But not only the list itself should be handed 
out it should be accompanied by explanatory 
material. It is important to point out that if the 
diet is employed, it needs to be employed 
strictly and that the effect of the diet is in most 
cases only noted after 10–14 days. This is simi-
lar to the effect of an aspirin tablet which keeps 
on making symptoms for up to 2 weeks after a 
single tablet. As many patients tend to make 
involuntary dietary mistakes, it is also recom-
mended to ask the patients to keep a detailed 
diary of what has been eaten and match this 
with the symptom protocol using UAS. Still in 
our experience, it is also valuable, instead of 
just giving the patient the list of what to eat and 
what to avoid, to hand out clearly written reci-
pes for breakfast, lunch, and dinner which 
ensures a suffi cient supply with all nutrients 
and nutritional components and is simple 
enough for the patient to prepare himself or 
herself.  

    Conclusion 

 In summary, like in most areas of medicine, the 
real skill of a physician is to understand at what 
time the personalized approach and at what 
time a standardized approach is the best for the 
patient. To be able to fulfi ll this, it is required to 
train new observational skills and surely also to 
train the physicians’ intuition, a skill which 
cannot be trained by reading books alone but 
will only come with practice. However, just lis-
tening with interest to the story a patient tells is 
already the fi rst step to a personalized approach, 
as many patients especially with chronic dis-
eases like urticaria are just missing this per-
sonal attention of a doctor.     
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9.1            Lupus Erythematosus: 
Defi nition and Classifi cation 

 The diagnosis “lupus erythematosus” (LE) 
encompasses a group of mostly photosensitive 
autoimmune diseases. The central common attri-
bute of these diseases is the detection of circulat-
ing autoantibodies, which are directed against 
specifi c nuclear structures such as nucleic acids 
or nucleoproteins. LE patients may present with a 
broad spectrum of clinical signs, ranging from 
localized skin lesions to severe systemic disease 
with affection of internal organ systems. 
Generally, systemic (= systemic LE/SLE) and 
cutaneous (= cutaneous LE/CLE) courses of LE 
are distinguished, but overlapping cases are com-
mon. Cutaneous lesions occur in about two thirds 
of patients with SLE. They can develop at any 
stage of the disease, irrespective of disease activ-
ity, and represent the fi rst sign in about 25 % of 
SLE patients [ 1 ]. 

 The SLE criteria of the American College of 
Rheumatology (ACR) have been the most widely 
used criteria to classify SLE in individual patients. 
The 11 ACR criteria ((1) malar rash, (2) discoid 
rash, (3) photosensitivity, (4) oral ulcers, (5) noner-
osive arthritis, (6) pleuritis or pericarditis, (7) renal 
disorder, (8) neurologic disorder, (9) hematologic 
disorder, (10) immunologic disorder, and (11) posi-
tive antinuclear antibody) provide an insight into 
the clinical heterogeneity of LE and can be helpful 
in distinguishing SLE from rheumatoid arthritis 
and other connective tissue diseases [ 2 ]. However, 
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   Table 9.1    Classifi cation of SLE: clinical and immunologic criteria used in the SLICC classifi cation   

 Clinical criteria  1.  Acute cutaneous 
lupus 

 Including lupus malar rash (do not count if malar discoid) 
  Bullous lupus 
  Toxic epidermal necrolysis variant of SLE 
  Maculopapular lupus rash 
  Photosensitive lupus rash in the absence of dermatomyositis 
   Or subacute cutaneous lupus 
  Nonindurated psoriasiform and/or annular polycyclic lesions that 

resolve without scarring, although occasionally with 
postinfl ammatory dyspigmentation or telangiectasias 

 2.  Chronic cutaneous 
lupus 

 Including classical discoid rash 
  Localized (above the neck) 
  Generalized (above and below the neck) 
  Hypertrophic (verrucous) lupus 
  Lupus panniculitis (profundus) 
  Mucosal lupus 
  Lupus erythematosus tumidus 
  Chilblain lupus 
  Discoid lupus/lichen planus overlap 

 3. Oral ulcers  Palate, buccal, tongue, or nasal ulcers 
  In the absence of other causes such as vasculitis, Behcet’s disease, 

infection (herpes), infl ammatory bowel disease, reactive arthritis, 
and acidic foods 

 4.  Nonscarring 
alopecia 

 (Diffused thinning or hair fragility with visible broken hairs) 
  In the absence of other causes such as alopecia areata, drugs, iron 

defi ciency, and androgenic alopecia 
 5. Synovitis  Involving two or more joints, characterized by swelling or effusion or 

tenderness in two or more joints and 30 min or more of morning 
stiffness 

 6. Serositis  Typical pleurisy for more than 1 day 
  Or pleural effusions 
  Or pleural rub 
 Typical pericardial pain (pain with recumbency improved by sitting 
forward) for more than 1 day 
  Or pericardial effusion 
  Or pericardial rub 
  Or pericarditis by EKG 
  In the absence of other causes, such as infection, uremia, and 

Dressler’s pericarditis 
 7. Renal  Urine protein/creatinine (or 24 h urine protein) representing 500 mg of 

protein/24 h 
 Or 
 Red blood cell casts 

 8. Neurologic  Seizures, psychosis mononeuritis multiplex 
  In the absence of other known causes such as primary vasculitis 
 Myelitis, peripheral or cranial neuropathy 
  In the absence of other known causes such as primary vasculitis, 

infection, and diabetes mellitus 
 Acute confusional state 
  In the absence of other causes, including toxic-metabolic, uremia, 

drugs 
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the relatively high number of dermatological crite-
ria (malar rash, discoid lesions, photosensitivity, 
and oral ulcers) diminishes their potential to distin-
guish SLE from CLE. Parodi et al. who investi-
gated classifi cation systems of SLE in CLE patients 
concluded that the ACR (formerly: ARA) criteria 
“should not be used in CLE patients as they are too 
sensitive, poorly specifi c and altogether mislead-
ing” [ 3 ]. These problems stimulated the revision of 
the ACR criteria by the Systemic Lupus 
International Collaborating Clinics (SLICC) group. 
The revised classifi cation includes 17 criteria and 
allows a more detailed assessment of the clinical 
and immunological aspects (Table  9.1 ), but it will 
need time to prove their specifi city and sensitivity 
in different conditions [ 4 ].

   The Revised Cutaneous Lupus Erythematosus 
Disease Area and Severity Index (RCLASI) has 
specifi cally been developed to assess disease 
activity and damage in CLE. This disease activity 
index focuses on LE skin parameters, including 

scaling, hypertrophy, dyspigmentation, edema, 
infi ltration, and subcutaneous nodules [ 1 ].  

9.2     The Spectrum 
of Cutaneous LE 

 As indicated above, the spectrum of skin lesions 
which may appear in the context of LE is wide. 
To make a complex topic even more complicated, 
these LE-associated skin lesions are distin-
guished in two major groups: “LE-specifi c” and 
“LE-nonspecifi c” lesions. The LE-specifi c 
lesions encompass all the specifi c dermatological 
subsets of LE and are clinically subdivided into 
four different subtypes (acute LE/ACLE, sub-
acute cutaneous LE/SCLE, intermediate cutane-
ous LE/ICLE, and chronic cutaneous CLE). 
Typical clinical examples for these CLE subsets 
are depicted in Fig.  9.1 . Skin lesions typically 
associated with autoimmune diseases albeit not 

 9. Hemolytic anemia 
 10.  Leukopenia or 

lymphopenia 
 Leukopenia (<4,000/mm 3  at least once) 
  In the absence of other known causes such as Felty’s syndrome, 

drugs, and portal hypertension 
  Or 
  Lymphopenia (<1,000/mm 3  at least once) in the absence of other 

known causes such as corticosteroids, drugs, and infection 
 11. Thrombocytopenia  (<100,000/mm 3 ) at least once 

  In the absence of other known causes such as drugs, portal 
hypertension, and TTP 

 Immunological 
criteria 

 1. ANA  Positive, above laboratory reference range 
 2. Anti-dsDNA  Positive, above laboratory reference range, except ELISA: twice above 

laboratory 
  Reference range 

 3. Anti-Sm  Positive 
 4.  Antiphospholipid 

antibody 
 Any of the following lupus anticoagulant: 
  False-positive RPR 
  Medium- or high-titer anticardiolipin (IgA, IgG, or IgM) 
  Anti-β2 glycoprotein I (IgA, IgG or IgM) 

 5. Low complement  Low C3 
 Low C4 

 Low CH50 
 6. Direct Coombs test  Positive, in the absence of hemolytic anemia 

  Modifi ed from Petri et al. [ 4 ] 
 Classify a patient as having SLE if the patient satisfi es four of the criteria listed in the table, including at least one clini-
cal criterion and one immunologic criterion, or the patient has a biopsy-proven nephritis compatible with SLE and with 
ANA or anti-dsDNA antibodies  

Table 9.1 (continued)
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LE-specifi c are, amongst others, vasculitis, livedo 
racemosa, calcinosis cutis, and skin ulcers [ 1 ].  

 As detailed in Table  9.2 , two complementary 
strategies can be used to classify the different 
specifi c subsets of CLE: (1) a clinical classifi ca-
tion, focusing on the different dynamics of the 
CLE subsets, and (2) a histological classifi cation, 
which is based on the typical histological picture 
and the anatomical structures involved. The typi-
cal clinical and histological fi ndings of the most 
common CLE subtypes are summarized in 
Table  9.3 .

9.2.1        Acute CLE (ACLE) 

 Acute courses of CLE clinically present with 
plane redness in sun-exposed skin areas, particu-
larly in the face, décolleté, and extensor sides of 
the arms. The most characteristic clinical sign is 
the butterfl y rash, a symmetric, circumscribed, 
aliform erythema on both cheeks. This CLE sub-
set shows a close association to SLE in younger 
female patients and may be accompanied by 
fever, myalgia, fatigue, and involvement of 
 internal organ systems. In the peripheral blood, 

a b

c d

  Fig. 9.1    The clinical heterogeneity of cutaneous lupus 
erythematosus skin lesions. Chronic discoid LE: ( a ) dis-
coid erythrosquamous plaques in the face; ( b ) subacute 
cutaneous LE: annular maculae at the back; ( c ) chilblain 

LE: erythematous maculae and nodules of the hands; 
( d ) bullous LE (vesicles and small bullae in sun-exposed 
skin)       
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often high-titer antinuclear antibodies with SLE- 
typical specifi city (e.g., anti-dsDNA, anti-Sm) 
are detectable. In contrast to the impressive clini-
cal picture, the histological changes may be dis-
crete. The slides show a mild edema with only 
minor mucin deposits. However, some neutro-
phils may accompany the dermal and junctional 
infl ammatory infi ltrate. These are rarely found in 
other CLE subsets and may be indicative for 
ACLE [ 5 ].  

9.2.2     Bullous CLE (BLE) 

 The BLE is a very rare subset of ACLE which 
presents clinically with confl uating small vesi-

cles on erythematous skin in sun-exposed skin 
areas. Circulating anti-collagen VII antibodies, 
which target structures in the basement mem-
brane, are typically found in the peripheral blood 
of the patients affected. Histologically, skin 
lesions show a subepidermal blister (effect of the 
anti-collagen VII antibodies) and a neutrophil- 
rich infl ammatory infi ltrate (close association to 
ACLE/SLE).  

9.2.3     Subacute Cutaneous LE (SCLE) 

 The SCLE presents clinically with widespread 
annular, gyrated, and/or plaque-like erythrosqua-
mous lesions in sun-exposed skin areas including 
décolleté and extensor sides of the arms, while 
the face typically is not involved. The majority of 
SCLE patients are ANA-positive. Among the 
ANA, anti-SSA/Ro and anti-SSB/La antibodies 
are the most characteristic antibodies for this 
CLE subset. These antibodies not only are impor-
tant diagnostic markers but also have a functional 
impact, since newborn babies of anti-SSA/
Ro-positive mothers have an increased risk to 
develop SCLE-like skin lesions which diminish 
with the decline of the maternal postpartal immu-
noglobulin protection. From a histological point 
of view, SCLE shows a cell-poor interface der-
matitis with vacuolar degeneration of the basal 
epidermal layer, colloid bodies, immigration of 
skin-homing lymphocytes, and dermal mucin 
deposits [ 6 ,  7 ].  

9.2.4     LE Tumidus (LET) 

 LET clinically presents with infi ltrated erythema-
tous maculae and plaques without epidermal scal-
ing which primarily appear in sun-exposed skin 
areas including the face. LET shows a dynamic 
which is between subacute CLE and chronic CLE 
and therefore was classifi ed as “intermediate CLE 
type” in the Düsseldorf classifi cation of CLE [ 1 ]. 
Histologically, the lesions are characterized by 
an extensive dermal spot- like perivascular and 
 perifollicular infl ammatory lymphoid infi ltrate 
without any epidermal component. This infl am-
mation is dominated by CD123-positive 

   Table 9.2    Clinical and histological classifi cation of CLE           

 Clinical classifi cation of CLE modifi ed from Kuhn and 
Landmann [ 1 ] 
  CLE  
 Acute CLE (ACLE)  Localized form 

 Generalized form 
 Bullous LE 

 Subacute CLE 
(SCLE) 

 Annular form 
 Papulosquamous form 

 Intermediate CLE 
(ICLE) 

 Lupus erythematosus tumidus 
(LET) 

 Chronic CLE 
(CCLE) 

 Discoid lupus erythematosus 
(DLE) 
   Localized form 
   Disseminated form 
 Lupus erythematosus profundus 
(LEP; LE panniculitis) 
 Chilblain lupus erythematosus 
(CHLE) 

 Histological classifi cation of CLE: 
  Histological pattern    LE subtype  
 Dermoepidermal LE  Acute LE 

 Subacute LE 
 Chronic discoid LE 
 Bullous LE 
 Chilblain LE 

 Dermal LE  LE tumidus 
 Jessner’s lymphocytic 
infi ltration (JLI) 
 Reticular erythematous 
mucinosis (REM) 
 Papular mucinosis 

 Hypodermal LE  LE panniculitis (LE profundus) 
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 plasmacytoid dendritic cells, which form clusters 
of more than ten cells together. This infl ammation 
is accompanied by strong dermal mucin deposits. 
Most of the patients are ANA-negative, and SLE-

typical organ manifestations are uncommon in 
LET. Particularly, anti-SSA/Ro and SSB/La, 
which are frequently found in other photosensitive 
CLE subsets, are almost completely lacking [ 8 ,  9 ].  

   Table 9.3    Clinical and histological fi ndings of the most common CLE subtypes   

 Clinical  Histological 

 Acute CLE (ACLE)  Butterfl y rash  Edema and only mild lesional infl ammation 
with a cell-poor interface dermatitis 

 Erythema in sun-exposed skin  Neutrophils within the infi ltrate 
 Close association to SLE 
 ANA >90 % positive 
 Anti-dsDNA, anti-RNP, and anti-Sm 
often positive 

 Subacute cutaneous LE 
(SCLE) 

 Annular, gyrated, or plaque-like 
erythrosquamous lesions in sun- 
exposed skin, but not the face 

 Cell-poor IFD with superfi cial lymphoid 
infi ltrate 

 ANA 60–80 % positive  Atrophic epidermal layer 
 Anti-SSA/Ro and anti-SSB/La often 
positive 

 Mucin deposits in upper dermis 

 LE tumidus (LET)  Erythematous, pad-like, infi ltrated 
lesions in sun-exposed skin (including 
the face) 

 Dense, patch-like, perivascular, and 
perifollicular lymphoid infi ltrate (superfi cial 
and deep) 

 No scaling  Large amounts of mucin within the dermal 
layer 

 ANA 10–30 % positive  Clusters of CD123-positive pDCs 
 Anti-SSA/Ro and anti-SSB/La 
negative 

 Chronic discoid LE (CDLE)  Scarring, discoid, and 
erythrosquamous lesions 

 Dense, patch-like, perivascular, and 
perifollicular lymphoid infi ltrate (superfi cial 
and deep) 

 Predilection sites: capillitium and face  Cell-rich IFD, involvement of the follicular 
epithelium and follicular hyperkeratosis 

 Positive tin-tack sign  Broadened basement membrane 
 ANA 10–30 % positive  Lots of mucin within the dermis 

 LE profundus (LEP)  Early: subcutaneous nodules and 
indurations 

 Early: lobular panniculitis with numerous 
lymphocytes and pDCs 

 Late: fat-tissue atrophy and skin 
retraction 

 Late: necrosis, fi brosis, and macrophages 

 Predilection sites: gluteal region, 
thigh, upper arms, and face 

 Mucin deposits in the subcutis 

 ANA ~75 % positive  Polyclonal TCR rearrangement 
(DD: cytotoxic T-cell lymphoma) 

 Chilblain LE (ChLE)  Livid and painful with erythemata and 
indurations and nodules of fi ngers and 
toes 

 Dense, perivascular lymphoid infi ltrates 
within the dermis 

 Special subset: familial ChLE with 
mutation on TREX1 gene 

 Fibrin deposits within small dermal vessels 
 Sometimes additional typical fi ndings of 
other CLE subsets (IFD, mucin) 

 Bullous LE  Small vesicles on erythematous skin in 
sun-exposed skin areas 

 Subepidermal blisters with neutrophils 

 Close association to SLE  Direct immunofl uorescence: linear deposits 
of IgG, IgM, IgA, and C3  Anti-collagen VII positive 
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9.2.5     Chronic Discoid LE (CDLE) 

 The most common CLE subset is the chronic dis-
coid LE (CDLE). It presents clinically with chronic, 
discoid, scarring, erythrosquamous plaques partic-
ularly affecting the capillitium and face. Most 
 manifestations remain localized to one body 
region, but extensive courses with widespread scar-
ring lesions appear in up to 10 % of the cases. In 
contrast to the extensive lesional skin damage, 
CDLE patients have only a minor risk to develop 
SLE, and the ANA titers are usually low. The most 
typical clinical sign of CDLE is the so-called tin-
tack sign: a painful hyperkeratosis with follicular 
plugging due to the follicular hyperkeratosis of 
CDLE. Histologically, the lesions show a dense 
periadnexal and perivascular lymphoid infl amma-
tion, accompanied by a cell-rich interface dermati-
tis with a broadened basement membrane. Older 
lesions are characterized by fi brosis, due to the 
scarring character of this CLE subset [ 5 ].  

9.2.6     LE Profundus (LEP) 

 In early stages, patients suffering from LEP show 
subcutaneous nodules and pad-like indurations of 
the dermis and subcutis. During the course of the 
disease, the patients develop lipoatrophy with 
retractions of the skin. The gluteal region is the 
predilection site of the disease, but the thighs, 
upper arms, and the face may also be involved. 
Histologically, LEP (also called “lupus pannicu-
litis”) shows a lobular panniculitis with several 
CD8-positive cytotoxic T cells, accompanied by 
CD123-positive plasmacytoid dendritic cells and 
lesional expression of type I IFN-regulated cyto-
kines. CLE-typical changes may also be seen in 
the dermis (e.g., mucin depositions) and at the 
dermoepidermal junction (interface dermatitis) 
in individual cases [ 10 – 12 ].  

9.2.7     Chilblain LE (ChLE) 

 The classical chilblain LE (also called “lupus per-
nio”) clinically presents with livid red, pad- like 
swellings, and nodules of the distal acra, which 

show tenderness to palpation. Particularly, fi ngers 
and toes are involved. Histologically, these lesions 
show a dermal infl ammation with dense lymphoid 
perivascular infi ltrates and fi brin deposits within 
the vessels. Some patients present CLE-typical 
changes like interface dermatitis and ANA posi-
tivity in the peripheral blood. These cases are easy 
to distinguish from real chilblains, but in other 
cases, the discrimination between these two 
 entities may be impossible [ 13 ]. 

 During the last years, a specifi c subset of very 
rare patients got into the focus of the lupus- 
research community. These patients suffer from 
the only known familial form of LE. The disease 
clinically presents with chilblain-like lesions and 
is therefore called “familial ChLE.” The familial 
ChLE is due to a nonfunction mutation in the 
TREX1 gene and closely associated to the 
Aicardi-Goutières syndrome. If TREX1 (a 
DNase) is defective, cytosolic nucleic acids are 
able to activate the innate immune system via its 
cytoplasmatic receptors. This causes a continuous 
activation of the type I IFN-system with following 
activation of IFN-regulated proinfl ammatory 
pathways. The resulting skin lesions are similar to 
classical ChLE lesions, but the familial ChLE is a 
systemic disease with a high risk of progression 
into SLE. About 3 % of all SLE patients carry a 
TREX1 mutation. Histologically, the skin lesions 
may also resemble the classical ChLE. However, 
they carry a higher number of neutrophils, espe-
cially at the dermoepidermal junction. Within the 
CLE spectrum, neutrophils are exclusively found 
in ACLE/SLE lesions and may therefore be 
regarded as a warning signal for the potential 
SLE-like course of the disease [ 14 ].   

9.3     Pathophysiology of LE 

9.3.1     Lupus Erythematosus: 
An Autoimmune Disease 
with Inappropriate Activation 
of the Adaptive Immune 
System 

 The fi rst functional approaches to understand 
the pathophysiology of LE focused on the 
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 autoimmune phenomena which became evident 
during the second half of the last century. The 
classifi cation of LE as an autoimmune disorder 
was confi rmed by immunofl uorescence investi-
gations, which revealed the presence of autoanti-
bodies targeting human self-proteins, particularly 
nuclear antigens, in the peripheral blood of LE 
patients [ 15 ]. Additionally, histological investi-
gations of CLE skin specimens identifi ed the 
presence of autoaggressive lymphocytes within 
skin lesions which attack basal structures of the 
epidermal layer and force keratinocytes into 
apoptosis. These fi ndings supported the assump-
tion that LE is an autoimmune disease character-
ized by an inappropriate activation of the humoral 
(autoantibodies) and cellular (T lymphocytes) 
adaptive immune system. This was the rationale 
for the fi rst targeted treatment strategies in LE, 
particularly for the use of immunosuppressive 
antilymphocytic drugs [ 16 ].  

9.3.2     Hyperactivation of Innate 
Immune Pathways in LE 

 In the 1990s, Lars Rönnblom and others observed 
the iatrogenic induction of SLE in patients with 
malignant carcinoid tumors after treatment with 
interferon-α [ 17 ]. This observation confi rmed the 
hypothesis that inadequate activation not only of 
adaptive but also of innate pathways of the immune 
system might have a functional impact on the 
pathogenesis of LE. This was further corroborated 
by subsequent gene expression analyses, which 
revealed a type I IFN signature in the peripheral 
blood of patients with severe SLE [ 18 ,  19 ]. The 
type I IFN serum levels in SLE mediate the typical 
fl u-like clinical symptoms of LE patients like fever 
and fatigue and are directly associated with SLE 
disease activity as measured by SLEDAI [ 20 ]. 

 Type I IFNs are also of pathophysiological 
relevance in CLE. CLE skin lesion are character-
ized by a strong expression of IFN-regulated pro-
infl ammatory chemokines and CLE patients with 
widespread skin lesions demonstrate high levels 
of the type I/III IFN-regulated protein MxA in 
the peripheral blood [ 21 ,  22 ]. Again, direct evi-
dence for the functional impact of type I IFNs 

resulted from clinical observations: subcutaneous 
administration of recombinant type I IFNs was 
reported to be able to induce CLE-like skin 
lesions at the injection site [ 23 ].  

9.3.3     The Proinfl ammatory Vicious 
Circle of LE 

 The exact pathomechanisms of LE are still a mat-
ter of intensive research. But over the last years, 
it has become evident that the interconnection of 
misled adaptive and innate immune mechanisms 
most probably drives the lesional infl ammation 
into a proinfl ammatory vicious circle, which is 
responsible for disease progression. The most 
important factor in LE is that mechanisms of the 
adaptive immune system, such as autoantibodies 
and cytotoxic lymphocytes, may activate the 
innate immune system which in turn restimulates 
the adaptive response [ 24 ]. In SLE, this phenom-
enon affects, for example, the “natural-IFN- 
producing” plasmacytoid dendritic cells (pDCs), 
which are able to produce large amounts of IFN 
upon adequate stimulation. Here, immune com-
plexes composed of autoantibodies (part of the 
adaptive immune system) and cell debris are able 
to stimulate the pDCs to produce type I IFNs via 
CD32 and stimulation of the endosomal toll-like 
receptors (TLR) [ 25 ]. PDCs are also involved in 
CLE skin infl ammation and are a major source of 
IFN within the lesions [ 10 ]. However, keratino-
cytes are also a robust source of type III IFNs, 
and the interconnection of these two cell popula-
tions in the skin as well as the potential role of 
lymphocytes has not yet been solved. Figure  9.2  
depicts the current state of knowledge of the pro-
infl ammatory vicious circle in LE and details 
potential functional targets for therapeutic 
interventions.    

9.4     Genomics 
and Transcriptomics of LE 

 Monozygotic twins have a high concordance of 
SLE (about 24 %). This indicates a profound 
role of genetic factors in the development of LE 
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in individual patients. In the 1970s, the HLA 
locus was the fi rst genetic factor which was 
proven to be associated with LE. The HLA class 
II alleles DR and DQ were shown to be associ-
ated with SLE, and HLA-DRB1*15, 
HLADRB1*16, and HLA-DRB1*03 alleles 
were noted to be present in two thirds of all SLE 
patients. The presence of the LE-characteristic 
autoantibodies anti-SSA/Ro and anti-SSB/La 
antibodies has been noted to be associated with 
HLA-B*08, HLA-DRB1*03, HLA-DQB1*02 
(DQ2), and HLA-C4AQ0. The following inves-
tigations revealed associations with HLA class 

III, more specifi cally the complement system, 
including C2, C4, and C1q [ 26 ]. 

 During the last years, several genome-wide 
association studies have focused on the genetic 
background of LE. These studies identifi ed, next 
to confi rming the associations with HLA and 
complement genes, multiple single nucleotide 
polymorphisms (SNPs) in more than 50 addi-
tional genes. Among these genes, HLA- 
DRB1*0301, HLA-DRB1*1501, PTPN22, IRF5, 
STAT4, BLK, ITGAM, and TNFAIP3 were con-
fi rmed to be associated with SLE in an extensive 
meta-analysis [ 26 ]. 
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  Fig. 9.2    Therapeutic targets in the proinfl ammatory 
vicious circle of LE. The fi gure illustrates the model of 
autoinfl ammatory immune responses in LE, which lead 
into a “spiral of disease progression and autoamplifi ca-
tion” (Model adapted from Liu and Davidson [ 24 ]) and 
the resulting potential therapeutic targets. Environmental 
triggers activate the innate and subsequently the adaptive 
immune system and may initiate LE in genetically predis-
posed patients. Importantly, several factors induced by the 
adaptive immune response, including immune complexes 
as well as nuclear fragments within cell debris, in turn are 
able to activate the innate system and drive the proinfl am-
matory vicious circle. This results in the identifi cation of 

potential targets of the different drugs used in LE: Classic 
immunosuppressants target mainly the activity of differ-
ent effector cell types or (like MTX) inhibit the migration 
of effector cells to their target organ. Prednisone has a 
broad effect on the innate immune system as well as on 
proinfl ammatory cytokines. Antimalarials have recently 
been shown to inhibit the innate immune system, thus 
opening up a promising new fi eld for therapeutic strate-
gies (see, e.g., studies using the anti-type-I-IFN antibody 
sifalimumab).  MTX  methotrexate,  MMF  mycophenolate 
mofetil, and  IFN  interferon. Drugs that are still in the sta-
tus of clinical studies are given in italics       
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 The familial chilblain LE is the only known 
monogenic form of CLE [ 27 ]. Interestingly, 
patients with heterozygous TREX1 mutations 
have also an increased risk to develop SLE, and 
about 2–3 % of the SLE patients are carriers of a 
TREX1 mutation [ 28 ]. 

 Most of the LE-associated genes are involved 
in the activation and regulation of immune 
response mechanisms. They belong to different 
biological pathways: (1) innate immune response 
including TLR/interferon signaling pathways 
(IRF5, STAT4, TNFAIP3, and TREX1), (2) adap-
tive immune response pathways (HLA-DR, 
PTPN22, PDCD1, STAT4, LYN, BLK, and 
BANK1) including B and T cells and antigen- 
presenting cells, and (3) immune complex clear-
ance mechanisms (FCGRs, CRP, and ITGAM). 
However, some of the genes identifi ed cannot be 
assigned to one of these pathways (KIAA1542, 
PXK, XKR6, ATG5). As outlined by Lee and 
Bae, these fi ndings implicate a wide genetic het-
erogeneity among the LE populations, thus pro-
viding new starting points to identify novel 
mechanisms and treatment strategies in LE [ 29 ]. 

 In addition to the genetic investigations in LE, 
several gene expression analyses of cell and tissue 
samples have been performed during the last 
years. The most outstanding fi nding among those 
genes upregulated in LE patients (regardless of 
LE subtype or tissue subtype) was an enhanced 
expression of type I IFN-regulated genes, a so- 
called IFN signature comprising IFIT1, IFIT2, 
OAS1, OAS2, and Mx1. Other pathways which 
were found to be upregulated are associated with 
apoptosis, cell migration, cell differentiation, cell 
cycle progression, cytokines, chemokines, growth 
factors, and immunomodulatory genes [ 26 ]. 

 A very recent study of the gene expression pro-
fi le in the skin of CDLE patients demonstrated a 
distinct molecular signature that separated lesional 
from non-lesional skin including infl ammatory 
pathways and processes, type I IFN mediated 
pathways, apoptotic/survival pathways, and dys-
regulated complement cascade elements. A large 
number of differentially expressed genes over-
lapped with those previously reported in SLE, and 
the authors found some transcriptional abnormali-
ties in CLE that mirror those seen in SLE. However, 

they also identifi ed a number of genes associated 
with the T- and B-cell-mediated immune response, 
along with NK and DC functions. These were not 
included in the gene expression lists from previous 
SLE microarray studies, which might refl ect the 
specifi city of the lesional infl ammation in the skin. 
Moreover, the downregulation of specifi c path-
ways including lipid and tryptophan metabolism 
and the ligand- independent activation of the 
androgen receptor might be important for the 
development of skin lesions [ 30 ].  

9.5     Personalized Treatment 
of CLE Patients 

 As detailed above, the clinical spectrum of CLE 
manifestations is wide. The process of identify-
ing the optimal treatment for individual patients 
is a complex one. Not only the variability of clin-
ical manifestations, but also the different possi-
bilities of systemic manifestations of the 
autoimmune disease, the individual background 
of the patients’ history, and the personal precon-
ditions (genetics, sex, age, pre-existing diseases) 
have to be taken into account. 

 This prompted the German Society of 
Dermatology to publish guidelines for the treat-
ment of CLE (detailed in Table  9.4 ). However, 
guidelines mainly refl ect evidence-based data 
and therefore depend considerably on the avail-
ability of clinical studies with larger sample 
sizes. This limits their potential to identify per-
sonalized treatment regimes in individual CLE 
patients. Therefore, we will discuss specifi c strat-
egies for the use of selected drugs without claim-
ing to be exhaustive.

9.5.1       Methotrexate (MTX): 
An Inhibitor of Lymphocyte 
Migration into the Skin 

 During the 1950s, MTX was developed as a 
folate analogue and antimetabolite chemothera-
peutic drug for the treatment of leukemia. 

 Its anti-infl ammatory properties became evi-
dent during the 1970s and led to its approval by 
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the US Food and Drug Administration for the 
treatment of rheumatoid arthritis in 1988. They 
are most probably independent of its chemother-
apeutic properties but mediated by adenosine. 
Adenosine blocks the activity of antigen- 
presenting cells and inhibits the expression of 
cell adhesion molecules on endothelia and lym-
phocytes. The latter effect appears to be of spe-
cifi c interest in the treatment of CLE and related 
diseases like dermatomyositis. In CLE, MTX has 
been shown to be highly effective in treating 
patients with widespread skin lesions, especially 
those suffering from SCLE with a lesional lym-
phocytic infl ammation. Interestingly, MTX is 
generally regarded as an immunosuppressive 
drug but shows a reciprocal effect on the number 
of circulating lymphocytes: patients with a 
diminished count of circulating lymphocytes in 
the peripheral blood showed an increase of these 
blood cells under treatment with MTX while the 
skin lesions cleared away at the same time. Since 
lymphocytes are the main effector cells seen in 
SCLE skin lesions, it is tempting to speculate that 
a main effect of MTX in this condition is the inhi-
bition of the migration of these cells into their 
autoimmune target organ [ 16 ]. This hypothesis is 

supported by observations in patients suffering 
from dermatomyositis (DM), whose skin lesions 
are histologically very similar to SCLE lesions. 
In DM, MTX was found to be effective in the 
treatment of patients with cell-rich skin lesions, 
while the effect was clearly limited in patients 
with only a few lymphocytes in the skin biopsies 
taken prior to treatment [ 31 ]. 

 In principle, these fi ndings destine MTX as an 
ideal drug for the treatment of patients with lym-
phopenia and widespread SCLE lesions with a 
lymphocyte-rich infl ammatory skin infi ltrate. 
However, one distinct individual factor can limit 
the use of MTX in this condition dramatically: 
MTX should not be used in patients with reduced 
kidney function, and SCLE is one subset of CLE 
in which a mild systemic disease with involve-
ment of the kidney is not uncommon.  

9.5.2     Dapsone: Targeting 
Neutrophil Granulocytes 

 Dapsone (4,4′-diaminodiphenyl sulfone, DDS) is 
an old antibiotic drug which has been developed 
during the 1930s and has been used for the 

   Table 9.4    Guidelines for the treatment of CLE   

 Recommendation  Drug  Indication  Dosage 

 1st choice  Topical corticosteroids  CLE  1–2×/day (occlusive 
application if 
necessary) 

 Topical tacrolimus/pimecrolimus  CLE (face)  1–2×/day 
 Hydroxychloroquine  CLE  6.0–6.5 mg/kg/day 
 Chloroquine  CLE  3.5–4.0 mg/kg/day 
 Mepacrine  Recalcitrant CLE (in 

combination with other 
antimalarials) 

 100 mg/day 

 Prednisolone  Acute or severe CLE  0.5–1 mg/kg/day 
 2nd choice  Methotrexate  SCLE > CDLE  7.5–25 mg/week 

 Acitretin/isotretinoin  Hypertrophic CDLE, 
SCLE, and LP overlap 

 0.2–1 mg/day 
 0.5–1 mg/day 

 Dapsone  BLE, LEP, SCLE, 
early CDLE, oral 
ulcers, and vasculitis 

 50–200 mg/day 

 MMF  SCLE and ChLE  2 × 1,000 mg/day 

   The table details the 1st and 2nd choice treatment strategies of CLE as given by the guidelines of the German 
Dermatological Society ( LE  lupus erythematosus,  CLE  cutaneous lupus erythematosus,  CDLE  chronic discoid LE, 
 SCLE  subacute cutaneous LE,  LEP  LE profundus,  LP  lichen planus,  ChLE  chilblain LE,  MMF  mycophenolate mofetil; 
original publication accessible at   www.awmf.de    )  
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 treatment of leprosy since 1949. Shortly after its 
fi rst use as an antibiotic, the strong anti-infl am-
matory properties of the drug were discovered. 
Dapsone was observed to improve several infl am-
matory skin diseases, particularly those with a 
predominating neutrophilic infl ammatory pat-
tern, including dermatitis herpetiformis, subcor-
neal pustular dermatosis, and acne [ 32 ]. The drug 
inhibits the activation of neutrophilic granulo-
cytes and their recruitment into the skin through 
a number of different pathways. It interferes with 
neutrophilic chemotactic migration by inhibiting 
IL8 and β2 integrin (CD11b/CD18)-mediated 
adherence of human neutrophils [ 32 ,  33 ]. 

 Therefore, dapsone has its specifi c indication 
in CLE patients who show a neutrophil-rich 
infl ammatory infi ltrate in the lesional skin biopsy 
[ 34 ]. Generally, these cells are uncommon in 
CLE lesions, but they predominate in one LE 
subtype: the bullous LE. Importantly, dapsone 
has an impressive response rate of about 90 % in 
this subtype [ 34 ]. These fi ndings underline the 
necessity of an individualized treatment of CLE 
patients. For CLE patients with a neutrophil-rich 
lesional infi ltrate, dapsone provides a promising 
treatment option. However, the recommendation 
of dapsone in this condition is subject to one 
important restriction: prior to initiation of dap-
sone therapy, patients should be screened for 
glucose-6-phosphate dehydrogenase defi ciency, 
as patients with decreased activity of this enzyme 
show a highly increased rate of adverse effects, 
particularly hemolytic anemia [ 34 ].  

9.5.3     Antimalarials: Blocking 
the Proinfl ammatory Vicious 
Circle 

 Antimalarial drugs, particularly quinine and its 
synthetic successors chloroquine and hydroxy-
chloroquine, are standard therapeutics in the 
treatment of several autoimmune diseases. They 
are also the fi rst choice systemic treatment of 
CLE. Despite their extensive use in CLE for more 
than 100 years (the fi rst documented use of quin-
acrine in CDLE dates back to 1894), their mode 
of action remained unknown for a long time. 

 Only recently, Kuznik et al. identifi ed the 
DNA-binding capacity of antimalarials as an 
important anti-infl ammatory factor [ 35 ]. They 
were able to demonstrate that antimalarials func-
tion by preventing immunostimulatory nucleic 
acids from activating the innate immune system. 
Specifi cally, the antimalarials have been shown to 
bind DNA-like structures in the endosome, thus 
inhibiting the activation of TLR9. As detailed 
above, this endosomal TLR9 activation through 
endogenous DNA is most probably an important 
step in the proinfl ammatory vicious circle of 
LE. These fi ndings elucidate earlier observations 
of the clinical effects of antimalarials: They 
improve the course of the disease in most CLE 
patients over a longer time period of months, but 
they do not have direct immunosuppressive prop-
erties. Moreover, the understanding of this spe-
cifi c mode of action may help to identify specifi c 
groups of patients especially likely to benefi t from 
this treatment. It may also help to exclude others: 
for example, in patients with familial ChLE, who 
suffer from a chronic overstimulation of the cyto-
solic (not the endosomal) innate immune receptor 
due to the defective TREX1-DNase, this drug 
should be used with care.  

9.5.4     Outlook: Future Targeted 
Treatment Strategies in LE 

 The increasing knowledge of the pathomecha-
nisms of LE and the growing insight into the 
interactions between innate and adaptive path-
ways of the immune system provide an opportu-
nity for a number of potential new targets for 
future treatment strategies of the disease. 

 The shift from pure evidence-based to more 
functional approaches aiming to identify individ-
ual treatment strategies for specifi c diseases has 
only just begun. Table  9.5  details the ongoing 
clinical studies in the fi eld of lupus as accessed at 
  http://clinicaltrials.gov/     in July 2014. The table 
provides an overview of the therapeutic targets 
currently in the focus of the research companies. 
The main focus of the studies registered is still on 
the adaptive immune system: several drugs under 
clinical evaluation are directed against B and 
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T cells and their cross talk. However, a rising 
number of studies concentrate on players of the 
innate immune system (e.g., anti-IFN-biologi-
cals, DNA-binding molecules, kinase inhibitors, 
chaperonin 10-like drugs). It will be fascinating 
to observe the future developments in this fi eld of 
research.

          References 

        1.    Kuhn A, Landmann A. The classifi cation and diagno-
sis of cutaneous lupus erythematosus. J Autoimmun. 
2014;48–49:14–9.  

    2.    Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, 
Rothfi eld NF, et al. The 1982 revised criteria for the 
classifi cation of systemic lupus erythematosus. 
Arthritis Rheum. 1982;25(11):1271–7.  

    3.    Parodi A, Rebora A. ARA and EADV criteria for clas-
sifi cation of systemic lupus erythematosus in patients 
with cutaneous lupus erythematosus. Dermatology. 
1997;194(3):217–20.  

     4.    Petri M, Orbai AM, Alarcon GS, Gordon C, Merrill 
JT, Fortin PR, et al. Derivation and validation of the 
Systemic Lupus International Collaborating Clinics 
classifi cation criteria for systemic lupus erythemato-
sus. Arthritis Rheum. 2012;64(8):2677–86.  

     5.    Baltaci M, Fritsch P. Histologic features of cutaneous lupus 
erythematosus. Autoimmun Rev. 2009;8(6):467–73.  

    6.    Sontheimer RD. Subacute cutaneous lupus erythema-
tosus: 25-year evolution of a prototypic subset (sub-
phenotype) of lupus erythematosus defi ned by 
characteristic cutaneous, pathological, immunologi-
cal, and genetic fi ndings. Autoimmun Rev. 
2005;4(5):253–63.  

    7.    Sontheimer RD, Thomas JR, Gilliam JN. Subacute 
cutaneous lupus erythematosus: a cutaneous marker 
for a distinct lupus erythematosus subset. Arch 
Dermatol. 1979;115(12):1409–15.  

   Table 9.5    Outlook: targeted treatment strategies in LE   

 Drug  Indication  Mechanism 

 AMG 557  SLE  Anti-B7RP-1 (T-cell differentiation and cytokine production) 
 Omalizumab  SLE  Anti-IgE 
 Belimumab  SLE  Anti-B-cell activating factor (BAFF) 
 Blisibimod  SLE  Antagonist of B-cell activating factor (BAFF) 
 Atacicept  SLE  Anti-B-cell fusion protein (binds BlyS and blocks APRIL) 
 Nelfi navir  SLE  Protease inhibitors 
 Acthar  SLE  Preparation of adrenocorticotropic hormone 
 ABT-199  SLE  Anti-Bcl-2 
 Tabalumab  SLE  Anti-B-cell activating factor (BAFF) 
 Sirolimus  SLE  Prevents activation of T cells and B cells 
 Bortezomib  SLE  Proteasome inhibitor 
 Ala-Cpn10  SLE  Regulation of the innate immune system 
 Interleukin 2  SLE  Induction of regulatory T cells 
 Sifalimumab  SLE  Anti-IFNα antibody 
 MEDI-546  SLE  Anti-IFNa/b receptor antibody 
 Hydroxychloroquine  Neonatal lupus  DNA-binding molecule 
 Rituximab  Lupus nephritis  Anti-CD20 (B cell) 
 Lefl unomide  Lupus nephritis  Pyrimidine synthesis inhibitor (antilymphocyte) 
 Voclosporin  Lupus nephritis  Calcineurin inhibitor (anti-T cells) 
 Abatacept  Lupus nephritis  IgG1/CTLA-4-fusion protein (inhibits T-cell migration and 

costimulation) 
 BIIB023  Lupus nephritis  Anti-TWEAK (block of proinfl ammatory mediators) 
 Ixazomib  Lupus nephritis  Proteasome inhibitor 
 R333  SLE, CLE  JAK/SYK inhibitor 
 Milatuzumab  SLE, CLE  Anti-CD74 antibody (B cells/monocytes) 
 CNTO 136  SLE, CLE  Anti-IL6 
 UVA1 radiation  CLE  Immunosuppression (via IL-10) 

   Overview of ongoing clinical trials in LE as registered by the US National Library of Medicine (NLM) and the National 
Institutes of Health (  http://clinicaltrials.gov/    ) (accessed in April 2014) including the drugs’ suggested mode of action 
(mechanism)  

9 Acknowledging the Clinical Heterogeneity of Lupus Erythematosus

http://clinicaltrials.gov/


134

    8.    Schmitt V, Meuth AM, Amler S, Kuehn E, Haust M, 
Messer G, et al. Lupus erythematosus tumidus is a 
separate subtype of cutaneous lupus erythematosus. 
Br J Dermatol. 2010;162(1):64–73.  

    9.    Tomasini D, Mentzel T, Hantschke M, Cerri A, 
Paredes B, Rutten A, et al. Plasmacytoid dendritic 
cells: an overview of their presence and distribution in 
different infl ammatory skin diseases, with special 
emphasis on Jessner’s lymphocytic infi ltrate of the 
skin and cutaneous lupus erythematosus. J Cutan 
Pathol. 2010;37(11):1132–9.  

     10.    Wenzel J, Tuting T. Identifi cation of type I interferon- 
associated infl ammation in the pathogenesis of cuta-
neous lupus erythematosus opens up options for novel 
therapeutic approaches. Exp Dermatol. 
2007;16(5):454–63.  

   11.    Arai S, Katsuoka K. Clinical entity of Lupus erythe-
matosus panniculitis/lupus erythematosus profundus. 
Autoimmun Rev. 2009;8(6):449–52.  

    12.    Miyashita A, Fukushima S, Makino T, Yoshino Y, 
Yamashita J, Honda N, et al. Proportion of lympho-
cytic infl ammation with CD123 positive cells in lupus 
erythematous profundus predict a clinical response to 
treatment. Acta Derm Venereol. 2014;94:563–7.  

    13.    Millard LG, Rowell NR. Chilblain lupus erythemato-
sus (Hutchinson). A clinical and laboratory study of 
17 patients. Br J Dermatol. 1978;98(5):497–506.  

    14.    Gunther C, Hillebrand M, Brunk J, Lee-Kirsch 
MA. Systemic involvement in TREX1-associated 
familial chilblain lupus. J Am Acad Dermatol. 
2013;69(4):e179–81.  

    15.    Wenzel J, Bauer R, Bieber T, Bohm I. Autoantibodies 
in patients with Lupus erythematosus: spectrum and 
frequencies. Dermatology. 2000;201(3):282–3.  

     16.    Wenzel J, Brahler S, Bauer R, Bieber T, Tuting 
T. Effi cacy and safety of methotrexate in recalcitrant 
cutaneous lupus erythematosus: results of a retrospec-
tive study in 43 patients. Br J Dermatol. 
2005;153(1):157–62.  

    17.    Ronnblom LE, Alm GV, Oberg KE. Possible induc-
tion of systemic lupus erythematosus by interferon- 
alpha treatment in a patient with a malignant carcinoid 
tumour. J Intern Med. 1990;227(3):207–10.  

    18.    Baechler EC, Batliwalla FM, Karypis G, Gaffney PM, 
Ortmann WA, Espe KJ, et al. Interferon-inducible 
gene expression signature in peripheral blood cells of 
patients with severe lupus. Proc Natl Acad Sci U S A. 
2003;100(5):2610–5.  

    19.    Baechler EC, Batliwalla FM, Reed AM, Peterson EJ, 
Gaffney PM, Moser KL, et al. Gene expression profi l-
ing in human autoimmunity. Immunol Rev. 
2006;210:120–37.  

    20.    Dall’era MC, Cardarelli PM, Preston BT, Witte A, 
Davis Jr JC. Type I interferon correlates with sero-
logical and clinical manifestations of SLE. Ann 
Rheum Dis. 2005;64(12):1692–7.  

    21.    Freutel S, Gaffal E, Zahn S, Bieber T, Tuting T, 
Wenzel J. Enhanced CCR5+/CCR3+ T helper cell 

ratio in patients with active cutaneous lupus erythe-
matosus. Lupus. 2011;20(12):1300–4.  

    22.    Wenzel J, Worenkamper E, Freutel S, Henze S, Haller 
O, Bieber T, et al. Enhanced type I interferon signal-
ling promotes Th1-biased infl ammation in cutaneous 
lupus erythematosus. J Pathol. 2005;205(4):435–42.  

    23.    Arrue I, Saiz A, Ortiz-Romero PL, Rodriguez-Peralto 
JL. Lupus-like reaction to interferon at the injection 
site: report of fi ve cases. J Cutan Pathol. 2007;34 
Suppl 1:18–21.  

     24.    Liu Z, Davidson A. Taming lupus-a new understand-
ing of pathogenesis is leading to clinical advances. 
Nat Med. 2012;18(6):871–82.  

    25.    Eloranta ML, Lovgren T, Finke D, Mathsson L, 
Ronnelid J, Kastner B, et al. Regulation of the 
interferon- alpha production induced by RNA-
containing immune complexes in plasmacytoid den-
dritic cells. Arthritis Rheum. 2009;60(8):2418–27.  

      26.    Arriens C, Mohan C. Systemic lupus erythematosus 
diagnostics in the ‘omics’ era. Int J Clin Rheumatol. 
2013;8(6):671–87.  

    27.    Gunther C, Meurer M, Stein A, Viehweg A, Lee- 
Kirsch MA. Familial chilblain lupus–a monogenic 
form of cutaneous lupus erythematosus due to a het-
erozygous mutation in TREX1. Dermatology. 
2009;219(2):162–6.  

    28.    Lee-Kirsch MA, Gong M, Chowdhury D, Senenko L, 
Engel K, Lee YA, et al. Mutations in the gene encod-
ing the 3′-5′ DNA exonuclease TREX1 are associated 
with systemic lupus erythematosus. Nat Genet. 
2007;39(9):1065–7.  

    29.    Lee HS, Bae SC. What can we learn from genetic 
studies of systemic lupus erythematosus? Implications 
of genetic heterogeneity among populations in 
SLE. Lupus. 2010;19(12):1452–9.  

    30.    Dey-Rao R, Smith JR, Chow S, Sinha AA. Differential 
gene expression analysis in CCLE lesions provides 
new insights regarding the genetics basis of skin vs. 
systemic disease. Genomics. 2014;104:144–55.  

    31.    Hornung T, Ko A, Tuting T, Bieber T, Wenzel 
J. Effi cacy of low-dose methotrexate in the treatment 
of dermatomyositis skin lesions. Clin Exp Dermatol. 
2012;37(2):139–42.  

     32.    Zhu YI, Stiller MJ. Dapsone and sulfones in derma-
tology: overview and update. J Am Acad Dermatol. 
2001;45(3):420–34.  

    33.    Kast RE, Scheuerle A, Wirtz CR, Karpel-Massler G, 
Halatsch ME. The rationale of targeting neutrophils 
with dapsone during glioblastoma treatment. 
Anticancer Agents Med Chem. 2011;11(8):756–61.  

      34.    Piette EW, Werth VP. Dapsone in the management of 
autoimmune bullous diseases. Immunol Allergy Clin 
North Am. 2012;32(2):317–22, vii.  

    35.    Kuznik A, Bencina M, Svajger U, Jeras M, Rozman 
B, Jerala R. Mechanism of endosomal TLR inhibition 
by antimalarial drugs and imidazoquinolines. 
J Immunol. 2011;186(8):4794–804.      

J. Wenzel



135T. Bieber, F. Nestle (eds.), Personalized Treatment Options in Dermatology,
DOI 10.1007/978-3-662-45840-2_10, © Springer-Verlag Berlin Heidelberg 2015

10.1            Introduction 

 The incidence of pemphigus, depending on the 
ethnic group, is low ranging from two to ten cases 
per one million inhabitants in central Europe [ 1 ]. 
Still, even though rare, this autoimmune bullous 
skin disorder is clinically relevant due to its high 
morbidity and mortality. The pathogenesis of 
pemphigus is linked to an intraepidermal loss of 
cell adhesion which is induced by IgG autoanti-
bodies which target desmosomal adhesion pro-
teins [ 2 – 4 ], specifi cally desmoglein 3 (Dsg3) and 
Dsg1. These adhesion proteins exert homophilic 
and heterophilic transinteraction mainly through 
their NH2 terminal extracellular subdomains [ 3 , 
 5 ,  6 ]. In general, the serum concentrations of 
Dsg-reactive IgG autoantibodies correlate with 
the clinical disease activity of pemphigus [ 7 ,  8 ]. 

 There is increasing evidence that the patho-
genesis of PV is induced and regulated by auto-
aggressive T cells [ 9 ]. This contention is 
supported by the strong immunogenetic associa-
tion of pemphigus vulgaris (PV) with HLA- 
DRß1*04:02 and HLA-DQß1*05:03. These 
HLA class II alleles play a critical role in the acti-
vation of CD4+ helper T cells which is presum-
ably critical for the activation of autoaggressive 
B cells which differentiate into autoantibody- 
producing plasma cells. Moreover, the strong 
association of the clinically active phase of PV 
with serum autoantibodies of the IgG4 and IgE 
subclasses as well as the preferential detection of 
peripheral autoaggressive T helper 2 (Th2) cells 
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strongly supports the concept that PV is a 
 Th2- regulated autoimmune disorder [ 10 ,  11 ]. 

 Despite the remarkable progress in our under-
standing of the immune pathogenesis of pemphi-
gus, the currently practiced therapeutic regimens 
are based on high-dose systemic glucocorticoids 
and adjuvant immunosuppressants which are 
effective but bear the risk of considerable side 
effects. Recently, novel not yet fully validated, 
more specifi c therapies of pemphigus have been 
introduced which target critical effector cells and 
molecules in the pemphigus pathogenesis. These 
include therapeutic depletion of B cells with the 
monoclonal antibody, rituximab, and the removal 
or increased turnover of pathogenic IgG autoanti-
bodies by the use of immunoadsorption and high- 
dose intravenous immunoglobulins [ 12 ,  13 ]. The 
mechanisms and major sites of action for each of 
these therapies are shown in Fig.  10.1 .   

10.2     Immunoadsorption (IA) 

 Immunoadsorption has recently gained major 
interest as a therapeutic option for pemphigus 
since it directly targets pathogenic IgG 

 autoantibodies [ 14 ,  15 ]. In contrast to nonselec-
tive plasmapheresis, immunoadsorption removes 
serum IgG with a very high specifi city. At pres-
ent, the availability of immunoadsorption is lim-
ited since this therapeutic regimen is not available 
in many countries. A variety of immunoadsorp-
tion devices have been utilized including trypto-
phan adsorbers and regenerative adsorbers such 
as protein A or synthetic ligands (e.g., PGAM146, 
Globaffi n) that have a high affi nity to the Fc por-
tion of human IgG. The effi cacy of therapeutic 
immunoadsorption in pemphigus largely depends 
on the adsorber utilized and the treatment proto-
col. Depending on the absorption device, serum 
concentrations of IgG antibodies against desmo-
gleins 1 and 3 are reduced by 30–80 % [ 16 – 19 ]. 

 At present, the clinical effi cacy of immunoad-
sorption in pemphigus is based on observations 
from uncontrolled single-case studies and case 
series. In most instances, immunoadsorption is 
performed in an adjuvant setting in combination 
with immunosuppressive drugs such as azathio-
prine, mycophenolate, methotrexate, or cyclo-
sporin as 4-day cycles which can be repeated in 
monthly intervals [ 20 ]. There is generally agree-
ment that removal of serum IgG autoantibodies 
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  Fig. 10.1    Rituximab leads to B-cell depletion by a com-
bination of antibody-dependent cell-mediated cytotoxicity, 
complement-mediated lysis, and direct apoptosis second-
ary to the binding of the monoclonal antibody to CD20. 
This decrease in the B-cell population leads to a subse-
quent decrease in the development of antibody-secreting 

plasma cells. IVIG targets pathogenic IgG autoantibodies 
in pemphigus by inducing an increased Ig catabolism via 
binding to the neonatal Fc receptor, as well as acting on 
numerous other immunologic sites. Immunoadsorption 
removes serum IgG with a very high specifi city, reducing 
the circulation of pathogenic autoantibodies       
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by immunoadsorption is associated with improve-
ment of mucocutaneous blistering. The long- term 
effects of immunoadsorption are not yet well 
characterized; long-term improvement after 
immunoadsorption has been reported in some 
studies. In patients with refractory pemphigus, 
immunoadsorption was successfully combined 
with treatment with rituximab and/or intravenous 
immunoglobulins [ 20 ,  21 ]. Most patients appear 
to tolerate immunoadsorption well. Among the 
reported adverse effects are hypotension, brady-
cardia, anaphylaxis, sepsis from the central cath-
eter, and venous thrombosis [ 22 ]. Currently, a 
prospective multicenter trial in 24 German der-
matology departments addresses the question of 
whether adjuvant treatment with immunoadsorp-
tion is superior to treatment with systemic gluco-
corticoids plus azathioprine or mycophenolate 
alone in patients with acute onset, chronic active, 
or relapsing pemphigus. The primary endpoint is 
time to clinical remission based on the initial 
observation that removal of pathogenic serum 
IgG autoantibodies by immunoadsorptions leads 
to faster clinical remissions.  

10.3     High-Dose Intravenous 
Immunoglobulins (IVIG) 

 Similar to immunoadsorption, treatment with 
high-dose intravenous immunoglobulins (IVIG) 
has been introduced in pemphigus based on the 
contention that exogenous IgG blocks the action 
of pathogenic IgG autoantibodies [ 23 ,  24 ]. Current 
concepts suggest that IVIG targets pathogenic IgG 
autoantibodies in pemphigus by inducing an 
increased Ig catabolism via binding to the neonatal 
Fc receptor. Many single-case reports and case 
series suggest that IVIG, mostly applied in an 
adjuvant setting in combination with immunosup-
pressants such as azathioprine, mycophenolate, 
cyclophosphamide, and methotrexate, is effi ca-
cious [ 25 ]. In most instances, patients received 
IVIG at a dose of 2 g/kg/cycle over two to four 
consecutive days, and IVIG cycles were repeated 
in 4- to 6-week intervals. A glucocorticoid- sparing 
effect of adjuvant IVIG was suggested by a small 
retrospective study that found a signifi cant 

 reduction of systemic glucocorticoids upon IVIG 
treatment [ 26 ,  27 ]. IVIG therapy is well tolerated; 
side effects include headache and aseptic meningi-
tis. Prior to initiating treatment, total IgA defi -
ciency and reduced kidney function need to be 
excluded. 

 The best evidence for a benefi cial therapeutic 
effect of IVIG in pemphigus is provided by a 
Japanese randomized multicenter trial in 61 
adults with glucocorticoid-resistant pemphigus 
(defi ned as a failure to respond to ≥20 mg pred-
nisolone/day) [ 28 ]. Patients either received 
400 mg IVIG/kg/day over 5 consecutive days, 
200 mg IVIG/kg/day over 5 days, or placebo 
infusions for 5 days. The primary endpoint of the 
trial was the time that the patients could be main-
tained on the previous treatment protocol (i.e., 
time to escape protocol). The study showed that 
the time to escape protocol was signifi cantly lon-
ger in patients who had received 400 mg IVIG/
kg/day compared to patients who had received 
the lower IVIG dose or placebo. However, the 
difference in the time to escape protocol for the 
200 mg IVIG group and the placebo group was 
not statistically signifi cant. Side effects are usu-
ally mild to moderate adverse events such as 
headache, back pain, increased blood pressure, 
and abdominal discomfort. Aseptic meningitis is 
a serious side effect of IVIG therapy that requires 
immediate termination of treatment. Anaphylaxis 
is a potential risk of IVIG treatment in patients 
with IgA defi ciency.  

10.4     Rituximab 

10.4.1     B-Cell Depletion 
and Repopulation 

 Rituximab is a chimeric murine-human monoclo-
nal IgG that targets CD20, approved by the Food 
and Drug Administration for the treatment of 
many B-cell lymphomas as well as rheumatoid 
arthritis and granulomatosis with polyangiitis. 
The off-label use of rituximab has been vast, 
including immunobullous disorders, systemic 
lupus erythematosus (SLE), and dermatomyosi-
tis. CD20 is a glycosylated phosphoprotein that is 
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expressed on the surface of all B cells starting at 
the pro-B-cell phase which also corresponds with 
heavy chain variable, diversity, and joining region 
(VDJ) rearrangement. A case of a CD20-defi cient 
patient suggests CD20 is also involved in T-cell- 
independent antibody response [ 29 ]. 

 As B cells mature, CD20 expression increases. 
When mature B cells differentiate into plasma 
cells, expression of many common B-cell surface 
antigens, including CD20, is lost. Thus, rituximab 
destroys B-cell progenitor cells but not stem cells 
or antibody-secreting plasma cells. Peripheral 
B-cell depletion typically takes place between 2 
and 4 weeks following infusion. B-cell repopula-
tion takes place a mean 5–6 months following 
infusion, though in some cases B-cell depletion 
persists for up to 15 months [ 30 – 33 ]. As late 
pro-B cells are destroyed by rituximab, the new 
generation of immature B cells undergoes VDJ 
heavy chain arrangement and VJ light chain 
arrangement resulting in a novel antibody reper-
toire [ 30 ]. In PV, this likely results in the observed 
changes in IgG reactivity against particular sub-
domains within Dsg3, whereby patients may lose 
reactivity to certain subdomains following treat-
ment, despite maintaining IgG antibodies against 
the ectodomain of Dsg3. Clinically, the recur-
rence of IgG autoantibodies targeting the patient’s 
original pathogenic domain, most commonly 
Dsg3EC1, results in relapse [ 34 ]. Interestingly, 
anti-Dsg1 IgG titers also appear to be a more reli-
able indicator of clinical status of pemphigus than 
total anti-Dsg3 IgG [ 35 ]. 

 Repopulation fi rst occurs with the develop-
ment of CD5 + /CD38 high  naive B cells, followed 
by immature B cells (CD19 − /IgD − /CD38 high /
CD10 low /CD24 high ). The return of CD27 +  memory 
B cells can remain reduced following treatment 
for up to 2 years [ 31 ,  36 ]. Repopulation with cer-
tain ratios of circulating B-cell subsets appears to 
have a predictive effect on disease relapse, with 
higher ratios of memory B cells at the time of 
repopulation related to relapse. Repopulation 
with certain subtypes additionally may predict 
treatment success. PV patients who achieved 
complete remission following treatment with 
rituximab had a greater number of transitional 
B cells and IL-10 secreting regulatory B cells as 

well as a higher ratio of CD19 + /CD27 −  naïve B 
cells to CD19 + /CD27 +  memory B cells [ 37 ]. 

 Short-lived plasma cells rather than long-lived 
plasma cells are more dependent on C20 +   memory 
B cells for replenishment. Thus, rituximab has a 
greater effect on the eventual depletion of short-
lived plasma cells rather than long-lived plasma 
cells which can remain in circulation for an indef-
inite period of time. This may in part explain the 
more signifi cant decrease in serum IgG autoanti-
bodies relative to total immunoglobulin levels, as 
IgG autoantibodies appear to be produced more 
often by short-lived plasma cells [ 38 – 40 ]. In fact, 
following treatment with rituximab, IgG to com-
mon pathogens and recall antigens does not 
decrease [ 38 ,  41 ]. This can in part be explained 
by rituximab-mediated increases in B-cell-
activating factor (BAFF) expression, which is 
associated with increased pathogen- specifi c IgG 
such as anti-Epstein-Barr-virus IgG and anti-var-
icella-zoster-virus IgG, but not autoantibodies in 
pemphigus [ 42 ]. Following repopulation with 
CD19 +  B cells, BAFF levels return to normal 
IgG. In a few reported cases of bullous pemphi-
goid patients treated with rituximab, early relapse 
was associated with lower peak serum levels of 
BAFF [ 43 ].  

10.4.2     Mechanism of B-Cell 
Destruction 

 The mechanism by which rituximab-induced 
B-cell depletion occurs is complex and occurs by 
a combination of several mechanisms: antibody- 
dependent cell-mediated cytotoxicity (ADCC), 
complement-mediated lysis, and direct apopto-
sis. The degree to which each of these processes 
results in cell death is, however, somewhat dis-
ease specifi c, thus making comparison to lym-
phoma and other autoimmune disease more 
challenging. 

 Antibody-dependent cell-mediated cytotoxic-
ity (ADCC) occurs when monocytes and macro-
phages are recruited via Fc and FcyR interaction 
[ 44 ,  45 ]. This interaction subsequently leads to 
the release of cytotoxic cytokines, proteases, and 
reactive oxygen species [ 46 ]. This process is 
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 primarily mediated by NK cells [ 47 ,  48 ]. NK 
cells function in a primarily IL-2-dependent 
manner and are enhanced following treatment 
with rituximab [ 49 ,  50 ]. FCγRIII (CD16) is the 
major Fc receptor involved in ADCC which leads 
to binding to the Fc portion of the antibody, sub-
sequently resulting in the release of IFN-γ. 
FCγRIIB (CD32) is a potent regulator of ADCC, 
enhancing the internalization of rituximab. In fol-
licular lymphoma, FCγRIIB predicts a poor 
response to rituximab [ 51 ]. Likewise, mice defi -
cient in FCγRIIB demonstrated an increased 
ability to undergo ADCC [ 52 ]. Though less clear, 
pure blockage of the Fc receptor may addition-
ally account for some of the short-term responses 
seen with rituximab [ 53 ]. 

 Rituximab is able to bind to C1q inducing 
complement-mediated cell lysis [ 54 ] via the for-
mation of reactive oxygen species [ 55 ]. In fact, in 
mice defi cient in C1q, rituximab loses its effi cacy 
against lymphoma cells [ 56 ]. Increases in C3b 
breakdown products additionally lead to increased 
rituximab-mediated cell death of CD20 +  cells 
[ 57 ]. Rituximab also causes redistribution of 
CD20 into Triton x-100-insoluble lipid rafts 
which cluster and enhance complement binding 
[ 58 ,  59 ]. In contrast, increased complement 
defense molecules such as CD55 and CD59 have 
been associated with resistance to treatment in 
lymphoma [ 60 ]. Likewise, in vivo studies of com-
plement-defi cient mice have demonstrated 
reduced anti-CD20 activity [ 61 ,  62 ]. In chronic 
lymphocytic leukemia, rituximab depletes com-
plement, which in turn reduces its therapeutic 
function until fresh frozen plasma is given, restor-
ing the complement pool [ 63 ]. As complement 
involvement plays a critical role in the acantholy-
sis seen in pemphigus, it is unclear whether the 
effect of rituximab on this pathway plays a role in 
clinical response [ 64 ]. 

 Rituximab can also infl uence apoptosis 
directly by causing cross-linking of CD20 and 
the monoclonal antibodies [ 65 ]. A caspase- 
independent mechanism of rituximab-induced 
cell death has also been described [ 66 ]. 
Rituximab’s ability to directly induce apoptosis, 
however, appears to be marginal in comparison to 
other mechanisms [ 67 ].  

10.4.3     Cellular Immunity 

 While immunobullous disorders may appear to 
be primarily a disorder of humoral immunity, T 
cells are in fact a critical component of the 
pathogenesis and maintenance of autoimmunity 
[ 9 ,  68 – 70 ]. Plasma cells appear to receive signal-
ing from CD4 +  T cells and antigen-presenting 
cells, which may dictate their longevity [ 71 ,  72 ]. 
In patients with PV, treatment with rituximab led 
to a decrease in Dsg3-specifi c CD4 +  T cells, 
though the total quantity of CD4+ cells as well 
as the quantities of cytokines that they produce 
do not appear to change signifi cantly [ 36 ,  73 ]. 
Interestingly, however, tetanus toxoid-reactive 
CD4+ T cells did not change following ritux-
imab, thus demonstrating a role of B-cell- 
mediated regulation of autoreactive T-cell 
activation [ 33 ]. Likewise, rituximab was found 
to have an effect on regulatory T cells [ 74 ] and 
monocyte-derived macrophages [ 75 ] in SLE and 
rheumatoid arthritis, respectively. In idiopathic 
thrombocytopenic purpura, patients who 
received rituximab experienced a restoration in 
Th1/Th2 ratio with an increase in the number of 
Treg cells [ 76 ,  77 ]. Similar fi ndings have been 
noted in SLE, yet not RA [ 74 ,  78 ,  79 ]. Rituximab 
also leads to a decrease in the expression of 
CD40 and CD80 on B cells which affects T-cell 
 activation [ 80 ]. 

 A small subset of T cells (1.6 %) expresses 
CD20 and exists in the normal population. These 
cells are split with 45 % expressing CD8 and 
55 % expressing CD4. In RA, these cells consti-
tutively express IL-1B and TNF-α and are 
depleted following treatment with rituximab. It is 
unclear whether these cells play a clinically 
meaningful role in other disease states such as in 
immunobullous disorders [ 81 ].  

10.4.4     Mechanisms of Treatment 
Resistance 

 Multiple potential mechanisms for treatment 
resistance have been explored. Resistance can 
occur through the formation of anti-chimeric 
antibodies, as the murine sequences of the 
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 chimeric IgG 1  can contain immunogenic 
sequences. Interestingly, these anti-drug antibod-
ies were more often observed in rituximab used 
for the treatment of autoimmune disease rather 
than lymphoma. The inhibitory effect of these 
anti- drug antibodies has been demonstrated to 
interfere with the ability of rituximab to bind to 
B cells in vitro [ 82 ] as well as decreased clinical 
response to treatment [ 83 ]. These anti-drug anti-
bodies have also been associated with the devel-
opment of serum-like sickness and infusion 
reactions. 

 Fc receptor polymorphisms additionally 
appear to provide a means for treatment resis-
tance by decreasing the affi nity of receptor 
binding to IgG. The FcγRIIIa polymorphism 
and FcγRIIa polymorphism correlated with a 
decreased response to rituximab treatment in 
lymphoma [ 84 ]. In SLE, the FcγRIIIa polymor-
phism was additionally found to be predictive 
of decreased treatment effi cacy, with a tenfold 
increase in rituximab serum level necessary to 
achieve comparable B-cell depletion. This fail-
ure may be in part due to the observation that 
NK cells with the FcγRIIIa polymorphism 
require a signifi cantly greater concentration of 
rituximab in order to induce the same level 
ADCC [ 85 ]. While these polymorphisms have 
known effects in other disease processes, it is 
unclear what effect they have in immunobul-
lous disorders. For example, while a spliced 
mRNA transcript of CD20 (D393-CD20) has 
been associated with resistance to rituximab in 
lymphoma patients, this transcript was not 
found to be associated with failure to respond 
to rituximab therapy in patients with pemphi-
gus [ 86 ]. 

 Lastly, the inability of rituximab to effec-
tively remove B cells occupying the bone mar-
row compartment may make rituximab 
ineffective in certain patients with central mem-
ory cells [ 87 ]. This is consistent with our fi nding 
that an increase in the duration of disease was 
associated with a decrease in the percentage of 
patients experiencing complete response versus 
partial response [ 88 ].  

10.4.5     Clinical Studies 

10.4.5.1     Pemphigus Vulgaris 
and Foliaceus 

 Large-scale clinical trials have been conducted 
demonstrating the clinical effi cacy of rituximab 
in PF and PV [ 32 ,  89 – 93 ]. Approximately 
60–80 % of PV and PF patients treated with 
rituximab experienced complete remissions [ 94 , 
 95 ]. Most studies have used either the lym-
phoma protocol (375 mg/m 2  × 4 weeks) or the 
rheumatology protocol (1,000 mg weekly 
× 2 weeks). In a review of 272 patients, Zakka 
et al. found a lower response rate with a higher 
mortality rate, yet a low rate of infection and 
relapse in patients treated with the lymphoma 
protocol in contrast to the rheumatology proto-
col [ 95 ]. Variations of these protocols have been 
described, with some groups halving the dos-
ages in the original two protocols. In our analy-
sis of patients responding to a single cycle of 
rituximab (those patients achieving either par-
tial or complete remission following treatment), 
patients treated with the standard lymphoma 
protocol appeared to demonstrate an increase in 
the time until relapse. We additionally found the 
half rheumatology protocol (500 mg weekly × 
2 weeks) to be the least effi cacious, with a 
shorter time until relapse and fewer patients 
experiencing complete response [ 88 ]. Likewise, 
Kanwar et al. in a prospective blinded study 
comparing the full rheumatology protocol to the 
half rheumatology protocol demonstrated 
improved outcomes with the regular-dosed 
rheumatology protocol versus the half-dosed 
protocol [ 96 ]. Nevertheless, treatment prefer-
ences vary widely between physicians, and 
there remains signifi cant controversy regarding 
protocol selection [ 97 ]. 

 Despite its effectiveness, rituximab does not 
necessarily appear to alter the long-term relapse 
rate without maintenance therapy in compari-
son to conventional immunosuppressive ther-
apy [ 35 ]. Nevertheless, certain therapeutic 
options exist to increase the length of time until 
relapse such as immunoadsorption [ 88 ] or the 
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use of minimal maintenance therapy. In cases 
of relapse, however, Cianchini et al. demon-
strated that repeated cycles of rituximab suffi -
ciently mitigated clinical relapses without 
necessitating the use of concomitant immuno-
suppression [ 92 ].  

10.4.5.2     Paraneoplastic Pemphigus 
 Paraneoplastic pemphigus carries a far worse 
prognosis than either PV or PF, as treatment 
must ultimately be directed against the underly-
ing malignancy. In particular, patients present-
ing with erythema multiforme-like lesions with 
histologic keratinocyte necrosis carry an even 
worse prognosis [ 98 ]. Paraneoplastic pemphi-
gus most commonly occurs secondary to 
 lymphoproliferative disorders, particularly 
non-Hodgkin lymphoma [ 99 ]. Thus at times, 
rituximab may be indicated to treat the malig-
nancy. Paraneoplastic pemphigus like PF 
and PV is, however, still an IgG-mediated dis-
ease with numerous autoantibodies present. 
Antibodies against envoplakin and periplakin 
are, however, the most sensitive and specifi c 
markers in a clinically suggestive setting [ 100 ]. 
The effect of the rituximab may thus be twofold 
by targeting the lymphoproliferative disease 
process while also leading to the destruction of 
B cells that may develop into IgG autoantibody- 
secreting plasma cells. Yet, clinical improve-
ment in paraneoplastic pemphigus following 
treatment with rituximab has been mixed, with 
most case reports demonstrating only a mar-
ginal improvement [ 99 ]. A particularly interest-
ing case is that presented by Schadlow et al. 
that described a patient with long-standing 
B-cell lymphoma who did not experience clini-
cal improvement with rituximab [ 101 ]. This is 
both surprising and suggestive that perhaps the 
length of time with the primary malignancy 
may have an effect on the paraneoplastic pem-
phigus and its susceptibility to rituximab. 
Nevertheless, paraneoplastic pemphigus is a 
complex disease process that does not follow 
the similar pathogenic steps seen in other 
immunobullous disorders.  

10.4.5.3     Other Autoimmune 
Blistering Diseases 

 Compared to PV, there have been far fewer stud-
ies and reported cases evaluating the effi cacy of 
rituximab in bullous pemphigoid. In a 2013 
review of 16 previously reported cases of BP 
patients treated with rituximab, Shetty et al. 
found that 69 % of patients experienced complete 
remission [ 102 ]. While this is comparable to the 
percentage of patients who experience complete 
remission in PV, this small sample size of 
reported cases prevents further analysis into fac-
tors associated with superior outcomes. 

 Several larger studies have examined the effi -
cacy of rituximab in the treatment of mucous 
membrane pemphigoid. Le Roux-Villet et al .  
demonstrated complete response in all affected 
sites in 68 % (17/25) of patients while Heelan 
et al .  reported 75 % (6/8) patients to have a com-
plete remission following a single cycle of ritux-
imab [ 103 ,  104 ]. Nevertheless, the signifi cant 
relapse rate necessitating further cycles in a short 
period of time remains a concern [ 104 ,  105 ]. 

 A handful of reports have described success-
ful clinical outcomes in patients with epidermol-
ysis bullosa acquisita treated with rituximab 
[ 106 – 114 ]. As the disease remains extremely rare 
with an estimated incidence of 0.2 per million per 
year [ 115 ], it is unlikely that larger studies will be 
possible. Nevertheless, despite the limited 
reports, treatment outcomes of epidermolysis 
bullosa acquisita appear comparable to that of 
other immunobullous disorders.   

10.4.6     Safety 

 The relative risks associated with chronic steroid 
suppression and nonbiologic immunosuppressive 
medications must be weighed against the risks 
associated with rituximab. In a review of 153 
pemphigus patients treated with rituximab, 7 % 
developed serious infections with 1.3 % fatalities 
[ 94 ]. In comparison, a large study in SLE demon-
strated a 9.5 % risk of serious infection [ 116 ]. 
While this number may be of concern, patients 
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treated with corticosteroids demonstrated an 8 % 
incidence of mild to severe infections, while 
21 % those receiving corticosteroids plus myco-
phenolate mofetil developed an infection [ 117 ]. 
While the severity of the infections must be taken 
into account, rituximab does not lead to many of 
the chronic medical conditions to which cortico-
steroids lead. Interestingly, many of the ritux-
imab patients who developed an infection also 
received high-dose corticosteroids and other 
forms of immunosuppression. Of the mucous 
membrane pemphigoid patients treated with 
rituximab, only those experiencing severe infec-
tious complications were on concomitant immu-
nosuppressants and high-dose corticosteroids 
[ 103 ]. It thus remains challenging to truly com-
pare the risks of rituximab monotherapy or ritux-
imab with concomitant low-dose corticosteroids 
with traditional immunosuppression. 

 The concomitant use of IVIG has not only 
demonstrated effi cacy in treating immunobullous 
disorders but has also been suggested as a useful 
adjuvant to rituximab in decreasing the incidence 
of infections [ 93 ,  118 ]. While IVIG in theory 
repletes serum IgG during the time of B-cell 
depletion, it is unclear how the two medications 
interact with each other, complement and the Fc 
receptor. Additionally, the use of IVIG in itself 
comes with certain risks ranging from mild infu-
sion reactions to severe reactions such as aseptic 
meningitis [ 119 ].      
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