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Radović and Ružica Jurakić Tončić
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Center (MICDIR), ”Dunărea de Jos” University of Galat, i, Galati, Romania.

Alin Laurentiu Tatu

Editor

ix





Citation: Sârbu, F.; Oprea, V.D.; Tatu,

A.L.; Polea Drima, E.; Bojincă, V.C.;
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Case Report

Hereditary Hemorrhagic Telangiectasia Associating
Neuropsychiatric Manifestations with a Significant Impact on
Disease Management—Case Report and Literature Review
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Abstract: (1) Background: Genetic hereditary hemorrhagic telangiectasia (HHT) is clinically di-
agnosed. The clinical manifestations and lack of curative therapeutic interventions may lead to
mental illnesses, mainly from the depression–anxiety spectrum. (2) Methods: We report the case of
a 69-year-old patient diagnosed with HHT and associated psychiatric disorders; a comprehensive
literature review was performed based on relevant keywords. (3) Results: Curaçao diagnostic criteria
based the HHT diagnosis in our patient case at 63 years old around the surgical interventions for
a basal cell carcinoma, after multiple episodes of epistaxis beginning in childhood, but with a long
symptom-free period between 20 and 45 years of age. The anxiety–depressive disorder associated
with nosocomephobia resulted in a delayed diagnosis and low adherence to medical monitoring.
A comprehensive literature review revealed the scarcity of publications analyzing the impact of
psychiatric disorders linked to this rare condition, frequently associating behavioral disengagement
as a coping strategy, psychological distress, anxiety, depression, and hopelessness. (4) Conclusions:
As patients with HHT face traumatic experiences from disease-related causes as well as recurring
emergency hospital visits, active monitoring for mental illnesses and psychological support should
be considered as part of the initial medical approach and throughout the continuum of care.

Keywords: hereditary hemorrhagic telangiectasia; Rendu–Osler–Weber syndrome; arteriovenous
malformations; epistaxis; mental illness; neuropsychiatric; depression; anxiety

1. Introduction

Patients suffering from Rendu–Osler–Weber syndrome or hereditary hemorrhagic
telangiectasia (HHT) are frequently diagnosed very late, as the manifestations require
knowledge of this rare disease affecting 1 in 5000–8000 individuals globally [1,2]. HHT
is an autosomal dominant genetic disorder, with ~90% of the patients associated with
heterozygous mutations of ACVRL1 or ENG genes, while ~10% of cases also affect genes
that encode components of the BMP9/ALK1 signaling pathway [2–4].

Life 2022, 12, 1059. https://doi.org/10.3390/life12071059 https://www.mdpi.com/journal/life1
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The mutations in HHT alter TGF-beta-mediated pathways in vascular endothelial cells,
resulting in the manifestation of aberrant blood vessel development with extreme fragility
and arteriovenous malformations (AVMs) [3–5]. The most prevalent clinical symptoms
include epistaxis, which can be severe or even lethal in rare cases; telangiectasia (cutaneous
blood vessels dilatations); and manifestations induced by AVMs or telangiectasia at the
pulmonary, gastrointestinal hepatic, or cerebral level. These may lead to hemorrhages and
anemia as well as other serious complications. Studies report that ~50% of HHT patients
experience disabling or life-threatening complications, such as stroke or transient ischemic
attacks, cerebral abscess, or heart failure [5,6].

A positive diagnosis of HHT is almost always clinical, based on the Curaçao diagnostic
criteria established in 1999 [3,7,8], requiring at least three out of these four criteria to be
met: spontaneous recurrent epistaxis, multiple telangiectasias, visceral involvement, and a
relevant family history. If only two characteristics are present, the diagnosis is probable, and
further tests or follow-up are necessary. The genetic tests are also available in some centers.

Concerning the alarming manifestations and scarce therapy options, and in relation
to intrinsic pathophysiology, these patients may develop mental illnesses like anxiety,
post-traumatic stress disorder, and depression [8,9]. Moreover, the presence of cerebral
AVMs—although less frequent, identified in 10–20% of HHT cases [8,10,11]—could induce
psychiatric manifestations depending on their localization, although these are very rarely
mentioned in the available publications [6,7,11].

2. Materials and Methods

We report the case of a 69-year-old female patient suffering from HHT and associated
severe depression, with episodes of anxiety significantly impacting her quality of life.
A comprehensive literature review was performed based on relevant keywords, using
PubMed and Google Scholar databases.

3. Results

The patient has been under clinical monitoring by an ad-hoc multidisciplinary medical
team since February 2021. She recalls multiple episodes of epistaxis during childhood,
spontaneously remitting at around 10 years old. She was symptom-free until 45 years of
age, when she started to observe cutaneous telangiectasias and reported occasional nose
bleeds, for which she rarely consulted her family physician. A severe epistaxis occurred in
2020, requiring emergency intervention; anemic syndrome was diagnosed and the medical
team suspected HHT, recommending additional specialty examinations. She is highly
anxious and refuses further investigations, and she presents herself to outpatient psychiatry
complaining of unrest and depressive symptomatology, sleep disturbances, attention
deficits, and emotional lability. She was diagnosed with mixed anxiety and depressive
disorder (ICD-10 code F41.2 [12]), receiving a prescription for an antidepressant (sertraline
50 mg/day) and anxiolytic (alprazolam 0.25 mg/day), and it was also recommended that
she undergo psychotherapy. The patient uses the medication intermittently upon symptom
amelioration, and has been missing the advised periodic follow-ups.

At 63 years old, a nasal cutaneous ulcerative lesion brought the patient to a dermatolo-
gist, who identified a basocellular carcinoma, but also insisted on identifying diagnostic
criteria for HHT, asking about hereditary background. In the presence of multiple telangiec-
tasias, anamnesis of recurrent epistaxis, and a relevant family history (mother with similar
cutaneous telangiectasias and retinal arteriovenous malformations, resulting in retinal scars
with consequent decreased visual acuity; a sister with similar ocular manifestations; and
father deceased at a young age after four successive strokes), the patient was diagnosed
with HHT.

Mohs surgery was performed for the basocellular carcinoma, and further investi-
gations related to HHT revealed a mild anemia (hemoglobin (Hb)—10.9 mg/dL, mean
corpuscular volume (MCV)—76 fL with a normal interval of 80–96 fL, and iron deficit at
28 mg/dL). The results of an abdominal ultrasound were normal, except for a few renal
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cortical microcysts in her left kidney. Upon receiving detailed information on her newly
diagnosed genetic disease, the anxiety symptoms reoccurred and the patient refused to
undergo further imaging, fearing what it may discover.

Over the last 6 years, the patient presented several aggravated episodes of epistaxis
(2–5 times/year) requiring medical assistance, which were treated for chemical/surgical
cautery and/or hemostatic sponges; chronic anemia; hypertension (systolic blood pressure
increased up to 180 mmHg); and other cardiac-related symptoms like palpitations and
dyspnea, urinary symptoms due to a urethral polyp, three severe episodes of depression
requiring hospitalization (10 to 21 days’ admittance), and recurrent headache associated
with dizziness.

In February 2021, after another severe epistaxis that was treated at the emergency
room by Merocel nasal packing, the patient was referred to our psychiatry clinic and agreed
to a complex medical evaluation, which revealed the following:

1. Psychiatric evaluation:

• Severe depression (scoring 22 when evaluated by Hamilton Depression Rating
Scale (HAM-D) [13–15] and 23 by Geriatric Depression Scale (GDS) [16]);

• Associated anxiety manifestations (evaluated by Hamilton Anxiety Rating Scale
(HRSA)—score 27 [17,18];

• Autolytic ideation, dysphoria, tendency to negative thinking with focus on self
and the genetic disease, insomia, nosocomephobia, somatization;

• Score of Global Assessment of Functioning Scale (GAFS) [19–21] of 40, corre-
sponding to impairment in communication and reality testing, significant impact
regarding family relations, thinking, and mood;

• Amnestic Mild Cognitive Impairment (MCI) was determined using Mini Mental
State Examination scale (MMSE [21–26])—score 23, Montreal Cognitive Assess-
ment (MoCA) [21,24,27]—score 22.4, Clock Drawing Test [26,27], and Clinical
Dementia Rating-Sum of Boxes (CDR-SOB) [22,23,27–30]—score 2.1.

2. Clinical check-up:

• Moderate hypertension (154/85 mmHg) with a low patient adherence to recom-
mended chronic therapy (candesartan 8 m twice daily, metoprolol 50 mg/day,
and lacidipine 4 mg/day);

• Blood tests: microcytic anemia (Hb 10.4 mg/dL, MCV 72 fL, iron deficit 29 μg/dL),
hypercholesterolemia 338.9 mg/dL, with LDL cholesterol (low density lipopro-
tein) 263.77 mg/dL and HDL cholesterol (high density lipoprotein) 53.5 mg/dL,
and normal hepatic and renal profile.

• Epistaxis Severity Score (ESS) [31,32] of 4.13—moderate.
• Severe generalized atherosclerosis, indicated by Doppler ultrasound of carotids,

vertebral, and subclavian arteries showing 40–76% obstructions.

3. Dermatological exam: multiple mucocutaneous telangiectasias, especially on the
hands, face, nostrils, and tongue (see Figures 1 and 2), with seborrheic keratosis on
her thorax, and a nasal postoperative scar without any regional sign of recurrence
from the previous basocellular carcinoma.

4. Urologic evaluation: microscopic hematuria due to urethral mucosal ectropion, over-
active bladder syndrome, ultrasound showing few bilateral renal cortical microcysts,
and minimal bladder post-void residue (see Figures 3 and 4).

5. Gastroenterology exam: normal function, lack of gastrointestinal bleeding, and no
hepatic AVM identified.

6. Pneumology assessment: normal lung function and normal image in chest CT.

3
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Figure 1. Multiple cutaneous telangiectasias on both hands—clinical presentation in February 2021.

 
Figure 2. Mucosal telangiectasias at tongue and lips level—clinical presentation in February 2021.

 
Figure 3. Ultrasound image of bladder, with minimal post-void residue—February 2021
(VU = urinary bladder).

 
Figure 4. Ultrasound image of renal microcysts in the right kidney and normal image of biliary
bladder—February 2021 (RD = right kidney; VB = gallbladder).
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The patient became progressively anxious despite specific anxiolytic medication,
refusing cerebral imaging and further assessment, so she was discharged after 6 days with
a prescription and a recommended 6-month follow-up scheduled.

Because of COVID-19 pandemic restrictions and her own fear of hospital/medical
care, the patient missed the routine check-ups, but more strictly followed the medical
advice on therapy, especially as she observed an improvement in her mental state and
sleep. Medication used for 13 months: tianeptine 12.5 mg three times daily, alprazolam
0.5 mg/day, zopiclone 7.5 mg/day, candesartan 8 m twice daily, bisoprolol 5 mg/day,
lacidipine 4 mg/day, atorvastatin 20 mg/day, combination of rutoside 20 mg + ascorbic
acid 50 mg three times/day plus supplementary vitamin C 1000 mg/day.

She presented in March 2022 with improved clinical and paraclinical parameters:

• Improved symptomatology and scoring for depression and anxiety (Hamilton De-
pression Rating Scale (HRSD) score 17, Geriatric Depression Scale (GDS) score 15,
Hamilton Anxiety Rating Scale (HRSA) score 18, Global Assesment of Functioning
Scale (GAFS) score 52);

• Lack of severe episodes of epistaxis (thus no emergency room visits);
• Epistaxis Severity Score (ESS) 2.14 (mild);
• no anemia and normal blood tests, except for persistent hypercholesterolemia [33]

(total cholesterolemia 224 mg/dL, HDL cholesterol 164 mg/dL).

Again, the patient declined brain imaging, which is necessary in order to identify any
possible cerebral AVMs, claiming that she would rather not know and fearing the certitude
of a brain impairment. She admitted that the last 2 years during the COVID-19 pandemic
added to her anxiety and distress of potential difficulties to receive emergency medical care
if needed. As no AVMs were identified by the imaging, the patient could not be offered
a therapy targeting the underlying pro-angiogenic pathophysiologic mechanism, as per
current local protocols [34–39].

4. Discussion

Mental illness associated with hereditary hemorrhagic telangiectasia is not frequently
reported in the literature, but patients often present with a significant impact on their
health-related quality of life [1,6,7,40,41]. There are many possible reasons for a high
prevalence of depression (88.7%), post-traumatic stress disorder (28.1%), and anxiety
(43.9%) in individuals living with HHT [40–42].

One reason is related to the fear of death and frequent visits to the hospital emergency
room, as well as the presence of recurrent bleeding. HHT is associated with a significant
morbidity and mortality—some studies indicate a double versus normal mortality rate
in patients aged <60 years [1,6,8,42,43]. There are reports of a bimodal distribution of
mortality, age-related, with peaks at 50 years old and then from 60 to 80 years old. Generally,
the mortality of HHT is generated by complications of AVMs, particularly in the brain,
lungs, and gastrointestinal area. In our case, each bleeding episode and even the chronic
anemia associated with recurrent hemorrhaging added to the anxiety and fear of hospital
care [6,7,40–42].

Another problem with depressive symptomatology is the rarity of the disease and lim-
ited information available for patients, as well as the lack of curative or event-preventative
therapies. Some HHT individuals have difficulties in social or working life, have trou-
bles maintaining normal family relationships, and may become either obsessed with or
otherwise reluctant to anything regarding their disease [6,40,43,44].

Patients with HHT may exhibit abnormal language development, learning difficulties,
disinhibited behavior, or schizophrenia-like symptoms at younger ages [44,45], and later
life reports include various psychiatric manifestations such as depressive or manic episodes,
delusions, incoherence of speech, euphoric mood, inhibited behavior, poor social judgment,
extreme anxiety, or impairment of different cognitive processes [45–47].

Neuropsychiatric symptomatology associated with HHT diagnosis could be a pathogenic
feature resulting from the mechanism of the disease. Hypo-oxygenation of the neurons or
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microscopic cerebral embolism may occur from silent pulmonary arteriovenous malforma-
tions. The disturbed angiogenesis with the fragility of small vessels could generate brain
dysfunction and different psychiatric manifestations depending on the location of these
disturbances [3,5,9,45]. A recent report presents the positive outcomes of psychiatric phar-
macotherapy combined with counseling and psychological interventions in a case of HHT
with associated symptoms of depression and anxiety—the benefit of this patient-centered
approach was evident [48].

For our patient, mental issues prevented a complete medical evaluation and caused
a poor adherence to any recommended medical schedule. It is likely that some of the
epistaxis episodes were related to poorly managed high blood pressure, in the context of
her vessel frailty. A lack of evidence regarding brain AVMs is a problem in itself, excluding
a possible surgical removal, not supporting anti-vascular endothelial growth factor (VEGF)
therapy, and maintaining constant fear of a lethal hemorrhagic stroke [34–39].

Scientific evidence has connected chronic anemia to mental illnesses (such as depres-
sion, mood, or affectivity disorders), but also to a higher degree of impaired cognition as
an age-related phenomenon [49–53] through various or concurrent mechanisms: cerebral
hypoxia; iron deficiency with subsequent impaired myelin integrity; or deficient synthe-
sis processes of some neurotransmitters—dopamine, serotonin, norepinephrine, or even
genetic alterations found in hemoglobin deficiencies associated with certain mental disor-
ders [51–53]. These correlations were not consistently reported by all prospective trials,
but for HHT, such a connection between chronic anemia following frequent bleeding and
neuropsychiatric manifestations cannot be ignored.

Some researchers indicated that the neurovascular manifestations show an age-related
penetrance with an increased prevalence of cerebral manifestations over the lifespan [41,45].
A large number of patients suffering from HHT are able to identify one or more traumatic
events related to their disease that caused psychological distress; therefore, the longer they
live and the more bleeding episodes they experience, the more mentally affected they may
be [47,54–59]. Our patient has a long history of hypertension and a poor therapy adherence;
therefore, the causality connection between high blood pressure and anxiety, depression, or
even an evolution towards dementia cannot be excluded [54,55].

Patients should receive updated information concerning their disease, and diagnostic
as well as therapeutic options, so that they understand that access to a more efficient
management of the disease would significantly improve their life expectancy and quality of
life [60–62]. Patient support groups/patient associations are proven to be very effective in
helping all rare disease patients, in general, to better cope with their illness; unfortunately,
in our case, the patient did not agree to be referred to a rare disease organization and no
specific HHT patient group was locally available. The current guidelines for the approach
to HHT [10,63] and research evidence show a broadening spectrum of therapeutic solutions
like well-known or repurposed drugs (including bevacizumab, propranolol, pazopanib,
tacrolimus, and antithrombotic drugs) and new surgical techniques [64–69]. These would
require more supporting evidence on efficacy and standardized algorithms for clinical use.

As for other chronic conditions, the COVID-19 pandemic has also impacted HHT
patients and in particular the case presented here. Nevertheless, we noted the paucity
of publications related to HHT care during the COVID-19 pandemic. A PubMed search
using both “hereditary hemorrhagic telangiectasia/Rendu–Osler–Weber syndrome” and
“COVID-19/coronavirus/SARS-CoV2” returned only 11 publications (search performed
on 17 May 2022); a positive counterbalancing is constituted by the quality of these articles,
including frameworks from The European Rare Disease Network for HHT, recommending
approaches that augment the health and safety of HHT patients [63]. It was demonstrated
that HHT individuals may develop paradoxical thromboembolic stroke from pulmonary
AVMs, but also possess an inherent prothrombotic state because of disturbances in the
regulation of coagulation at the endothelial surface [3,9]. They present higher levels of co-
agulation factor VIII (FVIII) than the general population, which correlates with thrombotic
risk. Although subjects suffering from COVID-19 are at increased risk of thrombosis, and
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we have strong evidence that subjects with HHT often suffer from medical conditions that
may negatively influence the clinical course of COVID-19 (like chronic anemia, heart failure,
and pulmonary AVMs), recent data suggest that, actually, HHT patients may generally
present milder forms of SARS-CoV2 infection [70–76]. Some preliminary data show a signif-
icant decrease in inflammatory cytokines detected in the HHT population—with differences
lower than 50% for some cytokines like interleukines (ILs: IL-6, IL-1β, and IL12p40) and
around 50% for Chemokine (C-C motif) ligand 20 (CCL20), Thrombospondin-1 (TSP-1),
and Activin A [70–76]. If confirmed by larger studies, these HHT characteristics may
explain some sort of protection against developing severe forms of COVID-19 [70–73]. Our
patient does not recall presenting with specific COVID-19 symptoms, but she opted for
SARS-CoV2 vaccination in complete schedule as soon as it became available (March 2021).

5. Conclusions

The presented case is highly relevant to illustrate the neuropsychiatric profile of
Rendu–Osler–Weber syndrome and the significant impact that associated depression and
anxiety may have on the management of the disease. These mental issues could prevent
the patient from complete investigations and adherence to recommended therapeutic
approaches—in our case, early signs of a ruptured cerebral AVM could possibly have been
ignored, resulting in severe or lethal consequences.

Early identification and even active screening for neuropsychiatric manifestations in
HHT could help patients better manage their symptoms and avoid developing PTSD after
severe hemorrhagic episodes. Moreover, continuous education regarding their disease and
recent advances in medicine could help them overcome depression and anxiety and allow
them to adhere to medical recommendations and even therapy for associated comorbidities.
An improved health-related quality of life would enable HHT patients to enjoy a fulfilled
life and act more effectively when acute events occur.
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Abstract: Systemic changes often send signals to the skin, and certain neoplastic diseases of the inter-
nal organs can also trigger skin manifestations. In this article, the authors make clinical photography
presentations of the patients seen at our clinic with dermatologic paraneoplastic syndromes within
pharyngeal–esophageal malignancies, describe several paraneoplastic dermatoses, and also review
high-quality scientific literature in order to be able to highlight the dermatological signs of pharyngoe-
sophageal malignant tumors. The majority of our patients with paraneoplastic dermatoses, filtering
for pharyngoesophageal malignancies, had esophageal neoplasms, out of whom seven were female
and two were male, making esophageal cancer more common within the paraneoplastic dermatoses
within pharyngoesophageal malignancies. An early recognition of paraneoplastic dermatoses can
diagnose neoplasms and sequentially contribute to a better prognosis for the patient. This matter is
also useful for front-line medical personnel in order to improve early diagnosis of the underlying
malignancy, curative interventions with prompt therapy administration and good prognosis.
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1. Introduction

Paraneoplastic diseases are disorders of hematological, endocrine, or nervous sys-
tem as well as clinical and biochemical imbalances that are related to the existence of
malignant tumors but are not directly linked to the tumor invasion or the metastasis of
the original tumor [1]. The skin may also provide a clinician with signs that are sugges-
tive of systemic diseases, thus contributing to the diagnosis of many diseases, including
malignant tumors [2,3].

Globally, esophageal cancer is one of the leading causes of cancer mortality, being
responsible, together with other gastrointestinal cancers, for about 1/3 of all disability
adjusted life-years (DALYs) from cancer [4,5]. In the last almost 20 years, the incidence
of this pathology has increased for the new cases by 52.3%, from 310,000 to 473,000, the
number of deaths increased by 40%, from 311,000 to 436,000, and the total DALYs increased
by 27.4%, from 7,680,000 to 9,780,000 [6]. If we refer to esophageal adenoma, in the last
30 years, its incidence has increased faster than of any other solid tumor in the Western
world, with an increase of 500% [7], and the five-year survival rates remain unacceptably
low, at only 10%, reflecting late addressability for esophageal tumors [8].

The low survival rate of patients with esophageal carcinoma and the disabling nature
of the specific paraneoplastic syndrome obliges the scientific community to a prompt
systemic response to combat the phenomenon, which requires major efforts regarding
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early identification and reduction of risk factors, focusing on the problem through the
appropriate allocation of material and human resources, as well as the development of
effective methods of prediction and prophylaxis by monitoring the categories of patients
with predisposing factors [9].

In this article, the authors present clinical photographs of patients with dermatologic
paraneoplastic syndromes within pharyngeal–esophageal malignancies, describe several of
these paraneoplastic dermatoses, and review high-quality scientific literature to be able
to highlight the dermatological signs of pharyngoesophageal malignant tumors useful for
front-line medical personnel in order to improve the early diagnosis of the underlying ma-
lignancy, curative interventions with prompt therapy administration and good prognosis.

2. Methods

A literature search was conducted for articles published in the English language in the
ScienceDirect, SpringerLink and PubMed electronic database. The keywords used for our
research purposes were “paraneoplastic syndrome”, “skin manifestations”, “neoplasm”,
“pharynx”. Furthermore, we analyzed clinical photographs of nine patients with parane-
oplastic dermatoses and pharyngeal–esophageal malignancies over a period of 10 years
dating 2012–2022 from the Saint Parascheva Clinical Hospital of Infectious Diseases and the
Saint Apostle Andrew Emergency County Clinical Hospital from Galati, Romania, with the
patient consent forms containing patient details and/or images signed by all the patients.

3. Relevant Literature

The original articles written in English were found in Web of Science, Science Direct,
and Springer Link using the following keywords: paraneoplastic, skin manifestations,
neoplasm, pharynx, esophagus. In the database, 13 papers regarding skin manifestations in
pharyngoesophageal neoplasms were identified [2,3,10–22], which are all shown in Table 1.

Table 1. Skin manifestations in pharyngoesophageal malignancies.

Author
Dermatological
Manifestation

Neoplastic Topography

Thiers et al., 2009 [10]
Lee, 2009 [15]

Dourmishev and Draganov, 2009 [11]
Bolognia et al., 1991 [14]

Bazex et al., 1965 [23]
Ljubenovic et al., 2009 [24]

Bazex paraneoplastic
acrokeratosis/

Bazex syndrome

Upper aerodigestive tract/
pharynx/esophagus

Pipkin et al., 2008 [3]
Ehst et al., 2010 [12]

Edgin et al., 2008 [16]
Boyce and Harper, 2002 [17]

Dourmishev and Draganov, 2009 [11]
Kartan et al., 2017 [25]
Helm et al., 1993 [26]

Kimyai-Asadi et al., 2001 [27]
Choi et al., 2012 [28]

Paraneoplastic pemphigus Hypopharynx/esophagus

Ramos-E-Silva et al., 2011 [2]
Pipkin et al., 2008 [3]

Dourmishev and Draganov, 2009 [11]
De La Torre et al., 2011 [29]

Serrao et al., 2008 [30]

Erythema gyratum repens Esophagus

Pipkin et al., 2008 [3]
Dourmishev and Draganov, 2009 [11] Pityriasis rotunda Esophagus
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Table 1. Cont.

Author
Dermatological
Manifestation

Neoplastic Topography

Thiers et al., 2009 [10]
Ehst et al., 2010 [12]
McLean, 1987 [13]

Dourmishev and Draganov, 2009 [11]

Palmoplantar
keratoderma Esophagus

Leow and Goh, 1997 [18]
Wakata et al., 2002 [19]

Joly et al., 2000 [20]
Anhalt, 2004 [21]

Dourmishev and Draganov, 2009 [11]

Paraneoplastic
dermatomyositis Pharynx

Tutakne et al., 1983 [22]
Leser et al., 1901 [31]

Swartz et al., 1991 [32]
Yeh et al., 2000 [33]

Kameya et al., 1988 [34]
Cohn et al., 1993 [35]

Hodak et al., 1987 [36]
Liddell et al., 1975 [37]
Heng et al., 1988 [38]

Brauer et al., 1992 [39]
Ginarte et al., 2001 [40]

Klimopoulus et al., 2001 [41]
Ohashio et al., 1997 [42]
Kocygit et al., 2007 [43]
Tajima et al., 1991 [44]

Leser–Trelat sign Esophagus

4. Discussion

The pharyngoesophageal junction, also called “the mouth of the esophagus” [45],
represents the passage from the hypopharynx to the cervical esophagus (C5–C6 vertebral
interspace, inferior cricoid cartilage border) and is a high intraluminal pressure area that
serves as a barrier between the pharynx and the cervical esophagus. Three responses are
implied by this definition: tone generation, phasic response activity, and sphincter opening.
During swallowing, the pharyngoesophageal junction relaxes and opens, allowing foods
and liquids to pass into the esophagus while acting as a barrier to retrograde flow. By
doing so, it performs an important protective function, preventing aspiration of acidic
gastric content into the respiratory tract on the one hand, and on the other—entry of air into
the esophagus. The pharyngoesophageal junction also allows retrograde flow of material
during belching and vomiting due to physiologic relaxation.

Not only anatomy but the treatment and prognosis of these tumors are intermediate
between hypopharyngeal and esophageal tumors [45]. The diagnosis of this type of neo-
plasms varies depending on the circumstances of emergence and the neoplastic growth
in this region. Pharyngeal–esophageal tumor symptoms are primarily characterized by
selective dysphagia, for solid food at the beginning and total dysphagia afterwards, de-
pending on the tumor evolution, but leading in the end to the alteration of the nutritional
status [45]. This is often a sign of an advanced stage of this disease, but other symptoms
are also present, such as weight loss, retrosternal pain, nausea, vomiting, dyspepsia, and
anemia. Patients with pharyngoesophageal neoplasms often complain about paresthesia
in the pharyngeal region, fetid halitosis, eructation, regurgitations, and foreign body sen-
sation [45]. Metastases often develop in the liver, brain, lungs, and bones. According to
HRQOL (health-related quality of life) questionnaires [46], the specific esophageal symp-
tomatology persists or even deteriorates, leading to a poor quality of life in esophageal
carcinoma survivors compared to the general population.
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Squamous cell carcinomas in the hypopharynx (HP) and the cervical esophagus are
two distinct diseases with different staging systems and treatment approaches. A pharyn-
goesophageal junction tumor involves both the hypopharynx and the cervical esophagus
at the same time, but there have been few reports focused on pharyngoesophageal junction
tumors. Although the hypopharynx and the cervical esophagus are anatomically adjacent,
squamous cell carcinomas of the hypopharynx (HP) and cervical esophagus are distinct
diseases with different staging systems and ways of treatment.

Cervical esophageal cancer is a very rare disease and is often locally advanced at the
time of diagnosis, making local lesions difficult to control and survival rates low. The
aggression of cervical esophageal carcinoma is high as it tends to grow in an abundant
lymphatic drainage area and fails to produce early symptoms; it also easily and frequently
extends towards the hypopharynx; these tumors are sometimes treated with schedules
for locally advanced head and neck squamous cell carcinoma (LAHNSCC) which consist
of 70 Gy in 35 fractions and 100 mg/m2 cisplatin on days 1, 22, and 43 of radiotherapy
(RT) (The National Comprehensive Cancer Network guidelines for head and neck cancers);
dCRT is related to life-threatening adverse events in 5–10% of patients; thus, further
research is needed to define the optimal treatment schedule with adequate survival and
acceptable toxicity [47].

Local failure of a neoplasm is a significant predictor of survival of cancer patients.
Uno et al. [48] found that after definitive chemoradiotherapy (dCRT), none of the patients
with initial local failure as determined by endoscopic examination survived more than
20 months compared with 2–5-year survival rates of 60% and 40%, respectively, in patients
with initial local control. Local recurrences can be treated with saving surgery, which has
a high morbidity rate, but it is the only option for relatively long-term survival. If not,
palliative care options must be considered. Because of delayed diagnosis, poor performance
of the majority of patients, and the high malignancy potential associated with particular
anatomic characteristics, local and distant metastases occur frequently, with a 12–30%
increased synchronous or metachronous risk, the survival rates for these kinds of patients
being very poor. Cervical esophageal carcinoma is a very rare disease and often locally
advanced at the time of diagnosis, resulting in limited locoregional disease control and
poor survival. Finally, we need to recognize that optimal clinical support is needed to
maintain dietary intake and exercise to optimize patient outcomes and quality of life.
Cervical esophageal cancer is uncharted territory for many practitioners. Treatment of
cancer in this region is often challenging due to its location in the cervical region, and most
tumors are locally advanced cancers that have invaded the surrounding vital structures.
To improve the survival outcomes and decrease the morbidity and mortality rates, future
research should focus on the early detection of these cancers and improve treatment design
by investigating innovative radiation schedules and identifying the optimal backbone for
systemic therapy.

Clinical nutrition is required in the case of such patients as their nutritional status
is assessed upon admission using body mass index protocols. Clinical nutrition must be
maintained throughout the hospitalization while clinical parameters for each patient are
evaluated (required caloric intake, biochemistry). If the digestive tract is functional, enteral
nutrition via nasogastric tube, jejunal or gastric stoma with standardized nutritional supple-
ments should be started as soon as possible [45]. The best medical approach to this disease
is determined by a variety of factors, including general status, systemic and local implica-
tions, type of neoplasm, medical resources, and the acceptance of illness by the patient and
their approval for medical attention [49,50]. One of the most important modern concerns
in the management of this type of neoplasms is multimodal therapy that includes different
medical and surgical specialties, also including, and very importantly, a psychologist.

Hebra was the first to recognize that skin pigmentation can indicate presence of
visceral cancer in 1868 [51]. Since then, more than 50 dermatologic conditions have been
identified as potential cancer markers [52]. Malignant diseases may involve the skin directly
or indirectly. Direct involvement denotes the presence of tumor cells in the skin as a result
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of direct tumor extension or metastasis. In turn, indirect involvement is caused by a
variety of factors, such as inflammatory, proliferative, or metabolic factors related to the
neoplasm, such as polypeptides, hormones, cytokines, antibodies, or growth factors that
act as mediators and interfere with cell communication and, thus, activity. There are no
neoplastic cells in the skin in this case, so this involvement is classified as a dermatologic
paraneoplastic syndrome [10,53].

At first glance, paraneoplastic skin manifestations may appear benign, and it is not
always easy to establish a link between a dermatologic finding and an internal malignancy,
let alone define the frequency of this association in the general population [52,53].

4.1. Bazex Paraneoplastic Acrokeratosis or Bazex Syndrome—Pharynx, Esophagus

In 1965, Bazex et al. [23] described the first patient with this condition as follows:
“paraneoplastic syndrome with hyperkeratosis of the extremities”, because mainly it affects
the nose, ears, hands, elbows, knees, and feet.

About 80% of cases are associated with upper aerodigestive tract tumors, such as of
oral cavity, larynx, pharynx, trachea, esophagus, and lungs, and squamous cell carcinoma
metastasis to cervical lymph nodes appears to be widespread in Bazex syndrome patients.
In a retrospective study, the oropharynx and the larynx were involved in 48.6% of the
cancers, followed by the lungs (17%) and the esophagus (10.6%) [10,15,54].

It appears as symmetrical erythematous–violaceous scaly patches on the dorsum of the
helix, nose, and distal ends of the extremities, with a psoriasiform aspect [54]. Desquama-
tions occur in the dorsal and palmoplantar regions as the disease progresses, and nails are
affected by subungual hyperkeratosis, dystrophy, and onycholysis (Figures Figures 1–3).
Other areas, such as the scalp, arms, knees, and legs, may be affected over time, with lesions
spreading centripetally [24].

 

Figure 1. Bazex syndrome lesions.

 

Figure 2. Bazex syndrome lesions.
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Figure 3. Bazex syndrome lesions.

Bolognia et al. [14] reported the following findings in a retrospective study of the
primary location of malignancies in 113 patients with Bazex syndrome: oropharynx and
larynx, esophagus, lung, including one with an associated pyriform sinus carcinoma, and
isolated cases of prostate, liver, stomach, vulva, bone marrow, and uterus.

4.2. Paraneoplastic Pemphigus—Hypopharynx, Esophagus

Paraneoplastic pemphigus is considered a rare autoimmune disorder usually associ-
ated with confirmed or occult malignancy [55]. Patients typically present with extensive
and painful mucosal and cutaneous involvement, usually having an overall poor progno-
sis [25,26]. Patients present with a variety of lesions with different morphologies, ranging
from flaccid vesicles to extensive eruptions, some of which may be intensely itchy [25,27]
(Figure 4,Figure 5,Figure 6). Paraneoplastic pemphigus always shows early mucosal in-
volvement in the form of vesicles or bullae leading to painful mucocutaneous erosions and
severe stomatitis, which may morphologically resemble pemphigus vulgaris [25,28].

Histologically, paraneoplastic pemphigus can resemble lichenoid eruptions (such
as lichen planus, erythema multiforme drug eruptions), and other immunobullous dis-
eases (pemphigus vulgaris, linear IgA bullous dermatosis, pemphigus foliaceous, IgA
pemphigus, herpetiform pemphigus, drug-induced pemphigus). Correlation with clinical
findings and immunofluorescence is invaluable in arriving at the correct diagnosis because
etiopathogenetic differentiation can lead to a favorable prognosis [29].

 

Figure 4. Pemphigus vegetans.
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Figure 5. Pemphigus vulgaris.

 

Figure 6. Pemphigus vulgaris—incipient phase.

Oral involvement with painful stomatitis is seen in almost all cases and can often be the
first symptom, generally the least responsive to treatment. Oral lesions can be severe and dif-
fuse, affecting the hypopharynx and the esophagus; they may also involve the conjunctival
and anorectal mucosa. Skin manifestations range from erythema multiforme-like papules
and plaques to pemphigus vulgaris-like vesicles and blisters and even lichen planus-like
pruritic plaques [16]. In contrast to pemphigus vulgaris, acral and paronychial involvement
is possible. Some patients develop respiratory complications such as bronchiolitis obliter-
ans, which can lead to respiratory failure. Sepsis, hemorrhage, and respiratory failure are
all associated with a high mortality rate in patients with paraneoplastic pemphigus [54].

4.3. Erythema Gyratum Repens—Esophagus

Erythema gyratum repens (EGR) is a paraneoplastic rash associated with a variety
of malignancies and is considered one of the most prominent skin manifestations of solid
tumors. EGR has a characteristic appearance consisting of undulating erythematous
concentric bands that may be figural, circular, or annular [56,57].

Malignant neoplasms are found in 82% of patients with erythema gyratum repens [55,58,59].
Lung cancer is the most common (32%), followed by esophageal cancer (8%) and breast
cancer (6%). Other malignancies such as colon, gastric, bladder, prostate, uterine, rectal, and
pancreatic cancers, as well as multiple myeloma, have also been associated with erythema
gyratum repens [30]. Approximately 80% of patients are diagnosed with erythema gyratum
repens prior to the neoplasm, four to nine months prior to the diagnosis on average. Rarely,
non-neoplastic diseases such as tuberculosis, pregnancy, calcinosis, esophageal dysmotility,
sclerodactyly, Sjögren syndrome, and CREST syndrome may be associated with erythema
gyratum repens [54,58].

4.4. Pityriasis Rotunda—Esophagus

The associated neoplasms include hepatocellular, gastric, and esophageal carcinoma,
prostate cancer, chronic lymphocytic leukemia, and multiple myeloma [3]. Pityriasis com-
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monly refers to flaking (or scaling) of the skin [55,59]. Although the conditions beginning
with the name pityriasis have a different etiology, they do represent important dermatologic
diseases, such as pityriasis versicolor or pityriasis folliculorum [59].

This disease is distinguished by multiple macules, which are circular, with hypo- or
hyperpigmentation, usually found on the torso.

4.5. Palmoplantar Keratoderma—Esophagus

It is a disease characterized by changes in keratinization that may be inherited or ac-
quired (Figure 7,Figure 8). Several associations with malignancy have been described [55].
The prototype of the inherited disease is Howel–Evans syndrome, in which the risk of de-
veloping oral or esophageal carcinoma in increased 36-fold [55]. Skin lesions usually begin
in childhood, although neoplastic involvement occurs at an average age of 61 years [10].
The pathogenesis of the syndrome has been linked to chromosome 17q24, a site where
keratin is formed [12].

 
Figure 7. Palmar keratoderma.

 
Figure 8. Plantar keratoderma.

4.6. Paraneoplastic Dermatomyositis–Pharynx

Dermatomyositis is a rare idiopathic inflammatory myopathy that presents clinically
with proximal muscle weakness and characteristic cutaneous manifestations [22].

Skin lesions can be classified as pathognomonic, characteristic, and compatible with
dermatomyositis [31], but periorbital heliotropic rash and erythematous maculopapular

18



Life 2022, 12, 1705

lesions covering bony prominences are the more specific or pathognomonic manifestations
of dermatomyositis [31,32]. The heliotropic rash appears as a red-to-purplish confluent mac-
ular erythema that affects the eyelids, upper cheeks, forehead, and temples symmetrically
and is frequently associated with eyelid and periorbital tissue edemas [56].

In Southeast Asia, the incidence of nasopharyngeal carcinoma in men with or without
dermatomyositis is increasing [18]. Another retrospective study described 12 patients
with internal malignancy among 64 patients with polymyositis and 28 patients with der-
matomyositis. Four of these 12 patients had malignancies of the gastrointestinal tract
(two 74- and 75-year-old male patients had gastric carcinoma, another 51-year-old female
had pharyngeal carcinoma, and one female had pancreatic carcinoma) [19]. Erosions of the
oral cavity, pharynx, conjunctiva, gastrointestinal mucosa, and even anogenital area are
examples of mucosal involvement [20,21].

4.7. Leser–Trelat Syndrome (LTS)—Esophagus

Ulysse Trelat (1884) and Edmund Leser (1901) [33] were the first surgeons to propose a
link between internal malignancies and multiple seborrheic keratoses. There is no evidence
of dermatitis or erythroderma prior to the appearance of seborrheic keratoses on the skin,
and pruritus is a leading symptom in approximately half of the cases [34].

This syndrome is a relatively rare clinical condition found to be associated with
internal malignancies and characterized by the sudden and eruptive appearance of multiple
seborrheic keratoses in association with underlying malignant disease [56] (Figure 9).

 
Figure 9. Leser–Trelat syndrome.

Most patients with LTS have adenocarcinomas, most commonly of the stomach [35,55],
colon, or rectum [36–42], or, less commonly, carcinomas of the esophagus [22], duode-
num [43], pancreas [44], gallbladder [4], or hepatocellular carcinoma [60–62].

Finally, 80% of the patients with paraneoplastic dermatoses found at our clinic, filtering
for the pharyngoesophageal malignancies, were the ones with esophageal neoplasms, out
of which seven were female and two were male, making esophageal cancer more common
within paraneoplastic dermatoses within pharyngoesophageal malignancies.

5. Conclusions

Numerous systemic diseases can be diagnosed through the skin, including changes
suggestive of internal malignancies. Cutaneous paraneoplastic syndromes are important
clinical markers that may precede, co-occur with, or follow the diagnosis of a specific
neoplasm. Plenty of dermatoses have been correlated with underlying neoplastic processes,
many of which correlate with specific neoplasms, thus providing an important diagnostic
aid. Skin manifestations suggestive of a malignancy are extremely useful in making
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a definitive early diagnosis. The knowledge of paraneoplastic syndromes is essential
for first-line clinicians to improve the prognosis and the quality of life of patients. The
data presented may contribute to the development of continuing postgraduate education
programs for physicians of various specialties.
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Abstract: Background: Atopic dermatitis (AD) is a chronic relapsing inflammatory skin disease that
can affect patients’ quality of life. Dupilumab is the first biologic agent approved for the treatment of
patients with inadequately controlled moderate-to-severe AD and its mechanism of action is based
on the inhibition of the interleukin (IL)-4 and IL-13 signaling. There are only a few data on the safety
of dupilumab in AD patients with comorbidities, including kidney disorders. Materials and Methods:
Descriptive retrospective series of three patients with chronic kidney diseases (Alport syndrome,
IgA nephropathy, and hypertensive nephrosclerosis, respectively) receiving dupilumab for their
concomitant severe AD. Results: Treatment with a standard dosage of dupilumab caused a relevant
improvement of AD in all patients without any adverse events or worsening of renal function. In
a patient with severe renal failure, the drug was effective and well tolerated without the need for
any dose adjustments, also after the initiation of peritoneal dialytic treatment. Conclusion: Our case
series suggests the use of dupilumab as an effective and safe treatment for AD patients suffering
from renal diseases, although additional studies are required to confirm such preliminary findings.

Keywords: atopic dermatitis; dupilumab; Alport syndrome; IgA nephropathy

1. Introduction

Atopic dermatitis (AD) is a chronic relapsing inflammatory skin disease that can have
a significant impact on the quality of life of affected patients and their families. Dupilumab
is a human monoclonal antibody that inhibits interleukin (IL)-4 and IL-13 signaling by
binding the shared alpha-subunit of the IL-4 receptor, thus reducing the Th2 response [1].
Dupilumab is the first biologic agent that has been approved for the treatment of patients
with inadequately controlled moderate-to-severe AD. There are only scant data on the
safety of dupilumab and other systemic therapies in AD patients with comorbid conditions,
including kidney disorders, as well as elderly patients, also because such patients are
usually excluded from randomized clinical trials [2].

We describe three male adult patients with severe AD and kidney disease who were
safely and successfully treated with a standard dosage of dupilumab (600 mg induction
dose followed by 300 mg every 2 weeks thereafter).

2. Report of Cases

The first patient reported a long personal history of allergic rhinitis, asthma and
severe AD, secondary arterial hypertension, and chronic kidney disease due to Alport
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syndrome, a rare hereditary disease caused by mutations in the type IV collagen genes
COL4A3, COL4A4, and COL4A5, affecting the renal glomerular basement membrane [3]. A
reduction in the Eczema and Severity Index (EASI) of at least 90% from baseline (EASI 90)
was reached after 16 weeks of treatment with dupilumab. One year after treatment initiation,
an almost complete clearance of AD lesions and a slight improvement of renal function
were noticed (Table 1). These effects persisted after two years of continuous treatment.

Table 1. Characteristics of three male patients with severe AD and chronic kidney disease and their
laboratory parameters at baseline (T0) and after one year of treatment with dupilumab (T1).

Patient 1 Patient 2 Patient 3
Age at Baseline (yrs) 36 44 77

Renal disease Alport syndrome IgA nephropathy Hypertensive
nephrosclerosis

Concomitant treatment Ramipril Ramipril Nifedipine

Previous treatmentsfor AD ˆ
Emollients, topical

corticosteroids,
phototherapy

Emollients, topical
corticosteroids

Emollients, topical
corticosteroids

T0 T1 T0 T1 T0 T1

EASI score 31 1 27 0 37.5 6
P-NRS 7 2 7 0 10 4

IGA score 4 1 4 0 4 1
DLQI score 20 1 15 0 25 2

Serum IgE (IU/mL) 50.1 40 145 58.7 103 55
Eosinophils (%) 5.1 4.5 2.1 2 13.3 10.7

Serum creatinine (mg/dL) 2.15 1.87 0.90 1.05 4.85 4.94
eGFR (mL/min/1.73 m2) 38 43 97 86 12 12

Proteinuria (g/24 h) 2.40 2.50 1.61 1.39 1.2 1.1

ˆ Phototherapy was refused by patient 2 because of difficulties with work schedule and by patient 3 because
of problems related to travel time and distance. AD, atopic dermatitis; DLQI, Dermatology Life Quality Index;
EASI, Eczema Area and Severity Index; eGFR, estimated glomerular filtration rate; IGA, Investigator’s Global
Assessment; P-NRS, pruritus numerical rating scale. Normal range of laboratory parameters: eosinophils 0.3–6.2%;
serum IgE < 100 IU/mL; eGFR > 90 mL/min/1.73 m2; serum creatinine < 1.20 mg/dL; proteinuria < 0.20 g/24 h.

The second patient, affected by IgA nephropathy, reported a 10-year history of pollen
allergy and a 4-year history of severe AD. AD manifestations rapidly improved with
dupilumab leading to the achievement of EASI 90 in two months. After one year, a
consistent reduction in AD scores was registered, while serum creatinine and glomerular
filtration rate did not show remarkable changes; a slight reduction in proteinuria was
observed (Table 1). Such results were maintained after 34 months of continuous therapy
with dupilumab.

The third patient was an elderly subject with severe AD, chronic kidney disease
probably due to hypertensive nephrosclerosis, and chronic obstructive pulmonary disease.
After one year of therapy with dupilumab, AD scores dramatically improved and renal
function remained stable (Table 1). Clinical results after 16 weeks of therapy are shown in
Figure 1. However, due to the severity of the renal disease, peritoneal dialysis was initiated
one year after dupilumab initiation, without the need for any dosage adjustments. During a
12-month follow-up period following the start of peritoneal dialysis, dupilumab treatment
continued to be effective in controlling AD and did not induce any untoward effects or
further deterioration of renal function.

All patients applied emollients and used short courses of topical corticosteroids on an
as-needed basis, especially in the initial treatment phases.

Table 1 summarizes the main characteristics of patients and results after one year of
treatment with dupilumab.
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Figure 1. Patient 3 at T0 (A) and after 16 weeks of therapy with dupilumab (B).

3. Discussion

Dupilumab proved to be safe and effective in these three patients with severe AD and
concomitant kidney disease, without any adverse events or worsening of renal function
during treatment. Moreover, in the third patient affected by severe renal failure, the renal
function remained stable during treatment with dupilumab, and no dose adjustments were
required, even after the initiation of peritoneal dialytic treatment.

Only a few publications described the use of dupilumab for AD in patients with severe
systemic comorbidities, including renal diseases [2,4]. However, the effects of dupilumab
treatment on renal function or detailed safety data have been specified in a limited number
of reports, mainly regarding isolated cases.

Renal disease is an obvious contraindication to cyclosporine, one of the most com-
mon therapeutic options for severe AD. Moreover, patients with chronic kidney disease,
especially those with end-stage renal failure or on renal replacement treatment, frequently
complain of chronic pruritus [5]. Therefore, concurrent renal disorder may influence itch
intensity in patients suffering from concurrent AD or other pruritic dermatoses. Inter-
estingly, Zhai et al. reported the response of various pruritic conditions to dupilumab,
documenting the improvement of symptoms in five patients with uremic pruritus, one of
whom in hemodialytic therapy [6].

Kha et al. described a renal transplant man with uremic pruritus, acute flare of AD and
superimposed prurigo nodularis coinciding with recent transplant failure who was treated
with dupilumab for 8 months [7]. Treatment was efficacious and well tolerated, and changes
in the concurrent immunosuppressive therapy were not necessary. Similarly, another report
demonstrated that dupilumab was safe and effective for severe and recalcitrant AD in an
immunosuppressed renal transplant patient with an unspecified genetic renal syndrome [8].

Varma et al. presented the case of a 22-month-old child with a history of hydronephro-
sis and other pathological conditions, whose AD dramatically improved after receiving
three doses of dupilumab [9]. A recent publication outlined the positive outcomes obtained
with dupilumab in two children with AD and nephrotic syndrome [10].

Anecdotal and contrasting findings exist regarding the safety of dupilumab in patients
with IgA nephropathy. IgA nephropathy is the most common primary glomerulonephritis
in the world and is characterized by the deposition of IgA1-containing immune complexes
in the glomerular mesangium responsible for glomerular injury. Pathogenesis of IgA
nephropathy is only partially known and appears to be complex. Excessive activity of T
lymphocytes, especially the Th2, Tfh, Th17, and Th22 subpopulations, is likely to have a
relevant pathogenic role [11]. Moreover, it has been speculated that IgE might be involved
in the pathogenesis of IgA nephropathy and serum IgE level might be associated with
renal progression [12].
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In our patient with IgA nephropathy, a slight reduction in proteinuria was detected
during treatment with dupilumab. IgE levels were only slightly above the normal range
at baseline and marginally decreased after one year of dupilumab treatment (Table 1).
Tanczosova et al. reported similar positive results in a patient with IgA nephropathy whose
severe AD worsened during prednisone tapering [13]. In their patient, after treatment with
dupilumab for 9 months in association with a minimum dose of prednisone, such authors
observed the achievement of EASI 90, an improvement of renal laboratory parameters,
and a substantial decrease of serum IgE levels (from the baseline value of 12,500 IU/mL
up to 3490 IU/mL). Tanczosova et al. hypothesized that reasons for the improved renal
function after dupilumab therapy could be the inhibition of systemic inflammation and the
reduction of IgE concentrations [13].

In another report (14), a relevant decline in serum IgE levels and an unexpected rapid
deterioration in renal function were described during treatment with dupilumab in a patient
with severe AD and minimal renal dysfunction. After stopping dupilumab, a renal biopsy
was performed, and primary IgA nephropathy was diagnosed. The authors of this report
suspected the involvement of IL-4 neutralization in IgA nephropathy exacerbation through
the possible activation of Th17 cells or Toll-like receptor signaling [14]. Therefore, the role
of dupilumab in IgA nephropathy is still controversial and requires further investigations.

In conclusion, the present cases suggest that dupilumab can be an effective and safe op-
tion in AD patients suffering from renal diseases. However, more data are necessary to bet-
ter define the safety profile in subjects with relevant comorbidities and special patient pop-
ulations, including patients with chronic kidney disease and subjects treated with dialysis.
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Abstract: Psoriasis is not optimally controlled in spite of newly developed treatments, possibly due
to the difficulty of objectively quantifying the disease’s severity, considering the limitations of the
clinical scores used in clinical practice. A major challenge addresses difficult-to-treat areas, especially
in the absence of significant body surface involvement. It is controversial whether the severity
evaluation of patients with several affected areas (having at least one difficult-to-treat area) should
be done differently from current methods. Scores used for special areas (PSSI, NAPSI and ESIF)
allow an accurate assessment of disease severity in difficult-to-treat areas, but the issue of whether to
integrate these scores into PASI, BSA or DLQI remains. The review’s purpose resides in providing
an overview of the main current issues in determining psoriasis severity in patients with psoriasis
in difficult-to-treat areas and suggesting possible solutions for the optimal integration of the area
assessment in current scores: severity can be either established according to the highest calculated
score (PASI or PSSI or NAPSI or ESIF) or by adding a correction factor in the calculation of PASI for
special areas.

Keywords: psoriasis; psoriasis scores; difficult-to-treat areas

1. Introduction

Psoriasis, an autoimmune systemic skin disease, has joint involvement in 30% of cases
(psoriatic arthritis—PsA) [1,2]. Psoriasis management brings many challenges, including
an increased prevalence over the past years, chronicity, high grade of disability for some
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cases and associated comorbidities [3]. Psoriasis plaques are more common on the ex-
tensor surfaces but may be present in any area of the body, including the scalp, groins,
and genital area. Nails are frequently affected and can be seen as isolated locations [1,2].
Genetic factors are various [1–3], and other factors that may trigger or exacerbate psori-
asis can include: stress, body mass index (BMI), infection, drugs (beta-blockers, lithium,
angiotensin-converting enzyme (ACE)-inhibitors, (synthetic) antimalarials, tetracyclines,
non-steroidal anti-inflammatory drugs (NSAIDs)), withdrawal of systemic (or even potent
local) corticosteroids, chronic alcohol consumption, smoking, friction, minimal trauma of
the skin—even a slight irritation, radiotherapy, endocrine disorders, and many other [3–6].

Psoriasis is a persistent public health problem involving almost 125 million humans
all around the globe [7], although 81% of the world’s countries are lacking in psoriasis
epidemiology [8]. The prevalence within adult populations estimates at between 0.91% in
the United States of America (U.S.A.) and 8.5% in Norway, increasing in the world from
758/100,000 cases in 1990 to 812/100,000 cases in 2017. The highest incidence rates are in
the European region, where an increase in incidence from 143.7 cases per 100,000 in 1990 to
147.2 in 2017 was reported [4,9,10]. This supports the statement that there is great variation
in the prevalence rates among the world’s regions, with variations from 0.73% (to even
2.9%) in Europe or 0.7 (even 2.6%) in the United States, to under 0.5% in Asia (China, Sri
Lanka), Latin America, India, or Africa (Tanzania, Egypt) [11].

In Romania, psoriasis affects approximately 400,000 people, as evidenced by the first
epidemiological study published recently in 2021 [12]. The prevalence of psoriasis vulgaris
within this study was 4.99% [12] (although there are other sources reporting percentages as
high as 5.18) [13]; this study is currently continuing in order to assess factors contributing
to the increase in psoriasis prevalence over time [12].

Psoriasis displays diversity in presentation and treatment results, varying with disease
extent in time, affected areas and affected body surface percentage. Perception of psoriasis
severity differs at baseline from long-term disease course. Disease severity guides treatment
decisions, choice of medication and the intensity of the treatment response, as well as
eligibility criteria for participation in phase II or III clinical trials. In daily clinical practice,
physicians evaluate psoriasis severity by combining subjective and objective parameters
involving the skin involvement extension, signs and symptoms, and also the specific
location of lesions and the impact on every patient’s quality of life [14,15].

There is great variability in quantifying the severity of the disease worldwide, and
we aimed to evaluate the current guidelines/recommendations and the severity scores in
order to achieve better results as an integrated approach to the disease by combining the
existing scores in current therapeutic guidelines, recommendations and protocols.

2. Materials and Methods

The current work is the outcome of conducting a thorough, comprehensive analysis
of the current specialty literature, generating a narrative review type of article by using
updated materials starting from the year 2000 and beyond, with the exclusion of prior
materials and data reported in languages other than English. Database/record searches
were carried out using Pubmed, Web of Science, and Google Scholar, by utilizing such key-
words as: “psoriasis”, “psoriasis scores”, “PASI”, “BSA”, “PGA”, “IGA”, “DLQI”, “PSSI”,
“NAPSI”, “ESIF” and “difficult-to-treat areas”, individually or combined, generating the
current work after selection of the most representative, relevant and work-related, pertinent
articles. After searching three databases and zero registers, eliminating articles irrelevant
to the current subject, based on 59 relevant results, the following review was compiled.

3. Current Challenges in Disease Severity and Treatment Goals

In the past decade, new treatments and treatment strategies have become available,
especially for those that suffer from moderate-to-severe forms of the disease. Amidst
these newly developed drugs, biologics ensure the selective immune-mediated pathway
inhibition involving cytokines: tumor necrosis factor (TNF), interleukin 23 (IL-23), IL-17,
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IL-36, etc. [16,17]. Besides all of these advancements, psoriasis is still not always optimally
treated; the patient satisfaction rate with the existing therapies remains modest; meanwhile,
the disease burden is at high levels, in spite of the effectiveness of new treatments [17,18].

An explanation for the suboptimal response to treatment and outcomes could be the
difficulty in quantifying the disease severity and the limitations brought by the commonly
used clinical scores. Quantifying disease severity has implications for treatment selection
and assessing therapeutic efficacy. There already exist many severity classification systems,
but without reaching a general agreement or allowing the explicit separation into the
moderate and the severe disease types, although making this clear-cut dissociation could
make a difference in making the therapeutic choice. Reaching a consensus on setting a clear
definition for severity is of special importance in medical research, clinical practice, and
also for insurance and healthcare authorities in order to evaluate the extensive range of
therapies now available for psoriasis [19–22].

Psoriasis severity includes the subjective or objective assessment of the disease: phys-
ical aspects, symptoms, the disease impact and the long-term disease and treatment re-
sponse history categorization. There are numerous methods for assessing the severity of
the disease: Body Surface Area (BSA) involved, Psoriasis Area and Severity Index (PASI),
Physician’s Global Assessment (PGA), Investigator Global Assessment (IGA), Dermatology
Life Quality Index (DLQI). There is great variability in quantifying the severity of the
disease worldwide; the PASI score is frequently used in Europe, both for assessing the
disease severity and for treatment response monitoring. PASI is less frequently used in
daily clinical practice in the USA, for example, where dermatologists make use of the BSA
and IGA in their evaluation for making a therapeutic decision [19].

3.1. Body Surface Area (BSA)

BSA is a severity assessment tool that implies the estimation of the extent of body
surface involvement by measuring the total area of the body affected by psoriasis. The
“palm method” takes into account that the palm of the patient is the equivalent of 1% of
the body surface (total BSA = 100% equivalent to 100 palms). Psoriasis may be considered:
mild if <3% BSA, moderate 3% to 10% BSA, and severe > 10% BSA [19].

When using the percentage of BSA as an indicator of psoriasis severity, it is important
that the measurement be made as accurate as possible. There are many question marks
regarding the accuracy of BSA: does ‘the palm’ imply the actual palm or the palm’s entirety,
with the fingers and thumb? The full stretched hand area, with the digits, is almost
0.8% for males and 0.7% for females. Assuming incorrectly that the palm area is 1% BSA
might lead to an almost 50% misrepresentation of the measurement. According to the
recommendations, the entire surface of the palm with five digits is roughly 1% [23].

3.2. Physician‘s Global Assessment (PGA)

The PGA is another tool used in order to assess the severity of psoriasis, which uses a
scale with 7 items ranging from clear to severe. Global assessments are used in evaluating
extensive disease forms and also for localized plaques. Two disease forms are considered—
the static one, measuring the doctor’s disease assessment at a single point in the patient’s
disease course, and a dynamic one evaluating the global amelioration starting from the
baseline. Starting from the idea that it is difficult for physicians to remember the severity of
psoriasis at the time of initial diagnosis or in subsequent monitoring, the static PGA has
become the standard option for practice use [24].

3.3. The Psoriasis Area and Severity Index (PASI)

PASI represents an extensively utilized tool in psoriasis trials that assesses and sets
into grade the lesions’ severity and the treatment response. This score evaluates the scaling,
redness, induration, and extent of plaques per body region.

The PASI is limited in accuracy establishing. The first limitation comes from the
specific PASI formula and location of lesions for hard-to-treat psoriasis. Considering the
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case of a patient with 3 affected areas, with minimal trunk involvement and a moderate-
severe involvement of the scalp and/or face—the severity of the score using PASI could be
deficient and lead to an under-treatment of the patient.

The second limitation is the estimation of the percentage of BSA extension—in which
case, there is much variation in those suffering from limited lesions, resulting in poor
detection of changes in mild or moderate psoriasis. The third limitation refers to patients
having variable manifestations of psoriasis with identical PASI scores; for example, one has
widespread but mild severity psoriasis lesions, and another has localized, severe lesions.
Plaque elevation, erythema and scaling are scored equally, treatments improving erythema
or scaling will change the score even more than equally useful treatments that do not—the
latter being the fourth limitation. Absolute PASI is recommended as being a more accurate
measurement for daily practice (PASI < 1 (minimal), PASI < 3 (very mild), PASI < 5 (mild),
PASI 5–10 (moderate) and PASI > 10 (severe)) [25].

3.4. The Investigator Global Assessment (IGA) Scale

The IGA scale is frequently used as the final point to reach in psoriasis treatments [23–25].
The IGA scale is a visual assessment tool that consists of a score ranging from 0 (clear)
to 4 (severe). For a treatment to be considered successful, the affected area must receive
a score of 0 or 1 and experience a two-point improvement from the base line. The IGA
scale is a visible evaluation device that consists of a rating ranging from zero (clear) to four
(severe). The skin rated 4 is bright red, markedly elevated, with a thick, non-tenacious scale.
A successful therapy considers that the area involved needs to have a score of 0/1, with a
2-point improvement from baseline.

3.5. The Dermatology Life Quality Index (DLQI)

The DLQI is a questionnaire reported by patients which were developed because the
patient’s life quality is crucial in proving that skin lesion severity has an effect on the latter.
The questions that make up the DLQI are scored on a four-point scale, as follows: 0, not at
all/not relevant; 1, a little; 2, a lot; and 3, very much, giving a total DLQI score from 0 to
even 30 [26–28].

The DLQI assesses principally physical limitations, and few questions address the skin
diseases’ psychological involvement, aiming at decreased conceptual validity, specifically
in psoriatic disease. Clinical practice proves that DLQI is a superior assessment tool for
severe acute skin diseases and less for those with mild impact or few physical signs but with
important psychological impact (vitiligo, basal cell carcinoma, alopecia areata). Another
concern related to DLQI is that “not relevant” responses could be interpreted as “not at all”
answers; this may lead to bias which could undervalue the severity of the disease. Recent
studies highlighted the fact that the patients who responded as “not relevant” had a higher
degree of severity than those who responded as “not at all”. The rate of “not relevant”
answers was high in moderate-to-severe disease patients supporting the statement that
those using “not relevant” to one or more questions are going to indicate higher severity
of the disease. Because a DLQI score of ≥10 is used for defining severe psoriasis and
may influence the decision to initiate biological treatment, this underestimation of disease
severity for patients with one or more “not relevant” answers could limit their access to
more advanced treatments [26–28].

Treatment goals are a way of guiding physicians toward providing the best possible
outcomes for patients so that, in the end, they can optimize patient care. Multiple definitions
of psoriasis severity exist, which include disease classification mixtures of assessor- and
patient-reported measures. The rule of “tens” is well known, and it describes a “severe
psoriasis” if the BSA involved is >10% and/or PASI > 10 and/or DLQI > 10. There is a high
degree of variability concerning the clinical guidelines establishing the treatment goal and
the success or failure of the treatment (Table 1). At the beginning of 2021, a consensus was
reached regarding (1) the clear separation between the best possible goals and those that are
realistic in setting the therapeutic aim in psoriasis (moderate to severe); (2) the regulation
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of treatment aims needs to be adjusted indifferent to the existing treatment on the market;
(3) the definition of treatment non-performance/inadequacy when not achieving PASI75;
(4) that absolute PASI is to be favored to PASI improvement from what is considered
baseline; (5) that treatment aims could be influenced by disorder attributes, the diseased’s
needs and doctors’ judgment, as well as adherence [29,30].

Table 1. Treatment goals and response and/or failure definitions, with treatment changes in those
with moderate to severe psoriasis [29–31].

Guideline Moderate to Severe Psoriasis Treatment Aim Definitions
Treatment Response and/or Failure Definitions, with Changes
in Those Suffering from Moderate to Severe Psoriasis

European
guideline of
systemic
therapy

Any psoriasis treatment should aim at eliminating all
symptoms of skin inflammation.Necessary: minimum
improvement and particular drug analysis times.

Throughout the phases of induction and maintenance:

� PASI 75—achieved, with treatment maintenance� PASI 50 improvement—not achieved, treatment change
regimen should be modified� PASI response is across 50 to 75%, therapy change(if
DLQI>5), therapy maintenance (if DLQI ≤ 5).

French
guideline of
systemic
therapy

Factors when establishing treatment goals for systemic
therapy:

� Disease severity� PsA/any comorbidity presence� Physical, social and psychological patient disease
impact� The positive benefit-risk balance of ongoing systemic
treatment� Oppinion and satisfaction level of patient

An adequate treatment response:
PASI 75 (from the baseline), or
PASI 50 with DLQI ≤ 5.

British
guideline of
systemic
therapy

Treatment choice according to the patient and other factors:

� Psoriasis features (therapeutic aim, disorder
phenotype, activity pattern, impact and severity of
disorder, PsA presence)� Other factors (age, weight,
comorbidities—past/present, pregnancy,
views/preferences on treatmentfrequency and
administration way, adherence).

� Assessment whether the minimal response have been met
defined as: at least 50% decrease in baseline severity of
disease (a response of PASI 50, otherwise percentage BSA)
and improvement of physical, social or psychological
performance (DLQI—4-point).

Spanish
consensus of
systemic
therapy

The ideal outcome is to achieve: PASI 90 and a PGA ≤ 1, or
as an alternative, a minimal, topical treatment controllable
localized disease (PGA ≤ 2 and PASI < 5), DLQI ≤ 1,
prolonged remissions without loss of efficacy, no worsening
of comorbidities.
Criteria for an appropriate response initially and in the long
term (more than 6 months), 1 of: PASI 75, PASI < 5, PGA ≤ 1
and DLQI < 5.
Criteria for the minimum efficacy required: PASI 50, PASI < 5.

Therapeutic failure during initiation of the treatment:

� a score is equal to or greater than those constituting the
criteria for moderate-to-severe psoriasis at the end of the
induction phase� there is no adequate response according to the physician
and the patient by the end of the induction phase,� a decrease in 50% from the baseline PASI score has not been
achieved (or this degree of response has been lost) after the
induction phase.

Abbreviations. PsA—psoriatic arthritis; PASI—Psoriasis Area and Severity Index; BSA—Body Surface Area;
DLQI—dermatology life quality index; RCT—randomized controlled trial; PGA—Physician’s Global Assessment.

We consider it important to continuously monitor the treatment effects and make
necessary changes during maintenance therapy. Treatment aims can be set for all patients,
but treatment changes/adaptations need to be adapted to each patient when the aim is not
attained [31].

3.6. The Psoriasis Scalp Severity Index (PSSI)

The PSSI measures the psoriasis skin extension and the severity of the scalp erythema,
desquamation and infiltration. The psoriasis-affected skin and the degree of severity for the
PSSI are established by doctors, which ranges from 0 to 72, 0 meaning absence of psoriasis,
with increasing scores revealing more severe disease [32–39]. The PSSI excludes the face
and neck areas. The scalp is a prevalent difficult-to-treat area for psoriasis; the visibility of
lesions and pruritus degree that are associated with scalp lesions may adversely affect the
quality of life of the patient.
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3.7. The Nail Psoriasis Severity Index (NAPSI)

The NAPSI is a nail psoriasis objective assessment instrument that is used to assess
the severity of nail bed and matrix psoriasis by the area of involvement of the nail unit
(each nail is divided into 4 quadrants and given a score for nail bed psoriasis and nail
matrix psoriasis, depending on the presence of any of the features of nail psoriasis in that
quadrant–leukonychia, pitting, red spots in the lunula, crumbling (0 for none, 4 if present
in 4 quadrants of the nail) and respectively, onycholysis, splinter hemorrhages, subungual
hyperkeratosis, “oil drop” (0 for none, 4 for 4 quadrants)). Each nail gets a matrix score
and a nail bed score, the total of which represents the score for that nail (0–8); the sum of all
the nails’ scores is the total NAPSI score (0–80 or 0–160 if the toenails are included in the
calculation) [32].

Nail damage occurs in only 1 to 5% of patients, with 1 in 2 patients with psoriasis
being affected by nail psoriasis at any given time; an estimated lifetime incidence of nail
damage ranges between 80 to 90%.

3.8. The Erythema, Scaling, Induration, and Fissuring (ESIF)

ESIF is assessed for palm, and sole psoriasis using a 4-point scale (from 0 = clear to
3 = severe) and is determined with the addition of scores for the 4 sole signs, with a total
from 0 (absence of disease)–24 (most severe involvement) [37].

A cross-sectional study that included more than 4000 adults with psoriasis from the
Danish Skin Cohort evaluated the involvement of hard-to-treat areas. The most frequently
difficult-to-treat areas are the scalp (in 43.0% of patients), the face (29.9%), nails (24.5%),
soles (15.6%), genitals (14.1%), and palms (13.7%). Sixty-four point 8 percent, 42.4% and
21.9% of patients had involvement of at least one, and respectively at least 2 and at least
three difficult-to-treat areas. According to its severity (Table 2), the prevalence of psoriasis
in the face, scalp, nails genitals was directly proportional to the severity of psoriasis; for
example, 66.1% of patients with severe psoriasis have lesions on the scalp. Among patients
with mild psoriasis, 80.4% had an involvement ≥1 difficult-to-treat area, and the frequency
among those with severe forms increased to 89.0%. Sixty-eight point eight percent and
43.7% of patients suffering from severe psoriasis had at least 2 and, respectively, 3 difficult-
to-treat areas. Courses of action based on results among those with difficult-to-treat areas
suggest that they are the population with the highest disease burden [38].

Table 2. Psoriasis frequency in difficult-to-treat areas with psoriasis severity [38].

Difficult-to-Treat
Areas

% of Patients with
Mild Psoriasis

% of Patients with
Moderate Psoriasis

% of Patients with
Severe Psoriasis

scalp 48.1% 57.8% 66.1%
face 27.6% 41.8% 53.3%

palms 13.5% 22.9% 19.5%
nails 25.6% 31.1% 42.4%

genitals 12.5% 18.1% 27.2%
soles 16.7% 24.7% 22.1%

These difficult-to-treat areas have a limited degree of response to local treatment and
could be classified as moderate or severe psoriasis, even when BSA ≤ 10 and the PASI ≤ 10.
Data collected from the Corrona Psoriasis Registry revealed that 2/3 of psoriasis patients
undergoing biological treatment have psoriatic arthritis and/or at least one form of psoriasis
in an area difficult to treat (scalp, nail psoriasis, palmoplantar). Scores dedicated to these
special areas (PSSI—Psoriasis Scalp Severity Index, NAPSI, ESIF) allow a precise calculation
of disease severity, but they are not integrated into the more commonly used scores such as
BSA, PGA, or PASI [39].

The biggest challenge in establishing the disease severity, therapeutic choice and
efficiency monitoring are “difficult-to-treat” areas, especially in the absence of significant
involvement of the body surface elsewhere. The location and morphological features of
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scalp, nail, palmoplantar and genital psoriasis can often lead to ineffective topical treatment
and often requires systemic treatment [37,40–42].

Determining psoriasis severity for those suffering from difficult-to-treat areas of psori-
asis can be a demanding task due to the fact that some severity definitions depend on the
involved area ratio. Dedicated scores allow a more accurate calculation of disease severity
in special areas, but the dilemma remains whether or not to assess the overall severity of
the disease by integrating these special area scores into scores such as PASI, PGA, BSA and
DLQI. It is debatable whether, in patients with several affected areas (a common situation
in clinical practice, with at least one special area), the classification of the degree of severity
should be made differently from current methods or not.

We have an example of a psoriasis patient having 2 involved skin areas: scalp and
trunk (Table 3). The scalp has erythema, induration and exfoliation of over 70%. Trunk
lesions extend up to 10% with a severity of 4. The PASI score for this patient is 8, indicating
a moderate form of the disease; if in this patient’s case, we would use the PSSI score, the
value will add up to 60 points, indicating a severe form, according to European guidelines.
Severity framing can significantly influence therapeutic options and the choice of effective
treatment for both areas involved [43].

Table 3. Examples of patients’ scores involve difficult-to-treat areas.

Main Area Additional Areas Severity Assessment

trunk
BSA less than < 10%
severity 4 for erythema,
induration and scaling
PASI = 3.6

scalp
>70%

severity 4 for erythema,
induration and scaling

PASI = 8 → PSO moderate
or

PSSI = 48 → PSO severe

nails
matrix and nail bed
completely affected

10 nails

PASI = 6 → PSO moderate
or

NAPSI = 80 → PSO severe

palmo-plantar
both hands or both soles
severity 4 for erythema,

induration, scaling, fissuring

PASI = 8 → PSO moderate
or

ESIF = 24 → PSO severe

Abbreviations: PASI—Psoriasis Area and Severity Index; BSA—Body Surface Area; PSSI—Psoriasis Scalp Severity
Index; NAPSI—Nail Psoriasis Severity Index; ESIF—Erythema, Scaling, Induration, Fissuring.

In a series of 26 psoriasis patients having nail psoriasis [44], there was an impor-
tant(moderate) positive NAPSI and DLQI correlation (p = 0.001). A meta-analysis published
in 2019 showed that the frequency of palmoplantar psoriasis (PPP) of both palms and soles
(59%) was almost 3 times higher than the frequency of any single PPP location, be it palms
(21%)/soles (20%). More than 60% of the patients from the 15 studies included in this
meta-analysis had PPP with at least one additional area involved [45,46].

The severity assessment in patients with several affected areas and at least one difficult-
to-treat area can also raise issues from the point of view of insurance and health authorities:
the existence of country-specific therapeutic protocols limits the use of systemic ther-
apy (biologics, small molecules) for severe psoriasis only to be done according to the
PASI/PGA/BSA/DLQI scores. To meet psoriasis patients’ needs while respecting the
requirements of the authorities involved, we propose to be taken into account the score
that represents the highest degree of severity.

The possible solutions for such practical issues reside in making the classification
by the degree of severity according to the highest calculated score, regardless of whether
it is PASI or PSSI, NAPSI, or ESIF. If, for the 3 examples mentioned above (affecting at
least 2 areas, one of which being difficult-to-treat), the severity assessment would be done
according to the specific scores of the special areas, then the patients would fall into the
category of severe psoriasis, with all of the implications deriving from this classification
(choosing the right treatment according to the involvement of a difficult-to-treat area,
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setting the therapeutic goal, evaluating the success or failure of the therapy). The challenge
of this new possible classification could be the subsequent monitoring of the effectiveness
of the treatment.

Since PASI is considered one of the standards in patient trials (with treatment compar-
ison, having good correlation with multiple objective outcome measures, being the most
validated objective measurement of psoriasis severity, with a test-retest variability of less
than 2%), another solution could be to add a correction factor in the calculation of PASI
for special areas, as in the example of the first patient with 2 areas involved, scalp and
trunk (Table 3). The introduction of a correction factor for that area of the body defined as
hard-to-treat could change the importance of the scalp involvement in the calculation of
PASI and, consequently, the patient’s framing in the severity degrees, reflecting the reality
of usual clinical practice.

4. The Challenges of Individualized Treatment and Evaluating the Treatment Success

The issue of psoriasis in “difficult-to-treat” areas—Psoriasis localized in special areas—
is difficult to treat and is often associated with important physical disability and discomfort.
“Difficult-to-treat” areas are used for describing psoriasis located on the scalp, palms and
soles, and nail, being frequently connected to high emotional and functional impact [32–37].
Some authors also include as part of this classification the psoriasis of the face and inverse
psoriasis [37].

The biggest challenge after establishing the severity of the disease is choosing the
optimal therapy adapted to the patient’s needs, especially in cases with multiple site
involvement and in difficult-to-treat areas [47,48].

Recent advances in systemic treatments may lead to more benefits in patients for
whom topical approaches pose challenges. Scarce-controlled trials had results onsystemic
therapy efficacy and safety (traditional or biological) for psoriasis management in difficult-
to-treat areas. In general, the available evidence is obtained from sub-analyses of trials
which included patients suffering from psoriasis and/or PsA, also having an assessment of
the involvement of the nails, scalp, palms or soles [48].

Another reason for poorer clinical outcomes could be related to the patient. Conven-
tional systemic therapies need various concentrations for local treatment response, toxicity
being an important problem. In addition, selecting the appropriate treatment is problematic
due to the lack of clinical trial data in such locations. Only patients with a minimum of
10% BSA are allowed in the clinical trials for newer targeted biological agents, and that’s
why extended evidence regarding the efficacy of new treatments in patients with lower
BSA involvement or disease involving difficult-to-treat areas is lacking. This approach
impacts the access of patients with decreased disease severity to new therapies in some
national health systems and other payers refusing reimbursements for those lacking a BSA
involvement of at least 10% [48,49].

5. Treatment Goals and Treat-to-Target

In order to reduce the risk of severe comorbidities, doctors should aim at establishing
the goals of treatment so that treatment optimization is achieved, along with the long-term
quality of life. Treatment goals need to be accustomed to disease severity and possible
improvement degree. However, personal treatment aims can vary significantly, surpris-
ingly, between patients with similar disease severity patients. Treatment goals need a
clear discussion with the patient at initiation so that to meet both patient and physician
expectations. Once target goals are defined, an aimed treatment manner can be contrasted
with standard care in order to find the optimal management of the disease (Table 4) [47].

The introduction of biotherapies was accompanied by an increase in the therapeutic
target, the PASI 75 response being replaced today by PASI 90 and PASI 100 with the new
therapeutic classes. These types of aims may need reconsideration in those with lesions
localized in difficult-to-treat areas (scalp, face, soles, palms, nails, genitals), having negative
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emotional effects, with increased disease severity (as compared to the disease severity
evaluated with objective measures (like BSA or PASI) [50,51].

Table 4. Treatment goals in psoriasis are defined by European guidelines.

Severity Scores to Achieve Quality of Life

Treatment goals
(assessed after 10–16
weeks and then
every 8 weeks
treatment goals

PASI 90 or PASI ≤ 2
PGA clear or almost clear DLQI < 2

minimum efficacy (lowest hurdle
for treatment modification) PASI 50 DLQI < 5 or DLQI

improvement ≥ 5
Abbreviations: PASI—Psoriasis Area and Severity Index; PGA—Physician’s Global Assessment; DLQI—
Dermatology Life Quality Index [47].

“Treat-to-target” is a concept that describes the changes in treatment as being suitable
until a designated aim has been attained. The aimed treatment strategy may also be tough
to enforce in world scientific medical practices if the goal purpose is too ambitious and
past the attain of the majority of sufferers. PASI 100 needs to be an ideal aim, as only a
few present treatments are able to reach it in over 50% of sufferers. The UNCOVER-1
study (Study in Participants With Moderate to Severe Psoriasis) revealed that 35.3% of
ixekizumab-treated patients had PASI 100 in the 12th week. Conversely, PASI 90 is viable
in many psoriasis patients (70–80%) medicated with IL-17 and IL-23 inhibitors [52–54].

Other treatment aims’ analyses could be useful in setting a link between various PASI
results. Data from clinical studies on secukinumab showed that achieving a PASI 90 was
linked to an improved life quality (DLQI 0/1) in the 12th week, as compared to PASI 75–89.
When defining treatment goals, it is necessary to accept the fact that a decrease in PASI
is not relevant for all patients. As a result indicator, instead, the modification of absolute
PASI might be even more pertinent. According to the Spanish Psoriasis Group consensus,
absolute PASI is considered to be useful for medical care by superiorly correlating with
DLQI, as opposed to relative PASI amelioration. A reduction of the biological therapy
dosage might be attainable in those having complete/near complete results (PGA 0 or 1;
PASI 90; absolute PASI from <2 to 3). The criteria necessary in order to go back to biological
therapy (in full dosage) include that the absolute PASI values be ≥5 or that there be an
absence of a PASI 75 response [55,56].

The European consensus on the treatment aim for psoriasis reveals the necessity of
minimal improvement degree and treatment-specific assessment time points, but not all
countries mention these minimum evaluation criteria in their guidelines.

6. Treatment Success or Failure for Patients with Difficult-to-Treat Areas

There is treatment failure in accordance with the overall treatment guidelines/consensus
records—what was relevant was the absence of improvement in PASI 50 during the induc-
tion and maintenance phases. These concepts/theories adopted decreased improvement
levels if there was good quality of life, with ≥2 taking into account other factors such as
patient preference and treatment adherence.

One of the questions that have risen in recent years has been related to the implications
of setting higher treatment targets, driven by the very good results of newer biologics [56].
Unfortunately, new biologic therapies are still restrictedly used in a small number of
patients (mainly in those suffering from severe psoriasis). For many patients, there is the
risk that failure in achieving the goals will be defined as treatment failure and therefore
lead to an unnecessary change in therapy. We consider that a clear distinction is needed
between the therapeutic goal (for which the doctor and the patient aim) and the minimum
response criterion (which regulates the change in treatment).
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The minimum response criteria are defined as a PASI 50 response and a DLQI score of
5 units lower than the baseline, assessed every 6 months; failure of treatment means that
there is a lack of PASI 50 improvement. At the same time, if there exists an amelioration
in PASI 50witha DLQI of not less than 5 units from the beginning, then this situation is
also considered treatment failure (Figure 1). The long-term treatment goal is similar to the
recommendations from the EuroGuiDerm Guideline on the systemic treatment of Psoriasis
vulgaris: at least PASI 90 and DLQI < 2. We consider that this approach in setting the
therapeutic target takes into consideration clinical situations with patients having difficult-
to-treat areas or patients with multiple areas, including at least one difficult-to-treat area
while maintaining an equally ambitious therapeutic target [57].

 

Figure 1. Minimum efficiency criteria for moderate-to-severe psoriasis; Δ = improvement of the score
compared to baseline. Abbreviations: PASI—Psoriasis Area and Severity Index; BSA—Body Surface
Area; PSSI—Psoriasis Scalp Severity Index; NAPSI—Nail Psoriasis Severity Index; ESIF—Erythema,
Scaling, Induration, Fissuring.

7. Discussion

Psoriasis found on the face, scalp, intertriginous areas, hands, feet, nails and genitals
are often diagnosed poorly and under-treated. In spite of the small surface area, which
is commonly affected by psoriatic lesions in such areas, patients have increased physical
impairment and emotional distress. Limitations in current disease severity scores do not
fully assess the impact of disease on the quality of life of patients, and many are not
receiving adequate care. In these cases, the therapeutic attitude to adapt is to adapt therapy
(dose increase, therapeutic combination), change of treatment (switch) or continuation of
treatment for the next 3 months with reevaluation [58]. Psoriasis severity classification is
a major problem that needs to be addressed in order to guide the physician’s decisions
regarding treatment, always having in mind that the disease is heterogeneous in clinical
expression and response to treatment, in its duration and involved areas (including the
percentage of body area), being constantly variable [22].

Psoriasis is highly influenced by external factors; the list of triggering factors for flare-ups
is extensive, starting with stress, mild localized skin trauma, different infections and drugs
for different comorbidities, alcohol consumption, smoking, weather etc. A total of 73% of the
patients have at least one comorbidity that can influence the disease evolution and response
to treatment, especially for difficult-to-treat areas [58]. In the given example, the patient with
2 areas affected by psoriasis has been evaluated after 3 months of treatment with ΔPASI 90 for
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lesions on the trunk and ΔPASI < 50 for the scalp. The patient suffered a great level of stress
during these 3 months, but according to aDLQI, there was a significant improvement.

There are many systems classifying psoriasis severity, but none have managed to
reach a consensus, not having clear-cut demarcation between severity degrees (moderate
and severe), the methodology disregarding the involvement of psoriasis in difficult-to-
treat areas; the fact that current practices employ systems that are mainly used by physi-
cians/dermatologists (such as PASI, PGA and/or BSI) and by patients (DLQI) alike is
a step further in psoriasis severity assessment and treatment, the quality of life being
of paramount importance [22]. Figure 2 reveals the raised issues, with point-by-point
explanations and proposed solutions for the clinicians in their daily practice.

Figure 2. Issues and possible solutions in psoriasis severity effective calculation. Abbreviations:
PASI—Psoriasis Area and Severity Index; BSA—Body Surface Area; PSSI—Psoriasis Scalp Severity
Index; NAPSI—Nail Psoriasis Severity Index; ESIF—Erythema, Scaling, Induration, Fissuring.

38



Life 2022, 12, 2050

For psoriasis involving difficult-to-treat areas, the challenge extends from establishing
severity and choosing the optimal treatment to correctly evaluating the efficacy or failure
of the therapy; this is a major problem that our paper addressed, having the advantage
of bringing forth a practical, clinical issue which dermatologists face. There are several
solutions to this issue; the first one is the evaluation of different scores for each area
and the success or failure of the treatment to be evaluated by the area with the smallest
improvement. The second solution is the inclusion of special areas in the treatment goal
algorithm or to use of a completely different algorithm for psoriasis in difficult-to-treat areas
by using the data obtained in different clinical studies or real-world experience. The current
paper has made a summary of the literature at hand, examining the current knowledge on
psoriasis and its score assessment, with the limitation of possibly having a broad area of
research data (a wide range of psoriasis score reporting analysis), but with the advantage
of identifying possible new research areas.

8. Conclusions

In clinical practice, psoriasis severity is usually categorized as “mild”, “moderate”,
and “severe”, using measurement tools that underestimate the actual disease severity in
cases where skin lesions involve ‘special areas such as the face, palms, soles, genitalia and
scalp. It is necessary to consider the lesions’ location and patients’ quality of life in order to
assess psoriasis severity more fully and accurately. The solutions considered for evaluating
difficult-to-treat areas reside in establishing the severity according to the highest calculated
score (PASI or PSSI, NAPSI, or ESIF) and/or in the addition of a correction factor when
calculating PASI for special areas. The algorithms used to monitor and evaluate therapeutic
efficacy should be upgraded with emphasis on the difficult-to-treat areas which greatly
influence the overall severity degree.

The need to redefine disease severity with the inclusion of special areas is becoming
increasingly obvious and should be done practically in order to prove its usefulness in
clinics and research.
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Abstract: The existence of two sequential lymphomas, one localized and one systemic, either both
with B or T lymphocytes, or one with B cells and one with T cells, with the same patient, is a known
possibility. The second lymphoma is often induced by immunodepression or by the initial treatment.
However, the existence of two cutaneous lymphomas with different cell lines, without systemic
involvement, represents an uncommon situation. In this report, we describe the case of a 37-year-old
man with an initial diagnosis of PMZBCL that over 10 months also developed a MF patch/plaque on
the left leg.

Keywords: B-cell lymphoma; Mycosis Fungoides; composite lymphomas; primary cutaneous lymphoma

1. Introduction

Primary cutaneous lymphomas (PCLs) are a group of T- and B-cell lymphomas that
affect the cutaneous tissue without involving other organs at the time of diagnosis. PCLs
are defined as non-Hodgkin lymphomas presenting in the skin with no evidence of extracu-
taneous disease at the time of diagnosis. The prevalence of PCL is of around 0.90/100,000
inhabitants in Europe and the USA [1]. Out of the total number of PCL, those with
T-lymphocytes are the most common. In Western Europe, Primary cutaneous T-cell lym-
phomas (PCTCLs) represent about 75–80% of PCLs, while B-cell lymphomas (CBCLs)
represent only 20–25% [2].

The most common type of PCTCLs is Mycosis Fungoides (MF), about 39% of PCTCL [2],
and represents a proliferation of small to medium T-lymphocytes with hyper convoluted
cerebriform nuclei. The risk factors for MF are male sex, advanced age and black race.
MF develops from peripheral epidermotropic lymphocytes, which immunophenotype is
positive for CD2, CD3, CD4 and CD5 and negative for CD8 and CD7 [3].

Primary marginal zone b-cell lymphoma (PMZBCL) is a rare disease, included in
the group of extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue
(MALT). It is a low-grade malignant B-cell lymphoma that disseminates exceptionally and
has a 5-year survival rate of 95% [4,5]. Immunohistochemically, the marginal zone cellular
population is positive for CD20 and Bcl2, while the reactive germinal centers are positive
for Bcl6, CD10 and negative for Bcl2 [6].

PCLs are extranodal non-Hodgkin lymphomas with broad clinical, histological, phe-
notypic, genetic, and prognostic spectrums. Therefore, it is necessary to collaborate in a
large team of dermatologists, hematologists, pathologists, oncologists, radiotherapists and
other specialists in order to obtain an accurate diagnosis and a targeted and personalized
treatment. Even though CTCLs are a common lymphoproliferation in malignant skin
pathology, the existence of CTCLs and CBCLs at the same time is a rare situation, with few
cases being cited.
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The coexistence of two lymphomas at a single anatomical site, is defined as composite
lymphomas (CL). Immunohistochemical and genetic analyses have revealed that some
types of lymphomas, classified as CL, represent the morphological manifestation of the
same neoplastic clones. So, the presence of two lymphomas with different neoplastic
cells, could represent a coexistence of them, without a proven association between the
two lymphomas [7].

The aim of this study is to present a rare case of PMZBCL coexisting with MF plaque
stage on a 37-year-old patient. The diagnosis of the two cutaneous lymphomas was
based on the histopathological and immunohistochemical examination, and their primary
character was established by excluding the involvement of other organs, except the skin.

2. Case Report

A 37-year-old man was evaluated at the University Dermatology Department of
the Timisoara Municipal Emergency Hospital for a 5-year history of a non-itchy, papulo-
erythematous plaque of 2–3.5 cm with a shiny surface on the antero-lateral part of the
lower left leg, thus suggesting a granulomatous structure (Figure 1). The lesion appeared
after mild, repeated traumas and began to grow in size in recent months. At the gen-
eral clinical examination, the patient had a good general condition without palpable
superficial adenopathy. Complete blood count and blood biochemistry (Serum creati-
nine, Alkaline phosphatase, GT Gamma, Blood glucose, TGO/AST, TGP/ALT, Serum
urea) showed normal values, abdominal ultrasound and chest X-ray showed no patho-
logical changes and the Mantoux test was negative. Following the first examination, the
suspicion of cutaneous sarcoidosis with non-specific lesions was raised and treatment
with topical corticoid of medium potency was initiated. There was no improvement after
two weeks of topical treatment and so it was decided to perform a biopsy incision with
histopathological examination.

 

Figure 1. Primary marginal zone B-cell Lymphoma on the antero-lateral part of the lower left leg;
purple–red plaque with shiny surface.

Histopathological (Figure 2) examination revealed ortokeratinized epidermis, hyalin-
ization of the dermo-epidermal junction and flattening of the epidermal ridges. Papillary
and deep dermis presented lymphoid proliferation with follicular and diffuse pattern
that dissected the fascia of collagen fibers with periadnexial and perifollicular disposition.
Lymphoid proliferation is composed of lymphoblasts, lymphocytes of centrocyte type-like
with irregular nucleus and dense chromatin, quantitatively reduced cytoplasm, small lym-
phocytes, rare plasma cells, rare immunoblasts and very rare eosinophilic granulocytes. In
different areas, the subcutaneous adipose tissue presented lymphoid infiltrates.
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Figure 2. Primary marginal zone B-cell Lymphoma, Hematoxylin & Eosin stain, Ob ×20.

Immunohistochemistry (Table 1) revealed CD20-intense membrane immunoreaction in
B-lymphocytes with nodular and focal interfollicular organization; Bcl2—intense cytoplas-
mic immunoreaction in B-lymphocytes in follicular and interfollicular areas, plasmocytes
have clonal character (kappa/lambda ratio >10/1), positive for CD138, negative tumor
proliferation for Bcl6 (positive in the remnants of reactive germination centers), negative
for CD3 and the proliferation index measured by Ki67 was 10%. Based on these findings
the diagnosis was B-cell lymphoma of the marginal area with immunophenotype CD20
positive (Figure 3a), Bcl2 positive (Figure 3b), and Ki67 = 10%.

To confirm the primitive cutaneous character of the proliferation, interdisciplinary
consults and additional investigations were performed. The CT for abdomen-thorax-pelvis
using contrast substance showed no thoraco-abdomino-pelvic secondary determinations
and no adenopathy in the examined segments. Gastroscopy and colonoscopy presented a
normal appearance; Osteo-medullary biopsy and aspirated medullary revealed medullary
lymphocytes within normal limits and IgG and IgM for Borrelia were negative. Diagnosis of
primary cutaneous lymphoma with B cells of the marginal area was established according
to the data.

The patient received curative local radiotherapy using a Total dose = 40 gray/20
fractions (TD = 40Gy/20 fr). The treatment was well-tolerated.

After ten months from the initial diagnosis of primary cutaneous B-cell lymphoma
of the marginal area, the patient returned to the dermatology clinic due to the appearance
of a new plaque on the right inguinal fold (Figure 4). The plaque had an erythematous-
squamous appearance, with slightly indurated well-defined edges and absent local itching
or pain. The onset was reported about two months after minor trauma. The lesion has a
tendency for superficial spread on the surface.
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Table 1. Immunophenotypic features for the case presented.

Immunophenotypic Features of PMZBCL
on the Antero-Lateral Antero-Lateral Part

of the Lower Left Leg

Immunophenotypic Features of MF
Plaque at the Right Inguinal Fold

Immunophenotypic Features of
PMZBCL on the Lateral Part of the

Left Forefoot

Ki67 10% Ki67 20% Ki67 10–20%

CD20 positive CD20 negative CD20 positive

Bcl2 positive Bcl2 negative Bcl2 positive

CD3 negative CD3 positive CD3 positive

κ/λ >10/1 CD4 positive CD4 ND

CD5 negative CD5 positive CD5 negative

CD10 negative CD7 negative CD10 negative

CD23 negative CD8 negative CD23 negative

Bcl6 negative Bcl6 negative Bcl6 negative

CD138 positive TCR βF1 negative CD138 positive

TCR γδ negative IgG positive

CD10 positive IgA negative

CD56 negative IgD negative

CD79 positive

Cyclin D1 positive

CD30 negative IgM negative

ND = not done, MF = Mycosis Fungoides, PMZBCL = Primary marginal zone B-cell Lymphoma,
κ/λ = kappa/lambda ratio, TCR βF1 = T-cell receptor beta F1, TCR γδ = T-cell receptor gamma-delta.

A histopathological examination (Figure 5) was conducted that revealed superficial
infiltration with small to medium-sized atypical lymphatic cells showing epidermotropism
arranged in patches with “string of pearls” distribution along the junctional zone, under
a regularly maturing ortokeratotic epidermis. There was no development of Pautrier
microabscesses. Cells showed irregularly shaped, partially cerebriform hyperchromatic
nuclei and sparse cytoplasm.

The immunohistochemical test (Table 1) revealed strong CD3 (Figure 6a), CD4
(Figure 6b) and CD5 expression with almost complete CD30 negativity and complete
negativity for CD8, CD56, T-cell receptor betaF1, T-cell receptor gamma-delta and a com-
plete antigen loss for CD7. In the CD20 stain, only extremely sparse small B-lymphocytes
were found. The tumor cells were negative for Bcl2 and Bcl6. The lymphoid cells were
positive for CD10, and just some of them were positive for CD79 and Cyclin D1. The
proliferation activity index measured by Ki67 was 20%. The edges of the excision showed
free tissue. The histopathological diagnosis was early MF.

After another 3 months from the diagnosis of MF in the patch/plaque stage, the patient
developed another well-defined 5 × 3 cm oval erythematous plaque located on the lateral
part of the left forefoot. No other general or local symptomatology was reported. The
excision of the plaque was performed with the application of a graft of healthy skin tissue
taken from the inguinal area.
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(a) 

 
(b) 

Figure 3. (a): Primary marginal zone B-cell Lymphoma, CD20 Ob ×20. (b): Primary marginal zone
B-cell Lymphoma, Bcl-2, Ob ×20.
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Figure 4. Mycosis Fungoides plaque at the right inguinal fold; oval erythematous and indurated
plaque, with a fine scales surface.

 

Figure 5. Mycosis Fungoides, Hematoxylin & Eosin stain, Ob ×20.

Immunohistochemical examination (Table 1): infiltrated cells are consistently posi-
tive for CD20, Bcl2 with simultaneous negativity for CD5, CD10, CD23 and Bcl6, high-
proliferation physiological activity (ki-67) about 10% to 20%. In CD10 and Bcl6 staining the
residual partially populated germ centers emerge, which are also physiologically negative
for Bcl2. The germinal centers are based on partially compact and partially fragmented
networks of follicular dendritic cells (CD23). Moderately abundant CD138-positive plasma
cells without light chain restriction clearly detectable in light chain staining and a contin-
uous positivity for IgG, with simultaneous negativity for IgA, IgD and IgM are present
around the nodes. In IgD and IgM staining, mantle cells surrounding partially present
residual germinal centers are revealed. The results indicate dermal-epidermal tissue (of
the left foot) with infiltration by indolent non-Hodgkin lymphoma of the B-cell variety—
especially around the marginal zone—compatible with a primary cutaneous marginal
zone lymphoma.
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(a) 

 
(b) 

Figure 6. (a): Mycosis Fungoides, CD3, Ob ×20. (b): Mycosis Fungoides, CD4, Ob ×20.

3. Treatment

The patient performed radiotherapy for PMZBCL, located on the antero-lateral part of
the lower left leg (DT = 40Gy/20fr on linear ACC with 6MV. Irradiation was well tolerated).
The other two lesions, MF located at the right inguinal fold and the PMZBCL located on
the lateral part of the left forefoot, were excised with negative safety margins. The skin
healed without local relapse. The patient is still continuously monitored in dermatological,
hematological and oncological services to ensure early diagnosis of relapsing lesions.

4. Discussion

Composite lymphomas (CL) are a combination of either two different B-cell lym-
phomas, two different T-cell lymphomas, or one B-cell lymphoma and one T-cell lymphoma
that develop at a single tissue site simultaneously. The development of CL could be caused
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by chemotherapeutic agents, immunological defects or autoimmune diseases (Sjögren’s
syndrome, primary or acquired immunodeficiencies, and autoimmune lymphoprolifera-
tive syndrome) [8].

The incidence of CL is between 1% and 4.7%, and the most common associated
lymphomas are two Non-Hodgkin B-cell Lymphomas, or a Non-Hodgkin B-cell lymphoma
with a Hodgkin lymphoma. CL that associates T-cell lymphomas with B-cell lymphomas
are rare, their location is frequently in the lymph nodes or lymphoid organs, and only rarely
involve non-lymphoid organs [9].

Several mechanisms were proposed for explaining the occurrence of composite lym-
phomas with one being an immune deficiency secondary to an Epstein–Barr viral (EBV)
infection [10]. There were several cases reported for which a EBV infection was docu-
mented, but there are also cases where the EBV infection was lacking, suggesting that other
mechanisms can be involved in the development of CL [10–13]. For the case presented here,
EBV infection was excluded by performing IgM and IgG serology for Epstein–Barr virus.

The appearance of a lymphoma or a new form of cancer in a patient treated for a
pre-existing malignancy is a known possibility. The main cause is immunosuppression
induced by the first malignancy or by its treatment. Herrmann & Sami reported a case of a
54-year-old man diagnosed with diffuse large B-cell lymphoma (DLBCL) on his right knee.
A cutaneous T-cell lymphoma (CTCL MF-type) was diagnosed shortly after. The patient
also had an ongoing symptomatic history of psoriasiform dermatitis starting 15 years prior,
which the authors considered to represent the newly diagnosed MF. The patient received
local radiation treatment for DLBCL and chemotherapy for CTCL. Shortly thereafter, he
developed a tumor on the radiotherapy area that turned out to be CTLC type rather than
a recurrent B-cell lymphoma [14]. In the case we are reporting, the patient received only
radiotherapy, and the MF developed in a different area than the irradiated one.

A meta-analysis study which analyzed the risk for second malignancies in non-
Hodgkin’s lymphoma survivors concluded that patients with non-Hodgkin’s lymphoma
have a higher risk for a second malignancy than the general population even after control-
ling for treatment for non-Hodgkin’s lymphoma (chemotherapeutic drugs, radiotherapy,
combined-modality approaches including conventional-dose chemotherapy with radio-
therapy or with total body irradiation) [15]. Multiple cases of association of non-Hodgkin
lymphomas with other types of lymphomas have been reported over time [16,17], but the
simultaneous presence of two cutaneous lymphomas is an unusual situation. However, the
appearance of the second lymphoma occurs a few years after the first diagnosis [18]. Radia-
tion therapy can also induce a second malignancy, but this risk is not clearly quantified,
and it is assumed that it occurs after a long period of time [19].

In our case, the patient developed MF ten months after the first diagnosis of B-cell
lymphoma (located on the antero-lateral part of the lower left leg). It is a small possibility
that MF to be caused by the radiation therapy performed to treat PMZBCL, given the short
period of occurrence of the second cutaneous lymphoma. In addition, the appearance of a
cutaneous lymphoma due to local radiation therapy, occurs in the area where the radiation
therapy was applied.

In regard to prognosis, most CL have an aggressive clinical course, and little data
is available about treatment options and their outcomes [12]. A recent study reported
a recovery rate of 60% when using a protocol including rituximab, cyclophosphamide,
doxorubicin, vincristine, prednisone (R-CHOP) [20]. The patient presented here, followed
the local curative radiotherapy for PMZBCL located on the antero-lateral part of the lower
left leg, and the lesions of MF and the second PMZBCL, were excised within safety limits,
without the need for another associated therapy.

5. Conclusions

This case report presents a case of PMZBCL followed 10 months later by the appear-
ance of MF, and another 3 months later by a new lesion of PMZBCL, which is an unusual
association. The CD20, Bcl2 with simultaneous negativity for CD5, CD10, CD23 and Bcl6
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is the immunohistochemical profile for PMZBCL. The cutaneous lymphoid infiltration in
small/medium T cell, diffuse positive for CD3, CD4 and CD5 with simultaneous almost
complete negativity for CD30 and complete negativity for CD8, CD56, T-cell receptor
betaF1, T-cell receptor gamma-delta and a complete antigen loss for CD7 revealed an MF
diagnosis. Analyzing these data, we consider that these two cutaneous lymphomas coexist,
with no direct connection between them. This requires a detailed genetic and molecular
investigations to assess the oncogenic status and to exclude overlapping diagnoses.
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Abstract: Erosive pustular dermatosis (EPD) is a chronic inflammatory skin disorder that usually
affects mature individuals. It predominantly affects the scalp and can lead to scarring alopecia. Risk
factors include actinic damage and androgenetic alopecia. A traumatic insult to the skin is considered
a vital trigger of the condition. EPD is a diagnosis of exclusion; thus, several neoplastic, infectious,
vesiculobullous, and inflammatory conditions should be ruled out. Biopsy and clinicopathologic
correlation are required to differentiate between EPD and these entities. A dysregulated, chronic
immune response is considered central to the etiopathogenesis of EPD. We performed an evidence-
based systematic review of the management options. There were predominantly studies with level
IV and V evidence and only two with level III. Despite the responsiveness of EPD to potent topical
steroids, such as clobetasol propionate, recurrence occurs after treatment withdrawal. With the
available data, tacrolimus 0.1%, curettage-assisted aminolevulinic acid-photodynamic therapy, and
systemic retinoids can be considered second-line options for EPD with a role in maintenance regimens.
However, controlled data and more powerful studies are needed to make solid recommendations.

Keywords: erosive pustular dermatosis; etiopathogenesis; differential diagnosis; management;
treatment; therapy; corticosteroids

1. Introduction

The first case of erosive pustular dermatosis (EPD) was reported by Dr. Burton in
1977 [1]. Two years later, Pye et al. reported six elderly women “who developed chronic,
extensive, pustular, crusted and occasionally eroded scalp lesions which produced scar-
ring alopecia. Investigations were essentially negative, and skin biopsies showed only
nonspecific atrophy and chronic inflammation changes. The condition did not respond to
antibiotics but was suppressed by potent topical steroids” [2]. Since then, the etiopatho-
genesis of EPD has been poorly elucidated, and the management of the condition remains
suboptimal. In this article, we focus on these aspects.

2. Epidemiology

The incidence is unknown, with fewer than 200 cases reported [3–5]. Paton and
colleagues challenged that the condition is rare by reporting 11 cases in a small region
over three years [6]. These authors concurred that the condition is not uncommon and
indicated that underreporting may be due to misdiagnosis [7,8]. A female predominance
is observed (female-to-male ratio of 2:1) [4,9], but a recent systematic review found that
men are more frequently affected [5]. EPD has a mean age of onset of 60 to 70 years and
has been reported from infancy to 95 years [6,10]. The median age of onset of 76 years
was reported [5]. In a series of 50 patients, the average disease duration at diagnosis was
26 months (range, 3–144 months) [11]. Geographic or racial distribution has not been
demonstrated [4]. EPD commonly develops in individuals with sun-damaged skin and
androgenetic alopecia [7,12].
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3. Clinical Presentation

The scalp is commonly involved, but the condition has also been reported on the
face and legs [11,13]. The vertex is the most affected location, followed by the scalp’s
frontal, parietal, and temporal regions [12]. On examination, there are crusts and erosions
(Figure 1A,B) and varying numbers of pustules on a background of atrophic skin [4]. The
epidermis is easily detachable with forceps, and when removed, copious purulent exudate
is exposed underneath (Figure 1B) [7,14]. Lesions are typically asymptomatic; however,
pain, burning, or pruritus in the affected areas may develop [4]. These erosions typically
develop over several months or years and, without improvement, can cause cicatricial
alopecia (Figure 1C), skin atrophy, and telangiectasia [7].

Figure 1. Cont.
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Figure 1. Female patient in her 80s with EPD of the scalp. (A), crusted plaques can show massive
hyperkeratosis. (B), a large superficial erosion partially covered by purulent exudate; such exudate is
noted when uplifting the crusts with forceps. (C), an area of scarring alopecia developed at the later
stages of EPD.

4. Laboratory Investigations

There are no specific serologic findings. The erythrocyte sedimentation rate was
elevated and seemed to correlate with disease activity in a small sample; however, the
C-reactive protein was normal [14]. Cultures of the exudate are typically sterile or may
grow normal skin flora [3]. However, patients can develop secondary superinfection with
Staphylococcus aureus, Pseudomonas, or Candida species [14]. Appropriate bacteriologic and
mycologic investigations are required when infection is suspected.

4.1. Histology

Two biopsies from an active area with intact hair follicles are required to rule out other
scalp diseases. Specimens should be sent for histological analysis and immunofluorescent
examination to rule out autoimmune blistering conditions [3]. The histopathologic findings
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vary depending on the lesion type and disease duration [15]. In the early stage (EPD lasting
less than 1 year), the epidermis is hyperkeratotic (orthokeratosis and parakeratosis are both
reported), and the papillary dermis shows a slightly mixed inflammatory infiltrate [12]. In
the intermediate stage (EPD lasting 1–2 years), findings include squamous crusts, ortoker-
atosis, parakeratosis, psoriasiform epidermal hyperplasia, moderate mixed inflammatory
infiltrate, extensive fibrosis, and reduced numbers of hairs and sebaceous glands. In the late
stage (EPD lasting more than 2 years), the epidermis becomes more atrophic, the dermis
becomes fibrotic, there are only “remainders” or a complete absence of hair follicles and
sebaceous glands, and a slight mixed infiltrate [12].

Two types of pathologic changes have been identified: specific and nonspecific [11].
Infundibular spongiotic pustules are a characteristic finding; they are mostly observed
in hair-bearing areas in patients with mild-to-moderate alopecia. Nonspecific changes
have been noted in 78% of cases and include epidermal atrophy with pustulation and
dermal scarring, epidermal thickening with subepidermal clefting, scarred dermis and
perifollicular granulomas with remnants of hair shafts and multinucleated giant cells, and
epidermal erosion with foci of pustulation and underlying granulation tissue [11]. Nonspe-
cific histopathologic findings were the most common in patients with severe androgenetic
alopecia or total baldness.

In the dermis, there is a mixed inflammatory infiltrate of neutrophils, lymphocytes,
plasma cells, and foreign body giant cells [3,14]. Based on the finding of spongiotic vesiculo-
pustules affecting the follicular infundibula, Tomasini and colleagues considered EPD of the
scalp a neutrophilic superficial folliculitis [15]. Reschke et al. observed neutrophils mostly
around ulcerations and suggested that the finding of plasma cells in the dermal infiltrate is
the most characteristic feature of EPS [14]; however, the plasma cell predominance needs
confirmation. Stains for microorganisms are negative [15].

4.2. Trichoscopy

Trichoscopy is of limited use in the diagnosis of EPD because its findings are related to
hair cycle change, inflammation, and scarring alopecia, and most of them can be found in
other scalp disorders. Such findings include hair shaft tortuosity, tapering hair, milky red
areas, white patches, follicular keratotic plugging, and the absence of follicular openings.
A unique tracheoscopy feature of EPD is the visualization of prominent telangiectasias,
especially after detachment of the serous or pigmented crust. Additionally, other notable
findings include enlarged dermal vessels or anagen bulbs on atrophic skin [3]. Severe
atrophy allowing visualization of hair follicle bulbs through the epidermis and enlarged
dermal vessels, erosions, and crusts, may elevate the index of suspicion and be useful in
differentiating EPD of the scalp from other scarring alopecias [11].

5. Differential Diagnosis

Establishing an EPD diagnosis can be challenging because the condition has a clinical
presentation that can mimic numerous other conditions [16]. EPD is a diagnosis of exclusion;
thus, several neoplastic, infectious, vesiculobullous, and inflammatory conditions should be
ruled out. Biopsy and clinicopathologic correlation are required to distinguish between EPD
and these entities. Neoplastic conditions, such as field cancerization and nonmelanoma
skin cancer (NMSC), including squamous cell carcinoma and basal cell carcinoma, should
be considered when evaluating very hyperkeratotic or shiny papules in areas of actinic
damage on the scalp [16]. As indicated by the group of Kroumpouzos, NMSC should be
considered when crusted plaques become nodular and/or grow substantially within a
relatively short period of time or erosions persist and/or become larger [17]. Cultures can
exclude infections such as Gram-negative folliculitis, tinea capitis, and kerion celsi [12].

Vesiculobullous conditions such as subcorneal pustular dermatosis, pemphigus vege-
tans, and cicatricial pemphigoid should be considered and require appropriate laboratory
investigation. Inflammatory conditions, such as eczema, pustular psoriasis, superficial
pyoderma gangrenosum, and chronic vegetating pyoderma, should be considered. Pustular
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PG, a rare variant of PG, is characterized by sterile, sometimes folliculocentric pustules
on an erythematous base, most frequently involving the extremities and trunk, and occa-
sionally the scalp, but these lesions do not develop into frank ulcerations and often heal
without scarring. Other causes of cicatricial alopecia, such as discoid lupus erythematosus,
lichen planopilaris, folliculitis decalvans, and folliculitis et perifolliculitis abscedens et
suffodiens, may present similarly to EPD [16,18]. In addition, in cases showing erosions
with geometric borders, factitial conditions such as dermatitis artefacta may be considered.
Lastly, drug-induced EPD should be considered in patients receiving targeted therapies for
cancer, such as gefitinib [19].

6. Etiopathogenesis

While the etiopathogenesis of EPD remains to be fully elucidated, clues may be
obtained from the classic clinical course and histopathology of the condition. These obser-
vations suggest four key factors that may lead to the development of EPD: a predisposing
environment on the scalp, including skin atrophy, actinic damage, and androgenetic alope-
cia; an initial inciting trauma or damage; resultant dysregulated, chronic immune response;
culmination in fibrosis, atrophy, and scarring alopecia [6,12,20]. These key factors and
possible mechanisms involved are discussed below.

6.1. Predisposing Factors

EPDS commonly occurs on the scalp in areas of actinic damage, skin atrophy, and
androgenetic alopecia, all likely predisposing factors for the poor healing response seen in
EPD [12]. Indeed, actinically damaged and atrophic skin is well known to have impaired
healing [6]. Androgenetic alopecia further exposes the underlying skin to accumulation of
more actinic damage and resultant atrophy. As wound healing involves re-epithelialization
from the skin edge and adnexa, lack of hair follicles due to androgenetic alopecia may con-
tribute to delays in healing [14,21]. These factors result in a milieu primed for developing
the chronic inflammation and poor healing response observed in EPD.

6.2. Triggers

On a scalp with the predisposing factors outlined, EPD has commonly been reported
to occur following several medical, surgical, or traumatic insults to the scalp, as outlined
in Table 1 [14,22–37]. Mechanical trauma is an established precipitating factor, as a few
cases have occurred in infants and children after prolonged labor, perinatal scalp injury, or
cranial surgical procedures [38]. Removal of the trauma does not result in clearance, and the
disease can recur with repeated trauma to the skin [12,22]. It has been postulated that these
insults cause tissue damage and inflammation, resulting in a dysregulated inflammatory
response. Systemic medications such as epidermal growth factor (EGFR) inhibitors, i.e.,
gefitinib and panitumumab, block the anagen-to-telogen phase transition and enhance
ultraviolet light (UV)-induced apoptosis. These effects result in a loss of the hair follicle
immune privilege and stimulation of inflammatory processes, apoptosis, and occlusion
of follicular ducts, leading to their rupture [32]. A mechanism of contact dermatitis was
postulated in a case of EPD triggered by a prosthetic hair piece [34]. The diagnosis of
contact dermatitis was supported by the temporal association with the adhesive and a
clinically consistent pruritic eruption following the adhesive pattern. However, in some
cases, EPD may occur spontaneously without a known inciting factor. Infectious etiology is
not thought to play a role in inflammation, as cultures often demonstrate only occasional
colonization, the eradication of which did not improve the lesions [12,14].
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Table 1. Suggested EPD triggers [14,22–33].

Locally Applied Medications

Diclofenac
5-Fluorouracil

Imiquimod
Ingenol mebutate

Latanoprost
Minoxidil
Sirolimus
Tretinoin

Systemic Medications

Afatinib
Gefinitinib
Nivolumab

Panitumumab

Surgery/Other Procedure

PDT (aminolevulinic acid-PDT, methyl aminolevulinate PDT)
Cryotherapy

X-ray radiation therapy
Electrodessication and curettage (ED & C)

Wide excision
Mohs micrographic surgery

Neurosurgery (corrective surgery for ossification of the posterior longitudinal ligament and
craniotomy)

Cochlear implant
Hair transplant

Prosthetic hair piece
CO2 laser resurfacing

Surgical closures (secondary intent, primary closure, skin graft, local flap)

Local Trauma

Perinatal (e.g., caput secundum)
Burns (sunburn, flame, scald, chemical)

Physical injury
Falls

CO2, carbon dioxide; PDT, photodynamic therapy.

6.3. Mechanisms
6.3.1. Chronic Dysregulated Inflammatory Response

In EPDS, there is an accumulation of a mixed infiltrate, including neutrophils, lympho-
cytes, and plasma cells, leading to a chronic inflammatory state [14]. As mentioned above,
EPD is considered by some researchers a neutrophil-mediated disorder, as neutrophils are
observed in areas adjacent to ulceration [14], and there is neutrophilic spongiosis affecting
the follicular infundibula with focal neutrophilic pustules [15]. As Tomasini and colleagues
indicated, EPD of the scalp shows clinicopathologic similarities with other pathergic neu-
trophilic dermatoses, such as pyoderma gangrenosum [15]. Pathergy can explain the recur-
rence of EPD lesions after trauma. Several authors indicate that neutrophilic dermatoses
have clinicopathological similarities with autoinflammatory diseases [39]. However, EPD
lacks several features of monogenic autoinflammatory diseases, including a genetic defect
and systemic manifestations, such as recurrent fever and arthropathy [40]. Like autoin-
flammatory dermatoses, neutrophilic dermatoses involve dysfunctional cellular signaling
mediated by pathways including interleukin-1 (IL-1) [41]. Therefore, it would be worth
trying in EPD treatment with medications such as anakinra, an IL-1 receptor antagonist.

Any type of local trauma, either alone or in combination with predisposing factors,
such as skin atrophy caused by chronic sun damage or androgenetic alopecia, might
have impaired skin wound healing mechanisms. As Ibrihim et al. state, “an aberrant
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wound healing response in the setting of actinically damaged skin seems to be a consistent
theme in its presentation” [42]. The lack of hair bulge stem cells, estrogen deprivation,
the poor restorative capacity of aged keratinocytes, and chronic inflammation may be
implicated in delayed healing [6,43]. Delayed healing may lead to local immunologic
dysregulation and abnormal neutrophil chemotaxis or chemoattractants and cytokine
production against epidermal or follicular antigens [15]. Contrary to the self-limited
inflammation associated with disrupted skin, patients with EPD of the scalp may experience
persistent cellular influxes into a previously injured scalp–this results in the continuous
formation of infundibular vesiculopustules, quickly turning into erosions and crusting
followed by granulation tissue and scarring alopecia, even if the triggering factor occurred
much earlier [27]. The response to topical and systemic steroids and dapsone further
supports local neutrophilic dysregulation [2,4]. The pivotal role of exaggerated immune
response in the etiopathogenesis of EPD is also supported by concomitant serum elevation
of matrix metalloproteinase-3 in patients with EPD [44].

As the condition progresses, fibrosis develops, with the loss of follicles and sebaceous
glands, with the eventual development of epidermal atrophy and complete loss of adnexal
structures. These factors may further predispose the individual to the recurrence of this
cycle, resulting in the chronic course of EPD.

6.3.2. Autoimmune Mechanisms

Autoimmune mechanisms may contribute to the dysregulated inflammatory response.
EPD has been associated with autoimmune conditions such as rheumatoid arthritis, au-
toimmune hepatitis, Hashimoto thyroiditis, undifferentiated collagen vascular disease,
Takyasu artiritis, and elevated ESR [11,14,20,45]. Positive antinuclear antibody testing was
found in four of 11 patients in one study [6]. However, a direct pathogenetic link with
autoimmunity has not been established [6,20,45].

6.3.3. Immunosenescence

As EPD is primarily a disease of mature individuals, immunosenescence, which is the
decrease in the specificity and efficacy of the immune response that develops as individual
ages, has also been implicated [12,20,46]. As the immune system ages, it loses tolerance
to self-antigens, leading to increased “self-reactivity” [46]. As EPD may develop as an
aberrant immune response to delayed wound healing, this increased self-reactivity may
play a vital role in immune dysregulation. Chemotherapeutic drugs that lower the host’s
immune function have been associated with the development of EPD [47].

6.3.4. Ultraviolet Light

EPD characteristically occurs in areas of chronic sun damage, which supports the
role of UV light in chronic inflammation that perpetuates EPD. Thuraisingam and Mir-
mirani suggested that chronic ultraviolet light exposure may lead to the modification
of intracellular components [46]. These modified factors are kept hidden internally un-
til cell damage (for example, in the form of trauma) occurs. In genetically susceptible
individuals, these factors, once released into their environment, activate the innate and
adaptive immune systems. The age-related over-activation of the innate immune system
described above, combined with the inability to properly heal wounds, may contribute to
the chronicity of EPD.

6.3.5. EPD of the Leg and Venous Insufficiency

Most of the EPD of leg cases have been associated with chronic venous insufficiency.
In a study by Nicol et al., venous insufficiency was diagnosed in 33 of 36 EPD patients
(91.7%) [48]. However, a direct etiopathogenetic link has not been established. Of interest,
stasis dermatitis secondary to chronic venous insufficiency is a common condition, while
EPD of the leg is rare even among these patients [46]. In one study, less than 0.5% of
patients presenting to a leg ulcer clinic developed EPD of the leg [49]. EPD of the leg
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may also develop in the absence of stasis dermatitis [11,50]. Poor circulation in patients
with venous stasis may impair the healing of EPD of the leg. However, as several authors
indicate [11,46], these patients share an advanced age and a long history of sun exposure
and previous trauma at the site of EPD development, which is most likely the primary
contributing factor in the development of EPD of the leg.

7. EPD Linked to NMSC

Lovell et al. reported the first case of NMSC arising in EPDS [51]. Most recently,
Negbenebor and colleagues reported six patients that developed NMSC in the setting of
EPD [17]. The authors suggested that the chronic inflammation of EPD and UV light expo-
sure may predispose patients to develop NMSC. EPD, actinic keratoses, and NMSC share a
lymphoplasmacytic infiltrate. Carcinogenesis can be triggered by chronic inflammation
that develops secondary to reactive oxygen species produced by UV exposure, oxidizers,
or metabolic processes that damage cells and further induce inflammatory cascades [52,53].
Of note, Aigner and colleagues reported a case of sun-induced EPD, and sun exposure was
thought to have induced the inflammation that caused EPD [54]. There is a well-established
link between chronic and intermittent UV exposure with the development of NMSC. Lastly,
Barilla et al. reported a case of SCC arising in chronic EPD, which further supports the
relationship between chronic inflammation in the context of EPD and NMSC in some
patients [55].

8. Management

8.1. Methods
8.1.1. Search Strategy

We conducted a search of the MEDLINE, EMBASE, and Google Scholar databases from
inception to September 2022 for publications on the management of EPD. This evidence-
based, systematic review of management options for EPD follows the Preferred Reporting
Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines. Search terms in-
cluded ‘erosive pustular dermatosis’ AND (‘therapy’ OR ‘management’ OR ‘treatment’ OR
‘phototherapy’ OR ‘photodynamic therapy’ OR ‘administration’). Furthermore, we checked
the reference lists of included studies and review articles for further studies on therapy.

8.1.2. Study Selection

The study selection is detailed in Figure 2. An eligibility assessment was performed
independently by two authors (S.B. and G.K.). Inclusion criteria were studies published in
the English language and reporting therapy of EPD. Exclusion criteria were cell/animal
studies, review/opinion articles, commentaries, consensus papers, editorials, studies not
focusing on treatment (e.g., purely dermatopathology studies), reports without sufficient
clinical data (e.g., missing name of corticosteroid or dosing of systemic medication) and
reports with only 1 participant.
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Figure 2. Flow diagram of literature search and study selection.

8.1.3. Extraction of Data

We extracted the following data: name of the first author, year of publication, study de-
sign, number of participants, male-to-female ratio, therapy, duration of treatment, duration
of follow-up, primary outcomes, and secondary outcomes (adverse events).

8.2. Results

A total of 25 studies [2,6–8,12,15,16,25,49,56–70] with 162 participants (112 males,
50 females) met the selection criteria (Table 2).

Quality of Evidence Assessment

The quality of evidence of the studies included was ranked according to the established
classification by Sullivan et al. [71] and is shown in Table 2. There were predominantly
studies with level IV and V evidence and only two studies with level III [63,70]. The absence
of a control group in most studies and the lack of randomization limit their quality. Another
limitation is the small sample size (most studies on <20 subjects) that confers publication
and sampling (selection) bias. The results were heterogeneous (interstudy variability,
different study designs), and the methodological quality (e.g., lack of randomized controlled
data, missing data) was low. Therefore, a meta-analysis was not feasible. Additionally, some
studies included concomitant therapies, making it difficult to distinguish which agent was
most responsible for improving the condition; this may affect the interpretation of results.

8.3. Topical Treatments

In a European study including 59 patients, most prescribed topical treatments were
topical corticosteroids (TCS; 62.5%), in particular, clobetasol propionate 0.5%, followed by a
combination of clobetasol with tacrolimus 0.1% (8.9%), and tacrolimus 0.1%
monotherapy (5.4%) [72].
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8.3.1. Corticosteroids

TCS is the most frequently used treatment for EPD. Ultrapotent (clobetasol, halobeta-
sol) and potent/mid-potent (betamethasone, mometasone, triamcinolone, desoximetasone)
TCS have been used, and infrequently, mild TCS (hydrocortisone, desonide)
[2,15,38,64,68,73]. More than half of the patients achieved a partial response. Clobetasol
was the most studied TCS (10 studies, Table 2). The duration of clobetasol treatment was
2 to 20 weeks. Most patients responded to clobetasol, but recurrence often occurred after
cessation of treatment [15,25,73]. Tomasini et al. used clobetasol overnight for four weeks
and tapered it to twice-weekly application for three months [15]. As shown in Table 2, skin
atrophy was an adverse effect of clobetasol in four studies [12,16,58,61] (Figure 3) and of
betamethasone in one study [46]. Betamethasone has been extensively used, but the results
have been inferior compared to clobetasol [66]. It can be combined with topical antibiotics
such as gentamycin and neomycin and oral nimesulide for better outcomes [2,64].

Figure 3. Female patient in her 70s with skin atrophy of the right frontal scalp that resulted from
prolonged use of clobetasol propionate cream for EPD. The atrophic area is thin, erythematous, and
shows prominent telangiectasias.
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8.3.2. Calcineurin Inhibitors

Tacrolimus has the advantage of a better safety profile than TCS, a factor to consider,
especially as EPD requires prolonged treatment and shows a high recurrence rate. It has
been shown effective as early as one week of application, with complete clearance within
two months [6,74,75]. Combining tacrolimus with TCS can help decrease the length of
TCS therapy, which minimizes the adverse effects of TCS. It can also help prevent disease
recurrence upon the TCS discontinuation [33,67]. Tacrolimus has been reported as the most
effective medication for maintaining a disease-free state [76,77]. However, there is a lack of
large series and controlled data, so its role as monotherapy requires further research.

8.3.3. Other Topical Treatments

Topical dapsone applied twice daily for 2–4.5 months was effective. No recurrence
upon discontinuation was noted [62]. Topical gentamycin or neomycin have been combined
to enhance the efficacy of topical steroids [2]. Calcipotriol cream has been effective in a case
report but is limited by its slow action [78]. Recently, topical zinc oxide was effective in case
reports and may be combined with other topical and/or systemic therapies for enhanced
outcomes [79,80].

8.3.4. Wound Dressings/Allografts

The use of silicone dressing as monotherapy was effective in one case [81]. In addition,
silicone dressing can be used after any minimally invasive modality, such as curettage-
assisted photodynamic therapy (PDT), to enhance healing and decrease postprocedure
inflammation [8]. Interestingly, case reports indicate that newer innovative dressings with
umbilical remnant allograft and dehydrated human amnion/chorion membrane allograft
can be successful in resistant cases of EPD [82,83].

8.3.5. Systemic Treatments

Systemic corticosteroids (SCSs) such as prednisone, methylprednisolone, or dexam-
ethasone have been used most often in combination with TCS or tacrolimus after topical
therapy failed [27,44,49,66] (Table 2). In a multi-center study, SCSs were taken by 7.1%
of patients [72]. Prednisone doses such as 16–40 mg/day [12,66,84] or 0.5–1 mg/kg/d
[15,68,85] were administered. Significant improvement or resolution was noted in most
patients [15,84]. Gradual tapering was noted [12,15]. There are inadequate data regarding
SCS used as monotherapy, with information about the dosing, length of therapy and follow-
up, concomitant therapies, and response often missing. Prolonged SCS use is associated
with adverse effects; therefore, proper tapering is recommended and can help prevent a
flare that typically occurs with abrupt discontinuation [84,86,87].

Oral antibiotics such as dapsone or minocycline are ineffective or provide only partial
response [48,54,88,89]; there are limited data on their use in combination therapies. In
a retrospective study, acitretin was promising in patients experiencing recurrence after
TCS treatment [70]. Several EPD cases have been treated with cyclosporine, isotretinoin,
sulphasalazine combined with the excimer laser, or tofacitinib with a disease-free state over
a follow-up period of a few months [90–94]. Oral zinc has been used as monotherapy [95]
or as part of combination therapies [66,88,91]. A combination of oral dapsone, topical
tacrolimus, and fractional 2940 nm laser successfully managed chronic, severe EPD [96].

8.3.6. Photodynamic Therapy

There are a few series showing the effectiveness of aminolevulinic acid-PDT (ALA-
PDT) in the treatment of EPD [7,8,63]. The group reported the first 8 patients with EPD of
the scalp were successfully treated with superficial curettage followed, 1 to 2 weeks later,
by ALA-PDT [7]. One patient experienced a partial recurrence 5 months after therapy and
was treated with another session of ALA-PDT. Clearance of lesions after curettage-assisted
ALA-PDT can last up to 9 months, which indicates that this therapy, when used in a
combination regimen, can allow more limited use of other therapies such as potent TCS.
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The authors then attempted to revise the protocol by performing curettage immediately
before ALA-PDT in 5 patients and enhancing the healing with the application of a silicone
gel starting immediately after completion of ALA-PDT and continuing twice daily [8].
The revised protocol aimed at decreasing the number of visits and cost of treatment as
well as minimizing postprocedure discomfort. Partial recurrence was noted in a patient
at 9 months posttreatment and required another round of PDT. Clearance of lesions after
the procedure lasted up to 12 months. A subsequent study by the group compared the
protocols utilized in those series regarding efficacy, cost, and patient satisfaction: the first,
2-visit protocol and the second (revised), 1-visit protocol (all procedures in one visit with
silicone gel application postprocedure) [63]. Both protocols were efficacious and provided
similar lengths of remission. The second protocol was less costly. Patients treated using the
second protocol were more satisfied because of the easiness of treatment completion in one
visit and better postoperative healing.

However, methyl aminolevulinate PDT (MAL-PDT) has triggered EPD in
2 cases [27,97]. Kroumpouzos and colleagues recommend avoiding MAL-PDT because
MAL is more lipophilic than ALA and, therefore, penetrates deeper into the skin and may
cause excessive trauma [7]. In addition, the incubation period in MAL-PDT was 3 h [27,98]
whereas, in the above ALA-PDT series was 1 h [7,8,63]–the more prolonged incubation of
the MAL photosensitizer may also cause excessive tissue trauma that increases the risk of
triggering PDT. A more prolonged incubation (2 h) of ALA may also explain why ALA-PDT
triggered EPD in the case reported by Madray et al. [29]. The above observations show that
ALA-PDT protocols using a short duration (1 h) of the photosensitizer may help minimize
the risk of triggering EPD.

Another study showed that daylight PDT and conventional PDT have similar efficacy,
which can be used in resource-limited settings for the best results in a single treatment [98].
PDT has been safely combined with fractional thulium 1927 nm laser with a complete
response of EPD [99].

8.3.7. Therapeutic Challenges and the Search for Treatment Algorithm

The management of EPD remains a therapeutic challenge, especially because most
therapies do not provide a long remission [70]. TCSs are a first-line treatment, especially
as they help prevent the alopecia associated with ongoing EPD; however, EPD typically
recurs upon discontinuation of TCS treatment [5,12]. In addition, TCS should be used for a
short period of time because of an increased risk of adverse effects, such as steroid-induced
atrophy that can lead to exposure of the skull and bacterial colonization associated with
prolonged treatment [7,70]. Most topical EPD therapies have met with limited success partly
because of difficulty penetrating the hyperkeratotic crust, especially in lesions exhibiting
massive hyperkeratosis. Periodic in-office atraumatic removal of the hyperkeratotic crust
with forceps or gentle curettage increases the penetration of topical medications; however,
this increases the number of office visits and raises the cost of care.

Surgical treatments typically fail because EPD tends to recur after any procedure that
induces trauma to the skin [100]. Dressings that have anti-inflammatory properties, such
as silicone gel, may help minimize trauma and speed up the healing, helping prevent
EPD recurrence after any minimally invasive procedure, such as curettage-assisted ALA-
PDT. Some researchers have used silicone dressing as monotherapy [81]. These authors
have witnessed the efficacy of a novel silicone gel dressing used after curettage-assisted
ALA-PDT [8,63]. Interestingly, case reports indicate that newer innovative dressings with
umbilical remnant allograft and dehydrated human amnion/chorion membrane allograft
can be successful in resistant cases of EPD [82,83].

Siskou and colleagues advocated systemic retinoids as a superior maintenance treat-
ment over calcineurin inhibitors [70], but the study’s small sample size prevents definite
conclusions. Curettage-assisted ALA-PDT that includes short incubation of the photo-
sensitizer has a role as a primary therapeutic approach. Clearance of the lesions after
curettage-assisted ALA-PDT can last up to 13 months [63]; therefore, this treatment should
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be considered in maintenance regimens as it allows more limited use of potent TCS. Con-
sidering the above, tacrolimus, curettage-assisted ALA-PDT, and systemic retinoids can be
considered second-line options for EPD with a role in maintenance regimens.

While infrequently reported, topical dapsone and oral tofacitinib may be promising
therapeutic options [62,94], but studies comparing them to TCS and the aforementioned
second-line options are needed. There are inadequate, low-quality data to support the use
of SCS as a second-line treatment option, and their suboptimal safety profile prohibits long-
term use. There is some evidence supporting oral zinc in combination therapies [66,88,91],
but further studies are needed.

9. Conclusions

EPD is a chronic inflammatory skin condition characterized by erosive crusts and
superficial ulcerations. It predominantly affects the scalp and can lead to scarring alopecia.
EPD is a diagnosis of exclusion; thus, several neoplastic, infectious, vesiculobullous, and
inflammatory conditions should be ruled out. Biopsy and clinicopathologic correlation
are required to differentiate between EPD and these entities. While the etiopathogenesis
of the condition remains elusive, four key factors may contribute to the development of
EPD: a predisposing environment on the scalp, including skin atrophy, actinic damage,
and androgenetic alopecia; an initial inciting trauma or damage; resultant dysregulated,
chronic immune response; culmination in fibrosis, atrophy, and scarring alopecia.

Management of EPD is challenging. Despite its responsiveness to TCS, such as clobe-
tasol propionate, recurrence occurs after treatment withdrawal. Furthermore, prolonged
use of TCS is associated with an increased risk of adverse effects such as steroid atro-
phy, necessitating the implementation of second-line therapies. With the available data,
tacrolimus 0.1%, curettage-assisted ALA-PDT, and systemic retinoids can be considered
second-line options for EPD with a role in maintenance regimens. However, as the level of
evidence of the available therapy studies is low, it cannot guide the development of solid
recommendations, and further studies are needed.
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Abstract: Melanoma is the most dangerous form of skin cancer that develops from the malignant
transformation of the melanocytes located in the basal layer of the epidermis (cutaneous melanoma).
Melanocytes may also be found in the meninges, eyes, ears, gastrointestinal tract, genito-urinary
system, or other mucosal surfaces (mucosal melanoma). Melanoma is caused by an uncontrolled
proliferation of melanocytes, that at first may form a benign lesion (nevogenesis), but in time, it
may transition to melanoma, determining what it is named, melanomagenesis. Some tumors may
appear spontaneously (de novo melanoma) or on preexisting lesions (nevus-associated melanoma).
The exact cause of melanoma may not be fully understood yet, but there are some factors that
initiate and promote this malignant process. This study aims to provide a summary of the latest
articles regarding the key factors that may lead to melanomagenesis. The secondary objectives are
to reveal the relationship between nevi and melanoma, to understand the cause of “de novo” and
“nevus-associated melanoma” and highlight the differences between these subtypes.

Keywords: nevi; melanoma; genetic tests; molecular tests; review

1. Introduction

Worldwide, melanoma is considered as one of the most aggressive forms of skin cancer,
that affects individuals of any age. Melanoma develops from the malignant transformation
of the melanocytes located in the basal layer of the epidermis (cutaneous melanoma) [1].
Melanocytes may also be found in the meninges, eyes, ears, gastrointestinal tract, genito-
urinary system, or other mucosal surfaces (mucosal melanoma) [1]. Certain studies attest
to a linear progression, from nevi, atypical nevi, to melanoma, that may occur under certain
mutational factors, although the majority of melanomas may develop de novo (sponta-
neously) [2]. One of the most important factors known to activate melanomagenesis is
exposure to ultraviolet light [3,4], which affects the tumoral DNA causing genetic mutations
that could lead to nevi’s progression to melanoma, through an abnormal proliferation of
melanocytes [5]. Melanoma is known for its genomic instability and is one of the cancers
with the most somatic mutations [4].

This study aims to provide a summary of the latest articles regarding the factors that
lead to melanomagenesis, to get a better understanding of this cancer’s biology. The sec-
ondary objectives are to reveal the relationship between nevi and melanoma, to understand
the cause of “de novo” and “nevus-associated melanoma” and highlight the differences
between these subtypes.

2. Materials and Methods

We analyzed over 90 of the most recent studies regarding the key factors responsible
for the occurrence of melanoma, to provide a review of the possible causes of this neoplasia.
We also assessed the relationship between nevi and melanoma by studying the latest articles
on this topic, to understand the cause of “de novo” and “nevus-associated melanoma” and
highlight the differences between these subtypes.
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3. Results

Melanoma originates from melanocytes, neural crest-derived cells, that can be found
in the skin, eye, and other tissues (ex. meninges, anogenital tract) [6]. The main function
of melanocytes is to produce melanin and provide it to the keratinocytes, to absorb UV
radiation and protect the keratinocyte’s nucleus from the DNA damage induced by ul-
traviolet radiation. The data collected from the studied articles were separated into three
categories, as follows: Section 3.1 the key factors to melanomagenesis; Section 3.2 from nevi
to melanoma—a linear progression; Section 3.3 de novo vs. nevus-associated melanoma.

3.1. The Key Factors to Melanomagenesis

Melanoma can be classified based on: 1. the relationship between sun exposure and
the location of the primary tumor (melanoma on skin with/without chronic sun damage
(CSD)—CSD or non-CSD melanoma); acral melanoma—located on palm, soles, or nail
bed; and mucosal melanoma); and 2. the tumoral growth pattern: superficial spreading
melanoma (SSM), nodular melanoma (NM), lentigo maligna/melanoma (LM/LMM), and
acral lentiginous melanoma (ALM) [7].

The exact cause of melanoma is not yet understood, but there are certain factors
that may initiate and promote its development: ultraviolet (UV) radiation, indoor tan-
ning [8–10], prolonged sun exposure/sunburn [11], burn scars [12–14], pesticides, genetic
factors/heredity, geographical location, skin phototype, immunosuppression, hormonal
changes, a high number of nevi, neuroendocrine factors, stress, depression [15], trauma,
low socioeconomic status, non-melanoma skin cancers, autoimmune diseases, viral infec-
tions, biological/cytologic factors, smoking/alcohol, medicines, gender (melanoma has a
higher incidence in men [16–20]), etc. [1,21–23]. The impact of a part of these factors will be
explained in the following lines, see Table 1—the key factors to melanomagenesis.

3.1.1. UV Radiation

Exposure to UV radiation (UVR) is considered the main risk factor for melanoma-
genesis [1]. Both natural and artificial lighting systems are sources of UV radiation [1].
Melanocytes are known for their photoprotective function (they protect the nuclear DNA
and reduce its damage) as a response to UV exposure through melanin synthesis [24]. The
melanin pigment has a crucial role in the protection against the effects of UV radiation and
other environmental factors [25]. While melanin protects against skin neoplasms, its pres-
ence is necessary for the oncogenic transformation of melanocytes, as melanogenesis may
show mutagenic activities, which can lead to the initiation and progression of melanoma.
The synthesis of this pigment is modulated by sun exposure and hormonal factors [25].
Melanin is then transferred to keratinocytes that cause tanning, due to UV exposure [24].
Some studies attest that melanoma is inversely related to skin pigmentation, having a lower
incidence in individuals with dark skin tones and a higher incidence in individuals with
fair skin tones [24].

Approximately 90% of melanomas are caused by ultraviolet radiation from sunlight,
which induces DNA damage, leading to DNA mutations and contributing to melanoma-
genesis [24]. UV radiation can be classified into three categories: ultraviolet C (UVC;
200–290 nm), ultraviolet B (UVB; 290–320 nm), and ultraviolet A (UVA; 320–400 nm) [24].
UVB is the main cause of sunburns, it damages the epidermis, and has a central role in skin
neoplasms. UVB waves are absorbed by the nuclear proteins and acids of the cutaneous
cells [1]. The irreparable DNA damage promotes the onset of somatic mutations, with the
transformation of normal cells into oncogenic cells [1]. UVA penetrates the skin deeper
than UVB/UVC but is mainly responsible for its photoaging effect [24]. UV damages the
skin cells and tissues and forms DNA mutations, altering the DNA integrity, which impairs
many tumor-suppressing genes [24]. UV radiation may also suppress immunity: it inhibits
antigen presentation, stimulates the release of immunosuppressive cytokines (ex. TNF-α),
and determines the apoptosis of immune cells [24]. The immunity of the skin depends on
the functioning of epidermal Langerhans cells (LCs)—the main antigen-presenting cells
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(APCs) of the skin. UV also damages LCs, decreasing their numbers and inhibiting their
antigen-presenting function [24].

All this considered, exposure to UV radiation either from sunlight or tanning beds
contributes to cellular DNA damage, oxidative stress, immunosuppression, and skin
inflammation, having a major role in melanomagenesis [26].

3.1.2. Genetic Factors

Melanoma is a neoplasm with complex pathogenesis, due to the genetic mutations
within the molecular pathways that control cell proliferation, differentiation, and sur-
vival [7]. UV radiation is the most prevalent factor in determining somatic mutations that
may cause the occurrence of melanoma [3]. Somatic mutations are produced by multiple
mutational processes, which generate specific mutational signatures [4,26]. The most fre-
quent mutational signatures found in melanoma were: signature 1B (associated with age
and the spontaneous deamination of 5-methyl-cytosine), signature 7 (UV radiation-induced
mutations), and signature 11 (associated with patients treated with the alkylating agent
temozolomide) [3].

As for the genetic mutations, BRAFV600E is one of the most common mutations in
melanoma (60% harbor this mutation) development [5]. This mutation activates the
mitogen-activated protein kinase (MAPK) pathway and causes bursts of melanocytic pro-
liferation followed by growth inhibition and senescence, an event known as oncogene-
induced senescence, with senescence escape being thought of as a cause of melanomagene-
sis [5]. Epigenetic alterations and the loss of tumor suppressor PTEN may also contribute to
senescence escape [5]. The majority of BRAF mutations are represented by the substitution
of valine at position 600 (V600) [7]. 75% of the BRAF variants are represented by the V600E
mutation, 19% by the V600K mutation, and only 6% by V600D/V600R mutations [7].

Other mutations that contribute to melanomagenesis are: RAS (ex. TACC1, CTNNB1),
and non-BRAF/non-RAS (ex. KIT, CDK4, MITF, CCND1, TERT, CDKN2A, WT1, EZH2,
STK19, PIK3CA, RASA2, SNX31, FBXW7, PREX2, SF3B1, RB1, IDH1, MAPK2K1-2, DDX3X,
RAC1, PPP6C, ARID2, NF1, TP53) [26–32]. TP53 and PTEN mutations are mostly found
in advanced/invasive melanomas [33]. NRAS, HRAS, BRAF, and GNAQ, have also been
identified in benign nevi, and their presence is associated with congenital nevi, Spitz,
acquired, and blue nevi [34,35].

The characterization of melanoma molecular subtypes is very important for the right
therapeutic decision. Melanoma can be classified into the following molecular subtypes [1,26,36]:

1. MAPK subtype: in melanoma patients, the MAPK (mitogen-activated protein
kinase) pathway, is hyperactivated causing a cascade activation of NRAS, BRAF, MEK,
and ERK (MAPK), intensifying the transcription of the genes involved in cell proliferation,
growth, and mutation [1]. The BRAF kinase has a role in the regulation of the signaling
pathway between MAPK and ERK (extracellular signal-regulated kinase), which controls
cell division and differentiation [1]. The BRAF gene mutations cause uncontrolled cell
division of the melanocytes and the development of melanoma [1]. BRAF mutations are
often found in common or atypical nevi but are not enough to cause the occurrence of
melanoma [1]. The most common mutation in BRAF is the conversion of thymidine to
adenine (T→A), resulting in the substitution of valine with glutamate (V600E) [1]. The
MAPK subtype with BRAF mutations (found in approximately 50% of melanomas, mostly
in younger patients and in non-CSD melanoma) can be classified as follows:

(a) With the activation of the PI3K–AKT–mTOR pathway, increased AKT3 expression
and/or the loss of PTEN. PI3K-AKT is involved in the modulation of cell survival, growth,
and apoptosis. The increased activation of PI3K signaling is seen in melanomas triggered
by the mutations, deletions, and promoter methylation of the coding genes of the PTEN
inhibitor [1]. PTEN encodes a tumor suppressor protein that cannot fulfill its role if it is
damaged, causing continuous cell proliferation (this gene is also involved in cell division
by keeping cells from growing and dividing) [1,36]. mTOR is an activated protein found in
73% of human melanoma cell lines [1]. Therefore, this subtype can benefit from treatment
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with PI3K, AKT, and mTOR inhibitors [26]. A study by Leonardi et al. shows that the
MAPK-pathway (mitogen-activated protein kinase) and PI3K-pathway (phosphoinositol-3-
kinase) promote melanomagenesis through various genomic mutations on the components
of these pathways [37].

(b) Alteration of the p16CDKN2A–CDK4–RB pathway, with the inhibition of p16CDKN2A

and/or amplification of CDK4. CDKN2A (cyclin-dependent kinase inhibitor 2A) encodes
two proteins—p16CDKN2A and p14CDKN2A. In normal conditions, p16CDKN2A inhibits
CDK4 (protein kinase cyclin-dependent kinase 4)/ CCND1 (cyclin D1) affecting the cell-
cycle progression which depends on the retinoblastoma susceptibility protein (RB) [26]. In
melanoma, p16CDKN2A is inactivated and CCND1 amplificated due to various epi/genetic
mechanisms [26]. P16 acts as a CDK inhibitor, slowing the progression of the cell cycle [36].
On the other hand, p14CDKN2A normally prevents the degradation of P53 and favors its
control of cell-cycle progression [26]. In melanoma, P53 can be inactivated due to the
mutations of p14CDKN2A [26]. Taking all this into consideration, these patients may be
treated with CDK4/6 inhibitors [26]. CDK4 is known for contributing to the regulation of
the cell cycle, triggering metastasis, and interfering in the phosphorylation of RB [36].

(c) MITF gene amplification. MITF plays the most relevant role in melanoma, by
controlling the differentiation and proliferation of the melanocytes [26]. A low/ absent
expression of MITF leads to apoptosis, while overexpression determines cell differentiation
and an anti-proliferative effect to some extent [26]. Patients could benefit from treatment
with histone deacetylase (HDAC) inhibitors as they may interfere with the expression of
MITF protein [26].

2. NRAS subtype: NRAS mutations (found in 15–20% of melanomas, but rare in
nevi [1]; they have a more aggressive clinical course) are caused by prolonged sun ex-
posure, mostly found in nodular melanomas and melanomas with a Breslow index of
over 1 mm [1]. This mutation is important in the initiation and promotion of neoplasms,
associated with possible activation of the PI3K-AKT pathway, therefore PI3K or MEK
inhibitors treatment could be suitable in this case [26]. NRAS mutations result in a serial
activation of serine/threonine kinases, stimulating cell cycle progression, transformation,
and survival. This may be caused by the hyperactivation of either growth factor receptors
like c-Met (tyrosine-protein kinase Met), EGFR (epidermal growth factor), c-KIT (tyrosine
kinase receptor), or by the functional loss of the NF1 (neurofibromatosis type 1) gene [1].

3. cKIT subtype: cKIT (tyrosine kinase receptor) has an important role in cell differen-
tiation/proliferation, melanocyte development, tumor formation, development, migration,
and recurrence [26,36]. Its mutations could cause insufficient pigmentation and can activate
multiple signaling pathways, especially the PI3K-AKT and MAPK pathways [1,36]. It is
more frequently found in acral (10%), mucosal (15–20%), and CSD (5%) melanomas [1]. All
this considered, the cKIT inhibitors could be utilized in the presence of certain activating
mutations [26].

4. GNAQ/GNA11 subtype: GNAQ/GNA11 mutations are found in 80–90% of uveal
melanomas [38]. These genes encode the alpha subunits of the heterotrimeric G proteins
(Gq/G11) and their mutations activate various signaling pathways, acting as driver genes
in the oncogenic process [38]. Patients may be treated with MEK inhibitors since these
genes’ activation leads to the activation of the MAPK pathway with MEK enzymes being
one of its main effectors [26].

A family history of melanoma is associated with an increased risk due to shared genetic
mutations and/or lifestyle habits (ex. outdoor hobbies, sun exposure, etc.) [39]. There
are certain inherited genes (CDKN2A, CDK4, MITF, TP53, XPC, XPD, XPA, TERT, POT1,
ACD, TERF2IP, BRCA 1/2, BAP 1, and PTEN) whose mutations may be causing hereditary
melanoma [1]. For example, CDKN2A mutations (located on chromosome 9) are found in
3–20% of the families with a history of melanoma [1,39]. When this gene suffers mutations
there is a loss of cancer suppression and it leads to uncontrolled cancer cell proliferation [39].
Patients with familial atypical multiple mole melanoma (FAMMM) syndrome have a high
risk for melanoma development [40]. Patients with FAMMM syndrome have a 10.7%
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risk of melanoma and a higher risk of melanoma also depends on the number of family
members affected (approximately 100% risk if two or more relatives have atypical nevi and
melanoma) [21].

Table 1. The key factors to melanomagenesis, [1,3–5,7,26,34,35,37,39], UV = ultraviolet,
UVA = ultraviolet A, UVB = ultraviolet B, HIV = human immunodeficiency virus, AIDS = acquired
immunodeficiency syndrome.

Melanoma: Trigger Factors

UV
Radiation

Genetic
Mutations

Skin
Phototypes

Immunosuppresion Other Factors

Sunlight
(UVA, UVB)

Indoor
tanning

BRAFV600E

Other mutations:
PTEN, RAS,
TP53, NRAS,

HRAS, GNAQ,
CDKN2A, CDK4

I/II—fair skin,
blonde/red hair,
a high number

of freckles,
blue/green eyes.

HIV/AIDS
Immunosuppressive

therapies

Inflammation
Autoimmune

diseases
Metabolic
syndrome
Hormonal

factors
Aging
Stress

Aside from genetic mutations, epigenetics is another important factor involved in
melanomagenesis [36]. Epigenetics focuses on the change of the gene’s functions that are
meiotically and/or mitotically inherited [36]. Epigenetic factors modify the expression
of microRNAs, and they target genes involved in cell differentiation, and growth/death,
having a role in melanoma progression [36]. The main mechanisms of epigenetics iden-
tified in melanoma are: chromatin modifications (DNA methylation), histone alterations
(they cause post-transcriptional modifications altering the chromatin state, useful for can-
cer progression), modifications of histones acetyl and methyl groups (they affect cancer
progress, modulate the response to anticancer drugs and have a critical role in melanoma’s
signaling pathways), and the noncoding RNAs/microRNAs (involved in melanoma gen-
esis, cell cycle regulation, tumoral growth, cell invasion/migration/apoptosis and drug
resistance) [36]. All this considered, epigenetics mechanisms should be furtherly studied,
as they could predict the outcome of certain melanoma therapies [36].

3.1.3. Skin Phototypes

There are six types of skin phototypes, with I as the lightest and VI being the darkest.
Individuals with skin phototypes I/II have fair skin, blonde/red hair, a high number of
freckles, and blue/green eyes, making these two phototypes the most sensitive to UV
exposure [1]. These patients are more prone to develop melanoma, as they have a lower
resistance to UVB rays [1].

3.1.4. Immunosuppression

Patients with immunosuppressive conditions, such as AIDS/HIV are predisposed to
melanomagenesis as prolonged immunosuppression cannot protect the individual from
the onset or progression of melanoma or other neoplasms [1]. The systemic immunosup-
pression caused by agents like cyclosporine in renal transplantation patients determines
the inhibition of tumor suppressor factors like p53 and the activation of proto-oncogenes
(HRAS, KRAS, or NRAS) [1]. This causes DNA damage and somatic mutations, inducing
the onset and progression of melanoma [1]. If cutaneous melanoma occurs in patients
with an intact immune system, it will develop mechanisms to evade the body’s immune
response, which includes the activation of immunosuppressive cytokines that will further
modulate antigen-specific immune cells to initiate tumorigenesis [41,42].
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3.1.5. Autoimmune Diseases/Inflammation

Chronic inflammation is recognized for its capacity to determine epidermal cell trans-
formation and malignant progression, contributing to approximately 20% of all human
cancers, including melanoma [43]. Under various factors (for example, trauma, and infec-
tions) inflammation determines the transformation of cancer-originating cells by producing
reactive nitrogen intermediates (RNI) and reactive oxygen species (ROS) that cause DNA
damage and genomic instability [43]. Some studies indicate that periostin (a contributing
factor in tumorigenesis) and M2 macrophages may play a crucial role in melanoma progres-
sion through inflammation [44]. Many pro-inflammatory exogenic factors may promote
neoplasm development through the nuclear factor-κB (NF-κB) and STAT3 signaling path-
ways [45]. Increased levels of miR-21(an inhibitor of key tumor suppressors) are associated
with inflammation, for example, in diabetes mellitus (type 1 and 2), atopic conditions, and
chronic renal fibrosis [45]. Chronic inflammation may thus promote melanomagenesis,
through a high level of miR-21. There are reports that neutrophilic cutaneous inflammation
promotes angiotropism and metastatic spread of melanoma [46].

As for autoimmune diseases, some studies show that in type 1 diabetes mellitus, there
is an increased response to inflammatory cytokines, demonstrating that this type of diabetes
T1DM might be involved in melanoma development, through chronic inflammation [45].
In the literature, it is noted that psoriasis patients have a higher risk of developing certain
cancers, due to the inflammation that these patients have [47]. Regarding psoriasis’ therapy
it seems that the biological treatments do not necessarily raise the risk for melanoma devel-
opment and are considered safe [48,49]. One of the most common chronic inflammatory
skin diseases is atopic dermatitis (AD) and there is a lot of controversy regarding the extent
of skin cancer risk that these patients have [50]. These patients have a hyperactive immune
system, which could prevent skin cancers [50]. Some studies, also report that patients
with AD have fewer nevi, which implies that this pathology could prevent melanoma,
as a higher count of nevi is considered a risk factor for developing it [50]. Marasigan
et al. report that there is an inverse correlation between atopy and melanoma and that
there is not enough evidence that supports an association between AD and melanoma
progression or survival [50]. While some studies attest that there is a negative or inverse
association between atopy and melanoma, other studies report that AD patients could have
a high risk of developing it [50]. Since there is no strong scientific evidence, AD patients
should use photoprotection, avoid excessive exposure to the sun, and monitor their nevi by
self-examination and regular dermatologist appointments.

Considering the role of inflammation in tumor initiation, promotion/progression,
angiogenesis, and metastasis, inflammatory pathways may become future targets for
melanoma prevention [51–53].

3.1.6. Other Factors

Aside from the factors listed above, there are also other factors associated with
melanoma development, such as the microenvironment, metabolic syndromes, hormonal
factors, aging, etc.

The onset of melanoma could be associated, through direct/indirect interactions, with
the cancer microenvironment formed by different types of cells (fibroblasts, macrophages,
lymphocytes, keratinocytes, other immune system cells, adipocytes, and cells that form
the cutaneous blood vessels) that interact with each other through signaling proteins and
cytokines [54]. Studies examining the microenvironment of melanomas and macrophages
associated with tumors have shown that they may be involved in all stages of melanomage-
nesis: in neoplasm initiation, they determine an inflammatory microenvironment and sup-
press the antitumoral activity of the immune system, they stimulate angiogenesis, enhance
migration/invasion of the oncogenic cells, and are involved in the metastatic process [54].
Some studies suggest that keratinocytes and fibroblasts may contribute to melanomagenesis,
as they inhibit certain mechanisms that prevent uncontrolled melanocytic proliferation [5].
Keratinocytes inhibit senescence-related genes, promote the uncontrolled proliferation
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of melanocytes, and affect the balance of the melanocyte-secreted factors that aid in the
process of tumorigenesis [5].

Melanin biosynthesis and reactive oxygen species (ROS)—Melanogenesis is a process
during which melanin is synthesized and distributed [55]. There are several factors that
are known for modulating melanogenesis, such as UVR, MITF (microphthalmia-associated
transcription factor), the ERK/MAPK pathway, immune regulation, or mitochondrial dy-
namics [55]. The main function of melanin is photoprotection by absorbing UVR, but it can
also lead to high levels of intracellular ROS (reactive oxygen species) increasing melanoma
susceptibility [55]. UVR is responsible for increasing ROS levels in the melanocytes and
keratinocytes causing DNA damage and impairing the natural antioxidant defenses, even-
tually leading to melanomagenesis [55]. Melanin is known for its protective effect against
reactive oxygen species and toxic radicals [56]. However, melanin biosynthesis has the
potential to produce reactive oxygen species that determine DNA damage and the ma-
lignant transformation of the melanocytes [56]. Oxidative stress (OS) has been reported
to be involved in all the phases of melanoma (from genesis to metastasis), it may alter
gene expression by inhibiting key epigenetic enzymes’ interaction with the DNA and it
also determines chemoresistance [55,57]. This may lead to genomic instability and global
hypomethylation [55]. ROS-induced abnormal DNA methylation pattern alterations can
determine malignant transformation and cancer progression [55]. ROS may be generated by
the increased metabolism of transformed cells, enzyme activity, UVR, melanin production,
an immune reaction against tumors, an altered oxidant system, and exogenous factors
(UVR, air pollution, ozone, infections, chemicals, cosmetics, drugs, toxins, or non-ionizing
radiation) [55,57]. Additionally, the production of hydrogen peroxide and the consumption
of reduced glutathione (GSH) during melanin biogenesis are responsible for a high level of
ROS in melanoma [55]. Despite the skin’s antioxidant defense mechanisms, excessive ROS
production cannot be fully neutralized [57]. A controlled level of ROS is beneficial for the
skin’s homeostasis and the epidermal keratinocyte’s proliferation, but excessive levels of
ROS may lead to DNA damage, aberrant gene expression, cell death/mutations, injury of
the local tissues, cancer progression, and metastasis [55,57].

Persister melanoma cells are considered dormant cells in a mass of cancer cells that
can tolerate a high level of drugs [58]. A study by Karki et al. attests that persister cells
could be induced by chemotherapy [58]. These cells experience metabolic alteration to
improve the survival of tumoral cells, sustain cell proliferation, avoid the action of drugs,
and fulfill energy requirements [58]. Travnickova et al. report that melanoma persister
cells originate from the primary tumor and that they contribute to cancer recurrence and
drug resistance [59]. Melanoma is thought to be a chemotherapy-resistant cancer, and this
resistance could be attributed to persister cells [58,59]. The further study of persister cells
could help develop novel cancer therapeutic strategies.

Metabolic syndrome and melanoma—A patient with metabolic syndrome (formed
of at least three of the following: hypertension, impaired glucose tolerance, abdominal
obesity, high triglycerides levels, and low HDL levels) may have a higher risk of developing
melanoma [45]. Adipocytes activate AKT and mTORC1 in melanoma cells and stimu-
late their proliferation, migration, and invasion (they promote melanoma aggressiveness
through high fatty acids oxidation) [45].

Hormonal factors—There is epidemiological evidence that associates acne, prostate
cancer, and melanoma with the androgenic hormones as a possible link [45]. Apparently,
patients with positive androgen receptors have a worse survival as opposed to melanoma
patients with negative androgen receptors, as they also promote melanoma metastases
through MITF signaling [45]. Metastatic melanoma cell lines have also been shown to
have an increased level of growth hormone receptor (GHR) [45]. Melanoma metastases
occur rapidly and are caused by a complex of factors, out of which genetic mutations
are some of the most important factors [60]. The growth hormone influences different
oncogenic signaling pathways, especially JAK2-STAT3 [45]. Vitamin D deficiency has
also been associated with a poor prognosis in melanoma. A high level of vitamin D is
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associated with a low tumoral thickness and protects against relapses and death caused
by melanoma [45,61]. Some studies suggest that neuroendocrine factors may play a role
in melanoma development, influencing the tumoral cells’ proliferation and metastasis
capability [62]. For example, catecholamines stimulate proliferation, motility, and invasion
of melanoma cells, while glutamate may activate angiogenesis [62].

Aging—it seems that the incidence of melanoma may increase with age and that
melanoma in young individuals may be attributed to a complex of genetic factors, multiple
nevi, as opposed to the older individuals where exogenic factors play the most important
role [63–65]. A higher age often leads to a poor prognosis in stages I, II, or III, and is
associated with high levels of miR-21, reaching the highest level at around 66 years of age
(coinciding with the median age of melanoma incidence) [45].

Smoking/alcohol—Some studies have identified smoking as a predictor of poor out-
comes in melanoma patients [45]. It seems that nicotine induces the expression of miR-21
and promotes melanoma cell proliferation and migration [45]. The same goes for pollution,
a factor that increases miR-21 expression and activates the PI3K/AKT pathway, leading to
melanomagenesis [45]. Cigarette smoking is known to determine premature skin aging, ag-
gravate psoriasis, inhibit wound healing, and may also cause squamous cell carcinoma [22].
Alcohol may also be associated with an increased risk of invasive melanoma with white
wine consumption having the highest risk of developing melanoma [66]. It seems that
regarding this factor mostly UV-spared sites (trunk) were affected by melanoma [66].

Stress—chronic stress can be an important factor in cancer progression and melanoma
spreading [67]. Moreover, catecholamines (stress hormones) may promote the aggression
of melanoma cells through the interaction with specific receptors [67]. Some studies
state that oxidative stress is a major force involved in all the phases of melanomagenesis,
from initiation to the progression of melanoma, up until the onset of the metastases and
chemoresistance, making it a target for therapy [55]. All this considered, there is a clear
involvement of chronic stress in melanoma initiation and progression [68].

Therapies/medicines—immunomodulating medicines may increase cutaneous pho-
tosensitivity and suppress the immune system’s responses, determining a higher melanoma
risk [69]. Certain papers report that immunosuppressive agents like methotrexate (MTX)may
increase skin cancer risk in patients with psoriasis [48]. As for melanoma suppression, it ap-
pears that resveratrol (a natural polyphenolic phytoalexin) has been demonstrated to inhibit
melanoma cell viability, migration, and invasion, blocking melanoma progression [70].

Mucosal (oral) melanoma risk factors—Mucosal melanoma is a very rare and ag-
gressive melanoma subtype that arises from the oncogenic transformation of the mucous
membranes’ melanocytes [71]. This type of melanoma is biologically, epidemiologically,
and molecularly different from cutaneous melanoma [72]. The risk factors and causes of
mucosal melanoma’s development are not fully understood and there is little information
regarding its molecular markers [71]. Mucous melanoma develops most frequently in the
head and neck cavities (including the oral/nasal cavity and accessory sinuses), followed
by the rectum/anus and the feminine genital tract [72]. Oral melanoma often presents
clinically as heavily melanin-pigmented lesions but may also appear amelanotic [56]. The
prevalence of this type of melanoma increases with age, affecting both females and males
aged between 40 and 70 years [73]. It rarely affects the white population and is most often
found in black, Japanese, and Indian individuals [73]. Unlike cutaneous melanoma, oral
melanoma is not related to UVR exposure [73]. This type of melanoma may appear de
novo, but approximately 30-37% of them occur on preexisting lesions possibly under the
influence of various factors (denture irritations, cigarette smoking, infections) [56,73]. As
of yet, oral melanoma is not associated with any confirmed oncogenic agents [56]. About
30% of oral melanomas develop on hyperpigmented melanin lesions which may lead to
the conclusion that dysregulation of melanin biosynthesis, its products (reactive oxidative
species (ROS), intermediates—semi/quinones, which are potentially mutagenic and may
promote cytogenetic instability) or a loss of the melanosomal membrane’s integrity, with
the leakage of toxic melanin particles, could have a role in the carcinogenic transformation
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of melanocytes [56]. Regarding de novo oral mucosal melanoma, it is not understood if
it is caused by an overproduction of melanin as an early/late event in melanomagenesis
due to the acquisition of a malignant phenotype [56]. All this considered, melanin seems
to be a risk factor for melanoma development [56]. As for the genetic mutations and
oral melanoma’s molecular pathways, the following are reported as risk factors for its
development [56]: (a) the gain-of-function mutations in KIT protooncogene (dysregulated
cKIT intracellular signaling pathways—PI3K, JAK/STAT, Ras-Raf-MAPK pathway which
causes increased cell survival and proliferation) [56]; (b) MC1R polymorphism—determines
damaged DNA repair mechanisms, promotion of toxic melanin particles synthesis, and in-
creased survival and proliferation of the melanocytes [56]. Normally, MC1R (melanocortin
receptor 1) regulates the proliferation and survival of melanocytes and promotes DNA re-
pair in case of damages caused by oxidative stress [56]; and (c) the altered expression of cell
adhesion molecules, which causes the downregulation of E-cadherin and the upregulation
of N-cadherin that contribute to the increase of migration, proliferation, and invasivity of
melanoma cells [56].

3.2. From Nevi to Melanoma—A Linear Progression?

There is a genetic overlap between nevi and melanoma, having a shared environmental
influence of UV radiation, yet nevi remain localized, while melanoma can spread from
its primary location to distant organs [74]. Some studies attest that there may be a linear
progression from nevi to melanoma under certain mutational factors [2]. To confirm this
theory, a study by Damsky et al. states that 33% of melanomas could be derived from
nevi [75], while a study by Sondermann et al. suggests that 30-50% of melanomas and
more than half of melanomas in young patients evolve from benign lesions, and neither
clinicians nor artificial intelligence (AI) algorithms are yet able to predict a nevus’ oncologic
transformation [76]. Additionally, the Clark model of melanoma pathogenesis attests
that there are certain steps that occur during a progression from normal melanocytes to
melanoma cells [40]. These steps include the formation of common nevi, then atypical nevi,
then melanoma in situ, and later, invasive melanoma. This linear progression is thought to
be driven by the accumulation of genetic mutations and epigenetic changes [40]. A study by
Eddy et al. [77] suggests that melanomagenesis is based on the following phases: 1. normal
melanocytes acquire an initiating driver mutation that causes melanocyte hyperplasia
and nevi development (breakthrough phase, with a low number of mutations); 2. in the
expansion phase some of the nevi progress into atypical nevi and later into melanoma
in situ, associated with a high number of mutations; and 3. after the accumulation of
numerous mutations (ex. CDKN2A, TP53, PTEN) the primary melanoma goes into an
invasive phase [77]. Melanomas that develop on non-sun-exposed anatomical sites are
associated mostly with BRAF V600E mutations, which are considered one of the key
factors to nevogenesis (formation of common nevi) [6]. The frequency of initiation of the
BRAF V600E mutation is influenced by UV radiation, and the patient’s genotype, while
the number or morphological appearance of nevi may be influenced by the individual’s
phenotype (e.g., fair skin, low tanning ability) [6].

Whether nevi are melanoma precursors remains controversial [78]. Pathology-based
studies have found that 20%-30% of melanomas contain nevus cells, suggesting a direct
transformation of nevi into melanoma [78]. According to some studies, after acquiring
different mutations, the melanocytes will proliferate to form nevi [6,78]. Common nevi
develop in the first two decades of life, mainly on sun-exposed anatomical sites (acquired
nevi), and may tend to regress after the sixth decade [6]. After the acquisition of certain
mutations, another category of melanocytic lesion arises, one that is an intermediate
form between common nevi and melanoma–atypical nevi. These lesions have clinical,
dermoscopic, and histological similarities with early melanomas [2,24].

Recent studies have shown that common nevi have mainly one driver mutation—
BRAFV600E, whereas atypicalnevi may have multiple mutations (ex. NRAS and BRAFnonV600E) [6].
This contradicts the linear progression theory that common nevi may evolve into atypical nevi,
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as this type of lesions rarely have BRAFV600E mutations, suggesting that some sporadic atypical
nevi may follow a separate evolutionary trajectory [6]. Tschandl et al. report that the presence of
BRAF/NRAS mutations does not predict the chance of malignant transformation of a nevus [79].
In this study, the frequency of BRAF mutation was similar in melanoma (63%) and nevi (65.2%)
and the BRAF/NRAS transformed nevi did not have a higher chance of being associated with
melanoma than a wild type of nevi [79]. This study states that BRAF/NRAS mutations within a
nevus do not play a major role in the development of melanoma from nevi [79]. Other studies
report that mutational signatures imply that UV radiation-mediated mutagenesis of superficial
melanocytes of the nevus is the predominant pathogenic mechanism that drives the progression
of nevi to melanoma [6].

A study by Ulanovskaya et al. states the cytosolic enzyme NNMT (nicotinamide N-
methyltransferase) promotes migration, invasion, proliferation, and survival of cancer cells and
that aggressive cancer lines possess a higher level of NNMT [80]. It is also stated that it supports
tumorigenesis and may be used as a potential anticancer target [80]. According to an article by
Ganzetti et al., it is reported that NNMT is overexpressed in melanoma, in comparison to nevi,
but that there is an inverse relationship between the Breslow index, Clark level, mitoses, and
ulceration (prognostic factors) [81]. This idea is also supported by a study made by Campagna
et al. [82]. All this considered, the enzyme NNMT could be used as a prognostic biomarker for
melanoma, and since it plays a role in tumorigenesis and cancer progression, if encountered in
nevi, it could be involved in a linear progression from nevi to melanoma, as under oncogenic
factors, nevi may eventually transform into melanoma.

3.3. De Novo vs. Nevus-Associated Melanoma

Melanoma may arise “de novo” (spontaneously) or on preexisting lesions (common or
atypical nevi). This sustains the theory that under the circumstance of certain mutational
factors, there can be a linear progression model, from common nevi, atypical nevi, to
melanoma. Melanomas arising from nevi, common or atypical, normally develop intra-
epidermally [6].

There are few known facts about the endogenic/exogenic factors that may cause
melanoma to arise in normal skin or on a preexisting nevus [78]. Certain studies attest
that only 20%–30% of melanomas are “nevus-associated” (NAM), with the majority of
melanomas (70–80%) arising spontaneously (de novo—DNM) [78,83,84]. However, some
authors report that this might not be the correct percentage of DNM as preexisting nevi
may have been overgrown/destroyed by melanoma cells [85]. Studies show that de novo
melanomas (DNM) are mostly associated with poorer outcomes and shorter survival
compared to nevus-associated melanomas (NAM) [78]. DNM usually have a tumoral
thickness greater than 1.0 mm, and are associated with the nodular melanoma subtype
located mostly on extremities, a higher stage than stage I, older age onset, a low number of
nevi, and tumor ulceration [78]. Some studies highlight that the lentigo maligna melanoma
(LMM) subtype is very rarely associated with remnants of nevi [85,86].

It seems that, on histologic examination, nevus-associated melanomas present either
as tumors growing on preexisting nevi or as a transformation of a common nevus into an
atypical nevus and, later, fully developing into a melanoma [85]. In a study by Pandeya
et al., NAM was associated with the superficial spreading melanoma subtype, with a
younger age onset, blonde hair, fair skin, green/hazel eye color, no/fewer facial freckles, a
high number of nevi, tumors located on the trunk, a tumoral thickness of under 0.5 mm,
and BRAFV600E mutation [40,87]. Apparently, patientswith nevus-associated melanomas
had many more moles on their skin as teenagers, but with less dermal elastosis as opposed
to DNM [87]. These findings may suggest that NAM may arise through a different sequence
of causal events, compared to those leading to other types of melanomas [87]. A study by
Tas et al. suggests that even though DNM is associated with poor outcomes, the survival
rates of DNM and NAM are similar, see Table 2—de novo melanoma vs. nevus-associated
melanoma [88].
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Table 2. De novo melanoma (DNM) vs. nevus-associated melanoma (NAM), [6,40,78,85–88].
BI = Breslow index.

Melanoma Characteristics

De Novo Melanoma Nevus-Associated Melanoma

Prevalence—70–80% Prevalence—20–30%

Spontaneous development Develops on preexisting lesions (nevi)

Associated with—poor outcome, BI > 1 mm,
nodular melanoma, located mostly on

extremities, older age onset, tumor ulceration,
low number of nevi.

Associated with—better prognosis, superficial
spreading melanoma, younger age onset, fair

skin, a high number of nevi, BI < 0.5 mm,
BRAFV600E mutation, tumors located

on the trunk.

4. Discussion

Melanoma is a skin cancer with a very complex pathogenesis, caused by molecular
and genetic mechanisms that are not yet fully understood and it is one of the cancers with
the most somatic mutations according to a study by Alexandrov et al. [3,4,26]. Exposure to
intense UV radiation, a high number of nevi, heredity, age, and light skin are some of the
most important risk factors associated with increased melanoma incidence [43,55,57,89]. It
is crucial to avoid all factors that could lead to melanomagenesis, if possible, and especially,
to limit sun exposure and use photoprotection products.

According to a study by Conforti et al., although the epidemiological data from 1980–
1990 suggest an increase in the incidence of melanoma across all ages, the studies from the
last 10 years indicate a 5% reduction in the incidence of melanoma in young individuals
(between 15–24 years) [90].

A family history of melanoma is associated with an increased risk due to shared
genetic mutations and/or lifestyle habits. A healthy lifestyle may also have a positive
influence on reducing the effect of some mutational factors [45]. In a study by Haenssle
et al., patients with FAMMM syndrome or/and with multiple melanomas developed less
frequently nevus-associated melanoma compared to patients with a high count of common
nevi/ no previous melanoma [40]. It is thought that the onset of de novo melanoma in
these patients is caused by genetic factors related to the FAMMM syndrome, as genetic
analyses often reveal CDKN2A mutations associated with this syndrome [40].

Aside from genetic alterations, epigenetics is another factor that could determine the
occurrence of melanoma [36]. The main epigenetic mechanisms involved in melanoma are:
chromatin modifications, histone alterations (modifications of histones acetyl and methyl
groups), and the noncoding RNAs/microRNAs (involved in melanoma genesis, tumoral
growth, cell invasion/migration/ apoptosis, and drug resistance) [36]. We consider that
epigenetics mechanisms should be furtherly studied, as they could predict the outcome of
certain melanoma therapies.

Another important factor involved in melanomagenesis is persister cells. While
some studies report that persister cells could be induced by chemotherapy [58], other
studies attest that melanoma persister cells originate from the primary tumor and that they
contribute to cancer recurrence and drug resistance [59]. These cells go through metabolic
alteration to improve the survival of tumoral cells, sustain cell proliferation, avoid the
action of drugs, and fulfill energy requirements [58].

The clinicopathological examinations for melanoma diagnosis should be integrated
with molecular techniques, to increase the accuracy of melanoma detection and to have
a better understanding of its pathogenesis [26]. The introduction of novel techniques
for genetic and molecular analyses may lead to a better understanding of melanoma
pathogenesis [7]. According to a study by Bastian et al. [91], melanomas may be categorized
into multiple biological categories, which differ in types of origin cells, clinical/histologic
presentation, the age of onset, the type of metastasis, the ethnic/gender distribution of
patients, the role of UV radiation, mutational processes [91].
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More research should be conducted to elucidate the clinical relevance of certain
melanoma molecular mechanisms, to improve the clinical management, preventive strate-
gies, and the prognosis of patients [7,88,92,93]. The exact cause of melanoma is not yet
fully understood, but there are numerous factors that may initiate and promote its de-
velopment: from ultraviolet (UV) radiation, genetic factors, geographical location, skin
phototype, immunosuppression, viral infections [94], a high number of nevi, stress, biologi-
cal/cytologic factors to gender. Despite the recent advances in the diagnosis and treatment
of advanced melanoma, as stated in some studies, the best chance of survival is based on
prevention/early detection [95–97].

5. Conclusions

Melanoma is an aggressive form of skin cancer that may occur spontaneously or
through a linear progression from nevi under various key factors. Discovered in its early
stages, it can be curable, with high survival rates, but with advanced/metastatic melanoma
the patient’s prognosis worsens. There is hope that in the next years, there will be a better
understanding of melanoma’s pathogenesis that will help discover it in its early stages and
may aid in developing new effective treatments that could better the patient’s prognosis.
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Abstract: Dermoscopy is a non-invasive method of examination that aids the clinician in many ways,
especially in early skin cancer detection. Melanoma is one of the most aggressive forms of skin cancer
that can affect individuals of any age, having an increasing incidence worldwide. The gold standard
for melanoma diagnosis is histopathological examination, but dermoscopy is also very important
for its detection. To highlight the many roles of dermoscopy, we analyzed 200 melanocytic lesions.
The main objective of this study was to detect through dermoscopy hints of melanomagenesis in
the studied lot. The most suspicious were 10 lesions which proved to be melanomas confirmed
through histopathology. The second objective of this study was to establish if dermoscopy can aid in
estimating the Breslow index (tumoral thickness) of the melanomas and to compare the results to
the histopathological examination. We found that the tumoral thickness may be estimated through
dermoscopy, but the histopathological examination is superior. To conclude, the aim of this study was
to showcase the versatility and many roles of dermoscopy, besides being one of the most important
tools for early melanoma diagnosis.

Keywords: nevi; melanoma; dermoscopy; melanomagenesis; tumoral thickness

1. Introduction

Dermoscopy is a non-invasive method of examination that aids the clinician in numer-
ous ways, especially in the establishment of an early skin cancer diagnosis, significantly
increasing the accuracy of melanoma detection. Besides the classification of melanocytic
lesions, dermoscopy may also be used to predict the thickness of tumors based on spe-
cific dermoscopic criteria and colors, which could aid in choosing the right treatment
option (dermoscopy is highly effective in skin cancer surgery, as it can help in preoperative
marking and the selection of surgical margins) [1].

The main melanocytic lesions are nevi and melanoma. Melanocytic nevi can be
classified as follows: acquired nevi (dysplastic—junctional/lentiginous, or compound,
Spitz, and Reed), congenital nevi (superficial, superficial and deep, dermal—Miescher
(located on the face), and Unna (located on the body)) [1]. The features of Spitz nevi often
make them difficult to differentiate from melanomas [2]. They can affect individuals of all
ages, but usually appear during childhood (mostly affecting children under 10 years old)
or develop in young adults [2]. The management of these lesions is difficult due to their
similarity to melanoma.

Melanoma is considered one of the most aggressive forms of skin cancer worldwide,
affecting individuals of any age. It has a high potential to metastasize and is responsible
for over 80% of deaths caused by skin cancers [3]. Cutaneous melanoma may be classified
into the following subtypes: superficial spreading (considered to develop mostly on preex-
isting nevi), nodular, lentigo maligna, acral lentiginous (higher incidence in dark-skinned
patients), amelanotic, and desmoplastic (rare subtype found in older individuals—formed
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by scant spindle cells with minimal cellular atypia) [1,4]. Tumoral thickness (Breslow
index) is one of melanoma’s most important prognostic factors [3]. The patients’ prognosis
is strongly related to the early diagnosis of melanoma, and their survival is inversely
proportional to the tumoral thickness [3]. The Breslow index is measured through the
histopathological examination, but an estimation of the tumoral thickness can also be made
through dermoscopy (colors, dermoscopic structures). It may be difficult to differentiate
thin melanomas from atypical nevi, as they can have similar clinical, dermoscopic, and even
histopathologic characteristics. Certain studies attest to a linear progression, from nevi,
atypical nevi, to melanoma, that may occur under mutational factors that are not yet fully
understood [5]. This linear progression, although rare and controversial, is stated to apply
to melanomas developing on preexisting nevi (20–30% are nevus-associated melanomas
(NAM)), as the majority of melanomas develop de novo (approximately 70% are de novo
melanomas (DNM)) [4,6–8]. Dermoscopy can help discover hints of melanomagenesis
and may also aid in differentiating between DNM and NAM [6–8]. Besides the assess-
ment of skin tumors (for patient monitoring, early skin cancer diagnosis, estimation of
tumoral thickness), dermoscopy can also be used to examine perilesional skin (for ex-
ample, for assessing solar damage), inflammatory conditions, and dermatoses (psoriasis,
dermatitis—which can help differentiate these conditions from actinic keratoses or an in
situ squamous cell carcinoma), hair and scalp (trichoscopy), skin infestations and infections
(entomodermatoscopy), and nails [1].

The main objective of this study was to detect through dermoscopy hints of melanoma-
genesis in the studied melanocytic lesions and to showcase the versatility and many roles of
dermoscopy, besides being one of the most important tools for early melanoma diagnosis.
The second objective of this study was to establish if dermoscopy can aid in estimating
the Breslow index (tumoral thickness) of the melanomas and to compare the results to the
histopathological examination. We found that the tumoral thickness may be estimated
through dermoscopy, but the histopathological examination remains superior. To conclude,
dermatoscopy is an essential tool for dermatologists, helping them read the “messages”
left by skin cancers and many other dermatological conditions.

2. Materials and Methods

We examined 200 melanocytic lesions (dermoscopic images) of dermatologically mon-
itored patients between 2017 and 2022 at the Emergency Clinical County Hospital of Sibiu
and a private dermatology office from Sibiu, Romania. We assessed the dermoscopic
images to detect any hints of melanoma. The most suspicious lesions were either excised or
proposed for excision. Out of all the studied lesions, 10 proved to be melanomas, which
were histopathologically confirmed. We also tried to determine the tumoral thickness of
the melanomas to establish if dermoscopy can be used in this regard, and we compared
our findings with the histopathological results. The main objective of this study was to
detect through dermoscopy hints of melanomagenesis in the studied melanocytic lesions
and to showcase the versatility and many roles of dermoscopy, besides being one of the
most important tools for early melanoma diagnosis. The study has the approval of the
Ethics Committee of Sibiu’s County Clinical Hospital (Sibiu, Romania).

Statistical analysis: This was a retrospective and descriptive study. Data were collected
and tabulated on Microsoft Excel spreadsheets for statistical analysis [calculation of the
prevalence of the variables (%)]. The variables were expressed in numbers and percentages
to simplify the statistical process.

3. Results

The results of the present study will be separated into two categories: melanoma
(main dermoscopic criteria, dermoscopic prediction of melanoma thickness) and nevi
dermoscopic classification (pattern analysis, atypical nevi—dermoscopic key findings of
melanomagenesis). The Seven-Point Checklist dermoscopic algorithm [1] (major criteria—
atypical pigment network, blue-white veil, atypical vascular pattern—2 points each;
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minor criteria—irregular streaks (or pseudopods), irregular dots/globules, eccentric hy-
perpigmentation region (irregular pigmentation), regression structures—1 point each;
≥3 points = melanoma, <3 = nevi) and pattern analysis (reticular, globular, homogenous,
starburst patterns, parallel furrow, parallel ridge, lattice-like and fibrillar) were used to
analyze the selected lesions for this study [1,9]. While assessing the melanocytic nevi,
we highlighted the main dermoscopic criteria that are usually found in melanomas to
showcase the similarity between nevi and melanomas. As for the confirmed melanoma
lesions, the tumoral thickness was assessed through dermoscopic colors and specific criteria
and compared to the histopathological results.

3.1. Melanoma—Main Dermoscopic Criteria

Cutaneous melanoma may be classified into the following subtypes: superficial spread-
ing, nodular, lentigo maligna, acral lentiginous, amelanotic, and desmoplastic (rare subtype
formed by scant spindle cells with minimal cellular atypia) [4]. The dermatoscopic diagno-
sis of melanoma is based on the recognition of its chaotic appearance and morphological
asymmetry and/or one or more of the following characteristics: atypical network, irregular
blotch, irregular dots/globules, irregular streaks/pseudopods, regression structures, white
shiny streaks, blue-white veil, atypical vascular pattern, irregular hyperpigmented areas,
prominent skin markings, and polygons/angulated lines [10]. Other dermoscopic criteria
that may be found in melanomas are the rainbow pattern (a sign of invasive melanoma) [11],
rosettes (unknown mechanism) [12], and crusts/erosions (a sign of advanced lesions) [8].

We will list the main dermoscopic criteria that were found while examining the selected
melanoma lesions from this study, and they will also be assessed with the Seven-Point
Checklist dermoscopic algorithm.

• Superficial Spreading Melanoma (SSM)

Five out of the ten melanoma lesions selected for this study were superficial spreading
melanomas. All the tumors had morphological asymmetry and the following dermoscopic
criteria: regression structures—80%, irregular hyperpigmented areas, atypical network,
blue-white veil—60%, pseudopods, polygons/angulated lines, white shiny streaks, irreg-
ular dots/globules, crusts/erosions, rosettes—40%, prominent skin markings, rainbow
pattern—20%. As for the Seven-Point Checklist dermoscopic algorithm, one of them had
2 points, while four out of five tumors had over 3 points (confirmed melanomas), with one
tumor having the highest score of 8 points.

• Nodular Melanoma (NM)

Only one tumor was a nodular melanoma. Conventional melanoma dermoscopic
findings are typically not found in nodular melanomas as these criteria are specific for
this type of tumor: blue and black color (blue-black rule), atypical vascular pattern (linear
irregular vessels/more than two types of vessels), milky-red color [10]. The studied
tumor had a symmetrical shape and the following dermoscopic criteria: blue-white veil,
white shiny streaks, and crusts/erosions. While performing the Seven-Point Checklist
dermoscopic algorithm, we obtained a score of 2 points for this lesion.

• Lentigo Maligna Melanoma (LMM)

Four out of ten melanomas corresponded to the lentigo maligna subtype. All tu-
mors had an asymmetric morphology, and out of the conventional melanoma dermo-
scopic criteria, the following were more specific for LMM: irregular hyperpigmented areas,
irregular dots/globules, white shiny streaks, regression structures—100%, irregular blotch,
polygons/angulated lines, blue-white veil—75%, rosettes—50%, atypical vascular
pattern—25%. All tumors had 3 points or more after being assessed with the Seven-Point
Checklist dermoscopic algorithm, with 5 points being the highest score, see
Table 1—Melanoma—Dermoscopic findings, and Figure 1—Main melanoma subtypes.
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Table 1. Melanoma—Dermoscopic findings. “-” = no dermoscopic findings; “+” = positive dermo-
scopic findings.

Dermoscopic Findings
SSM (Percentage of

Dermoscopic Criteria)
NM (Percentage of

Dermoscopic Criteria)
LMM (Percentage of

Dermoscopic Criteria)

Morphological asymmetry 100% - 100%

Irregular streaks/pseudopods 40% - 0%

Atypical network 60% - 0%

Polygons/angulated lines 40% - 75%

Blue-white veil 60% + 75%

Irregular hyperpigmented areas 60% - 100%

Irregular blotch 0% - 50%

White shiny streaks 40% + 100%

Irregular dots/globules 40% - 100%

Rosettes 40% - 50%

Regression structures 80% - 100%

Prominent skin markings 20% - 0%

Rainbow pattern 20% - 0%

Crusts/erosions 40% + 0%

Atypical vascular pattern 0% - 25%

 

Figure 1. Main melanoma subtypes. (A). Superficial spreading melanoma (SSM). (B) Nodular
melanoma (NM). (C). Lentigo maligna melanoma (LMM).

• Dermoscopic prediction of melanoma thickness

Dermoscopy helps increase the diagnostic accuracy of melanoma and may be of help
in estimating the tumoral thickness [13]. Each dermoscopic color has a histopathological
correspondent that can help estimate the depth of the pigments and the tumoral thickness:
black—melanin found in the stratum corneum, dark/light brown—melanin found in
the epidermis or the dermal/epidermal junction, grey—melanin found in the dermis
(mostly superficial dermis), blue—melanin found in the deep dermis, yellow/orange—
serum/keratin in the epidermis, white—fibrosis, collagen located in the dermis, red—blood
found in the vessels in the superficial dermis, purple—low oxygen levels in the blood
vessels (the color of blood varies from red to purple/blue, depending on the degree of
oxygenation)—located in the deep dermis [1,10]. One of the most important prognostic
factors for melanoma is the Breslow index (IB) [3]. To estimate it, we used the correlation
of the Clark staging to the IB [14] based on the dermoscopic criteria listed in Table 1. As a
correlation of Clark–Breslow index staging (which may vary according to the localization
of the tumor and the thickness of the skin of different anatomical sites), we will refer
to it as Clark Level 1 (epidermis)—IB ≤ 1.00 mm, Clark Level 2 (papillary dermis)—IB
1.00–2.00 mm, Clark Level 3 (papillary dermis-reticular junction)—IB 2.00–4.0 mm, Clark
Level IV (reticular dermis)—IB > 4.0 mm, Clark Level V (subcutaneous invasion). We also
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assessed the dermatoscopic colors (black, brown, blue, grey, yellow/orange, red, violet) of
the studied melanomas, and the following results were obtained:

• Superficial spreading melanoma (SSM)

The most frequently encountered dermoscopic colors in this subtype were: black and
brown—100%, white—80%, grey and blue—60%, and yellow/orange—40%. To estimate
the Breslow index, we assessed the melanomas that had five colors (black, brown, grey,
blue, and white) and the highest score (8 points) at the Seven-Point Checklist algorithm.
The black/brown colors encountered in this tumor are associated with melanin located
in the epidermis, whereas the blue color is associated with melanin found in the deep
dermis [1,10]. As for the dermoscopic structures, this tumor had: atypical pigmented
network/eccentric hyperpigmentation—mostly correlated with elongated rete ridges with
melanin found at the dermal-epidermal junction (DEJ) [15]; blue-white veil—typical to
an elevated part of the lesion and its histologic correspondent are extremely pigmented
atypical melanocytes/melanophages located in the dermis; pseudopods—associated with
heavily pigmented nests of melanocytes mostly located in the DEJ or superficial dermis;
irregular dots/globules—melanin located in the epidermis [15]; regression structures—
associated with fibrosis located in the dermis [15]. If we were to consider the dermoscopic
colors, with blue meaning melanin located in the dermis, the tumor would have a Clark
Level IV—IB > 4.0 mm [1,10,14,15]. As for the dermoscopic structures, the tumors should
be located somewhere between the epidermis and superficial dermis, meaning a Clark
Level of I-II—IB ≤ 1.00, 1.1–2.00 mm [12,13]. The histopathological results of this tumor
showed the following: Clark Level II, IB = 0.5 mm, with a pT1a stage.

• Nodular melanoma (NM)

We observed the following colors in the assessed nodular melanoma: black, brown,
blue, yellow/orange, and white. The correspondents of the tumor’s colors were: black/
brown—associated with melanin located in the epidermis, yellow/orange—serum/keratin
in the epidermis, blue—melanin found in the deep dermis, white—fibrosis, collagen lo-
cated in the dermis. The blue-white veil dermoscopic criterion is associated with atypical
melanocytes/melanophages in the dermis [15]. Based on these dermoscopic findings, the
tumoral thickness should correspond to a Clark Level I-II (epidermis, papillary dermis) =
IB 1.00–2.00 mm. The histopathological results showed: Clark Level II, IB of 1.2 mm, and a
pT2a stage.

• Lentigo maligna melanoma (LMM)

The main colors found in these tumors were black, brown, grey, white—100%, and
blue—66.66%. We assessed the tumor with the most colors (five) and the highest score
(5 points) on the Seven-Point Checklist algorithm. This tumor had the following col-
ors: black/brown—melanin found in the epidermis, grey—melanin in the superficial
dermis, blue—correlated with the deep dermis, and white—fibrosis, collagen located
in the dermis [1,10]. Dermoscopic structures: blue-white veil—associated with atypical
melanocytes/melanophages located in the dermis [13], irregular dots/globules—melanin
located in the epidermis [15], eccentric hyperpigmentation—melanin found at the dermal-
epidermal junction (DEJ) [15], regression structures—fibrosis located in the dermis. Based
on the dermoscopic findings, the tumor should be located somewhere between the epider-
mis and the dermis, with a Clark Level of I–II—IB ≤ 1.00–2.00 mm. The histopathological
exam showed: Clark Level I, IB = 0.37 mm, see Figure 2—Dermoscopic and histopathologi-
cal aspects of melanoma.

After we performed the Seven-Point Checklist, according to the algorithm, we had a
median of 4.1 points for the confirmed melanomas, with 8 points being the highest score
obtained for a superficial spreading melanoma.
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Figure 2. Dermoscopic and histopathologic aspects of melanoma. (A). Superficial spreading
melanoma (SSM)—Main dermoscopic criteria—asymmetrical melanocytic lesion, with atypical
network, eccentric hyperpigmented areas, irregular dots/globules, irregular streaks/pseudopods,
central blue-white veil, regression structures. Histopathologic description—SSM without ulceration,
BI (Breslow index) = 0.5 mm (pT1a), Clark level II, developed on a preexisting nevus—atypical
melanocytes located in the dermal-epidermal junction, with pagetoid ascension. (B). Lentigo maligna
melanoma (initial lesion)—Main dermoscopic criteria—asymmetrical melanocytic lesions with ir-
regular dots/globules, eccentric hyperpigmented area, and regression structures. Histopathologic
description: complete regression of the lentiginous component of a lentigo maligna melanoma—
flattened epidermis, severe dermal solar elastosis, melanophages deposited in a band-like in the
papillary dermis. Immunohistochemistry—Melan A and SOX 10—melanocytes with quasi-normal
characteristics and disposition in the basal layer of the epidermis. (C). Lentigo maligna melanoma
(vertical growth phase, recurrence after 8 months on the post-operative scar)—Main dermoscopic
criteria—atypical vascular pattern, eccentric hyperpigmented area, regression structures. Histopatho-
logic description—LMM (vertical growth phase) without ulceration, BI = 2.2 mm (pT3a), Clark level
IV—atypical melanocytes arranged lentiginously and in nests at the dermo-epidermal junction, with
pagetoid invasion in the epidermis. Immunohistochemistry—Melan A and Tyrosinase—positive.
Histopathologic images—provided through the courtesy of Dr. Tiberiu Tebeică, Dr. Leventer Centre—
Bucharest, Romania.

3.2. Nevi—Dermoscopic Classification

Melanocytic nevi can be classified into the following categories: acquired nevi
(dysplastic—junctional/lentiginous, or compound, Spitz, and Reed), congenital nevi
(superficial, superficial, and deep, dermal—Miescher (face), and Unna (body) [1]. We
classified most of the nevi selected for this study based on their dermoscopic patterns
(pattern analysis): reticular, globular, homogenous, and starburst [9].

Two of the selected nevi were acral melanocytic lesions, for which we used the fol-
lowing patterns for analysis: parallel furrow, parallel ridge, lattice-like, and fibrillar; these
lesions had a mainly parallel furrow pattern. After the pattern analysis for the rest of the
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nevi, 48.42% of the tumors (92 nevi) had only one pattern, with the reticular pattern being
the most frequent—20%. There were also nevi with two patterns (46.31%, 88 lesions), out
of which, the reticular and homogenous nevi were the most encountered—25.78%. Only
4.21% of the nevi (8 lesions) had three patterns (reticular, globular, and homogenous nevi).

• Atypical nevi—dermoscopic key findings of melanomagenesis?

Atypical nevi are benign tumors that some studies consider to be precursors of
melanoma [16], and it is believed that there could be a linear progression from common
to dysplastic nevi that may eventually transform into melanoma under different inter-
nal/external factors [16]. It is often difficult to differentiate an atypical nevus from a thin
melanoma, due to their clinical and dermoscopic similarities, which is why it is necessary
to have an early diagnosis to make the right therapeutic decision (to perform an excision or
not, since approximately 30% of this skin cancer is nevus-associated melanomas) [16,17]. To
determine if there were any hints of a nevus possibly transforming into a melanoma (hints
of melanomagenesis) we assessed the nevi based on the Seven-Point Checklist dermoscopic
algorithm (<3 points = nevi, ≥3 points = melanoma—we correlated the results with the
lesion possibly being an atypical nevus/candidate for excision). After performing this
algorithm, we obtained a median of 0.90 points (compared to the 4.1 median obtained for
the confirmed melanomas). We obtained a score of ≥3 points for 21 out of 190 nevi (11.05%),
with 4 points being the highest score, whereas most of the nevi had <3 points (169 out of
190 lesions—approximately 88.95%). The lesions that had ≥ 3 points were considered atyp-
ical nevi and we further analyzed them to see if any other melanoma-specific dermoscopic
criteria (white shiny streaks, prominent skin markings, polygons/angulated lines) were
present. We obtained the following results: 12 out of 21 lesions (57.14%) presented at least
one of the criteria listed above, with polygons/angulated lines being the most predominant
criterion (11 out of 21 lesions).

4. Discussion

Dermoscopy is an essential tool for the clinician that helps increase the accuracy of
melanoma diagnosis, leading to its early detection, and increasing the patient’s chances
of survival [3]. Melanoma is an aggressive skin cancer that can arise de novo or on a
preexisting nevus [6]. The morphologic heterogeneity of this neoplasm oftentimes makes it
difficult to differentiate, especially in its early stages, from certain nevi, as they may have
clinical, dermoscopic, or histopathological similarities [16]. For example, in a study by C.
Longo et al., there are reports of a rare type of melanoma, nevoid melanoma, that is difficult
to differentiate from a nevus, but dermoscopy may provide clues to help identify it [18].
This type of melanoma can be classified as nevus-like, amelanotic, or multi-component
type [18]. The most common dermoscopic criteria found in nevoid melanomas are atypical
vessels and irregular dots/globules [18].

Melanoma can affect all ages. There are studies that report the occurrence of melanoma
at very young ages which are based on both the mutations of certain genes and the
expression of carcinogenic risk factors (from intense and unprotected exposure to natural
UV radiation, exposure to artificial UV sources, lack of photoprotection, phototype I and II,
a high number of nevi, the presence of atypical nevi, and outdoor occupations, to certain
oncogenic genotypes of human papillomaviruses) [19].

According to a study by Bernard Ackerman [20], all primary cutaneous melanomas
arise in the epidermis, under a sequence of events, with the proliferation of melanocytes
that at first extend horizontally along the basal layer and later on extend deeper and
deeper into the dermis. Whereas some studies report that nevi are not precursors of
melanoma [21], others attest that this is a controversial matter and that a small number of
nevi could eventually transform into melanomas through a linear progression influenced by
a series of mutagenic factors [22,23]. This linear progression would lead to the occurrence
of nevus-associated melanomas (on preexisting nevi) that are reported to develop with
a frequency of 20–30%, as the majority of melanomas develop de novo (approximately
70–80%) [4,6–8,17,22,23]. However, several studies reported that the histology of nevus-
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associated melanomas may present an abrupt histologic transition between the benign
(nevus) and malignant (melanoma) components [24–26]. This may contradict the linear
progression theory (the evolution from common/atypical nevi to melanoma). A nevus-
associated melanoma is histologically defined by the coexistence of nevus and melanoma
components. Two of the main histopathological features of nevi are nesting (melanocytes
forming clusters of cells within a tissue) and maturation (progressive change in nest
architecture/melanocyte cytology)—characteristics that are usually lost in melanomas [17].
Furthermore, some studies attest that definitive histological features of common and
atypical nevi are not observed in the same lesion (nevus-associated melanoma), which
suggests that a progression from common to atypical nevi, and later on to melanoma, is
probably rare [17]. This theory is strengthened by studies that attest that the risk of a nevus
transforming into melanoma over the course of 80 years has been estimated at 0.03% in men
and 0.009% in women [7]. A study by Alendar et al. also rejected the theory about tumor
progression from common nevi to atypical nevi and then to melanoma, as it was found that
melanomas usually develop from a “superficial”/“superficial and deep” congenital nevus,
and not from an atypical nevus evolved from a common nevus [27].

As for the results of the study, to analyze the lesions, the Seven-Point Checklist
and the pattern analysis algorithms were used. We found the Seven-Point Checklist
algorithm to be a very useful tool in distinguishing between nevi and melanomas, as most
of the analyzed nevi (169 out of 190 nevi—approximately 88.95%) had under 3 points
(benign tumors/nevi), whereas most of the histopathologically confirmed melanomas
(8 out of 10 melanomas—80%) had ≥3 points (malignant tumor/melanoma). In a study
by Schweizer et al., the Seven-Point Checklist algorithm had an accuracy of 63.9–83.6%,
being the second best after the ABCDE rule [28]. Similarly, a study by Argenziano et al.
shows that the Seven-Point Checklist has a high sensitivity for melanoma diagnosis [29].

We found the pattern analysis algorithm to be an important tool in classifying nevi,
which also draws attention to the atypical morphology of some lesions, especially to those
that had two (46.31%) or three patterns (4.21%). In a study by Wolner et al., pattern analysis
showed superior diagnostic performance, helping assess the heterogeneity and pattern
of the studied lesions [30]. In a study by Seidenari et al., the following dermoscopic
criteria were found to be more specific to melanoma in situ, as opposed to atypical nevi:
an atypical network that involved more than 75% of the lesion, with more than a type of
network, reticular grey-blue areas (78%—MIS vs. 48%—atypical nevi), focal thickening
of the network, and a black network [31]. In our study, the most encountered criteria
in the atypical nevi population were the polygons/angulated lines (11 out of 21 lesions).
The evolution of nevi is a complex process that involves intrinsic and extrinsic factors.
Among the different types of nevi, the Spitz nevus is one of the most difficult types to
differentiate from melanoma, as it may present itself as a pink-red plaque or nodule (similar
to amelanotic melanoma), or it can be pigmented (Reed nevus) [32]. For Spitz nevi/spitzoid
lesions, there is yet to be an established consensus regarding their management. As it is
oftentimes difficult to differentiate a melanoma from a spitzoid lesion, the following was
proposed: for typical Spitz nevi in children under 12 years, the recommendation is for
regular clinical follow-up, whereas for lesions that occur after 12 years, they should be
excised or digitally monitored until stabilized [33]. All atypical spitzoid lesions, regardless
of the age of the patient, should be excised [33].

Regarding the estimation of tumoral thickness, for the studied melanomas, we used
dermoscopic colors and specific criteria, and we compared the results to the histopathologi-
cal examination. The dermoscopic color assessment was not a very accurate criterion for
this study as it did not help to establish the exact depth of the tumors; for example, one of
the analyzed SSMs had blue colors, which means melanin located in the deep dermis, but
the tumor had a histopathologically confirmed Breslow index of 0.5 mm (though it may
vary according to the examined situs of the tumor and the experience and knowledge of
the pathologist). Our study showed that dermoscopy may not be a very accurate tool for
assessing tumoral thickness, but at large, it may help orient the clinician in making the right
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therapeutic decision. In a study by Martinez-Piva et al., it was reported that dermoscopy
is useful in estimating preoperative Breslow thickness in melanoma [13]. In a different
study by Sgouros et al., not enough evidence was found regarding dermoscopy estimating
the IB of nodular melanoma, but it seems that it may assist in the early recognition of
this melanoma subtype [34]. According to a study by Rodriguez-Lomba et al., the accu-
racy of the combination of dermoscopic colors and structures is yet to be established, but
dermoscopy may help in the discrimination between thin and invasive melanomas [35].

Some of the most encountered dermoscopic criteria in the studied melanomas were:
polygons (75%—LMM, 40%—SSM), white shiny streaks (100% in LMM, 40%—SSM), blue-
white veil (60%—SSM, 75%—LMM), regression structures (80%—SSM, 100%—LMM),
rosettes (40%—SSM, 50%—LMM), and irregular hyperpigmented areas (60%—SSM,
100%—LMM). A study by González-Álvarez et al. states that rosettes may be an indi-
cator of incipient melanomas [36], and this may be correct as one of the studied tumors
that had rosettes had an IB of 0.37 mm. Concerning the polygons, we found them to be
more specific to LMM (75%), similar to a study by Iznardo et al. that highlights that poly-
gons/angulated lines are more frequently seen in lentigo maligna located on the face [37].
All the LMM tumors had white shiny streaks, with them being present in 40% of the studied
SSM too, showing that it is a specific dermoscopic structure for melanoma, similar to a
study by Verzi et al. that states that white shiny streaks are very specific for melanoma [38].
Blue-white veil and regression structures were some of the most encountered dermoscopic
structures that are specific to melanoma. In a study by Martins da Silva, the blue-white veil
is mostly found in invasive melanomas [39]. Bassoli et al. stated that identifying regression
structures in a tumor is helpful in the diagnosis of early melanoma [40]. In our study, none
of the studied tumors that had a blue-white veil or regression structures were invasive
melanomas. As for the identification of irregular hyperpigmented areas, in our study, they
were found in all the LMM tumors, none of which were invasive melanomas. In a paper
published by Lallas et al., irregular hyperpigmented areas seemed to be an indicator of in
situ melanoma [41].

One of the article’s limitations is the relatively low number of melanomas which may
limit the study’s accuracy. However, we consider this paper to be important as it highlights
dermoscopy’s versatility and the many ways in which it can help the clinician, besides being
one of the most important tools in skin cancer detection. Another limitation is the research
design, which could raise confusion for the audience as it may seem like a mix between
a review and an original research article. The intent was to build an original research
article, but some aspects had to be discussed (for example, the utility of dermoscopy, Spitz
nevi, and various aspects of melanoma) to raise awareness regarding the importance of
early melanoma detection and skin cancer prevention. It is very important to diagnose
melanoma in its early stages as it is easier to treat, with lower morbidity and mortality
rates, as opposed to diagnosing and treating advanced melanomas. In a study by Rotaru
et al., most of the studied tumors were diagnosed as advanced melanomas, with an IB of
over 2 mm, making the treatment of the patients much more difficult, and associated with
low survival rates [42].

Dermoscopy is undoubtedly one of the main tools in early melanoma diagnosis which
helps the clinician to better the patient’s prognosis and chances of survival. It is also
a great tool for monitoring the patient, especially for individuals with a high risk for
melanoma (atypical mole syndrome) [43]. Aside from aiding in diagnosing early skin
cancer, dermoscopy also reduces the rates of unnecessary excisions, which leads to cost
savings, lower morbidity rates, and less pain and scarring for the patient—facts highlighted
in a study by Plüddemann et al. [44]. Moreover, dermoscopy can be used for examining
perilesional skin, inflammatory conditions, dermatoses (psoriasis, dermatitis), hair and
scalp (trichoscopy), skin infestations and infections (entomodermatoscopy), and nails [1].
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5. Conclusions

Dermoscopy is a non-invasive and useful tool in the establishment of an early melanoma
diagnosis. In addition to classifying melanocytic lesions, it may roughly predict the thickness
of tumors based on dermoscopic colors and structures, which may help in choosing the
right treatment option. Though tumoral thickness/the Breslow index may be estimated
through dermoscopy, the histopathological examination remains superior in this matter. To
ease the diagnostic process, the clinician may use certain dermoscopic algorithms, such as
the Seven-Point Checklist or pattern analysis. In this study, the Seven-Point Checklist and
the pattern analysis algorithms proved to be useful tools for the classification of melanocytic
nevi and for differentiating them from melanoma. Early melanoma diagnosis is the key to a
better prognosis for the patient as dermoscopy remains an essential tool for dermatologists,
with many roles and applications, which helps them read the “messages” left by skin cancers
and many other dermatological conditions.
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Abstract: Basal cell carcinoma (BCC) is considered to be the most common cancer in humans. It has a
slow growth rhythm, and for this reason, metastases are rare. For our retrospective study, we selected
180 patients from those who underwent surgery for a variety of skin tumours between January
2019 and August 2022 and whose histopathological examination revealed basal cell carcinoma. All
surgeries were performed by plastic surgeons at the “St. John” hospital in Bucharest. The aim of this
article is to provide observational data regarding BCC—in terms of histopathology and diagnostic
and therapeutic management and to integrate these data into the current knowledge of this pathology.

Keywords: skin cancer; basal cell carcinoma; skin surgery

1. Introduction

Basal cell carcinoma is considered to be the most common malignancy in the white
population [1]. This pathology has different incidences around the world—depending on
race and geographic influences—with the highest incidence in Australia and the lowest in
Africans from Kenya [2].

The pathogenesis of BCC involves the activation of the hedgehog intracellular sig-
nalling pathway, which is responsible for cell growth and division. There are several
mutations which can occur in different genes: some with suppressive/inhibiting roles
(PTCH1, SUFU, p53) and others which activate tumour formation (SMOm) [3].

However, this type of cancer has a slow growth rate, usually resulting in a local
invasion of surrounding tissue, with very few metastases [4].

BCC has a predominance in male patients according to Asgari et al. [5]. The major
risk factor is considered to be sun exposure (UVA and UVB radiation), with a predilection
for exposed skin areas (head and neck) and a fair skin complexion (Fitzpatrick types 1
and 2) [3,5]. Immunosuppression is also a significant risk factor, as patients with organ
transplants are 5 to 10 times more likely to develop BCC [3]. Other risk factors that deserve
mention are a family history of skin cancer, artificial tanning, photosensitising drugs,
childhood sunburn, ionising radiation and chemicals [6–10].

According to WHO Classification of skin tumours, BCC includes the following
histopathological subtypes: superficial BCC, nodular (solid) BCC, micronodular BCC,
infiltrating BCC, sclerosing/morphoeic BCC, fibroepithelial BCC, BCC with adnexal differ-
entiation, basosquamous carcinoma, BCC with sarcomatoid differentiation and pigmented
BCC [11].
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There are several diagnostic tools, which include dermoscopy, as well as clinical
microscopy [12] and confocal microscopy [13]; nonetheless, the final diagnosis is provided
from the histopathology examination. Other diagnostic tools include high-resolution
ultrasonography, optical coherence tomography, Raman spectroscopy, terahertz pulse
imaging and reflectance confocal microscopy [14,15].

2. Materials and Methods

The inclusion criteria for the patients in our study were represented by a positive
diagnosis for BCC, taken from histopathology reports of patients that were operated on in
St. John’s Hospital between January 2019 and August 2022. All patients that were operated
on in this time frame for skin lesions with a positive histopathologic result for BCC were
selected for this study (including patients that were operated on for multiple lesions in
which at least one turned out to be a BCC). Exclusion criteria were represented by operated
skin lesions for which there was no histopathologic report and singular skin lesions which
had other results on the histopathologic report (SCC, melanoma).

The variables extracted from these reports were represented by age and sex of the
patient, experience of the operator, tumour localisation, date of the operation, size of the ex-
cised specimen (length, width and depth), largest diameter of the BCC, markings of the spec-
imen for orientation, histopathological type (infiltrative/nodular/micronodular/superficial
/basosquamouspigmented), if the tumour was ulcerated, if the margins were clear of tu-
mour, if more tumours were excised during the same operation (and if those were benign
or malignant).

From the medical file of the patients with BCC, we extracted the following data: type
of surgery (direct closure/skin graft/flap), if the patient came for a relapse or for a BCC at
the first excision, patients which were re-excised for incomplete first excision and personal
medical history for each patient.

The data were processed by using IBM Statistical Package for Social Science 25 (SPSS).

3. Results

Our study included a total of 180 patients with a total of 211 basal cell carcinomas
operated (155 patients had 1 BCC, 22 patients had 2 BCC, 2 patients had 3 BCC and 1 patient
had 5 BCC). The sex distribution in our group was 88 women (48.9%) and 92 men (51.1%).
The median age of the women’s group was 73 years, while for men the median was 73.5
years. Age/sex distribution is represented in the following histogram (Figure 1).

Figure 1. Age/sex distribution for BCC.
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Between January 2019 and August 2022, there were 180 patients operated for BCC in
our hospital. Figure 2 shows the percentage of patients operated each year.

 
Figure 2. The percentage of patients operated each year.

Table 1 reflects the distribution of BCC related to age. Only 5.6% of the total number
of patients with BCC was under the age of 50.

Table 1. Distribution of BCC related to age.

Percentage of Patients </> 50 Years Old

Patient’s Age No. of Patients %

≤50 years 10 5.6

>50 years 170 94.4

Total 180 100.0

The 211 BCC lesions were classified based on localisation according to the following
table (Table 2).

Out of the 211 lesions with BCC, 206 of them had recordings of the surface area. The
median surface area of the lesions was 2.81 cm2, with the following difference between the
2 genders: 2.341 cm2 (IQR: 3.32 cm2) for women and 3.42 cm2 (IQR: 4.09 cm2) for men.

Although our study revealed a difference between men and women in terms of the
median surface area of the lesions (3.42 cm2 for men and 2.341 cm2 for women), this result
lacked statistical power (p = 0.094). We also analysed whether the surgeon opted to excise
the tumour in one single piece or if he/she excised the tumour and the margins separately
(in order to evaluate if there are residual tumour cells). In 27 cases out of 211 (12.8%), the
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margins were separately excised, while for the 184 remaining cases, the tumours were
excised entirely without separate margins.

Table 2. Localisation of BCC.

Localisation Number Percentage

Nose 65 30.8

Scalp 14 6.6

Fronto-temporal area 25 11.8

Genio-maseterian area 27 12.8

Periocular region 20 9.5

Perioral/mental region 7 3.3

Auricular 13 6.2

Neck 18 8.5

Trunk 14 6.6

Upper limbs 6 2.8

Lower limbs 2 0.9

Total 211 100.0

Another aspect which we took into consideration was the marking of the tumour for
histopathology orientation. Of the lesions, 144 (68.2%) were not marked, 15 (7.1%) were
marked in one extremity and 52 (24.6%) had 2 different extremities marked for proper
orientation.

The BCC subtypes were also noted—the lesions were described as infiltrative, nodular,
micronodular, superficial, pigmented and basosquamous. The other subtypes were not
found in our histopathological results. In 11 cases, there was no mention of a histopatho-
logical subtype. In most cases, these histopathological subtypes were mixed (2 or more
subtypes were present in a single BCC lesion). In Table 3, we presented the total number of
each subtype found (either alone or mixed with other subtypes), and in Table 4, we analysed
the mixed subtypes separate from the lesions which had only a single histopathological
subtype.

Table 3. BCC subtypes (absolute values).

Histopathological Subtype Present
Absent/
Not Mentioned

Total

Infiltrative 170 (80.6%) 41 (19.4%)

211 (100%)

Nodular 157 (74.4%) 54 (25.6%)

Micronodular 8 (3.8%) 203 (6.2%)

Superficial 10 (4.7%) 201 (95.3%)

Basosquamous 6 (2.8%) 205 (97.2%)

Pigmented 3 (1.4%) 208 (98.6%)
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Table 4. BCC subtypes (isolated and combined).

Histopathological Subtype Number and Percentage

Infiltrative only 28 (13.27%)

Nodular only 17 (8.06%)

Micronodular only 2 (0.95%)

Superficial only 4 (1.9%)

Basosquamous only 2 (0.95%)

Mixt (2 or more of the above) 147 (69.67%)

Missing 11 (5.21%)

Total 211 (100%)

Ulceration of the BCC in evolution was also analysed; 132 of 211 (62.6%) lesions
presented ulceration. The results are presented in Tables 3 and 4.

One more aspect which was taken into consideration was whether the same patient
that was operated for a BCC had other skin tumours which were operated at the same
time of the BCC excision. In 139 cases (65.9%), there were no other tumours other than a
single BCC. In 49 cases (23.2%), there were other benign tumours excised, while in 23 cases
(10.9%), there were other malignant tumours excised simultaneously with the BCC. The
separate benign tumours which were excised together with the BCC lesions were one of the
following: haemangiomas, sebaceous nevi, sebaceous keratosis, papillomas or simple tissue
fragments that presented histological modifications. The other malignant/premalignant
tumours included squamous cell carcinoma, actinic keratosis or at least one other BCC
lesion on the same patient.

The T value in the TNM system was also analysed, with the results presented in
Table 5.

Table 5. T values for BCC lesions.

T Value Number of Lesions Percentage

0 2 0.9

1 131 62.1

2 25 11.8

3 8 3.8

Total present 166 78.7

Missing 45 21.3

Total 211 100.0

We also divided the 211 excisions based on the type of surgery performed, and the
results are depicted in Table 6.

Table 6. Type of surgery.

Operation Type Number Percentage

Direct suture 149 70.6

Skin graft 22 10.4

Local flap 35 16.6

Regional flap 5 2.4

Total 211 100.0
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In terms of tumour margins, we noticed that 36 patients (17.1%) had positive margins.
(Table 7).

Table 7. Tumour margins.

Margin Type Number Percentage

Negative margins 175 82.9%

Positive margins 36 17.1%

Total 211 100%

Of the operated patients, 17 presented themselves for a recurrence for BCC, while 194
had a primary BCC (Table 8).

Table 8. Type of tumour.

Recurrence

Type of Tumour Number Percentage

Primary tumour 194 91.9%

Recurrent tumour 17 8.1%

Total 211 100%

We analysed the group of patients with BCC recurrence to see whether a consultant
with more than 10 years of experience had less cases of BCC recurrence compared to a
specialist with less than 10 years of experience. Out of 87 patients, 4 patients (4.6%) had a
BCC recurrence in the specialist group, while in the consultant group, 13 (10.4%) patients
out of 124 had a recurrence. There was no statistical difference between the two types of
doctors (X2 = 2.39, p = 0.112) (Tables 9 and 10).

Table 9. Recurrence related to operator experience.

Recurrence Rate in Relation to Operator’s Experience

Specialist Consultant

Recurrence

Without recurrence
Count 83 111

Percentage 95.4% 89.6%

With recurrence
Count 4 13

Percentage 4.6% 10.4%

Total
Count 87 124

Percentage 100% 100%

Table 10. Association between tumour marking and surface area.

Case Processing Summary

Valid Missing Cases Surface Area (cm2)

Tumour
marking N Percentage N Percentage Median IQR

Unmarked 142 98.6% 2 1.4% 2.23 2.97
1 marked pole 13 86.7% 2 13.3% 3.5 3.11
2 marked poles 51 98.1% 1 1.9% 4.68 5.35

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. Asymptotic
significances (2-sided tests) are displayed. The significance level is 0.05. Significance values have been adjusted by
the Bonferroni correction for multiple tests.
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We analysed whether the surface area of the excised tumours correlated with the
marking decision of the specimen. Table 10 reflects this decision; tumour marking was
performed for BCC with a higher surface area. The marking of the tumour was statistically
significantly associated with the median surface area (X2 = 2.8, p < 0.001).

We compared the difference between the specialist and consultant in terms of the
median surface area of the operated BCC. A total of 206 BCC lesions had recordings of the
surface, with a median of 2.81 cm2. The specialists operated a total of 87 BCC lesions; 2
of them had no recordings of surface area, while the remaining 85 lesions had a median
surface area of 2.55 cm2 (IQR = 3.58). The consultants operated a total of 124 lesions; 3 of
them had no recordings of the surface area, and the remaining 121 BCCs had a median
surface area of 3.2 cm2 (IQR = 3.53). There was no statistical difference between the surface
areas of the lesions operated by the specialists and those operated by the consultants (X2 =
2.81, p = 0.203).

We also analysed whether the depth of the tumour could be associated with the recur-
rence incidence. Table 11 reflects these results; the tumour depth could not be associated
with the cases in which recurrence occurred (X2 = 5, p = 0.665).

Table 11. Association between recurrence and tumour depth.

Case Processing Summary

Recurrence
Valid Missing Depth

N Percentage N Percentage Depth Median IQR

Cases without
recurrence 164 84.5% 30 15.5% 5 mm 4 mm

Cases with
recurrence 15 88.2% 2 11.8% 5 mm 5 mm

We also evaluated if the surface area of the lesions can be associated with the posi-
tive/negative margins. The median surface area for negative margins was 2.85 cm2 (IQR
3.78 cm2) and the mean: 4.73 cm2, SD 6.5 cm2. The median surface area for positive margins
was 2.54 cm2 (IQR 3.29 cm2)and the mean 4.39 cm2, SD 5.5 cm2. Therefore, the surface area
of the lesion could not be associated with either type of margins (X2= 2.81, p = 0.463).

The cases with recurrence were analysed to see whether they had positive margins. A
higher percentage of relapse was observed in the cases in which the margins were positive
(p = 0.003). These results are presented in Table 12.

Table 12. Association between tumours with invaded margins and relapses.

Relapsed Lesions
Total

No Relapse Relapsed

Margins

No tumoral invasion
Count 166 9 175

% within Margins 94.9% 5.1% 100.0%

Tumoral invasion
Count 28 8 36

% within Margins 77.8% 22.2% 100.0%

Total
Count 194 17 211

% within Margins 91.9% 8.1% 100.0%

Finally, all comorbidities of the patients were noted and analysed in Table 13.
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Table 13. Personal history of patients with BCC.

Complications Number (Percentage)

Without Present Total

Cardiovascular 70 (33.2%) 141 (66.8%)

211 (100%)

Diabetes 168 (79.6%) 43 (20.4%)

Infectious 204 (96.7%) 7 (3.3%)

Pulmonary 198 (93.8%) 13 (6.2%)

Digestive 172 (81.5%) 39 (18.5%

Hematologic 205 (97.2%) 6 (2.8%)

Renal 177 (83.9%) 34 (16.1%)

4. Discussion

Although the female/male ratio inclined the balance in favour of men in our study,
there was only a small difference between sexes (the male:female ratio in our study was
1.045:1). The age distribution indicated that BCC appeared frequently in the 7th decade
(with over 90% of all BCC that were excised being in the case of patients above 50 years
old), with the median age being slightly higher in the male patients.

The number of patients was significantly smaller in 2020 compared to 2019 due to
the COVID-19 pandemic, but this number was still higher compared that of 2021 (when
the hospital was declared a COVID hospital, and no other pathologies were allowed for
treatment). The year 2022 showed a mild comeback (taken into consideration that the first
few months were still under strict COVID regulation and that the results of the study were
only until August 2022). This is due to the fact that during the COVID pandemic, many
patients with chronic pathologies have delayed seeking medical care [14].

Almost 1/3 of the operated BCC were located on the nose, with more than 75% of all
BCC being located at the level of the head. This clearly suggests a higher frequency of this
type of malignancy at the more sun exposed regions and is consistent with the research
presented by Costache et al. and Asilian et al. [16,17].

BCC is a tumour that can vary in size: from small lesions to giant ones, with giant
BCC being over 5 cm in diameter [18]. Although we did not have a significant statistical
difference between men and women in term of the size of the lesions, the men presented
with higher surface-area BCC. This could be explained by the fact that men generally seek
professional healthcare later than women (allowing such tumours to grow larger). Based on
the size of the tumour according to the TNM scale, almost 80% of the patients were included
in T1, and more than 95% are below T2, which indicates that most of these tumours are
excised before an important local invasion.

Tumour markings and tumour margins are extremely important in the management of
BCC; our study showed that while separate margins were taken in only 12.8% of the cases,
almost 1/3 of all excised tumours were marked for orientation. Tullet et al. questioned
whether the marking sutures for orientation were useful for further management of BCC,
and in his study, only one case was re-operated based on those margins (0.2%). They
concluded that routine marking is not necessary and should be performed in case of
ill-defined lesions or for histopathological types with high risk [19].

In our study, a positive correlation between surface area and tumour marking was
shown; this indicates that tumour marking was performed for BCC with higher surface area
due to the operator’s suspicion that the bigger tumours might not be completely excised,
and a new surgical intervention might be needed.

According to Costache et al., there are five subtypes of BCC based on histopathol-
ogy: nodular, infiltrative/morpheaform, superficial, pigmented and fibroepithelioma of
Pinkus [16]. Our study is consistent with the frequencies of these histopathology subtypes
in this article, with the nodular type reaching 75% of all cases and the infiltrative type reach-
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ing more than 80% of all cases. In our study, all histopathological subtypes were present,
both alone and mixed, except for the pigmented subtype, which appeared only in mixed
subtype lesions. The majority of the CBC lesions (69.67%) had mixed histopathological
subtypes.

Another study conducted by Fung-Soon Lim et al. divided the histopathological
subtypes of BCC based on the risk of subclinical extension into two categories: high risk
(morpheaform, infiltrative, metatypical, mixed and superficial) and low risk (basosqua-
mous, micronodular, nodular and unspecified) [20]. These aspects are important for a
clinician to evaluate the relapse risk after tumour excision.

There are two aspects which can be researched and improved when considering BCC:
one is represented by the diagnostic tools, and the other is represented by the therapeutic
options. The limitation of our study is represented by the diagnostic and therapeutic
options. We used clinical diagnosis and classical surgical excision for all lesions. There are,
however, more modern diagnostic tools and therapeutic options which can achieve good
results.

With the development of modern medical engineering, the correct diagnosis and the
appropriate size of the BCC (in terms of depth and surface area) can now be evaluated
even before the surgical excision. This has a major advantage due to the fact that it can
reduce significantly the relapse rate in case of BCC (thus improving the quality of life
of patients, who will undergo only one operation instead of two or more). Niculet et al.
consider that the combination of optical coherence tomography (OCT) and reflectance
confocal microscopy (RCM) can provide useful information for both depth and horizontal
extension of a tumour and could be used prior to surgery in order to explore subclinical
extension [21]. This is especially useful in the case of high risk histopathological subtypes
of BCC, where due to an incomplete excision, relapse is a major concern.

RCM offers information about blood vessels at the level of the BCC in terms of density,
size, and flow intensity. BCC, compared to benign tumours or normal skin, presents a
peripheral stroma which has a higher density of microvessels [22].

From a histopathological perspective, the differential diagnosis of basal cell carcinoma
includes both benign and malignant lesions. Trichoepithelioma and trichoblastoma rep-
resent the main benign tumours with a basaloid morphology that need to be taken into
consideration. These tumours, however, only rarely present immunoexpression for BerEp4
and CD10, with the latter being more frequently positive in the peritumoural stroma of
trichoepithelioma [23]. A microcystic or pseudoglandular morphology of BCC may also
pose differential diagnosis problems with microcystic schwannoma, from which it can be
easily differentiated by using an immunohistochemical panel containing S100, SOX10 and
BerEP4 [24]. From the malignant category, one should always have in mind the option of
a cutaneous metastasis. A basosquamous carcinoma must be differentiated from a basa-
loid squamous cell carcinoma (SCC), a keratoacanthoma or an adenoid cystic carcinoma.
Both SCC and BCC can express p63; however, SCC usually expresses EMA, while BCC
characteristically expresses BerEP4 [25,26].

In terms of therapeutic options, the surgical excision with negative margins represents
the treatment of choice for plastic surgeons. In our study, the majority of the operated
tumours were closed directly, which supports the idea that BCC is a slow-growing tumour
and the surgical management can be performed in most cases under local anaesthesia
without complications. While it is generally known that a skin graft may be easier to
perform, the aesthetic result after a skin graft is inferior to the local flap. With 16% of
all operations performed being a local flap (compared to 10% for skin graft), one can
observe the tendency of the plastic surgeons to achieve coverage by using more aesthetic
methods. This option could be influenced by the fact that the majority of the operations
were performed at the level of the head, where good aesthetic results are expected.

An important surgical option is Mohs micrographic surgery (MMS), which is consid-
ered to be the standard of care for BCC and skin cancers in general. Although this technique
is conservative and preserves as much as possible from the surrounding tissue, due to its
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high costs, it has some indications when MMS is considered appropriate: cases with risk
of disfigurement; large malignant tumours; tumours with aggressive histopathological
subtype or with poorly defined margins; recurrent tumours and skin cancers caused by
genetic predisposition [27].

There are also some alternative options to surgery which can be used in the case of
BCCs. However, it is mandatory that a correct selection of patients is performed when
choosing these alternative options in order not to risk a recurrence. Among the non-
surgical treatments which can be used, cryosurgery, ablative CO2 laser, 5-fluorouracil and
imiquimod are the most frequently used therapies, which are performed specifically in
dermatology practices. The advantages of these options are represented by the following
arguments: they are non-invasive/minimally invasive; they achieve a better aesthetic result;
and they can be used at the same time in case of multiple tumours. The disadvantages
consist in the fact that they may be useful only for small tumours; they may have a higher
risk of recurrence; and in some cases, more than one treatment session might be needed
(compared to surgical excision, when all is performed in a single, more invasive stage).

Scurtu et al. reported superior cosmetic results from using these types of treatments
compared to surgery, with a recurrence rate of under 1% [28]. Thompson et al. sustain the
idea that although surgical excision has lower recurrence rates, non-surgical treatments
have superior aesthetic results with acceptable recurrence rates [29]. For unresectable
BCC or metastatic BCC, vismodegib—a kinase inhibitor—remains the primary option for
treatment [30].

Among our operated patients, ~34% of them presented other skin tumours which
were operated at the same time of the surgical excision of the BCC (23% benign and 11%
malignant). This percentage of patients who had other skin tumours could be significantly
higher (because not all patients want all their tumours operated in one surgery).

There was no association between the experience of the surgeon and the recurrence
rate. Paradoxically, the consultants (doctors with over 10 years of experience) seemed to
have more cases of recurrent BCC compared with specialists (doctors with less than 10
years of experience). This could be due to the fact that the consultants had more cases (124
cases vs. 87 cases), and these cases were more difficult compared to the cases solved by
specialists (the median surface area of the BCC lesions was 2.55 cm2 in the case of specialists
compared to 3.2 cm2 in the case of consultants).

In our study, the positive/negative margins of the specimen could not be associated
with the surface area of the tumour, and neither could the recurrence rate with the tumour
depth. This proved that even though large tumours (in size or depth) could theoretically
be more susceptible to incomplete excision followed by recurrence (as most tumours are
located at the level of the face, where the surgeon tries to be as conservative as possible), this
was not the case in our study. However, an incomplete excision with positive margins has
been statistically proven to cause a recurrent BCC more frequently, which would need a new
surgical intervention. For this reason, either MMS or an extemporaneous histopathological
examination could reduce the risk of an incomplete excision with positive margins.

With regard to comorbidities, 66.8% of all patients presented some type of cardiovas-
cular pathology. This high percentage is, however, explicable due to the median age of the
patients in our study, as the seventh decade has a high probability of having such comor-
bidities. The hematologic, pulmonary and infectious comorbidities were not so frequently
seen in the personal history of the patients with BCC; renal comorbidities, diabetes and
digestive comorbidities were, however, found in over 15% of all patients. Renal transplant
is frequently associated in the literature with BCC, which could explain the high incidence
of BCC in patients with renal comorbidities [31,32].

The future management of BCC is probably based on gene analysis and biomarkers
that influence the prognosis of BCC, with p16 being one of the genes involved in the
pathogenesis of human BCC [33,34].
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5. Conclusions

BCC is a pathology which should be approached in a multidisciplinary team. Our
study reveals aspects related to margins, surface areas and surgical treatment approach
used in our clinic.
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25. Georgescu, T.A.; Oproiu, A.M.; Rădăşan, M.G.; Dumitru, A.V.; Costache, D.; Patrascu, O.M.; Lazaroiu, A.M.; Chefani, A.E.; Sajin,
M.; Costache, M. Keratoacanthoma centrifugum marginatum: An unusual clinical and histopathological diagnostic pitfall. Rom. J.
Morphol. Embryol. 2017, 58, 561–565.

26. Wick, M.R.; Swanson, P.E. Primary adenoid cystic carcinoma of the skin. A clinical, histological, and immunocytochemical
comparison with adenoid cystic carcinoma of salivary glands and adenoid basal cell carcinoma. Am. J. Dermatopathol. 1986, 8,
2–13. [CrossRef]

27. Golda, N.; Hruza, G. Mohs Micrographic Surgery. Dermatol. Clin. 2023, 41, 39–47. [CrossRef]
28. Scurtu, L.G.; Petrica, M.; Grigore, M.; Avram, A.; Popescu, I.; Simionescu, O. A Conservative Combined Laser Cryoimmunother-

apy Treatment vs. Surgical Excision for Basal Cell Carcinoma. J. Clin. Med. 2022, 11, 3439. [CrossRef] [PubMed]
29. Thomson, J.; Hogan, S.; Leonardi-Bee, J.; Williams, H.C.; Bath-Hextall, F.J. Interventions for basal cell carcinoma of the skin.

Cochrane Database Syst. Rev. 2020, 11, CD003412. [CrossRef] [PubMed]
30. Vismodegib. In LiverTox: Clinical and Research Information on Drug-Induced Liver Injury; National Institute of Diabetes and Digestive

and Kidney Diseases: Bethesda, MD, USA, 2018.
31. Kanitakis, J.; Ducroux, E.; Hoelt, P.; Cahen, R.; Jullien, D. Basal-Cell Carcinoma With Matrical Differentiation: Report of a New

Case in a Renal-Transplant Recipient and Literature Review. Am. J. Dermatopathol. 2018, 40, e115–e118. [CrossRef]
32. Tsironi, T.; Gaitanis, G.; Pappas, C.; Koutlas, V.; Dounousi, E.; Bassukas, I.D. Immunocryosurgery is a safe and feasible treatment

for basal cell carcinoma and Bowen disease in renal transplant recipients. Dermatol. Ther. 2022, 35, e15405. [CrossRef]
33. Lupu, M.; Caruntu, C.; Ghita, M.A.; Voiculescu, V.; Voiculescu, S.; Rosca, A.E.; Caruntu, A.; Moraru, L.; Popa, I.M.; Calenic, B.;

et al. Gene Expression and Proteome Analysis as Sources of Biomarkers in Basal Cell Carcinoma. Dis. Markers 2016, 2016, 9831237.
[CrossRef]

34. Eshkoor, S.A.; Ismail, P.; Rahman, S.A.; Oshkour, S.A. p16 gene expression in basal cell carcinoma. Arch. Med. Res. 2008, 39,
668–673. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

115



Citation: Marinović Kulišić, S.;

Takahashi, M.; Himelreich Perić, M.;
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Abstract: E-selectin, ICAM-1 (intercellular adhesion molecule-1), and VCAM-1 (vascular cell adhesion
molecule-1) play a role in atopic dermatitis (AD). This study aimed to evaluate their expression
in skin biopsy specimens of patients diagnosed with AD using an optimized computer program.
A descriptive analysis and comparison of digitally measured surface area and cell number were
performed. The number of E-selectin-positive cells did not vary between the groups. In patients with
AD, decreases of 1.2-fold for ICAM-1- and 1.3-fold for VCAM-1- positive cells were observed. The
E-selectin-positive epidermal surface area increased (p < 0.001), while ICAM1 and VCAM1 decreased
2.5-fold and 2-fold, respectively, compared to controls. In the AD-affected skin, the E-selectin-positive
endothelial area was 3.5-fold larger (p < 0.001), and the ICAM1-positive area was almost 4-fold larger
(p < 0.001). E-selectin and ICAM-1 were expressed in the control dermis moderately and weakly,
respectively. A strong E-selectin signal was detected in the AD-affected skin macrophages and a
strong ICAM-1 signal in the dermal vessel endothelium. In the endothelial cells of AD-affected skin,
no VCAM-1 signal could be found. E-selectin, ICAM-1, and VCAM-1 expression show significant
disease-specific changes between AD-affected and control skin. The combination of digital analysis
and a pathologist’s evaluation may present a valuable follow-up of AD activity parameters.

Keywords: atopic dermatitis; E-selectin; ICAM-1; VCAM-1

1. Introduction

Atopic dermatitis (AD) is a chronic inflammatory disease mediated by type I and
IV immunologic mechanisms in its pathogenesis [1]. A wide variation in the prevalence
of AD is present in different populations of the world [2] but overall, it appears to be
increasing [3–5]. AD is a skin disease with significant morbidity and quality-of-life im-
pairment [6,7] and represents a healthcare burden. In 1980, Hanifin and Rajka proposed
major and minor diagnostic criteria for AD [8] based on the history and clinical picture,
determining the basis of the diagnostic criteria worldwide which has been re-evaluated
since then [9–11].

The etiopathogenesis of AD includes the interplay of environmental and genetic factors
that cause derangements in the structure and function of the epidermal barrier and immune
system [12,13] and even non-lesional skin seems to bear ultrastructural changes [14]. The
main types of AD are extrinsic and intrinsic, differentiated by IgE levels, prevalence,
clinical features, role of the filaggrin gene, and cytokine expression [15]. Extrinsic (or
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allergic) AD is burdened by high serum IgE levels, the presence of environment- or food-
specific IgEs, and has a high prevalence. Meanwhile, intrinsic (or non-allergic) AD shows
normal IgE values, the absence of specific IgE, and has a relatively low prevalence (20%)
with female predominance and a late onset, milder clinical features, and higher interferon-
γ expression [16]. Many studies focus on the complexity of cytokines and chemokines
involved in the immune response of AD patients and the function of various cell types and
epidermal barriers, which is perturbed in the extrinsic type of AD [4,13]. One of the crucial
proteins in epidermal differentiation, filaggrin, facilitates the skin barrier formation [17,18]
and a variety of FLG gene mutations were found in many patients with extrinsic AD.
Cellular markers and adhesion molecules play a significant role in AD pathogenesis [19]
via endothelial–leukocyte interactions, lymphocyte circulation, enhanced vascularization,
and inflow of immunocompetent cells [20]. The two main types of AD are differentiated
by higher expression of interleukin (IL) -4, IL-5, and IL-13, and the lower expression of
interferon-γ in the extrinsic type [15]. IL-13 contributes to the pathogenesis of AD, although
IL-4 is necessary for the Th2 cell polarization [21]. Defining the molecular cocktail typical
for the AD type is crucial in the treatment decision. For example, inhibition of IL-4 and
IL-13 is the main goal of dupilumab, an IgG monoclonal antibody used in the treatment of
inadequately controlled AD, targeting the IL-4 receptor alpha subunit, thus inhibiting the
IL-4 and IL-13 pathways [22].

Adhesion molecules, such as intercellular adhesion molecule–1 (ICAM-1), ICAM-3,
E-selectin, and L-selectin, are highly expressed in lesions of patients with AD and play
an essential role in the AD etiopathogenesis [23–28]. Intercellular adhesion molecule-1
(ICAM-1, CD54) is a 90 kDa member of the immunoglobulin (Ig) superfamily. It is critical
for the transmigration of leukocytes from blood vessels to tissues, and is constitutively
present on endothelial cells and increases in expression in response to pro-inflammatory
cytokines. ICAM-1 acts as a leukocyte adhesion molecule and contributes to inflammatory
responses by increasing endothelial cell activation [29]. Vascular cell adhesion molecule-1
(VCAM-1, CD 56), an adhesion molecule with Ig domains mainly expressed in endothelial
cells, is strongly induced by inflammatory cytokines and plays a critical role in mediating
leukocyte adhesion on endothelial cells, and activation of signaling pathways to facilitate
leukocyte passage from blood to tissue. [30]. E-selectin (CD62E, endothelial–leukocyte
adhesion molecule 1, leukocyte–endothelial cell adhesion molecule 2) is mainly expressed
after inflammatory stimulation by activated endothelial cells, and is also expressed in
bone marrow and skin. E-selectin binds to ligands expressed in polymorphonuclear and
mononuclear leukocytes during inflammation [31].

These adhesion molecules stimulate selective migration of memory cutaneous leukocyte-
associated antigen, as well as lymphocyte, monocyte, and granulocyte diapedesis in both
skin and blood in AD. Studies have shown that adhesion molecules E-selectin, VCAM-
1, and ICAM-1 are highly expressed on vascular endothelial cells in the skin of patients
suffering from AD [20,25,26,28]. E-selectin is synthesized and expressed on the endothelium
after stimulation by inflammatory cytokines. ICAM-1 and VCAM-1, as essential adhesion
molecules in the migration of lymphocytes, correlate with the degree of dermal lymphocyte
inflammation [32] and the latter is also significant in vasculogenesis in adults [33]. The
determination of inflammation markers in the serum of patients with AD seems to be a
valuable indicator of AD activity [23–27,34–37].

We aimed to determine the expression and topography of adhesion molecules E-
selectin, ICAM-1, and VCAM-1 in the epidermis and dermis of atopic skin compared to
healthy skin by comparing measurements by pathologists and a method of digital analysis.
This correlation would present a valuable tool for disease assessment and follow-up of AD
activity due to its simplicity and clinical value.
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2. Materials and Methods

2.1. Biopsy Specimens (Patients)

This retrospective case–control study (level of evidence 2B) [38] included 30 patients
aged 28–45 (mean age 32 years) (Table 1) who were diagnosed with AD using the clinical
diagnostic criteria [8]. The patients had a diagnostic lesional skin biopsy performed earlier
that confirmed the diagnosis and were not treated for at least two weeks prior to the study
to eliminate any potential effect of corticosteroids or other immunosuppressive drugs. The
specimens were archived at the Referral Centre for Contact Dermatitis, Department of
Dermatology and Venereology, University Hospital Centre Zagreb. Skin biopsy specimens
(punch biopsy technique provided full-thickness 4 mm skin specimens) were also obtained
from the same site [39] from 10 healthy age-matched donors (Table 1) who had a regular
appointment for benign skin lesion excision and were used as the control group. Informed
consent for performing the biopsy, participating in this research, and data publication for
this study was obtained from all included patients. Exclusion criteria for patients suffering
from AD and controls are shown in Figure 1. All patient-related data were fully anonymized
in the analysis within the study. The study protocol followed the EU guidelines and was
approved by the ethical committee of the School of Medicine, University of Zagreb.

Table 1. Demographic data of patients included in the study. N = number.

Patients with Atopic Dermatitis Controls

N 30 10
N females 21 5
N males 9 5

age 28–45 24–32
mean age 32 28

 
Figure 1. Flowchart of control patients (blue) and patients with atopic dermatitis (red) included
in the study. N = number, AD = atopic dermatitis, H&R = Hanifin and Rajka atopic dermatitis
clinical criteria [8].

2.2. Immunohistochemistry

Biopsy specimens were formalin-fixed, paraffin-embedded, and sectioned with a mi-
crotome. The 4 μm thick skin sections from healthy participants and patients with AD were
deparaffinized at 56 ◦C and immunohistochemically stained with E-selectin, ICAM-1, and
VCAM-1 antibodies (Dako Animal Research Kit, Peroxidase; Dako, Code No. K3954, Dako,
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Glostrup, Denmark), following the manufacturer’s instructions and using the standard
avidin–biotin immunoperoxidase staining method. Endogenous peroxidase activity was
blocked with 0.3% hydrogen peroxide in Tris-buffered saline (TBS) for 15 min at room
temperature (RT). The slides were then incubated with primary antibodies for E-selectin
(clone 4.5a2 No M2063), ICAM-1 (clone 6.5b5, No M7063), and VCAM-1 (clone 1.4C3, No
M7106), all diluted 1:80 with antibody dilution solution (No S2022) for 1 h at RT. The sec-
tions were incubated with a biotinylated secondary antibody (Dako LSAB Kit, No K678) for
30 min and streptavidin–peroxidase (No K678) for 30 min, also at RT. 3.3-diaminobenzidine
tetrachloride (DAB) was used to visualize the staining. Between incubations, the slides
were washed three times with TBS and counterstained with hematoxylin, washed in tap
water, dehydrated through grades of alcohols to xylene, and covered with mounting media
(Faramount media, DAKO) and a coverslip at RT.

2.3. Quantitative and Qualitative Staining Measurements

The expression of adhesion molecules in the epidermis and dermis of control and
patients with AD was analyzed by evaluating the incidence and intensity of positively
stained areas in the tissue sections. This descriptive analysis was used to determine
the topographical scatter of molecular expression by classifying the staining intensity as
negative, weak, moderate, or strong and was performed by two pathologists.

To quantify changes in the expression of adhesion molecules, the number of epidermal
ICAM-1, VCAM-1, and E-selectin positive cells was measured digitally [40]. The number of
positively stained cells was expressed as a percentage of positive epidermal or endothelial
cells in all epidermal or endothelial cells per microscopical field, respectively.

Positive ICAM-1, VCAM-1, and E-selectin epidermal surface area in control and
AD-affected skin, as well as endothelial surface areas in the dermal blood vessel wall,
were measured using the method of digital image analysis described previously [41]. The
data were expressed as the percentage of E-selectin-, ICAM-1-, and VCAM-1-positive
epidermal/endothelial surface area, respectively, in the whole analyzed epidermal or
endothelial surface area in a microscopical field, depending on where the measurement
was performed.

All measurements and staining analysis were performed on digital images of skin
tissues (Nikon Eclipse E600 light microscope and Nikon DXM1200 digital camera (Nikon,
Kingston-upon-Thames, UK)) using the Imaging Software Lucia G 4.80 (Laboratory Imag-
ing Ltd., Prague, Czech Republic). These measurements were performed on six fields per
section at 1000× magnification.

2.4. Biopsy Specimens (Patients)

The sample size was determined in a pilot study, performed prior to the main data
collection, and supported by data obtained from the literature. The data were statistically
analyzed using the Statistica 6.0 software package (StatSoft, Tulsa, OK, USA). Descriptive
analysis was performed for all data. Statistical significance of the difference in the per-
centage and the overall number of the immunostained tissue area was tested using the
Student’s t-test. Tables and graphs show the mean values and standard errors of the mean.
The statistical significance level was p < 0.05.

3. Results

3.1. E-Selectin

Immunohistochemical analysis of skin from healthy controls and lesional skin from
patients with AD showed expression of E-selectin in both the epidermis and dermis.

In the epidermis of healthy control skin, E-selectin was expressed in most cells of the
basal layer and some cells of the suprabasal layer. The strongest staining was observed
in the cytoplasm around the nucleus. In the epidermis of AD-affected skin, E-selectin
expression was also found in the cells of the basal and suprabasal layer. However, the
staining was weaker than in the control group (Figure 2).
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Figure 2. Representative images of immunohistochemical staining in the epidermis and dermis in
controls and skin affected by atopic dermatitis. The staining of E-selectin, ICAM1, and VCAM1
showed differences in expression. Arrows (→) mark the DAB-positive signal in the cell cytoplasm,
asterisks (*) show the vascular lumen, and the thick arrow (�) shows macrophages. DAB, hematoxylin
counterstain, 1000× magnification.

Quantitative staining analysis revealed that the number of E-selectin-positive epider-
mal cells in control (p = 0.097) and AD-affected (p = 0.091) skin did not significantly differ
(Figure 3). In contrast, the positive epidermal area was significantly increased (p < 0.001)
in patients with AD (Figure 4) compared to controls (p = 0.064). In the dermis, E-selectin
expression was found in the endothelial cells of blood vessels as a moderately stained
reaction. However, the staining was much stronger in AD-affected skin than in control skin,
with a strong granular signal in macrophages (Figure 2). The quantification also revealed
significant changes in the endothelial expression in the form of an enlarged positive en-
dothelial area in the vessel wall, which was 3.5 times higher (p < 0.001) in AD-affected skin
compared to control skin (p = 0.073) (Figure 5).

Figure 3. The number of DAB-positive epidermal cells in controls and skin affected by atopic
dermatitis. The number is expressed as the percentage of immunostained epidermal cells in the
overall epidermal cell number. The number did not significantly change for the E-selectin-positive
signal; it decreased by 1.2× in AD patients compared to controls (p = 0.005) for ICAM-1-positive
epidermal cells and decreased by 1.3× in AD patients (p < 0.001) for VCAM-1-positive cells. Data are
presented as mean ± SEM. Student’s t-test, two-tailed; * p < 0.001.
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Figure 4. The epidermal surface area in controls and skin affected by atopic dermatitis. The area
surface is expressed as a percentage of immunostained epidermal area in the overall epidermal area.
The E-selectin-positive epidermal area was significantly increased (p < 0.001) in AD patients, while
ICAM1- and VCAM1-positive epidermal areas were decreased in AD patients compared to controls:
ICAM1 2.5× (p < 0.001) and VCAM1 2× (p < 0.001). Data are presented as mean ± SEM. Student’s
t-test, two-tailed; * p < 0.001.

Figure 5. The endothelial surface area in controls and skin affected by atopic dermatitis. The area
surface is expressed as a percentage of the immunostained endothelial vessel wall area in the overall
endothelial area. The E-selectin-positive endothelial area was significantly larger (3.5×, p < 0.001) in
AD skin and the ICAM1-positive area was almost 4× larger (p < 0.001) in AD skin. Data are presented
as mean ± SEM. Student’s t-test, two-tailed; * p < 0.001.

3.2. ICAM-1

In the epidermis of control skin, ICAM-1 was expressed in most cells of the basal layer
and some cells of the suprabasal layer. The strongest staining was found around the nucleus.
In the skin of patients with AD, ICAM-1 expression showed a similar topographical
pattern, although with weaker intensity (Figure 2). The quantitative analysis showed
a significant decrease in epidermal expression in patients with AD. The number of positive
cells decreased 1.2 times (p = 0.005 vs. p = 0.055, Figure 3), and the positive epidermal area
decreased 2.5 times compared to the control group (p < 0.001 vs. p = 0.67, Figure 4).

In the dermis of control skin, ICAM-1 was weakly expressed only in vascular endothe-
lial cells. On the contrary, in AD-affected skin, the staining was very strong in almost all
endothelial cells (Figure 2).

The quantitative staining analysis also revealed a significant increase in endothelial
expression of ICAM-1 in the vessel wall in the form of an enlarged positive endothelial
area, which was 3.8 times larger (p < 0.001, Figure 5) than that in control skin (p = 0.077).
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3.3. VCAM-1

VCAM-1 was expressed almost in all layers of the epidermis, with the strongest
staining observed in the suprabasal layer cells. However, the expression was significantly
weaker in AD-affected skin than in control skin (Figure 2).

Quantifying the immunostained area revealed a significant decrease in epidermal
expression in AD-affected skin. The number of positive cells decreased 1.3 times (p < 0.001
vs. p = 0.121, Figure 3) and the positive area decreased by half compared to the control
(p < 0.001 vs. p = 0.095, Figure 4).

In the dermis of control and AD-affected skin, VCAM-1 expression was found only
in the macrophage-like cells of AD-affected skin (Figure 2), and therefore, no quantitative
analysis of endothelial expression could be performed.

4. Discussion

This study showed a detailed spatial arrangement of E-selectin, ICAM-1, and VCAM-1
expression and the difference in the molecular scatter in healthy and AD-affected skin. We
found E-selectin to have a moderate expression in basal and suprabasal epidermal layers of
controls and weak expression in the case of patients with AD. In the dermis, AD-affected
skin showed an intense E-selectin signal in the vascular endothelium and macrophages
with a weak signal in the endothelium of controls. ICAM-1 was weakly expressed in the
basal and suprabasal epidermal layers of healthy and AD-affected skin. The vascular
endothelium in the dermis showed a strong signal for ICAM-1 in patients with AD and a
weak one in controls. VCAM-1 expression was found in all epidermal layers of controls but
not the dermis. In patients with AD, VCAM-1 expression was scarce in the epidermal basal
and suprabasal layers, strong in dermal macrophages, and non-existent in the vascular
endothelium.

In this study of adhesion molecules in AD, we confirmed their presence and proved
their importance as immunological factors involved in the pathogenesis of AD. There has
been evidence of expression of adhesion molecules E-selectin, VCAM-1, and ICAM-1 in the
skin of patients with AD [23–26]. These molecules are important in the allergic inflamma-
tion in AD because they stimulate the migration of cutaneous memory T-lymphocytes with
cutaneous leukocyte-associated antigen, as well as lymphocyte, monocyte, and granulo-
cyte diapedesis in skin and blood [20,28,32]. Soluble E-selectin and soluble ICAM-1 are a
marker of the activity of AD in children [28]. Our results also agree with those of an earlier
study [42] showing that adhesion molecules play a crucial role in allergic inflammation be-
cause they induce selective migration of T-lymphocytes expressing CLA, thereby enabling
diapedesis of cells such as monocytes and granulocytes [37]. Increased levels of endothelial
leukocyte adhesion molecules ICAM-1 and VCAM-1 have been found in the tissue and
serum samples obtained from patients with AD [23–28].

Although studies in patients suffering from AD showed evidence supporting a con-
tributing role of ICAM-1 and VCAM-1 in AD by proof of higher dermal vascular expres-
sions of these two molecules, there has been evidence of adhesion molecule ICAM-1 in
the endothelium, in cells surrounding blood vessels, and in the (supra)basal layer of the
epidermis [19,20,24,28]. ICAM-1 is a critical adhesion molecule in lymphocyte migration
into the dermis, which is in correlation with the stage of dermal lymphocyte inflammation,
and it is considered the most crucial adhesion molecule in the etiopathogenesis of AD.
ICAM-1 expression was identified in the epidermis’s basal and suprabasal layers and
the walls of blood vessels in the dermis. These findings are consistent with the findings
of Wüthrich et al., who proved the expression of ICAM-1 on keratinocytes, fibroblasts,
lymphocytes, and perivascular cells [24].

Some inconsistencies were found when comparing our results with the work of other
researchers saying that VCAM-1 is an adhesion molecule expressed in endothelial cells
and perivascular dermis-infiltrating cells, presenting an essential parameter for estimating
inflammation activity in AD [23,24]. Our results demonstrated that VCAM-1, much more
than ICAM-1, contributes to developing skin inflammation in AD.
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This study’s data contribute to the understanding of the etiopathogenesis of AD.
Our study led us to conclude that E-selectin might be the most sensitive parameter for
estimation of the clinical course of AD. This study demonstrated the presence of changes in
organization and topographical scatter of adhesion molecules in the skin that are specific
for AD. These findings further support the hypothesis that adhesion molecules play a vital
role in the pathogenesis of AD.

In order to maximally avoid bias caused by different scoring categories, non-standardized
approaches, and variability of visual analysis, a digital image analysis method was used,
which was described previously as an optimal method when the dataset is not too large and
the analyzed tissue is histologically homogenous [40,41].

Further studies might include a comparison of adhesion molecule expression in
lesional and non-lesional AD-affected skin [14] on the T-cell receptor repertoire.

Despite many different studies on the etiopathogenesis of atopic dermatitis, this issue
remains an unsolved puzzle for further investigations of immunological factors responsible
for inflammation in this disease.

In conclusion, AD-affected skin expressed E-selectin, ICAM-1, and VCAM-1 in a
disease-specific way. E-selectin may be the most sensitive parameter for estimation of the
clinical course of AD. The topographical scatter and specific changes in the organization of
adhesion molecules in the skin that are specific for AD further support the hypothesis that
adhesion molecules play a vital role in the pathogenesis of AD.
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Abstract: Psoriasis (PS) is characterized by hyperplasia of epidermis and infiltration of immune cells
in the dermis. A negligible susceptibility of hypodermic permeation for local anti-inflammatory
remedies is one of the major causes of medication failures. Although curcumin (CUR) has indicated
effectiveness in treatment of inflammation, its successful permeation through the stratum corneum
is yet a challenging issue. Therefore, niosome (NIO) nanoparticles were used as curcumin carriers
to enhance its delivery and anti-inflammatory effects. Curcumin-niosome (CUR-NIO) formulations
were constructed by the thin-film-hydration (TFH) technique and were added to hyaluronic acid
and Marine-collagen gel-based formulation. Five mild-to-moderate PS patients (18–60 years) with
PASI scores < 30 with symmetrical and similar lesions were included in the study. The prepared
formulation (CUR 15 μM) was topically administered for 4 weeks on the skin lesions, in comparison
to the placebo. Clinical skin manifestations were monitored and skin punches were obtained for
further gene expression analyses. There was a significant reduction in redness, scaling, and an
apparent improvement in CUR-NIO-treated group in comparison to the placebo-treated counterpart.
The gene expression analyses resulted in significantly downregulation of IL17, IL23, IL22, and TNFα,
S100A7, S100A12, and Ki67 in CUR-NIO-treated lesions. Consequently, CUR-NIO could provide
therapeutic approaches for the patients with mild-to-moderate PS by suppressing the IL17/IL23
immunopathogenic axis.

Keywords: curcumin; IL17; IL23; IL22; Ki67; niosome; psoriasis; S100A7; S100A12; TNFα

1. Introduction

Psoriasis (PS) is a systemic inflammatory autoimmune disorder described by the
formation of skin plaques with an inflammatory, painful or itchy surface, limiting the
quality of life among involved patients [1]. These skin rashes form pink to red patches
on white (Type 1 and 2 Fitzpatrick skin type) skins with silvery to white scales, while
forming brown to dark patches with grey scales on dark (Type 5 and 6 Fitzpatrick skin
type) skins [2]. Psoriasis is reported in all age and gender groups, mostly demonstrated
in adults between 45–64 years [3]. PS patients may develop a rheumatologic state called
“psoriatic arthritis (PsA)” which leads to inflamed, painful and swollen joints, mostly in
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fingertips and spine [4]. According to recent epidemiological studies, PS involves 2–3% of
the world’s population [5]. The PsA condition has been reported in 25–30 percent of PS
patients, with varying clinical symptoms [6].

The diagnosis of PS typically involves laboratory and clinical assessments; however,
histological analyses of the lesions reveal an accelerated renewal of the epidermis, char-
acterized by hyperkeratosis, parakeratosis, and acanthosis, as well as vasodilation and
lymphocytic infiltration. Additionally, ki67 overexpression has been observed [7–9].

Although the hyperproliferation of keratinocytes is the most remarkable characteristic
of PS, the underlying mechanism of the loss of control is not well studied. Environmental
factors, genetic background, and immune responses may be involved in the pathogenesis
of PS [10]. Although the immunopathological mechanisms underlying this disease with
defective immune responses are not yet fully understood, research has highlighted the
significant roles played by immune cells located in the dermis and epidermis, such as
dendritic cells (DCs) and T lymphocytes (T cells) [11,12]. Activated DCs produce high
levels of TNFα and IL23, boosting the differentiation of naïve T cells into the Th17 cells.
IL17 and TNFα activate keratinocytes, cultivating epidermal hyperplasia and recruiting
other inflammatory cells, especially neutrophils [12]. TNFα-dependent pathways along
with the IL23/IL17 axis represent a cross-talk between innate and adaptive immunity which
are known as the most important immunological factors in PS pathogenesis [13,14].

Recent evidence has highlighted the role of keratinocytes, particularly in their pro-
duction of IL23, in both the onset and progression of chronic PS. [15]. Moreover, both IL17
and IL23 induce IL22 production, by Th22 cells, which is also known as a key factor in
PS development [16,17]. IL22 stimulates epidermal keratinocyte proliferation and activa-
tion, and induces epithelial cells to produce antimicrobial peptides that are synergistically
upregulated on the side of IL17 [18–20].

S100 family of proteins are small calcium-binding proteins known as inflammatory
antimicrobial peptides (AMPs) [21]. In particular, IL17A could induce production of
some AMP components including S100A7 (psoriasin) and S100A12 (calgranulin c) from
keratinocytes [22,23]. AMPs not only recruit leukocytes such as neutrophils (PMNs),
Th17 cells, DCs, and macrophages, [24] but also induce TNFα production [25]. Furthermore,
S100A12 could be considered as the most promising biomarker for PS [26].

Although several therapeutic approaches are currently prescribed or under investiga-
tion for PS, corticosteroid topical therapy is still applied as the first option of treatment for
mild-to-moderate PS [27,28]. Corticosteroids not only have several side effects, but also
do not prompt satisfactory clinical impacts [29]. Medication alternatives to corticosteroids
include methotrexate, cyclosporine, and small molecule biologicals such as adalimumab
(Humira), a TNF-alpha-blocking antibody, and brodalumab (Siliq), a human antibody
against interleukins (IL12/23 inhibitors, IL17 inhibitors, IL23 inhibitors) [30,31].

Evidence shows that the effects of some topical herbal remedies may contribute con-
siderably to the healing process and reduce inflammation [32]. Natural products that have
been associated with some success include aloe vera, omega-3 fatty acids, turmeric (cur-
cumin), and Oregon grape [33]. Curcumin (CUR) is a derivative of Curcuma longa which
has therapeutic and immunomodulatory properties [34]. Several clinical investigations
showed that CUR could be beneficial against different cancer types [35,36], cardiovascular
diseases (CVDs) [37], and inflammatory and skin diseases [38,39]. It efficiently relieves
clinical manifestations, reduces the level of inflammatory markers, slows down disease
progression, and prevents disease relapse [40]. Although the role of CUR in PS has not
been well described, it was studied in human and experimental animal studies [41,42].
Previous findings have shown that CUR has the potential to suppress inflammatory cy-
tokines including IL23 and IL17, which have major roles in PS pathogenesis and chronic
inflammation [43].

Despite promising therapeutic properties, the use of CUR might be limited because of
low bioavailability and solubility, insufficient pharmacokinetics, and rapid degradation [44,45].
On the other side, there is an evidence suggesting that nanoparticles encapsulation can
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enhance its delivery and stability [11]. The encapsulation of lipophilic compositions into
the nanoemulsion intensifies their infiltration into the deep skin layers for local delivery,
and may increase their efficacy [46]. Niosomes, as non-ionic surfactant-based vesicles, are
obtained by hydration of single-chain surfactants and could be stable at 10 to 1000 nm in
size. They have the ability to preserve both lipophilic and hydrophilic drugs by encap-
sulating them in an aqueous compartment and distributing them within the bilayer [47].
The application of niosomes as carriers for local drug delivery could improve the effec-
tiveness and safety of some drugs, including CUR [48,49]. The use of niosomes has been
reported in the cosmetics industry [50]. Additionally, several investigations have revealed
that the widespread application of gel-based hyaluronic acid and marine collagen in nano-
drug delivery structures improve the stability, release, and absorption of the drugs via
epidermis in the skin lesions [51]. The excellent solubility of hyaluronic acid has led to its
development as one of the most remarkable carriers for topical delivery of medications to
the skin, especially in combination with the nano-carriers [52].

Our current clinical trial evaluated the IL17/IL23 immunopathogenic axis besides heal-
ing process in skin lesions of PS patients who treated by a topical formulation containing
curcumin-niosomes (CUR-NIO) within a hyaluronic acid and marine collagen gel.

2. Materials and Methods

2.1. Preparing the CUR-NIO Formulation

CUR-NIO was constructed by thin-film hydration (TFH) method, as described pre-
viously [53,54]. Briefly, accurately-weighed quantities of Tween80 and Squalene (Sigma,
St. Louis, MO, USA) were dissolved in 2 mL of chloroform and methanol in a round bottom
flask (2:1 ratio). Then, 10 mL of CUR 1 mg/mL in methanol was added to the combination
and mixed gently with a magnet stirrer (25 ◦C for 15 min). The dissolved mixture was
subsequently evaporated (45 ◦C for 20 min), using a rotary evaporator, under vacuum and
constant rotation to obtain a thin film. By utilizing the hand-shaking process, the thin film was
hydrated with 5 mL of isotonic phosphate buffer saline (PBS: pH 7.4) at room temperature
(RT) to form the CUR-NIO suspension. This suspension was sonicated within an ultrasonic
water bath for 20 min, purified using a 0.2μm membrane filter, and kept in −80 ◦C for 2 h.
Finally, it was lyophilized in a vacuum freeze-dryer (Crisp Beta 2-8LD plus, Osterode am
Harz, Germany) for 24 h in −50 ◦C.

2.2. Characterizing the CUR-NIO Composition
2.2.1. Size, Distribution and Zeta Potential

The size and distribution of constructed niosomes were specified by measuring the vesi-
cles in each preparation using Dynamic Light Scattering (DLS). The lyophilized nanoparticles
were dispersed in PBS (pH 7.4) using an ultrasonic water bath for 5 min at 25 ◦C and the
parameters were evaluated. The zeta potential, size, and polydispersity index (PDI) of each
preparation was assessed by DLS (Zetasizer Nano ZS; Malvern Instruments, Malvern, UK)
utilizing an argon laser beam at 633 nm and a 90◦ scattering angle. Each sample was measured
in triplicates and results were expressed as means ± standard deviation (SD).

2.2.2. Encapsulation Efficiency (EE%) and Loading Capacity of Vesicles

The encapsulation efficiency (EE%) and loading capacity (LC) was assessed and quan-
tified by the direct method through the following formulations. We dissolved 1 mg of
lyophilized CUR-NIO in 1 mL of methanol and evaluated by UV–VIS spectrophotometry
at 425 nm (Shimadzu, Japan). The amount of entrapped CUR was assessed using the CUR
standard curve.

EE% =
Amounts of encapculated curcumin ∗ 100

Initial amount of curcumin

LC% =
Amounts of encapculated curcumin ∗ 100

Initial amount of nanoparticle
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2.2.3. Preparing the of CUR-NIO Loaded Topical Cream

Topical formulations should contain adequate viscosity to be suitable for adminis-
tration to the skin. Hyaluronic acid (0.1%) and marine-collagen (2.5%) (formulated by
Kimia Golestan Green Chemical Company, Gorgan, Iran) were selected as the matrix of the
CUR-NIO gel. Hyaluronic acid and collagen were added into the lyophilized CUR-NIO in a
drop-wise fashion, with gentle, but constant stirring in darkness for 2 h. The concentration
of CUR-NIO was 0.1% (w/w) in the gel.

2.3. Patients and Sample Selection
2.3.1. Criteria

Five patients, aged 18 to 60 years, with mild-to-moderate PS (PASI < 30, based on the
PS area severity index [55]) and at least two symmetrical and/or similar skin lesions were
enrolled in this study. Patients were not pregnant or breastfeeding and were not taking
any kind of corticosteroids or topical treatments in the last two months or during the trial.
They were not suffering from metabolic syndrome, hepatic, renal or other autoimmune
diseases. The key demographic and clinical characteristics of the psoriasis patients included
in the study are presented in Table S1. We also used peripheral blood samples from five
healthy controls. Written informed consents were signed by all participants. This study
was approved by the committee of research ethics at Golestan University of Medical
Sciences (IR.GOUMS.REC.1397.275) and registered in the Iranian Registry of Clinical Trials
(IRCT20181217042030N1).

2.3.2. Ex-Vivo Study

At first, for ex vivo evaluation including cell cytotoxicity and gene expression as-
sessments, we isolated peripheral blood mononuclear cells (PBMCs) from blood samples
of healthy donors and patients using Ficoll-Paque density gradient centrifugation, as
described [56]. 106 live cells were treated with CUR, CUR-NIO, NIO, and a vehicle con-
trol (DMSO), in separate wells for 6 h. They were subsequently stimulated by anti-CD3
(1 μg/mL; Sinabiotech, Tehran, Iran), as described previously [57]. After four days, treated
PBMCs were collected for cell apoptosis and gene expression analyses.

2.3.3. Intervention

Instructions on application of the formulation were given to the patients, in which
they were instructed to apply a thin layer of the 0.1% CUR-NIO gel and the placebo twice a
day for four weeks onto their eligible skin lesions, in the manner of a placebo-controlled
clinical trial. Specifically, each patient used CUR-NIO gel for one lesion and placebo for
the counterpart. The placebo was only composed of gel-based hyaluronic acid and marine-
collagen. After four weeks of treatment, the drug- and placebo-treated psoriatic lesions
were assessed by a dermatologist and skin punches were obtained from both lesions of
each patient for further gene expression evaluation.

2.4. Apoptosis Assessment of CUR-NIO

Flow cytometry measurements were conducted using FITC-conjugated Annexin V
and PI staining kits (BioLegend, San Diego, CA, USA) for apoptosis. Isolated PBMCs
from healthy donors were cultured as described above and treated with three concen-
trations of CUR (5, 10 and 15 mM). After four days, cultured cells were harvested and
prepared for assessment following the manufacturer’s directions. Finally, each tube was
immediately evaluated using BD accuri C6 flow cytometer (BD PharMingen, San Diego,
CA, USA). The data were analyzed using the BD Accuri™ C6 software version 1.0.264.21
(Accuri Cytometers, Ann Arbor, MI, USA).

2.5. Quantitative Real-Time PCR

Total RNA was isolated from homogenized samples in RNX-Plus (Sinacolon, Tehran, Iran)
for RNA extraction and then reverse transcribed into cDNA using Yekta-Tajhiz cDNA synthesis
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Kit (Tehran, Iran), according to the manufacturer’s protocols. The primers of genes including
IL17A, IL22, IL23, TNF-α, S100A7, S100A12, ki67, and 18sRNA (as internal control) were
synthesized by Takapuzist Gene Molecular Biotechnology Co. (Tehran, Iran), listed in the
Table 1. Real-time qPCR amplifications were performed using Master Mix SYBR green kit
(Parstous, Mashhad, Iran), which was used for each mRNA on a Real-time PCR detection system
(Bioer Technology, Hangzhou, China). The cycle of threshold (Ct) for every gene and the internal
control were determined for each sample. The relative mRNA expression was quantified, using
2−dct method. Each sample was tested in triplicate [58].

Table 1. The list of primers sequences used in real-time PCR.

Gene Plus (5′ > 3′) Minus (5′ > 3′) Product (bp) Tm

1 IL23A TCAGGCTCAAAGCAAGTGGA AGCAGCAACAGCAGCATTAC 128 60

2 IL17A CGCAATGAGGACCCTGAGAG TAGTCCACGTTCCCATCAGC 92 60

3 IL22 AGCCCTATATCACCAACCGC TCTCCCCAATGAGACGAACG 87 60

4 TNFα CATCCAACCTTCCCAAACGC CTGTAGGCCCCAGTGAGTTC 246 60

5 S100A7 CACTCAAGCTGAGAGGTCCAT AAAGACATCGGCGAGGTAATTTG 169 60

6 S100A12 ACCACTGCTGGCTTTTTGCT GGGTGTCAAAATGCCCCTTC 150 60

7 Ki67 TCTGTTATTGATGAGCCTGTA GTTGACTTCCTTCCATTCTG 107 58

8 18srRNA ACCCGTTGAACCCCATTCGTGA GCCTCACTAAACCATCCAATCGG 159 60

2.6. Statistical Analyses

Statistical analyses of the obtained data and graphs were prepared using SPSS 16.0 and
GraphPad Prism 5.04 statistical software (GraphPad, Boston, MA, USA). One-way ANOVA
or the equivalent non-parametric Kruskal–Wallis test was utilized to obtain the differences
of means between two groups, while Tukey’s post hoc test was performed to confirm the
significant differences. In addition, independent samples t-test or Mann–Whitney U test
were used to compare the means between two groups. p-values smaller than 0.05 were
considered to be significant.

3. Results

3.1. Characterizing NIO Nanoparticles

CUR was effectively encapsulated in niosome particles by the single emulsion solvent
evaporation technique. The average diameter of nanoparticles (13 ± 2.20 nm), polydisper-
sity index (PDI) (less than 0.2), mean zeta (ξ) potential (2.40 ± 0.602 mV), encapsulation
efficacy (86%), and loading efficiency (7.35%) of these NPs were evaluated.

3.2. The CUR-NIO Suspension Exerted Low Toxic Effects on PBMCs

The apoptosis assay was used to confirm that the CUR-NIO suspension has trace
cytotoxicity. PBMCs from healthy donors were treated with CUR, CUR-NIO, NIO and
DMSO; CUR had three different concentrations (5, 10, 15 μM) (Figure 1). In all three
concentrations the survival rate of the PBMC was almost the same. The highest expected
concentration (15 μM) was selected for further analyses.
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Figure 1. Cytotoxicity assessment by apoptosis. PBMCs from healthy volunteers (n = 5) were cultured
with CUR, CUR-NIO, and DMSO; curcumin concentrations were 5, 10, and 15 μM. After 4 days,
apoptosis was analyzed by flow cytometry.

3.3. Effect of CUR on IL17 Gene Expression in PBMCs from Healthy Donors and PS Patients

Despite the higher expression levels of IL17 among PS patients in all treatment groups
and the CUR effect on reducing IL17 gene expression, our results demonstrated no sig-
nificant change in the PBMCs from patients or from healthy donors for any treatment
(Figure 2). Comparisons between patients and normal subjects within similar combinations,
however, showed significantly higher levels of IL17 in patients’ cells (p < 0.05).

Figure 2. Relative gene expression of IL17 in treated PBMCs with different CUR combinations from
PS patients (n = 5) and healthy donors (n = 5). Although CUR was observed to reduce IL17 gene
expression and higher levels of IL17 were detected among psoriasis patients in all treatment groups,
our results did not reveal any significant changes across the different treatments in PBMCs from
the patient and healthy donor groups. Bars depict relative gene expression of IL17 in stimulated
PBMCs by anti-CD3 following treatment with CUR, CUR-NIO, NIO, and DMSO as vehicle control,
for 4 days. The results are demonstrated as the mean (±SEM) of the measured gene expression
(2−dCT). Statistical significance was determined by one-way ANOVA, with Mann Whitney test
to compare treatment groups against the control group (ns: non-significance). CUR: curcumin,
CUR-NIO: curcumin-niosome, NIO: noisome, PS: psoriasis, HC: healthy control.
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3.4. CUR-NIO Gel Reduces Inflammatory Cytokines in Psoriatic Lesions

As demonstrated in Figure 3A, the mRNA expressions of IL17, IL23, IL22, and TNFα
in skin lesions of PS patients were significantly decreased following treatment by CUR-NIO
gel in comparison to the placebo (p < 0.05).

 

Figure 3. Relative expression of IL17, IL23, IL22 and TNFα genes (A) and S100A7, S100A12 and
Ki67 genes (B) after CUR-NIO gel treated (T) versus placebo (P) in psoriatic skin lesions. mRNA ex-
pression was assessed by qPCR in skin tissues from CUR-NIO and placebo groups following 4 weeks
of topical administration. The Ct values were normalized to 18s RNA. All mRNA expressions were
significantly decreased in CUR-NIO group, compared with the placebo. The asterisk marks indicate
significant differences, which are shown on the brackets in the figures (* for p < 0.05). Data show
mean ± SEM.

3.5. Effects of CUR-NIO Gel on S100A7, S100A12 and ki67

There were also significant downregulations in expression of all S100A7, S100A12,
and ki67 genes in skin lesions among CUR-NIO gel treated PS patients compared to the
placebo counterparts (p < 0.05) (Figure 3B).

3.6. Clinical Observation of the Skin of PS Patients

Figure 4 illustrates the skin of a selected PS patient before and after treatment with
the CUR-NIO gel versus placebo. Similar to our quantitative evaluation, we observed that
employing CUR-NIO gel had positive clinical effects on the patients’ lesions, including
reduced redness, levels of PS plaques, and scaling in patients. Furthermore, itching and
skin dryness as annoying manifestations of PS declined in lesions following treatment by
CUR-NIO gel, in comparison to placebo. Moreover, redness and inflammatory margin in
skin lesions were shrunken and considerably ameliorated.
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Figure 4. Clinical manifestations of skin psoriasis of a selected patient before and after the application
of CUR-NIO gel 0.1% versus placebo. Before application of CUR-NIO gel 0.1% (A). Before application
of placebo (B). After treated with CUR-NIO gel 0.1% (C). After treated with placebo (D). The skin
of a PS patient was examined before and after treatment with CUR-NIO gel compared to a placebo.
The results indicated that using the CUR-NIO gel had positive effects on the patients’ lesions, such as
a reduction in redness, PS plaque levels, and scaling. Additionally, the uncomfortable symptoms of
itching and skin dryness also decreased in lesions following treatment with CUR-NIO gel compared
to placebo. Moreover, the redness and inflammation surrounding the skin lesions significantly
improved. Representative photographs show localized improvement of psoriasis on the patient’s
skin with reduced redness, scaling. The presence of hyaluronic acid and marine-collagen compounds
in both pharmaceutical and placebo gels reduced inflammation in both symmetrical lesions. Black
arrows indicate intended lesions before (A,B) and after (C,D) treatment.

4. Discussion

As an autoimmune disease, PS affects a small population globally but negatively
impacts patients’ quality of life. To date, conventional treatments such as topical corticos-
teroids, phototherapy, and several systemic anti-inflammatory drugs have not been entirely
successful in patient treatment and can have various adverse effects [59]. Therefore, achiev-
ing effective formulations with the most negligible side effects should be developed for the
treatment of PS. Various animal investigations and clinical trials have been conducted to
understand the molecular mechanisms of PS pathogenesis better and to introduce novel
therapeutic agents. A vast number of medications can effectively control PS; approximately
75% of patients with mild-to-moderate PS respond positively to local treatments [60]. Of
note, CUR, the major derivative of curcuma longa, may have anti-inflammatory effects
on psoriasis patients [61]. Curcumin has been introduced as a beneficial compound for
the management of various inflammatory skin diseases [62]. Kang et al. evaluated the
inhibitory effects of CUR on Kv1.3 potassium channels on T cells, and demonstrated the
anti-inflammatory roles of CUR by showing that the application of 10 μM of CUR signif-
icantly inhibited the secretion of inflammatory factors, such as interleukin (IL)-17, IL-22,
IFN-γ, IL-2, IL-8, and TNF-α in T cells. However, their study also revealed that the pro-
liferation of T cells was inhibited by more than 50% when exposed to 100 μM curcumin.
It is important to recognize that their study was conducted using a mouse model, which
may not be entirely representative of human skin [63]. There have been other studies
evaluating the effects of curcumin on psoriasis patients; Kurd et al. administered it orally
but did not evaluate inflammatory or immunologic factors [64]. Sarafian et al. did not
mention or quantify the exact concentration of the curcumin used in their study [65]. Thus,
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further research was needed to determine the optimal dose and mode of administration for
curcumin in treating psoriasis in humans. Consequently, an examination was conducted
to determine the potential toxicity of curcumin on PBMCs at various concentrations. The
concentration of 15 μM was identified as having the least toxic effects, and was therefore
chosen as the concentration for testing.

Our study found that the positive effects observed on PS patients’ skin lesions after
treatment with CUR-NIO gel were supported by a decrease in the expressions of IL17,
IL23, IL22, and TNFα in the skin lesions. These results align with previous findings,
indicating that CUR-NIO gel has anti-inflammatory properties that can effectively alleviate
the symptoms associated with PS. Varma et al. demonstrated that the proliferation of
psoriatic-like cells was inhibited, while the apoptosis induction was increased by CUR via
downregulation of pro-inflammatory cytokines, such as IL-17, TNFα, IFNγ, IL-6 [66]. Jain
et al. showed that the phenotypic and histopathological features of PS skin treated with
tacrolimus and CUR-loaded liposphere gel, were enhanced and, the level of TNF-α, IL-17
and IL-22 were reduced compared to imiquimod group [67]. Antiga et al. demonstrated
that CUR could be effective as an adjuvant therapy for the treatment of psoriasis vulgaris
by reducing serum levels of IL-22 [39]. Sun et al. demonstrated that topical application of
CUR encapsulated in nanoparticles in a mice model of PS might help reduce inflammatory
cytokines including IL17/IL23, IL22 and TNFα [68].

CUR with its anti-inflammatory and antioxidant properties can reduce inflammation.
The anti-inflammatory properties of CUR on PS, in addition to its low toxicity, have been
defined in various studies [69]. However, the main problem of CUR is its relatively low
solubility and low capacity for skin penetration which leads to its rapid disappearance in
the epidermis [70]. Algahtani et al. showed that the CUR nanoemugel could be a promising
candidate for the long-term management of PS in mice [71]. However, no study, to the best
of our knowledge, has studied the effects of CUR-NIO in a clinical fashion on PS patients.
Permeation of CUR increases 7–8-fold when formulated with permeation enhancers like
nanoparticles and gel form [72]. In the present study, niosome nanoparticles were used
to increase the efficiency and absorption of CUR in the psoriatic skin lesions. Niosomes
have the capability of modifying the structure of the stratum corneum with the assistance
of their surfactant properties and enhancing the smoothness by the substitution of lost skin
lipids. They play an important role in drug delivery for a wide variety of dermally active
compounds and aid as a safe penetration enhancer [73]. Some studies have shown that the
application of niosomes increases the absorption of topical drugs for the treatment of skin
diseases, including PS and dermatitis [74,75]. It was found that the niosomes prepared for
this study had a mean diameter of about 14 nm, indicating they were nanoparticles of the
right size, thus making them easily pass through the stratum corneum and causing DCs
to uptake CUR-NIO, thus modulating an immune response [76]. Moreover, hyaluronic
acid’s ideal solubility has been considered one of the most important carriers for topical
drug delivery to the skin [77]. Therefore, this study considered hyaluronic acid and marine-
collagen as the CUR-NIO matrix.

Contrary to our hypothesis, CUR-treated PBMCs of PS patients and healthy donors
demonstrated no significant decrease in IL17 gene expression in any of the studied combi-
nations (Figure 2). Brück et al. also showed that the effects of CUR on T cell polarization
were not mediated by direct action. Instead, the particular population of immune cells
affected by CUR is the DC population [78]. This evidence could support the insignifi-
cant decrease in IL17 gene expression observed in our samples. However, another study
showed a substantial effect of CUR (at higher concentrations) on inhibition of IFNγ and
IL17A-producing cells [79].

As observed by Sun et al., CUR could affect the IL23/IL17 axis in mice by inhibiting
IL1β/IL6 and indirectly regulating IL17/IL22 expression [80]. In this regard, CUR-NIO
gel significantly decreases the expression of all tested genes related to IL23/IL17 axis
(including IL23, IL22, TNFα and IL17) in the psoriatic lesions, compared to the placebo
arm (Figure 3). Furthermore, ki67 downregulation following CUR administration in our
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patients (Figure 3B) could indicate the control of abnormal keratinocyte proliferation in
PS skin tissues, which was also observed previously in an in vitro study [81].

We discovered that there were notable reductions in the expression of S100A7, S100A12,
and ki67 genes in skin lesions of PS patients treated with CUR-NIO gel, as compared to
lesions that were treated with the placebo. The IL17/IL22 could upregulate the S100A7
and S100A12 expression in keratinocytes reciprocally. The keratinocyte-secreted S100A7
may stimulate the production of pro-inflammatory cytokines and recruit immune cells into
the skin, which indicates a distinct feature of psoriatic skin lesion [22,23,82]. According to
the previous studies, S100A7 and S100A12 are the most promising markers of PS disease
activity, and increased expression of both are typical features shown in PS [26,83] and CUR
could reduce their expression, as observed in HaCaT keratinocyte cell line [84]. Substantial
downregulation of these peptides by CUR-NIO gel in our patients (vs. placebo, Figure 3B)
signify the therapeutic capacity of our treatment.

No adverse effects, such as allergic reactions, skin irritations, staining, or photosen-
sitivity were observed during the studied treatments. The most important limitation of
our study was related to the criteria for patient selection, which resulted in a low number
of patients with mild/moderate disease severity, no corticosteroid treatment, and at least
two symmetrical/similar skin lesions for drug and placebo treatments. However, the last
criterion meant that each patient was his/her own control and this was the most important
advantage of our study. Consequently, any interference regarding genetic and environ-
mental variations was eliminated which makes the comparisons between treatment and
placebo very valuable and reliable in our clinical study.

5. Conclusions

In conclusion, the administration of our CUR-NIO gel as a topical drug could stimulate
therapeutic effects on the psoriatic skin lesions and lead to healing processes. This could
be induced by expression regulation in the main pathogenic inflammatory genes in PS
patients. CUR-NIO gel possibly will be a promising drug for improving the quality of life
of PS patients.
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Abstract: Annular dermatoses are a heterogeneous and extremely diverse group of skin diseases,
which share in common annular, ring-like patterns with centrifugal spreading. Numerous skin
diseases can sometimes display annular lesions, but some specific skin conditions are originally
annular. We take the opportunity to review here mainly the causes of primary annular erythemas
and their differential diagnoses, but also the rare causes of annular purpuras.

Keywords: annular dermatosis; erythema annulare; erythema marginatum; erythema migrans;
erythema centrifugum; figurate erythema; annular purpura

1. Introduction

Annular dermatoses (AD) are a heterogeneous group of skin diseases, whose common
feature is essentially the annular or circular arrangement of the lesions with centrifugal
spreading [1]. They belong to the group of figurate dermatoses, to which can be added
linear or serpiginous dermatoses, for example. They are a fascinating curiosity for the
dermatologist, as they form patterns and arabesques on the patient’s body.

Clinically, AD rarely present as a flat erythematous macule or spot. The active border
is often redder and palpable, and the initial lesion is a papule or plaque that will spread as
a ring. The confluence of nearby lesions gives a polycyclic appearance. Finally, the rings
may be closed circles or ovals, or well opened, arciform or crescent-shaped. In its recent
update of the glossary of descriptive terms for skin lesions, the International League of
Dermatological Societies (ILDS) suggested the use of the following terms to describe the
lesions: annular, arciform, polycyclic and oval [2].

AD are most often annular erythema. Careful examination of the surface of the rash
can also determine whether the process arises from the epidermis (dermatophyte) or from
the dermis (erythema migrans, etc.). However, purpuras can also display a ring-like pattern
in cases of cutaneous vasculitis, pigmented purpura or infection. In this review, we mainly
discuss AD from the perspective of erythema annulare, and at the end, we review some
cases of purpura annulare. Pediatric erythema annulare is a broad group of dermatoses
whose differentiation is often based on subtle clinical and histologic nuances [3]. We discuss
only some of these pediatric entities.

2. Classification of Annular Dermatoses

AD can be classified in different ways. (i) AD can be either primarily or secondarily
annular. In the first case, the annular pattern is an intrinsic characteristic of the dermatoses
and defines them (erythema annulare migrans, centrifugal erythema annulare of Darier,
tinea, granuloma annulare, subacute lupus, etc.). In the second case, a large number of
skin conditions can display any annular pattern among their possible clinical presentation.
Most likely, any dermatologic disease may display an annular pattern, so the list is long, as
follows: mycosis fungoides, syphilis, roseola, seborrheic dermatosis, sarcoidosis, herpetic
dermatitis, linear IgA dermatosis, etc. (Table 1, Figure 1). (ii) AD can be classified according
to their causes (infectious, para-infectious, inflammatory, paraneoplastic, drug-induced) [4],
(iii) according to the age of onset (infant/adult, Table 2) [3], (iv) according to the type of
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histological infiltrate (Table 3) [4], or finally, (v) according to the acute or chronic onset. This
last classification [1] seems to us to be the simplest in daily practice. Indeed, classification
by group of causes [4] lead to a large laundry list mixing common and rare conditions, as
well as acute and chronic conditions. Histopathological classification [5] is of interest when
a biopsy is taken to allow a clinical confrontation; however, this is not always necessary.

Table 1. Main dermatoses that can sometimes display an annular presentation (non-exhaustive list).

Seborrheic dermatosis

Urticaria and urticarial vasculitis

Sweet syndrome

Eosinophilic dermatosis, Wells cellulitis

Psoriasis: annulare psoriasis, psoriasis gyrata

Eczema

Leprosy

Granuloma faciale

Sarcoidosis

Mycosis fungoides

 

Figure 1. Examples of dermatoses with possible presentation as annular lesions. (a) Seborrheic
dermatitis of the trunk, (b) acute urticaria, (c) urticarial vasculitis, (d) Sweet syndrome, (e) chronic
eczema.

Table 2. Annular erythema of infancy a (modified from Patrizi et al. [3]).

Neonatal lupus erythematosus

• variant: erythema gyratum atrophicans transiens neonatale
Erythema annulare with anti-Ro/SSa antibodies (Sjögren)
Erythema marginatum rheumaticum
Erythema marginatum associated with hereditary angioedema
Erythema migrans

Erythema annulare centrifugum

• variant: familial annular erythema
Annulare erythema of infancy

• variant: neutrophilic figurated erythema
Eosinophilic annular erythema

a Common dermatoses are not included (psoriasis, tinea, etc.).

141



Life 2023, 13, 1245

Table 3. Annular erythema according to the main inflammatory infiltrate (modified from Ríos-Martín
et al. [5]).

Lymphocytes Neutrophils, Eosinophils Granulomas Plasmocytes

Erythema annulare with anti-Ro/SSa antibodies CRAND
Eosinophilic dermatosis
Eosinophilic erythema annulare
Erythema marginatum
Neutrophic dermatosis
IgA pemphigus
Linear IgA dermatosis
Neutrophilic erythema annulare of infancy
Psoriasis
Sneddon–Wilkinson syndrome
Urticarial vasculitis

Granuloma annulare
Leprosy
Sarcoïdose

Erythema migrans
Syphilis

Erythema annulare centrifugum
Erythema gyratum repens
Erythema migrans
Erythema multiformis
Erythrokeratodermia variabilis
Leprosy
Lupus
Mycosis fungoides

CRAND: Chronic recurrent annular neutrophilic dermatosis.

3. Acute Annulare Dermatoses

3.1. Pityriasis Rosea

Pityriasis rosea is a benign squamous eruptive exanthema due to HHV-6 and HHV-7
that mainly affects the young. The classic initial erythemato-squamous, round or oval,
annular “medallion” or herald patch with raised edges and a clear center, and of variable
size, precedes the generalized eruption [6]. Its identification allows the diagnosis (Figure 2).
On the other hand, if the primary lesion is seen alone before the rash, tinea infection may
be wrongly suspected. Differential diagnoses include secondary syphilis and psoriasis.

 
Figure 2. Pityriasis rosea in a pregnant woman with its typical initial ring medallion.

3.2. Erythema Marginatum

Erythema marginatum was first described in 1831 by Bright and has been referred to
by several names (érythème marginé discoïde de Besnier, Lehndorff–Leiner’s erythema
annulare rheumaticum, Keil’s erythema marginatum rheumaticum). Although a rare
manifestation (<6% of cases), erythema marginatum is still considered a specific lesion
of post-streptococcal rheumatic fever (RF) and a major criterion in the new 2015 revision
of the Jones criteria [7]. RF and erythema marginatum usually affect children, and more
rarely, adults [8]. Erythema marginatum is characterized by a painless and non-pruritic,
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annular, polycyclic, raised or non-raised border rash that is red to purplish in color and
usually rapidly evolving [9] with an occasional disappearance and reappearance of lesions.
Centrifugal evolution is not systematic [8]. Erythema marginatum affects the trunk, extrem-
ities and sometimes the face. It occurs after untreated angina with fever in association with
migratory inflammatory joint pain and an inflammatory syndrome. In case of a heart mur-
mur, an ultrasound must be performed to eliminate a valvulopathy. A skin biopsy shows
a perivascular neutrophilic inflammatory infiltrate [9], that is sometimes lymphocytic [8]
in the dermis, without vasculitis and without alteration of the epidermis [8,9]. Direct
immunofluorescence is negative. The evolution is favorable under antibiotic therapy with
penicillin A in the following weeks. A rapid angina test is positive [8], and antistreptolysins
can be positive [9]. The infection is not immunizing, and the rash may recur in case of a
new infection [8]. RF has become rare in developed countries due to the use of antibiotics
for streptococcal infections. Given the decrease in the prevalence of RF, it is important to be
aware of this diagnosis in case of fever and joint pain after angina, especially in patients
from developing countries.

3.3. Erythema Marginatum with Hereditary Angioedema

The occurrence of a non-pruritic erythema annulare, reticular or serpiginous would
concern 56% of patients with hereditary angioedema [10]. This “erythema marginatum”
has been observed since the end of the 19th century. It affects the upper part of the trunk
and the limbs. It may precede or accompany angioedema attacks [10,11]. If it is mistaken
for urticaria, the diagnosis of hereditary angioedema is delayed. Its pathophysiology is
unclear but may involve bradykinin [10].

3.4. African Trypanosomiasis

The lymphatic blood phase of trypanosome dissemination occurs 1 to 3 weeks after
the infesting tsetse fly bite. It associates fever, hepatosplenomegaly, cervical adenopathies
and trypanides. These are erythematopapular lesions of variable size which may take on
the appearance of a polycytic centrifugal annular erythema with a marked erythematous
active border, most often on the trunk or the roots of the limbs. In a suggestive context
(expatriate living in black Africa), these trypanids are characteristic but rare (10 to 50%
of cases), fleeting, recurrent, leave no sequelae and may naturally go unnoticed on dark
skin [12–14].

4. Chronic Annular Dermatoses

4.1. Tinea Corporis

Infection of the glabrous skin by Trichophyton rubrum or T mentagrophytes constitutes
the prototype of ring dermatosis. It initially presents as a small pinkish macule of a
progressive centrifugal extension forming a circle or a closed oval, with an active vesicular
border, sometimes scaly, more or less pruritic, until it ends up in a large placard, sometimes
polycyclic, in case of confluence with other lesions. The center of the lesion takes on a brown
hue (Figure 3). Fold dermatophyte has a similar appearance as an extensive, unilateral,
ring-shaped placard with an active border and a brown center. The application of local
corticosteroids can significantly delay the diagnosis by masking the initial appearance
(tinea incognito). However, the annular appearance may remain visible and suggestive
(Figure 4). Finally, tinea imbricata or tokelau is a chronic superficial dermatophyte due to
T concentricum (anthropophilic germ) endemic to the South Pacific islands, but also to South
Asia and South America. It is responsible for particularly impressive concentric or annular
figured skin lesions [15,16].
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Figure 3. Dermatophytosis of the glabrous skin with T. rubrum centered on the right nipple (left).
Extension and progression over 9 months due to poor compliance with home treatment (right).

 

Figure 4. Close-up view of tinea corporis incognito initially treated with very high potency dermocorticoids.
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4.2. Erythema Migrans

Erythema migrans (EM) is the first manifestation of Borrelia burgdorferi infection and
indicates Lyme disease. It occurs in 90% of patients between 2 days and 3 months after
a tick bite; on average, it occurs 2 weeks after the bite [17]. The bite of an Ixodes nymph
may go unnoticed. The typical form of EM is an erythematous macule or papule with a
centrifugal annular extension and central clearing. It is highly variable in size [18]. It may
be asymptomatic, pruritic or painful. If the central site of the inoculation is still visible, the
EM displays the typical bull’s eye appearance (Figure 5).

 
Figure 5. Erythema migrans with a bull’s eye sign.

However, in practice, EM can be highly polymorphous, making borreliosis a major
simulacrum in the same way that syphilis is in endemic areas (Figure 6) [18,19].

 
Figure 6. Atypical erythema migrans presenting an annular hematoma.

General signs are sometimes present. Serology is neither useful nor recommended
at that stage of the disease. In the case of an atypical form, a biopsy reveals a deep
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and superficial perivascular and interstitial lymphocytic infiltrate with low neutrophil
counts. The presence of plasma cells is suggestive of the diagnosis. Warthin–Starry staining
may reveal the spirochete in the papillary dermis, but currently, PCR techniques confirm
the presence of Borrelia in the skin [20]. Empirical treatment is based on amoxicillin or
doxycycline per os for two weeks. In the absence of treatment, EM lesions disappear rapidly
with a risk of secondary dissemination. The presence of multiple, smaller, non-expanding
annular lesions at a distance from the site of the inoculation indicates a hematogenous
and lymphatic dissemination of the disease and is common in the European form of
borreliosis [17,18].

4.3. Granuloma Annulare

Granuloma annulare (GA) is a benign non-infectious granulomatous skin disorder of
unknown origin. GA has been associated with a wide number of conditions such as diabetes,
HIV infection, malignancy or medications [21]. There are various clinical variants of GA.
The most common form of GA presents as a pink or flesh-colored non-squamous annular
erythematous plaque with an active border with a palisading or interstitial granulomatous
inflammatory infiltrate (Figure 7). It can be localized to the extremities or generalized [22].
GA is often self-limited and does not require treatment. The generalized form displays a
protracted evolution and is more difficult to treat. The list of treatments that have been
given for GA is exceedingly long [21].

 
Figure 7. Granuloma annulare of the elbow.

4.4. Subacute Cutaneous Lupus Erythematosus

Subacute cutaneous lupus erythematosus (SCLE) most commonly affects white women
over 50 years of age. The lesions are polycyclic, with an erythemato-squamous or vesiculous
and crusty border and a greyish hypopigmented center that is sometimes covered with
telangiectasias. They regress, leaving post-inflammatory hypo- or hyperpigmentation and
telangiectasia, but without atrophy. The lesions predominantly occur on photoexposed
areas (face, neck, décolleté, shoulders, extension side of the arms and back of the hands)
and on the trunk (Figure 8).
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Figure 8. Subacute cutaneous lupus erythematosus of the back.

Hyperkeratosis, mucosal body atrophy, extensive basal keratinocyte degeneration,
thickening of the basement membrane and the presence of a dermal CD4 lymphocytic
infiltrate are suggestive of the diagnosis. Direct immunofluorescence is inconsistently
positive [23]. SCLE is the most frequently reported form of cutaneous drug-induced
lupus erythematosus. It should always be considered in case of onset among the elderly
patients. The clinical presentation, patterns and distribution of the cutaneous lesions are
not distinguishable from idiopathic SCLE. Culprit drugs include terbinafine, anti-TNF
alpha, antieplieptics and proton pump inhibitors [24]. Treatment includes photoprotection,
the application of dermocorticoids and the initiation of hydroxycholoroquine. Systemic
involvement should be ruled out [23].

4.5. Neonatal Lupus

The transplacental passage of maternal anti-Ro/SSa and/or anti-La/SSb or anti-U1-
RNP antibodies may be accompanied by skin lesions that occur early in the first three
months of life and resolve during the first year after the elimination of maternal antibodies.
The rash is similar to adult subacute lupus with polycyclic annular lesions. Residual
pigmentation may occur. Atrophy or scarring is rare. Erythema gyratum atrophicans
transiens neonatale of Giannotti and Ermacora [25] is probably a variant with central
whitish atrophy [26].

4.6. Erythema Annulare with Ro-SSA Antibodies and Sjögren’s Syndrome

Lesions of erythema annulare, similar to those seen in SCLE, were also reported in
patients with Sjögren’s syndrome [27]. In addition, a “borderline” sub-entity was reported
by Japanese authors in the form of a deep annular erythema with thick borders and a clear
doughnut center, mainly affecting the face, and sometimes the upper limbs. The histology
shows a perivascular CD4 lymphocytic infiltrate and edema of the dermis without vasculitis
or epidermal involvement. The appearance is evocative of lupus tumidus. Patients always
present with Ro/SSa antibodies, but the diagnosis may be uncertain between lupus and
Sjögren’s syndrome [28].
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4.7. Neutrophilic Dermatoses

Neutrophilic dermatoses are a group of rare skin conditions characterized by the
presence of an abnormally high number of neutrophils in the epidermis and/or the dermis
and/or the subcutis. These conditions can present with a variety of clinical features such
as painful erythematous (red) papules, plaques, pustules and vesicles. Some of the most
common neutrophilic dermatoses are Sweet syndrome and pyoderma gangrenosum [29].
Lesions of Sweet syndrome can sometimes evolve secondarily into polycyclic annular le-
sions (Table 3). However, there are also some conditions among the neutrophilic dermatoses
(ND) group, during which the lesions are primarily annular.

Neutrophilic erythema multiforme of infancy is an exceptional inflammatory dermato-
sis affecting healthy newborns or small children with no other underlying pathology. It is
characterized by asymptomatic, annular erythematous lesions, sometimes polycyclic, with-
out vesicles or scaling. The histology shows a neutrophilic infiltrate and leukocytoclasia,
without vasculitis. The dermatosis may progress to remission or chronicity [3].

Chronic recurrent annular neutrophilic dermatosis (CRAND) was first described in
1989. CRAND is a peculiar and rarely described form of neutrophilic dermatosis marked
by an annular and chronic course, and a histological involvement like Sweet syndrome, but
without any general signs, biological abnormalities or underlying systemic pathology [30].
It seems to affect adult women after 40 years of age. Oral steroids, colchicine and dapsone
are the treatments of choice [31]. Croci-Torti et al. discuss some clinical cases in the literature
that do not yet fit into specific nosological entity [31] cases as erythema annulare with a
neutrophilic infiltrate on histology [32].

4.8. (Darier’s) Erythema Annulare Centrifugum

Erythema annulare centrifugum (EAC) is characterized by mildly symptomatic an-
nular plaques on the trunk, buttocks and proximal parts of the limbs, while it spares the
face and extremities. EAC can occur at any age, with a predominance in people who are
in their 50s [33]. The number of lesions is also variable, averaging from two to five. In his
original description, Darier stated that pink rings consist of a peripheral bump, a 3–5 mm
cord, with a gentle slope to the skin on the inner side of the ring and a sharp edge toward
the healthy skin [1]. Scaling of the inner edge of the ring is sometimes noted, while the
central area takes on a bister or buff color (Figure 9).

 

Figure 9. Erythema annulare centrifugum.
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The lesions may coalesce into polycyclic rings and evolve over several days, weeks or
months. The following two forms are currently considered: the superficial form and a deep
form (that has been described by Darier). A biopsy of recent lesions of superficial CAE
shows a superficial spongiform dermatitis with an eosinophilic infiltrate and sometimes
neutrophils. In older lesions, the infiltrate is lymphocytic without spongiosis. In the deep
form, there is a superficial and deep perivascular lymphocytic infiltrate. In this case, various
differential diagnoses arise, such as lupus tumidus or erythema migrans. The etiology
and pathophysiology of EAC are not known. Treatment is only proposed in the case of
discomfort. The disease resolves spontaneously within a year, although prolonged courses
are possible.

4.9. Eosinophilic Annular Erythema

Eosinophilic annular erythema (EAE) is a rare entity in the literature. It was first
described in 1981 by Peterson and Jarrat [34]. The first cases were described in children as
annular erythema of infancy [34,35], but later, similar cases were observed in adults [35].
It is a chronic dermatosis, characterized by arciform annular plaques with a dark red
center, which may affect the trunk, limbs or face. The edges are raised, smooth, non-scaly,
pruritic [35] or not pruritic [36]. The lesions disappear without atrophy or scarring [35],
but new lesions may reappear on the top of regressing lesions [36]. The general condition
is preserved. Arthralgias may occur. Usually, no systemic disease is reported, although
we found one case associated with a chronic hypereosinophilic syndrome [37] and one
associated with metastatic prostate cancer [38]. The evolution is variable, ranging from
spontaneous resolution in a few weeks without recurrence [39], to chronic forms over
several years. The biopsy discloses an interstitial, perivascular and perisudoral dermal in-
filtrate, predominantly lymphocytic and eosinophilic, but poor in neutrophils and without
plasma cells. There is no evidence of flame figure, granuloma or vasculitis. Mucin deposits
may be present. Vacuolation of the basement membrane and spongiosis and exocytosis in
the epidermis are also noted [36]. Circulating hypereosinophilia is inconsistent. Treatment
is difficult. Anti-inflammatory drugs such as indomethacin, anti-malarial drugs and even
Disulone seem to be the most effective [40]. The question of the link between EAE and
Wells syndrome remains open. The distinction is based on clinico-biological differences
(no pseudo-cellulitis appearance, absence of hypereosinophilia), histological features (ab-
sence of flame figure, granuloma and eosinophilic degranulation) and possibly therapeutic
nuances (corticosteroid therapy versus hydroxychloroquine and NSAIDs).

4.10. Erythema Gyratum Repens

Described in 1952, erythema gyratum repens is a rare (70–80% of cases) paraneoplastic
syndrome whose diagnosis is clinical. It affects the trunk and extremities with characteristic
erythematous, raised, scaly, serpiginous, concentric or annular bands arranged in parallel
giving a “wood-ribbed” appearance and centrifugal extension. It is mainly associated with
bronchial, breast and esophageal cancers. The histology is non-specific with a superficial
lymphocytic perivascular infiltrate. The main purpose of the histology is to eliminate differ-
ential diagnoses [41]. Cases have been recently associated with COVID-19 infection [42,43]
and SARS-CoV-2 vaccination [44].

5. Annular Purpura

5.1. Majocchi’s Purpura Annularis Telangiectodes

Pigmented purpuric dermatoses are a group of skin disorders characterized by a
chronic or persistent course, varied clinical picture (macules, papules and plaques) and
unknown origin (e.g., contact allergy, pressure, physical training, medication) [45]. Among
this group of pigmented purpuric dermatoses, Majocchi’s purpura annulare (purpura
annularis telangiectodes) presents as purpuric patches of a centrifugal extension with a
bright red border and a yellowish central area that is sometimes atrophic, located on the
lower limbs (Figure 10). It tends to affect young people of both sexes. The rings are a few
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millimeters thick and covered with telangiectasias and punctiform purpura. The rings are
closed or open, isolated or confluent and polycyclic. The size of the lesions is variable.
The lesions regress in a few months or years without scarring. Histologically, there is
lymphocytic capillaritis with an extravasation of red blood cells and lymphocytic infiltrate
without vasculitis [46,47].

 

Figure 10. Majocchi’s purpura annulare.

5.2. Annular Leucocytoclastic Cutaneous Vasculitis

It is not unusual to see an annular pattern within purpuric lesions in cutaneous vas-
culitis (Figure 11). However, a singular entity was described in 1996 [48] as the skin lesions
were purpuric annular plaques of a centrifugal extension with a polycyclic extension to the
limbs and trunk, leaving a residual pigmentation. There are no extracutaneous symptoms
or impairment of general condition. The histology was consistent with leucocytoclastic vas-
culitis with inflammatory infiltrate. The lesions regress with dapsone [48], but spontaneous
regression is possible [49].

 

Figure 11. Cutaneous vasculitis disclosing annulare features.
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5.3. Post-Infectious Purpura

A few curiosities have been reported, such as pityriasis rosea in a purpuric and annular
variant [50] or annular hemorrhagic purpura in hantavirus, as we reported in a case of
Puumala virus infection in Finland [51].

6. Conclusions

Annular dermatoses encompass a large number of various and heterogenous condi-
tions that make it difficult to define decisional algorithms. Diagnoses can be only achieved
via proper history intake, past dermatological diseases, proper analysis of the clinical
presentation (acute/chronic, isolated/multiple lesions, erythema/purpura, etc.) and micro-
scopic findings. Annularity is a dynamic process, and the lesions may change with time
and between observations. Physicians should also enquire whether the patient has taken
pictures of the skin lesions at the very beginning of their occurrence or at various stages of
their evolution. Differential diagnoses of annular dermatoses encompass, by definition, the
other annular dermatoses.
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Monika Słowińska 1,2,*, Iwona Czarnecka 1, Robert Czarnecki 3, Paulina Tatara 1, Anna Nasierowska-Guttmejer 4,5,

Małgorzata Lorent 6, Szczepan Cierniak 6 and Witold Owczarek 1

1 Department of Dermatology, Central Clinical Hospital Ministry of Defense,
Military Institute of Medicine—National Research Institute, Szaserow 128, 04-141 Warsaw, Poland;
iczarnecka@wim.mil.pl (I.C.); ptatara@wim.mil.pl (P.T.); wowczarek@wim.mil.pl (W.O.)

2 Evimed Medical Centre Ltd., Private Dermatologic Practice, JP Woronicza 16, 02-625 Warsaw, Poland
3 Department of Cardiology, LUX MED Oncology, Limited Liability Company, St. Elizabeth Hospital,

Goszczynskiego 1, 02-616 Warsaw, Poland; robert.czarnecki@luxmed.pl
4 Department of Pathomorphology, Central Clinical Hospital of Ministry of Interior and

Administration—National Medical Institute, Woloska 137, 02-507 Warsaw, Poland;
anna.nasierowska@cskmswia.pl

5 Faculty of Medicine, Lazarski University, Swieradowska 43, 02-662 Warsaw, Poland
6 Department of Pathomorphology, Central Clinical Hospital Ministry of Defense,

Military Institute of Medicine—National Research Institute, Szaserow 128, 04-141 Warsaw, Poland;
mlorent@wim.mil.pl (M.L.); scierniak@wim.mil.pl (S.C.)

* Correspondence: mslowinska@wim.mil.pl

Abstract: Background: Although the role of melanoma risk factors is well documented, their corre-
lation with patients’ age is less frequently analyzed. Method: The analysis was performed among
189 melanoma patients in different age groups, including <30 years, 31–60 years, and >60 years, to
investigate the risk factors, topography, and coexistence of morphological features of 209 melanomas
(dermoscopic and histopathological). Results: Among the youngest age group, no correlation with the
presence of estimated risk factors was found. The most common dermoscopic pattern was spitzoid
and multicomponent asymmetric. The group of middle-aged patients was the most diverse in terms
of the occurrence of risk factors, solar lentiginosis, dermoscopic patterns, topography, histological
subtypes, and invasiveness of melanomas. The oldest group characterized a strong correlation
between solar lentiginosis, NMSC comorbidity, the prevalence of facial melanomas, the dermoscopic
pattern of melanoma arising on chronic sun-damaged skin, and regression. Conclusion: The findings
regarding the presence of age-specific features in melanoma patients, especially in the youngest and
middle-aged groups, might be helpful for clinicians and to target secondary prevention efforts.

Keywords: melanoma; dermoscopy; nevi; age factors; comorbidity

1. Introduction

Over the past few decades, there has been a large increase in the incidence of melanoma
and non-melanoma skin cancers (NMSC), especially among the white population [1,2].
A worldwide total of 325,000 new melanoma cases and 57,000 melanoma-related deaths
were estimated for 2020 with wide geographic variations [1]. With the continuation of the
current rates, it is estimated that there will be a 50% increase in melanoma incidence and a
68% increase in melanoma deaths by the year 2040 [1]. Since reducing melanoma mortality
is an unmet need, secondary prevention can be reconsidered to increase the effectiveness of
the early detection of patients in a situation of limited health care capacity.

Numerous association studies have confirmed the correlation of known patient-related
risk factors, multiple genetic factors, and lifestyle or iatrogenic factors [3–7]. Estimates
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of their effects indicate that high intermittent or intentional UV exposure increases the
risk by about 60%; indoor tanning increases the risk by about 20%; a history of sunburns
doubles the risk; similarly to skin prototype I, skin prototype II increases the risk by
80%; multiple acquired (common) nevi increase the risk sevenfold; and having at least
five atypical nevi increases the risk sixfold [4]. Among patients undergoing dermoscopic
screening, the above-mentioned risk factors occur with different frequencies, but their
higher co-occurrence should be expected with age.

Independently, epidemiological data indicate an increase in the incidence of melanoma
in all age groups. Based on epidemiological data from the National Cancer Institute and
the SEER Registry regarding the cutaneous melanoma incidence rates by age at diagnosis
within the years 2016 and 2020 (Supplement S1) [8] and from the Polish National Cancer
Registry regarding the crude incidence rates in the period 2016–2020 for the adult popula-
tion (Supplement S2) [9], two increases in incidence were found—for the population over
30 years of age and for the population over 60 years of age. Therefore, the aim of the study
was to analyze adult melanoma patients in three age groups in terms of the coexistence of
morphological features of melanomas (dermoscopic and histological) and patient-related
risk factors that manifested clinically.

2. Materials and Methods

Retrospective analysis included consecutive adult patients referred to a dermoscopic
skin examination at Dermatology Department, Central Clinical Hospital Ministry of De-
fense, Military Institute of Medicine—National Research Institute or private dermatological
practice (Evimed Medical Centre Ltd., Warsaw, Poland) in Warsaw between 1 January 2015
and 31 October 2022. The study protocol was approved by the Local Ethics Committee
(#21/WIM/2021, 19 May 2021).

Patients’ medical records were evaluated based on the following:

- Epidemiologic data (gender, age at the moment of melanoma diagnosis, and location
of melanoma), family or personal history of melanoma, and previous non-melanoma
skin cancer (NMSC).

- The topography of melanoma was described as head and neck, trunk, upper limb
and lower limb (including acral melanomas), and special locations (nail apparatus,
mucous membrane of the oral or genital area, and eye).

- Melanoma risk factors that manifested clinically, including multiple acquired melanocytic
nevi (above 50 melanocytic nevi), atypical nevus syndrome, skin phototype I or II, solar
lentiginosis (as a marker for sun burn episodes), previous/coexisting non-melanoma
skin cancer (NMSC), and genetic syndromes.

- Presence of histopathological report of melanoma. The histopathological subtypes of
melanoma were evaluated as lentigo maligna (facial and extrafacial), lentigo maligna
melanoma (facial), superficial spreading melanoma, nodular melanoma, spitzoid
melanoma, nevoid melanoma, and desmoplastic melanoma. The melanoma invasive-
ness was described according to the TNM staging system/8th AJCC classification as
pTis, pT1, pT2, pT3, and pT4 [10].

- Videodermoscopic documentation of melanoma. The dermoscopic pattern of
melanoma was allocated to one of the following subtypes: multicomponent asym-
metric, spitzoid, melanoma on sun damaged skin, hypomelanotic/amelanotic,
homogenous, nodular, melanoma on face, and melanoma in special location (nail
apparatus/acral/mucous membranes). The dermoscopic regression structures were
regarded as present or absent.

The dermoscopic documentation was performed with the use of Fotofinder HD 800
or Medicam 1000 (FotoFinder Systems GmbH, Bad Birnbach, Germany) or Mole Max
(Derma Medical Systems Handels u. Entwicklungs GmbH Vienna, Austria) and captured
in polarized light and at the same 20-fold magnification.

Patients were enrolled in the study based on the inclusion and exclusion criteria
listed below. Inclusion criteria: at least 18 years old at time of melanoma diagnosis; the
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full pathological report documented primary melanoma diagnosis according to the TNM
staging system/8th AJCC classification including topography and melanoma subtype;
pathological reports documented NMSC diagnosis; full videodermoscopic documentation
enabling the classification of a dermoscopic pattern of melanoma; presence of melanocytic
nevi; concomitant NMSC; solar lentiginosis; a skin phototype; information about the
melanoma diagnosis among close relatives present in patient’s medical chart. Exclusion
criteria: a lack of videodermoscopic documentation; lack of pathological report of primary
melanoma; recurrent melanoma; melanoma of unknown primary location; metastatic
melanoma after the excision of the primary lesion; melanoma in a location that prevents
the dermoscopic/videodermoscopic examination; lack of data enabling the assessment of
melanoma risk factors.

Statistical Analysis

Statistical analysis was performed using R software environment (version 4.2.2 “In-
nocent and Trusting”; R Foundation for Statistical Computing, Vienna, Austria); https:
//www.R-project.org accessed on 7 November 2022; RStudio (Integrated Development
Environment for R, version 2022.07.2+567 “Spotted Wakerobin” Release; Boston, MA, USA);
http://www.rstudio.com accessed on 7 November 2022; and R packages including tidy-
verse, knitr, summarytools, kableExtra, crosstables, broom, scales, FSA, and epitools [11].

Frequencies of count data were calculated with cross tables. Differences in frequencies
were estimated with Fisher’s exact test (expected counts in some groups were lower than
5). Differences in means of continuous numerical data were calculated with Kruskal–
Wallis rank test (numerical data in whole data and groups were not normally distributed).
Differences in means between multiple groups were calculated with Dunn’s test with
Bonferroni’s p-value correction. Crude odds ratios with 95% confidence intervals for pairs
of binomial variables in age groups were calculated using conditional maximum likelihood
estimation. Odds ratios adjusted for age and gender with 95% confidence intervals were
calculated using multivariable logistic regression.

3. Results

The data from the dermoscopic visits of 7367 patients (aged 2 months–92 years)
admitted in the period 1 January 2015–31 October 2022 to two dermatological sites were
analyzed, identifying 269 melanomas in 248 patients (aged 20–90 years; median 45 years;
mean 49.3 years). As the videodermoscopic documentation of 209 melanomas was available
in 189 patients (63.5% female and 36.5% men), this group was further analyzed. The
summary of the epidemiological, clinicopathological. and dermoscopic data are presented
in Table 1.

3.1. The Characteristics of the Melanoma Patients

Among the 189 patients (aged 20–90 years) enrolled in the study, the mean age at the
diagnosis of melanoma was 51.6, and the median age was 47 years. Among 209 melanomas
61.7% (129/209) were detected during the first dermoscopic visit, and 38.3% (80/209) were
detected during the monitoring visits. There was no statistical difference in the invasiveness
of melanomas, although most small–size melanomas were detected during the monitoring
visits as new lesions. Eighteen patients (9.5%) were diagnosed with at least 2 melanomas,
and one (0.5%) was diagnosed with 3 melanomas. Among the 18 (8.6%) patients, melanoma
had occurred in an immediate family member.

The melanoma risk factors manifested clinically by atypical nevus syndrome or by
numerous acquired nevi (ANS/NAN) were found in 121 (64%) patients, solar lentiginosis
was found in 87 (41.6%) patients, and 41 (21.7%) patients had previous or coexisting NMSCs
(nearly all had basal cell carcinoma—BCC). No genetic syndromes were detected among
the patients. The group of 189 patients was very homogeneous in terms of skin phototype,
as only 6 (3.2%) patients had phototype I or III, while the remaining 177 (93.6%) patients
had phototype II. In 29 cases, melanoma occurred in a special location: 22 (10.5%) on the
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face, 3 (1.4%) on the scalp, 4 (1.9%) acral, 2 (1%) on mucous membranes (oral mucosa and
vulva), and 1 (0.5%) within the nail apparatus.

Table 1. Epidemiological, clinical, histopathological, topographical, and dermoscopic data of patients
diagnosed with melanoma divided into three age groups and calculated based on Fisher’s exact test
for count data with simulated p-value (p < 0.05 was considered statistically significant). NS—not
statistically significant.

Total Age < 31 y Age 31–60 y Age > 60 y
p Valuen (%) n (%) n (%) n (%)

Within the Group Within the Group Within the Group

Gender 12 113 64

NSFemale 120 (63.5%) 6 (50.0%) 71 (62.8%) 43 (67.2%)

Male 69 (36.5%) 6 (50.0%) 42 (37.2%) 21 (32.8%)

History of personal/familial melanoma

NSYes 24 (12.5%) 0 (0%) 18 (15.9%) 6 (9.4%)

No 165 (87.3%) 12 (100.00%) 95 (84.1%) 58 (90.6%)

Multiple acquired nevi/Atypical nevus syndrome

<0.0005Yes 121 (64.0%) 8 (66.7%) 86(76.1%) 27(42.2%)

No 68 (36%) 4 (33.3%) 27 (23.9%) 37 (57.8%)

Skin phototype

NS

I 6 (3.2%) 3 (25.0%) 2 (1.7%) 1 (1.5%)

II 177 (93.6%) 9 (75.0%) 107 (94.7%) 61 (95.3%)

III 6 (3.2%) 0 (0%) 4 (3.5%) 2 (3.1%)

IV–V 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Solar lentiginosis

<0.0005Yes 81 (42.9%) 2 (16.7%) 32 (28.3%) 47 (73.4%)

No 108 (57.1%) 10 (83.3%) 81 (71.7%) 17 (26.6%)

Histopathological report:

<0.01

- LM 25 (12.0%) 0 (0%) 10 (8.0%) 15 (20.8%)

- LMM 4 (1.9%) 0 (0%) 0 (0%) 4 (5.5%)

Melanoma:

- pTis 47 (22.5%) 2 (16.6%) 28 (22.4%) 17 (23.6%)

- pT1 101 (48.3%) 7 (58.3%) 69 (55.2.%) 25 (34.7%)

- pT2 24 (11.5%) 2 (16.6%) 13 (10.4%) 9 (12.5%)

- pT3 3 (1.4%) 1 (8.3%) 1 (0.8%) 1 (1.4%)

- pT4 5 (2.4%) 0 (0%) 4(3.2%) 1 (1.4%)
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Table 1. Cont.

Total Age < 31 y Age 31–60 y Age > 60 y
p Valuen (%) n (%) n (%) n (%)

Within the Group Within the Group Within the Group

Dermoscopic pattern of melanoma

<0.0005

Multicomponent
asymmetric 91 (43.5%) 4 (33.3%) 63 (50.4%) 24 (33.3%)

Spitzoid 37 (17.7%) 6 (50.0%) 28 (22.4%) 3 (4.2%)

Melanoma on sun
damaged skin 25 (12.0%) 0 (0%) 9 (7.2%) 16 (22.2%)

Hypomelanotic/amelanotic 10 (4.8%) 0 (0%) 7 (5.6%) 3 (4.2%)

Homogenous 5 (2.4%) 0 (0%) 4 (3.2%) 1 (1.4%)

Nodular 12 (5.7%) 1 (8.3%) 6 (4.8%) 5 (6.9%)

Melanoma on face 22 (10.5%) 0 (0%) 3 (2.4%) 19 (26.4%)

Melanoma in special
location (nail appara-

tus/acral/mucous
membranes)

7 (3.3%) 1 (8.3%) 5 (4.0%) 1 (1.4%)

Dermoscopic structures of regression

<0.001Yes 61 (29.2%) 1 (8.3%) 27 (21.6%) 33 (45.8%)

No 148 (70.8%) 11 (91.7%) 98 (78.4%) 39 (54.2%)

Melanoma location:

<0.0005

- Head and neck 25 (11.9%) 0 (0%) 6 (4.8%) 19 (26.%)

- Trunk 70 (33.5%) 4 (33.3.%) 46 (36.8%) 20 (27.8%)

- Upper limb 40 (19.1%) 3 (25.0%) 22 (17.6%) 15 (20.8%)

- Lower limb 71 (34.0%) 4 (33.3%) 49 (39.2%) 18 (25.0%)

- Nail apparatus 1 (0.5%) 1 (8.3%) 0 (0%) 0 (0%)

- Mucous membrane 2 (1%) 0 (0%) 2 (1.6%) 0 (0%)

Previous/concomitant NMSC

<0.0005Yes 41 (21.7%) 0 (0%) 10 (8.9%) 31(48.4%)

No 148 (78.3%) 12 (100%) 103 (91.1%) 33 (51.6%)

The majority of melanomas (84.7%) were diagnosed as thin melanoma (lentigo
maligna, melanoma in situ, or pT1 stage), and the superficial spreading histological type
was predominant (77%). Nodular melanoma (NM) was rarely detected and consisted of
5.7% of cases. Spitzoid, desmoplastic, or nevoid melanomas were not found in patho-
logical reports. The predominant dermoscopic melanoma pattern was multicomponent
asymmetric, with 91 patients (43.5%); followed by spitzoid, with 37 patients (17.7%);
melanoma on chronically sun damaged skin, with 25 patients (12%); and melanoma on
the face, with 22 patients (10.5%).

3.2. The Analysis between the Individual Age Groups

The analysis between the individual age groups revealed statistically significant differ-
ences in the frequencies of multiple melanocytic nevi (p < 0.0005), previous/concomitant
NMSC (p < 0.0005), solar lentiginosis (p < 0.0005), melanoma location (p < 0.001), melanoma
histopathology (p < 0.01), melanoma dermoscopic pattern (p < 0.0005), and regression
structures (p < 0.001) (Table 1). Figure 1 presents detailed data regarding the statistically
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significant differences among the individual age groups with regard to melanoma location,
histopathological diagnosis, and the dermoscopic melanoma pattern.

Figure 1. The Fisher’s exact tests for count data with simulated p-value analysis regarding the
differences in melanoma location (a). The histopathological diagnosis (b) and the dermoscopic
melanoma patterns (c) between the individual age groups (below 31 years, 31–60 years, and over
60 years). Legend for dermoscopic patterns on axis (x) for Figure 1c: 1—multicomponent asymmetric;
2—spitzoid; 3—melanoma on sun damaged skin; 4—hypomelanotic/amelanotic; 5—homogenous;
6—melanoma on face; 7—melanoma in special location (nail/acral/mucous membranes); 8—nodular.

The group of patients younger than 31 years old had low statistical power due to
the small number of melanomas (12 cases). In comparison to other age groups, striking
differences were observed for the dermoscopic pattern of melanoma. The most common
melanomas were spitzoid (16.2% of all/50% in the age group) and multicomponent asym-
metric (4.4% of all/33.3% in the age group), and the age group also had the lowest incidence
of regression structures (1.6% of all/8.3% in the age group) and solar lentiginosis (2.3% of
all/16.7% in the age group). No cases of previous/coexisting NMSCs, melanoma located
on the head/neck, and mucous membrane area were detected in the group.
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The group of patients aged 31–60 years was characterized by the presence of personal
or familial melanoma incidence (74.3% of all/20.8% in the age group) and a high number
of melanocytic nevi (70.3% of all/77.6% in the age group). Another feature was the wide
diversity of dermoscopic melanoma patterns. The most common dermoscopic patterns
were multicomponent asymmetric (69.2% of all/50.4% in the age group), spitzoid (75.7%
of all/22.4% in the age group), hypomelanotic/amelanotic (70% of all/5.6% in the age
group), and homogenous (80% of all/3.2% in the age group). The group of patients aged
31–60 years was also characterized by a higher incidence of thick melanomas (pT2—54.1%
of total/10.4% in the age group; pT3—33.3% of all/0.8% in the age group; pT4—80% of
all/3.2% in the age group). The topography of melanomas revealed the predominance of
melanoma location on the lower limbs (69% of all/39.2% in the age group) and a general
high diversity of melanoma locations, including extrafacial melanomas in special areas
(66.6% of all/1.6% in the age group) (Figure 1).

The oldest group of melanoma patients is characterized by the common presence of
solar lentiginosis (60.9% of all/73.6% in the age group), the highest incidence of facial
melanoma (86.3% of all/26.4% in the age group), and lentigo maligna (60% of all/20.8% in
the age group). The predominant dermoscopic melanoma patterns were melanoma on the
face (86.3% of all/26.4% in the age group), melanoma on chronically sun damaged skin
(64% of all/22.2% in the age group), and multicomponent asymmetric (26.4% of all/33.3%
in the age group). Commonly present were features of regression under dermoscopy (54.1%
of all/45.8% in the age group) and the co-occurrence of NMSC (64.29% of all/45.57% in the
age group) (Figure 1).

3.3. Crude (Unadjusted) Odds Ratios for the Age Groups (Table 2)

The summary of the odds ratios, 95% confidence intervals, and p-value results for the
clinical, dermoscopic, and epidemiologic characteristics of the melanoma patients in the
individual age groups are presented in Table 2.

The analysis of the group of patients younger than 31 years old revealed an absence of
NMSC; thus, odds ratios were not calculated. In comparison to other age groups, there was
a significantly lower prevalence of solar lentiginosis (OR 0.26, 95% CI: 0.04–1.06, p > 0.05).
None of the other evaluated factors differed significantly from those of the other age groups
(Figure 2a).

In the group of patients aged 31–60 years, the statistical significance of odds difference
was reached for ANS/NAN (OR 3.69, 95% CI: 1.99–6.99, p < 0.00001). The incidences of
NMSC (OR 0.14, 95% CI 0.06–0.31, p < 0.000001), dermoscopic regression (OR 0.41, 95% CI:
0.22–0.75, p< 0.005), and solar lentiginosis (OR 0.22, 95% CI: 0.12–0.41, p < 0.000001) were
lower than in other age groups (Figure 2b).

The statistical significance of incidences of multiple factors in the group of patients
over 60 years old was revealed: previous/concomitant NMSC (OR 10.53, 95% CI: 4.81–24.94,
p < 0.000001), the presence of solar lentiginosis (OR 7.27, 95% CI: 3.74–14.74, p < 0.000001),
regression under dermoscopy (OR 3.27, 95% CI 1.76–6.15, p< 0.0001), and ANS/NAN (OR
0.24, 95% CI: 0.13–0.46, p < 0.00001) (Figure 2c).

The limitation of the study was the retrospective analysis and the low statistical power
of the group of patients below 31 years old due to the small sample size. The analysis of
melanoma risk factors was entirely based on empirical data collected from medical procedures.
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Figure 2. The characteristics of individual age groups of melanoma patients presenting unadjusted
odds ratios with 95% confidence interval (p < 0.05 was considered statistically significant): (a) age
group below 31 years old; (b) age group 31–60 years old; (c) age group over 60 years old.

Table 2. Summary of odds ratios, 95% confidence intervals, and p-value results for clinical, dermo-
scopic, and epidemiologic characteristics of melanoma patients in individual age groups. p < 0.05
was considered statistically significant; NS—not statistically significant; ND—no data.

Factor OR 95%CI p-Value

Characteristics of melanoma patients below 31 years of age (unadjusted)

Gender (male) 1.8 0.53–6.15 NS

Melanoma (previous/concomitant or in family history) ND ND ND

Atypical nevus syndrome or multiple acquired nevi 1.11 0.33–4.46 NS

NMSC (previous/concomitant) ND ND ND

Regression under dermoscopy 0.23 0.01–1.26 NS

Solar lentiginosis 0.26 0.04–1.06 NS

161



Life 2023, 13, 1369

Table 2. Cont.

Factor OR 95%CI p-Value

Characteristics of melanoma patients between 31 and 60 years of age (unadjusted)

Gender (male) 0.7 0.59–1.98 NS

Melanoma (previous/concomitant or in family history) 2.17 0.85–6.34 NS

Atypical nevus syndrome or multiple acquired nevi 3.69 1.99–6.99 <0.00001

NMSC (previous/concomitant) 0.14 0.06–0.31 <0.000001

Regression under dermoscopy 0.41 0.22–0.75 <0.005

Solar lentiginosis 0.22 0.12–0.41 <0.000001

Characteristics of melanoma patients 60 years old (unadjusted)

Gender (male) 0.79 0.41–1.48 NS

Melanoma (previous/concomitant or in family history) 0.63 0.21–1.6 NS

Atypical nevus syndrome or multiple acquired nevi 0.24 0.13–0.46 0.00001

NMSC (previous/concomitant) 10.53 4.81–24.94 <0.000001

Regression under dermoscopy 3.27 1.76–6.15 <0.0001

Solar lentiginosis 7.27 3.74– 14.74 <0.000001

4. Discussion

Morbidity from melanoma is increasing worldwide, especially in fair-skinned pop-
ulations in all age groups [1,3]. Cutaneous melanoma mostly occurs in patients between
40 and 60 years old but is the most common form of cancer in young adults between
25 and 29 years old [1,7,12–14]. Currently, melanoma secondary prevention programs
cover a small percentage of the adult population due to the lack of data supported or
refuted by survival analyses from large randomized controlled trials, the high workloads
of specialists, and the high economic costs [7,13–15]. As a result, they are mainly imple-
mented via the opportunistic screening and surveillance of high-risk patients, as well as
recommendations for self-examination and skin awareness to the general population [14].
The effectiveness of opportunistic screening was covered in studies by Argenziano et al.
and Omara et al. [16,17].

Dermoscopy is one of the most important pillars of the secondary prevention of
melanomas [18–21]. It enables their diagnosis at an early stage and thus contributes to
a reduction in melanoma mortality [18–21]. Recently, Kalloniati et al., in a comparative
study, showed 78.2% sensitivity and 71.4% specificity in identifying the clinical atypia
based on naked eye examinations versus 89.1% sensitivity and 93.7% specificity based on
dermoscopy [22]. Nazzaro et al. discussed the reasons for the increased incidence and
diagnosis of thin melanomas (especially in situ and in small-sized melanomas) observed
within the years 2006–2020 [23]. The authors pointed out the possible coexistence of two
potential causes of this trend. The first resulted in the rapidly growing global incidence of
melanoma, especially in white populations, and the second resulted in overdiagnosis. The
latter could be derivative of the increasingly common use of dermoscopy, the use of new
diagnostic methods (such as reflectance confocal microscopy), greater patient awareness,
and healthcare-seeking behavior for skin cancer screening. In our opinion, all the above
aspects should be taken into account, considering the fact that melanomas with a nodular
component (spizoid and non-spitzoid) are characterized by a different histogenetic subtype,
which was the subject of recent publications by Dessinioti et al., Raghavan et al., and
Pusiol et al. [24–26]. BRAF mutations are more likely to be detected in SSM, while NM is
associated more strongly with the ‘non-nevus’ melanoma pathway development model
and NRAS mutations [24]. A SEER registry study reported that median Breslow thickness
decreased for SSM over the period 1989–2009, whereas median Breslow thickness increased
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for nodular melanoma (NM) over time [27]. NM has been reported more frequently in
older patients (>50 years), specifically in older men compared to SSM, and with low nevus
counts [24]. Lower total-body nevus counts have been associated with thicker melanoma.
These findings highlight a subset of melanoma patients that do not have well-established
risk factors, i.e., high nevus count, and that could be at a higher risk for thicker aggressive
melanomas [24]. The incidence of NM in our study was low (5.7%) and similarly frequent in
the middle-aged and the oldest patients. Due to the small sample size of NM, no statistical
correlation with the incidence of the risk factors could be performed. Although all the
international melanoma screening guidelines stated the effectiveness of conducting skin
examinations in patients harboring melanoma risk, specific recommendations on the age at
which this screening should begin and the optimal visit intervals are lacking [1,7,14,28–30].
Moreover, no unique scoring system has been developed to discriminate high-risk versus
low-risk individuals with respect to melanoma development [14]. As the elderly population
presents the highest morbidity and mortality rates of melanoma, Nagore et al. investigated
the impact of 17 risk factors for the development of melanoma in this population [4]. The
authors found the strongest impact for fair eyes, severe sunburns, years of occupational
sun exposure, smoking, over 50 melanocytic nevi, and a personal history of NMSC or
other non-cutaneous neoplasms [5]. Tobacco smoking was an independent risk factor for
cutaneous melanoma in this group.

Patients with melanoma are at increased risk of developing melanoma and NMSC,
but also patients with NMSC have increased risk of melanoma and NMSC develop-
ment [1–3,30–33]. Given the high global incidence of NMSCs, their comorbidity with
melanomas is not that common. The overall prevalence of NMSCs was 7% among
melanoma cases in the study by Neale et al. and 21.7% in our study [31]. In contrast,
many melanoma patients never experience NMSCs, even BCCs, which share a similar
pattern of UV exposure [14,32,33].

Our publication describes a population of adult patients both self-referring to a skin
screening and those who were referred to this examination by other specialists who con-
sidered them to be at a high risk. The two sites participating in this study are both
dermatological centers specialized in non-invasive skin cancer diagnostics providing der-
moscopy, digital monitoring under videodermoscopy, and reflectance confocal microscopy
(RCM) examinations in selected cases. The importance of secondary prevention in such
a population might be proved by our findings: 84.7% of melanomas were preinvasive,
61.7% were detected during the first dermoscopic visit, and 38.3% were detected during the
monitoring visits. Furthermore, 10% (19/189) of patients were diagnosed with more than
one melanoma, among whom five patients presented with two concomitant melanomas
during the first skin examination. In other patients, secondary melanomas were diag-
nosed between 6 months and 40 years following the primary diagnosis. In the context
of educational campaigns encouraging periodic dermoscopic examinations, the repeated
correlation of the higher frequency of early melanomas (including small melanomas) in
middle-aged women is also noteworthy [7,13,24,34–37]. This is probably due to the fact
that this population of patients is the most willing to come for screening [34]. Given the
huge increase in the incidence of melanoma, it seems particularly important to direct the
media’s message to groups of middle-aged men. Perhaps the delay in the diagnosis of this
group of patients is the reason for the observed change in the proportions between the
sexes in the group of middle-aged (predominance of women) and elderly (predominance
of men or similar frequency for both sexes) patients [Supplement S2]; Refs. [1,13,24]. This
might also be the reason for the more frequent diagnosis of advanced melanomas in elderly
men [13,24,37].

The analysis of the three age groups of patients revealed differences in the presence
of patient-related risk factors, topographical, and dermoscopic and histological aspects of
detected melanomas. The incidence of melanoma in the youngest age group was rare (5.7%
of our study population). What we found very interesting was that the statistical analysis
excluded the correlation with common melanoma risk factors. Furthermore, the youngest
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group of adult patients (18–30 years) showed a dermoscopic similarity of melanomas with
the patients described by Carrera et al. regarding the pediatric population—a spitzoid
(pigmented or non-pigmented) and non-spitzoid (predominant multicomponent asym-
metric) pattern [38]. Recently, De Giorgi et al. indicated a new finding—that pediatric
melanomas were predominantly pigmented (95% of their cases) and characterized by at
least two melanoma-specific structures in dermoscopy, among which the streaks and pseu-
dopods (typical for the spitzoid pattern) were the most commonly found [39]. This could
be explained by recent data, which indicated that genetic, rather than UV-induced, factors
are responsible for the evolution of spitzoid lesions (Spitz/Reed nevi, spitzoid melanoma,
and atypical spitzoid tumours) [25]. Based on the above data, younger populations should
be educated to pay special attention to newly emerging and fast-growing lesions that are
pink or dark brown and black in color and nodular in palpation, matching the features of
spitzoid lesions [40–42]. In a study by Costa et al., 25.8% of those lesions were melanomas
in the age group of 20–31 years [42]. Therefore, young patients with multiple growing
nevi require close digital dermoscopy monitoring and the excision of Reed/Spitz-looking
lesions [40–42]. The remaining frequently detected dermoscopic pattern in patients aged
below 31 years was the multicomponent asymmetric one. It should be easily detected even
based on the clinical ABCDE melanoma criteria, although with the risk of early invasive
melanoma detection [43].

The incidence of patient-related risk factors showed their higher occurrence among
patients between 31 and 60 years of age. In our study, this population was characterized
by multiple acquired melanocytic nevi/ANS, the individual or familial occurrence of
melanoma, the co-occurrence of NMSC, and solar lentiginosis. Moreover, we found the
greatest clinicopathological and dermoscopic diversity of melanomas. All five cases of
nevus-associated melanomas, most of the small-sized melanomas, and melanomas in
special locations were found (although facial melanoma was more common in the older
population). Summarizing the above results, the middle-aged population may require
extensive dermoscopic examinations, precision in total-body skin examinations, the digital
monitoring of selected lesions, and, perhaps, total-body photography and reflectance
confocal microscopy (RCM) in order to reduce the number of unnecessary excisions and
increase diagnostic accuracy.

The characteristics of melanoma patients aged over 60 years in our study confirmed
earlier findings regarding the common presence of solar lentiginosis; comorbidity with
NMSC; regression structures under dermoscopy; and the location of melanomas in the
face, trunk, and upper limbs [4,37,44]. Contrary to the study by Nagore et al., the inci-
dence of common risk factors—multiple melanocytic nevi/ANSs and a personal/family
history of melanoma—were not statistically significant in our group. Generally, among
those patients, we found two subgroups of melanomas. The first, with striking signs of
melanomas, presented as facial or superficial spreading melanomas. The second—with
great difficult in detection—presented as simulators of solar lentigines or regressed
seborrheic keratoses, which present as light brown, pink, and grey in color. This is why
the most common dermoscopic patterns found in this age group were the melanoma
pattern on chronic sun-damaged skin (including extrafacial lentigo maligna), the mul-
ticomponent asymmetric pattern, and the homogenous pattern, which was consistent
with previous observations [45,46]. Although many studies reported a higher incidence
of nodular melanoma resulting in lower 10-year disease-specific survival among men
over 65, we have not found a higher incidence of primary nodular melanomas (the
advanced superficial spreading melanomas with a nodular component are not included
in this category) in this age group [4,14,37,47,48]. Regarding the common detection of
melanoma on the head in elderly patients, it is extremely important to focus on scalp
melanomas (SM) due to their poor prognosis and difficult dermoscopic diagnostics. In a
recent publication, Porto et al. showed that SM presents differently depending on the
comorbidity with androgenetic alopecia and that patients without alopecia had higher
Breslow thickness due to late diagnosis (because of hair concealment) [49]. Further-
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more, SM has a distinct molecular profile with a high frequency of BRAF V600K, NF1
mutations, and a high frequency of detrimental mutations, which might explain their
poor prognosis.

Our additional investigation aimed to describe the correlation between NMSC, as a
melanoma risk factor, with the clinical and dermoscopic features of melanoma patients and
showed higher odds ratios with statistical significance in the age group above 60 years and
in patients with solar lentiginosis symptoms. Those findings have a practical impact as, by
revealing the presence of NMSC and solar lentiginosis in elderly or middle-aged patients
during skin examination, we might expect certain types of melanoma—characteristic for
chronic sun-damaged skin—which should increase dermoscopists attention to regressed
and difficult-to-find lesions.

The results of our study proved the necessity for closer surveillance of middle-aged
patients, among whom melanomas are diagnosed most. These patients not only frequently
harbor different risk factors but also may present a wide diversity of difficult-to-diagnose
melanomas. Therefore, middle-aged patients will benefit to the greatest extent from the
advantages of systematic diagnostic workflows, including RCM [21]. Lastly, this group also
has a poor projected prognosis regarding mortality caused by melanoma in 2040 among
patients over 60 years of age as those data describe the current middle-aged population [1].

5. Conclusions

The striking differences in the prevalence of common melanoma risk factors, melanoma-
specific dermoscopic patterns, and topography were found among the three age groups.

Among the youngest and the oldest patients, no correlation with common melanoma
risk factors was found. Patients aged 18–30 years present pediatric dermoscopic patterns
of melanoma—the spitzoid and multicomponent asymmetric ones. The patients aged
over 60 years presented consequences of the effects of sun exposure over a lifetime (both
intermittent and cumulative solar damage or sunburns), which were represented by solar
lentiginosis, comorbidity with NMSC, LM/LMM, and the SSM histological subtype, as
well as the regression structures characteristic for the multicomponent asymmetric pattern
and melanoma on sun-damaged skin dermoscopic patterns.

The incidence of patient-related risk factors showed a higher occurrence among pa-
tients between 31 and 60 years of age, which showed the highest general melanoma
detection rate. Moreover, we found the greatest clinicopathological and dermoscopic diver-
sity of melanomas (including the highest incidence of small-size melanomas). This makes
the middle-aged group the most in need of precise examinations and digital monitoring.

Knowledge of age group differentiation factors may increase the precision of dermo-
scopic and dermatological surveillance and might influence the content and targeting of
melanoma secondary prevention campaigns.
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