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Dermatology is a continuously evolving specialty and touches on every part of the
field of medicine. Our Special Issue is aimed at the examination of this continuous evolution
and the vastness of our discipline. This Issue will be a collection and presentation of data
on the latest developments in the field of dermatology and is intended to be a continuation
of articles previously published by the Guest Editors [1,2].

Patients with lichen planus may suffer from mucosal disease, including oral lichen
planus (OLP). In district hospitals, lichen planus in all its forms affects about 4% of patients.
A single-centered Spanish study with a cohort of 275 OLP patients and 275 controls set
out to determine if there was any link between OLP and prediabetes. The diagnosis of
prediabetes was based on the American Diabetes Association’s criterion of blood sugar
levels of 100-125 mg/dL. The authors found that OLP was significantly associated with
prediabetes and with oral antidiabetic medication (i.e., overt type 2 diabetes, as inferred
from oral medication use). The study authors concluded that it would be reasonable to
check glycemia levels in patients with OLP.

Non-melanoma skin cancers continue to be challenging to diagnose and treat, partly
due to their heterogeneity as a group and partly due to their protean manifestations, which
sometimes mimic those of other cutaneous disorders. A Romanian study set out to address
these difficulties with the use of ultrasound. Their cohort comprised 31 patients with head
and neck tumors, who were assessed using 13, 20, and 40 MHz ultrasound transducers,
as well as histopathology. The authors found that the 13 MHz transducers offered larger,
but less detailed images and may be more useful for large tumors. More detailed images
were produced by the 20 and 40 MHz transducers, which were able to discern hyperechoic
spots; this could be useful in the diagnosis of basal cell carcinomas, according to the
study authors.

Pseudoxanthoma elasticum (PXE) is a rare autosomal recessive disorder, which often
begins in the skin. Genetic testing may aid in diagnosis. A Hungarian cohort (1 = 5) was
assessed using autofluorescence (AF) to determine potential diagnostic features of PXE.
The authors found that high-intensity AF signaling using a 450 nm LED light device was
suitable for patients with PXE and concluded that this process might represent a useful
non-invasive method for the early diagnosis of PXE.

Artificial intelligence is increasingly being used in diagnostics. Some authors trained
a self-developed neural network to diagnose actinic keratosis. They found that their artifi-
cial intelligence program performed better than traditional convoluted neural networks,
requiring only 123 s of training.

Diagnostics 2025, 15, 897 https://doi.org/10.3390/diagnostics15070897
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Psoriatic arthritis can be a challenging disorder to diagnose and to treat. Magnetic
resonance imaging (MRI) is increasingly used in the diagnosis of this disorder, as opposed
to traditional radiographs. MRI findings of psoriatic arthropathy were reviewed. Bone
erosion, the inflammation of vertebral bodies, and spondylodiscitis were amongst the
vertebral issues identified in the literature. In addition, ankylosis, joint erosion, enthesitis,
capsular inflammation, and fat metaplasia were notable MRI findings at the sacroiliac joint
level. These findings may aid dermatologists in the diagnosis of psoriatic arthritis without
using overt skin lesions when there is a suspicion of disease.

A group of authors carried out an update on the clinical presentation, differential
diagnosis, and diagnostic characteristics of atypical dermatofibroma. They were able to
provide data to enable the differentiation of this disorder from other malignant disorders,
especially amelanotic melanoma.

Correlations between atopic dermatitis and other skin disorders were identified in a
review by another group of authors [3]. They also reviewed the clinical aspects of atopic
dermatitis itself, including the ocular manifestations of the disorder, such as blepharitis, ker-
atoconus, and retinal detachment. Correlations were also found between atopic dermatitis
and cutaneous infections, as well as non-melanoma skin cancer and respiratory disorders.

In another paper, a case of metastatic melanoma treated with various therapy modes,
including immune-checkpoint inhibitors, was presented. The authors reviewed the poten-
tial benefits to patients and the adverse effects of multimodal therapy on this complicated
disorder, as well as potential approaches to these side effects [4].

A rare association of cutaneous melanoma and glioblastoma was presented as a case
report, with a review of the literature. Potential genetic and familial causes were explored.
Melanoma may have protean manifestations and multiple associations, as this case report
and review shows. Its regressing phase may also resemble collision tumors, thereby
intensifying the challenge.

A rare case of peripheral T-cell lymphoma not otherwise specified (PTCL-NOS) was re-
ported. The diagnosis, therapy, and—happily—its subsequent remission were documented.
The authors noted the potential for this form of lymphoma to be misdiagnosed as mycosis
fungoides or Sézary syndrome. The importance of arriving at the right diagnosis cannot
be understated, as the authors remind us, since PTCL-NOS can become fatal very rapidly,
while mycosis fungoides is generally an indolent disorder.

The combination of a rare tumor with a more commonly encountered disorder was
reported in another paper, namely a case of somatostatinoma and neurofibromatosis
type 1. The patient in this case was a 50-year-old, the usual age for the manifestation of
somatostatinoma. Metastases had occurred at the time of diagnosis. Neurofibromatosis has
protean manifestations, including orthopedic ones. Thus, such combinations may prove
challenging to diagnose.

This Special Edition offers 11 diverse and stimulating manuscripts. The significance of
general internal medicine in dermatology is illustrated in a significant proportion of these
articles. Lichen planus continues to be important in this regard and there are continuous
updates to its diagnosis and increasing therapeutic possibilities at our disposal. These
broadening therapeutic possibilities may also be applied in the therapy of psoriasis.

Funding: This research received no external funding.

Data Availability Statement: Not applicable.

Acknowledgments: The paper was academically supported by Dunarea de Jos University of Galati
through the Multidisciplinary Integrated Center of Dermatological Interface Research MIC-DIR
(Centrul Integrat Multidisciplinar de Cercetare de Interfata Dermatologica—CIM-CID), “Dunarea de
Jos” University, Galati, Romania.



Diagnostics 2025, 15, 897

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Nwabudike, L.C.; Tatu, A.L. Reply to Gambichler T et al.: Altered epigenetic pathways and cell cycle dysregulation in healthy
appearing skin of patients with koebnerized squamous cell carcinomas following skin surgery. |. Eur. Acad. Dermatol. Venereol.
2019, 33, e3—e4. [CrossRef] [PubMed]

Nicolescu, A.C.; Strilciuc, S.; Lapadatu, R.; Grad, D.A.; Vladescu, C.; Olteanu, R. The economic burden of atopic dermatitis in
Romania: A broad perspective. Front. Public Health 2025, 12, 1531042. [CrossRef] [PubMed]

Munteanu, A.C.; Toader, M.P.; Zemba, M.; Porumb, V.; Cozmin, M.; Moraru, A.D.; Nicolescu, A.C.; Branisteanu, D.C. Differences
and Similarities in Epidemiology and Risk Factors for Cutaneous and Uveal Melanoma. Medicina 2023, 59, 943. [CrossRef]
[PubMed]

Li, R;; Mu, X,; Liu, Z.; Huang, R.; Peng, X. Association of type 2 diabetes, hypertension, and hyperlipidemia with immune-related
adverse events in patients undergoing immune checkpoint inhibitors therapy. Front. Immunol. 2025, 16, 1472197. [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.



diagnostics m$

Article

Risk of Prediabetes and Diabetes in Oral Lichen Planus:
A Case—Control Study according to Current Diagnostic Criteria
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Abstract: Objective: To estimate the prevalence of prediabetes and diabetes in patients with oral
lichen planus (OLP). Methods: Prospective cohort, including consecutive patients diagnosed clinically
and histologically with OLP from 2018 to 2022. Patients and controls were matched by age and
gender. Fasting plasma glucose value collection from all patients. Multivariate regression analysis
evaluated the relationship between prediabetes and diabetes variables according to current diagnostic
criteria. Results: The sample comprised 275 patients (207 women; 75.3%), mean age 59.60 + 12.18
years for both groups. Prediabetes was diagnosed according to the American Diabetes Association
(ADA, 100-125 mg/dL), in 21.45% of OLP patients (59/275) and 14.55% (40/275) of control patients
(p = 0.035). Patients with the atrophic-erosive form exhibited stronger association with taking oral
antidiabetics (p = 0.011). Multivariate analysis showed that being over >60 years and having a
cutaneous location was associated with >3 sites (OR 1.81 and OR 2.43). ADA prediabetes and
oral antidiabetics drugs increased the probability of OLP (OR 1.60 (1.04-2.51), p = 0.03 and OR
2.20 (1.18-4.69), p = 0.017) after adjustment for sex and age. Conclusions: Because glycemia 100
125 mg/dL was associated with OLD, testing serum fasting plasma glucose seems reasonable in
order to prevent development of diabetes and deal with possible complications until new studies
are complete.

Keywords: oral lichen planus; lichen planus; prediabetes; diabetes; oral antidiabetic; comorbidity

1. Introduction

Lichen planus (LP) is an inflammatory, mucocutaneous, chronic disease with periods
of remission and exacerbation. LP affects the skin, nails, scalp, and mucous membranes,
especially oral and genital [1]. Oral lichen planus (OLP) has a worldwide prevalence of
1.01%, is more common in women, and is increasingly common after the age of 40 [2].

Diagnosis is made by the presence of papular and reticular lesions with a more or less
symmetrical location whether accompanied by any of the other clinical forms or not. It must
be corroborated by microscopic study confirming the sub-basal inflammatory infiltrate,
the liquefactive degeneration of the basal layer, and the absence of dysplasia [3]. OLP can
present in association with other clinical forms, such as atrophic, erosive, or bullous forms.
These non-keratotic forms appear more frequently with symptoms of burning or pain than
keratotic forms such as papular, reticular or plaque-like [4,5].

Pathogenically, there is an immunological basis that is affected by various factors,
to which oral commensal flora has recently been added [6]. In the oral inflammatory
process, keratinocytes from OLP lesions produce proinflammatory cytokines. Additionally,
in the pathogenic mechanism, the interaction of an antigen-presenting dendritic cell would
initiate activation of cytotoxic CD8+ cells and CD4+ cells that differentiate into Th1 and
Th17 cells. The complex protein cascade of cytokines, chemokines and adhesion molecules
results in the promotion of apoptosis of keratinocytes and mucosal basement membrane
destruction [7].

Diagnostics 2023, 13, 1586. https:/ /doi.org/10.3390/diagnostics13091586 4 https:/ /www.mdpi.com/journal /diagnostics
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OLP is associated with viral infections and systemic comorbidities. In a general sense,
Liu et al. highlighted the association with hepatitis C, diabetes mellitus (DM), thyroid
diseases, dyslipidemias, cardiovascular diseases, and anxiety [8].

Diabetes is a heterogeneous group of diseases defined by chronically elevated blood
glucose levels. The typical subclassification of diabetes includes type 1 diabetes (previ-
ously known as insulin-dependent, juvenile or childhood-onset diabetes), characterized by
deficient insulin production in the body, and type 2 diabetes (non-insulin-dependent or
adult-onset diabetes), resulting from the body’s ineffective use of insulin. Type 1 diabetes
accounts for approximately 5-10% of all diabetes, whereas type 2 diabetes accounts for
90-95% [9]. The number of new cases of type 2 diabetes increases in the over 55s [10].

The pooled prevalence of DM amongst OLP patients has been indicated as 2.72%, with
the hypothesis of being associated with autoimmune diseases such as DM type —1 [11].
A recent meta-analysis highlighted that the prevalence of diabetes in patients with OLP
ranged from 1.62 for type 1 to 9.77 for non-specified diabetes [12]. That meta-analysis
included a large number of varied study designs, including retrospective, prospective, cross-
sectional, and longitudinal methodologies. Some studies collected data on diabetes through
medical records, questionnaires, and interviews, while others had varying interpretations
of diabetes based on the classic World Health Organization (WHO) criteria or the authors’
own criteria, among others.

Despite many studies having examined the prevalence of diabetes in OLP, only some
reported statistically significant differences in glycemia levels compared to the normal
population [13-17], while others found no differences [5,18-23]. Even fewer studies have
indicated the link between OLP and prediabetes [24,25]. Therefore, our objective is to
determine the prevalence and risk of prediabetes and diabetes in patients with OLP and
control subjects according to the most current diagnostic criteria for prediabetes and
diabetes based on serum parameters.

2. Materials and Methods

The present case—control study was designed according to the Strengthening Reporting
of Observational Studies in Epidemiology (STROBE) guidelines (Supplementary Materials
Table S1) [26]. The study was approved by the Ethics Committee of the Principality of
Asturias as conforming to data protection regulation and the Declaration of Helsinki.

2.1. Patient Selection

The case group consisted of 275 OLP patients attending the Oral Medicine Unit at
Oviedo University between January 2018 and November 2022. The sample size was
calculated on the basis of a single proportion formula by the Epidat program with a
95% confidence interval (CI). Inclusion criteria for diagnosis of OLP were considered
clinically and histologically. The clinical criteria included the presence of bilateral, mostly
symmetrical lesions; the presence of a lace-like network of slightly raised gray-white
lines in a reticular pattern; and by erosive, atrophic, bullous and plaque-type lesions [27].
Histopathological diagnosis by modified WHO criteria included: (1) well-defined band-like
zones of cellular infiltration confined to the superficial part of the connective tissue; (2)
“liquefactive degeneration” in the basal layer; and (3) the absence of epithelial dysplasia [3].

The protocol for clinical findings included: sex, age, daily tobacco and alcohol con-
sumption, ex-smoker or ex-drinker, medical history, and prescription medication focusing
on treatment of diabetes. The characteristics of OLP included a record of sites of involve-
ment (cutaneous, genital, and scalp), predominant type of OLP (non-atrophic-erosive and
atrophic-erosive), and number of sites (two sites or three or more sites).

The criteria for exclusion from the case group included: oral lichenoid lesion [28,29];
being under 18 years old; pregnant or breastfeeding women; and patients treated with
topical or systemic corticosteroids, radiotherapy, or cancer chemotherapy.

The control group consisted of 275 consecutive patients who were examined in the
same Oral Medicine Unit during the same period for other types of benign oral pathology-
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such as traumatic or benign tumors without any sign or history of OLP (n = 185) or for
general oral health check-ups (n = 90). The controls were matched for age and sex to the
patients with OLP.

Criteria for exclusion from the control group included: being under 18, pregnant or
breastfeeding patients, and patients treated with radiotherapy or cancer chemotherapy.

2.2. Determination of Serum Parameters and Drugs

Glucose levels were examined in samples drawn before 10 a.m. after a 12 h fasting
period. Serum parameters were collected after a first-day exploration of the mouth. The
reference values for the parameters were based on: (1) the American Diabetes Association
(ADA) prediabetes definition (100-125 mg/dL) [11]; (2) the WHO prediabetes definition
(110-125 mg/dL) [12]; and (3) the WHO or ADA diabetes definition (>126 mg/dL) [30,31].

Data was collected about drugs for treating diabetes, including insulin and oral
antidiabetic drugs.

2.3. Statistical Analysis

Statistical analysis was done using R (R Development Core Team, version 4.1.3), and
the information was recorded in an Excel file. Initially, we conducted a descriptive study
of all of the variables. First, mean age was considered and subsequently split into two
categories, selecting 60 years and under or over 60 years as break points. The predominant
clinical form was classified as non-atrophic-erosive or atrophic-erosive (Figures 1 and 2).
The location of OLP was recorded as two locations or three or more locations. The ADA
prediabetes, WHO prediabetes, WHO diabetes variables and medication were recorded as
either present or absent. We added the variable type of treatment and recorded whether
treatment was insulin-dependent or used antidiabetic drugs. Student’s ¢-test was used
to compare the numerical variables between the two groups. The relationships between
qualitative variables were assessed by Pearson’s chi-square test. The relationships were
quantified by crude ratios and a multivariate logistic regression model produced using
stepwise selection with variables whose p value was <0.20 in the univariate analysis and
by age and sex. Results were considered statistically significant when p < 0.05.

Figure 1. Clinical image of oral lichen planus of type non-atrophic-erosive located on both
buccal mucosa.

Figure 2. Clinical image of oral lichen planus of type atrophic-erosive located on buccal mucosa and
lateral border of tongue.
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3. Results

A total of 550 patients were analyzed (275 with OLP and 275 control patients). Both
sample groups consisted of 207 women (75.27%) and 68 men (24.73%), and the average age
was 59.60 £ 12.18 years (18-86). Table 1 shows the general characteristics of the case and
control groups (Table 1).

Table 1. Characteristics of patients from control group and oral lichen planus group (OLP). Numbers
in parentheses represent percentages. ': In addition to oral location. ADA (American Diabetes

Association) (100-125 mg/dL). WHO prediabetes: World Health Organization (110-125 mg/dL).

*: Statistically significant.

Variable OLP Control p Value
Sex Female 207 (75.27) 207 (75.27) 1
Male 68 (24.73) 68 (24.73)
Age Mean (SD) 59.61 (12.19) 59.61 (12.19) 1
<60 143 (52.0) 143 (52.0) 1
>60 132 (48.0) 132 (48.0)
Tobacco user No 203 (73.82) 193 (70.18) 0.09
Yes 28 (10.18) 45 (16.36)
Ex-smoker 44 (16.0) 37 (13.45)
Alcohol drinker No 221 (80.36) 223 (81.09) 0.956
Yes 52 (18.91) 52 (18.91)
Ex-drinker 2 (0.73)
Clinical-form OLP
Non-atrophic-erosive 98 (35.64)
atrophic-erosive 177 (64.36)
Oral location 2 246 (89.45)
>3 29 (10.55)
Cutaneous No 246 (89.45)
Yes 29 (10.55)
Genital ! No 253 (92.0)
Yes 22 (8.0)
Scalp ! No 268 (97.45)
Yes 7 (2.55)
Glycemia (mean, mg/dL (SD) 95.45 + 17.62 98.15 + 21.32 0.106
ADA prediabetes No 235 (85.45) 216 (78.55) 0.035 *
Yes 40 (14.55) 59 (21.45)
WHO prediabetes No 253 (92.0) 259 (94.18) 0.313
Yes 22 (8.0) 16 (5.82)
Diabetes (>126 mg/dL) No 262 (95.27) 251 (91.27) 0.061
Yes 13 (4.73) 24 (8.73)
Treatment of diabetes No 257 (93.45) 243 (88.36) 0.038 *
Yes 18 (6.55) 32 (11.64)
Type of treatment Insulin 5(1.82) 4 (1.45) 0.015*
Oral antidiabetic 13 (4.73) 28 (10.18)

Non-atrophic-erosive OLP was recorded in 98 patients (35.64%), and atrophic-erosive
recorded in 177 (64.36%). Two intraoral sites were recorded in 139 patients (50.5%) and
three or more sites were recorded in 136 (49.45%) patients. Forty-five patients (16.36%)
exhibited extraoral manifestations.

The mean glucose level in the patients with OLP was 98.15 4= 21.32 and 95.45 £ 17.62
in the control group without statistically significant differences (p = 0.106). The prevalence
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of prediabetes according to ADA criteria was 21.45% (59/275) in the OLP group and 14.55%
(40/275) in the control group [p = 0.035]. The prevalence of glycemic levels (>126 mg/dL)
was 8.73% (24/275) in the OLP group and 4.73% in the control group (13/275) [p = 0.061].
The prevalence of patients with treatment for diabetes was 11.64% (32/275) in the OLP
group and 6.55% in the control group (18/275) [p = 0.038]. Therefore, despite receiving
treatment, 15 (46.87%) of the 32 patients with diabetes still had a high glycemic level, as
did 9 (50%) of the 18 subjects in the control group. A total of 9 (3.27%) patients with OLP
and 4 (1.45%) from the control group did not know they were diabetics. The prevalence of
patients with oral antidiabetic treatments was 10.18% (28/275) in the OLP group and 4.73%
in the control group (13/275) [p = 0.015] (Table 1).

Table 2 shows the logistic regression analysis according to the clinical form (Table 2).

The mean age of patients with atrophic-erosive forms of OLP was significantly higher
(mean 60.97 yr; p = 0.014) than those with non-atrophic-erosive types (mean 57.15 yr), and

in those over 60 years, the atrophic-erosive forms of OLP were more frequent (p = 0.006).

There were no statistically significant differences in relation to clinical form or sex (p =
0.946) or location in genitals (p = 0.396), skin (p = 0.891) or scalp (p = 0.694).

Table 2. Statistically significant associations (p < 0.05 *) according to the logistic regression by
clinical form. OR: Odd ratio. CI: confidence interval. Percentages in parentheses. ADA prediabetes:
American Diabetes Association (100-125 mg/dL). WHO prediabetes: World Health Organization
(110-125 mg/dL). L. In addition to oral location. SD: standard deviation.

. . . . . OR Univariate OR Multivariate
Variable Non-Atrophic-Erosive Atrophic-Erosive (CI, p Value) (CI, p Value)
Sex
Female 74 (35.7) 133 (64.3)
0.98 (0.55-1.73,
Male 24 (35.3) 44 (64.7) » = 0.946)
0.97 (0.95-0.99,
Mean age (SD) 57.15 (11.68) 60.97 (12.39) p=0014) * -
Age < 60 years
<60 years 62 (43.4) 81 (56.6)
0.49 (0.29-0.81, 0.54 (0.32-0.91,
>60 years 36 (27.3) 96 (72.7) p = 0.006) * p=0.021) *
Genitals !
No 92 (36.4) 161 (63.6)
0.66 (0.23-1.66,
Yes 6(27.3) 16 (72,7) » = 0.39) -
Cutaneous !
No 88 (35.8) 158 (64.2)
0.94 (0.41-2.08,
Yes 10 (34.5) 19 (65.5) p = 0.891)
Scalp !
No 96 (35.8) 172 (64.2)
0.72 (0.10-3,39,
Yes 2(28.6) 5(71.4) p = 0.694) -

. 0.99 (0.97-1.00, 1.02 (1.00-1.05,
Glycemia (mean) 95.2 (19.9) 99.8 (22.0) p = 0.097) p= 0.053)
ADA prediabetes

No 81 (37.5) 135 (62.5)
0.67 (0.35-1.24,
Yes 17 (28.8) 42 (71.2) p=0.219)
WHO prediabetes
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Table 2. Cont.

. . . . . OR Univariate OR Multivariate
Variable Non-Atrophic-Erosive Atrophic-Erosive (CI, p Value) (CI, p Value)
No 93 (35.9) 166 (64.1)
0.81 (0.25-2.30,
Yes 5(31.2) 11 (68.8) » = 0.706) -
Diabetes (>126 mg/dL)
No 91 (36.3) 160 (63.7)
0.72 (0.27-1.75, 2.51 (0.76-8.64,
Yes 7(29.2) 17 (70.8) p = 0.490) p = 0.131)
Type of treatment 95 (39.1) 148 (60.9) 0.12 (0.02—062, 0.17 (0.03—0.52,
No 2(7.1) 26 (92.9) p =0.004) p =0.011)
Oral antidiabetics 1 (25' 0) 3(75 (’)) 0.52 (0.03-4.12, 0.64 (0.03-5.44,
Insulin ' ' p =0.573) p =0.704)

There were statistically significant differences in relation to clinical form and oral
antidiabetic treatment (p = 0.005), which was also higher in atrophic-erosive forms of OLP
(26; 92.9%) than in non-atrophic-erosive types (2; 7.1%).

The logistic regression confirmed the statistically significant association of age >60
years (p = 0.007) and oral antidiabetic treatments (p = 0.021) with the atrophic-erosive clinical
form. In patients who were over 60, there was also a statistically significant difference in
terms of sites (p = 0.036), with three or more sites of OLP (74; 56.1%) being more common
than two (58; 43.9%).

The logistic regression confirmed the statistically significant association of WHO
prediabetes (p = 0.015) with two sites (Table 3). Nevertheless, the multivariate study
determined that there was a higher probability of >3 sites being affected at >60 years (OR
1.81; p = 0.018) and in patients with cutaneous involvement (OR 2.43; p = 0.036).

Table 3. Statistically significant associations (p < 0.05 *) according to the logistic regression by number
of locations. OR: Odd ratio. CI: confidence interval. Percentages in parentheses. ADA: American
Diabetes Association criteria. WHO: World Health Organization. !: In addition to oral location. SD:
standard deviation.

. . . OR Univariate OR Multivariate
>
Variable 2 Sites >3 Sites (CI, p Value) (CI, p Value)
Sex -
Female 102 (49.3) 105 (50.7)
Male 37 (54.4) 31 (45.6) 0.81 (0.47-1.41, p = 0.463)
Mean age (SD) 58.5 (12.68) 60.8 (12.0) 1.02 (1.00-1.04, p = 0.121) -
Age < 60 years
<60 years 81 (56.6) 62 (43.4)
>60 years 58 (43.9) 74 (56.1) 1.67 (1.04-2.69, p = 0.036) * 1.81 (1.11-2.97, p = 0.018) *
Genitals !
No 129 (51.0) 124 (49.0)
Yes 10 (45.5) 12 (54.5) 1.25 (0.52-3.06, p = 0.619) -
Cutaneous !
No 129 (52.4) 117 (47.6)
Yes 10 (34.5) 19 (65.5) 2.09 (0.95-4.86, p = 0.072) 2.43 (1.04-5.78, p = 0.036) *
Scalp !
No 136 (50.7) 132 (64.2)
Yes 3 (42.9) 4(57.1) 1.37 (0.30-7.08, p = 0.681) -
Glycemia (mean) 97.4 (22.2) 99.8 (20.4) 1.00 (0.99-1.02, p = 0.543) -
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Table 3. Cont.

. . . OR Univariate OR Multivariate
>
Variable 2 Sites >3 Sites (CI, p Value) (CI, p Value)
ADA prediabetes
No 112 (51.9) 104 (48.1)
Yes 27 (45.8) 32 (54.2) 1.28 (0.72-2.29, p = 0.408) -
WHO prediabetes
No 126 (48.6) 133 (51.4)
Yes 13 (81.2) 3(18.8) 0.22 (0.05-0.70, p = 0.020)*  0.20 (0.04-0.65, p = 0.015) *
Diabetes
(>126 mg/dL)
No 126 (50.2) 125 (49.8)
Yes 13 (54.2) 11 (45.8) 0.85 (0.36-1.98, p = 0.711) -
Type of treatment 124 (51.0) 119(49.0)
No 12 (42.9) 16 (57.19) 1.41 (0.64-3.17, p = 0.392)
Oral antld{abetlcs 3 (75.0) 1(25.0) 0.35 (0.02-2.76, p = 0.363)
Insulin

The results of the logistic regression analyses with regard to glycemia, prediabetes
and diabetes are shown in Table 4 (Table 4). In the univariate study, patients with ADA
prediabetes and those taking oral antidiabetics were more likely to be suffering from OLP,
and in the multivariate analysis adjusted for sex and age (<60), this was corroborated
(ORADAprediabetes =1.61 (1.04-2.51) and OR 4] antidiabetic = 229 (1.18-4.68)).

Table 4. Association between oral lichen planus and glycemic level adjusted for age (<60) and
sex. Statistically significant associations (p < 0.05 *). OR: Odd ratio. CI: confidence interval. ADA:
American Diabetes Association. WHO: World Health Organization.

Variable OLP Control OR Univariate OR Multivariate
égﬁ&eﬁgﬁg i‘; 1196((5%7_'69)) 1%5 (21502.41)) 1.60 (1.03-2.51) p = 0.036*  1.61 (1.04-2.51) p = 0.036 *
gﬁ?lg;eii;?ztif \112 21569(515;(_)'16)) 22523(%9.‘9‘? 0.71 (0.36-1.38) p=0.315  0.71 (0.36-1.38) p = 0.315

(zgza:;e/sdu ic; 22541 ((6?'99)) 21632((3‘55?)) 1.93 (0.97-3.98) p = 0.065  1.96 (0.98-4.08) p = 0.062
Oral antidiabetics i‘; 22‘;7((6?5? 21%2((3?'71)) 2.28 (1.18-4.65) p = 0.017*  2.29 (1.18-4.68) p = 0.017 *

4. Discussion

The present study examined a sample of people with OLP whose fasting plasma
glucose values and presence of DM were analyzed and compared to a control group. The
initial interpretation of our results indicated that prediabetes with glycemia from 100
mg/dL to 125 mg/dL and intake of oral antidiabetics were associated with OLP, which
was confirmed when adjusted for sex and age.

There were no statistically significant differences in mean glycemic levels between
OLP cases (98.15 mg/dL) and the control group (95.45 mg/dL) as previously reported by
Lopez et al. [32]. Although those authors recorded higher levels in the control group (n
=200; 102.5 £ 76.8) than in OLP patients (n = 200; 101.2 & 22), they found no statistically
significant differences [32].

Various case—control studies have not found an association between OLP and DM,
but they all failed to note the diagnostic criteria for diabetes [5,18-23]. Other studies
have reported statistically significant differences, with DM being more prevalent in OLP
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patients than in control groups according to medical records [13,14], or electronic medical
records [15].

Previous studies have referred to a diagnosis of DM for blood glucose values >100
mg/dL, that is, prediabetes and diabetes [24,25]. In our results, the proportion of patients
with values greater than >100 mg/dL (30.18%) is similar to the figures those studies
reported for OLP groups of 30.11% [24] and 35% [25] with samples of 177 and 40 patients,
respectively.

The prevalence of blood glucose levels > 125 mg/dL in previous studies with 40 OLP
patients has been reported as 28% [16], whereas in our study, 8.73% of the OLP patients had
levels > 126 mg/dL. More recently, Chalkoo considered DM when fasting blood glucose
>120 mg/dL, reporting a prevalence of DM of 35% in 20 OLP patients, with statistically
significant differences compared to the control group [17].

Chung et al. [33], studied treatments for DM using questionnaires and found statisti-
cally significantly higher levels of treatment for DM in 32 patients with OLP compared to
the control group. From a sample of 156 OLP and 156 controls, Dave et al. [14]. reported
statistically significant differences in treatment with biguanides and insulin but not with
sulfanyl ureas. In their multivariate model, only DM appeared as a risk factor (OR, 2.8),
not treatments for DM. We confirmed that once adjusted for sex and age, the association
between oral antidiabetics and OLP was twice as strong as in the control group.

A relationship between the reticular clinical form and treatment of DM in patients with
OLP has been described [33], as has a relationship between atrophic-erosive lesions and
DM treatment [34]. Our findings confirmed an association between the atrophic-erosive
clinical form and oral antidiabetics, and age > 60 years. Although other authors have not
found these relationships between the clinical form and DM, Zhao et al. observed that after
treatment of erosive OLP with hyperglycaemia, glycemic levels fell [35].

Logistic regression showed that none of the parameters of the diabetes variables
were associated with the number of sites of OLP. Instead, being over 60 and having skin
involvement were associated with greater increases in the risk of presenting OLP (OR, 1.81,
and OR, 2.43, respectively)-risks that we have not seen reported in the literature.

It is interesting to note from our results that between 1.45% (control group) and 3.27%
(OLP patients) of the subjects were unaware of having DM. Between 5-10% of patients
per year with impaired fasting glucose or impaired glucose tolerance can develop type
2 diabetes, hence the recommendation to screen for diabetes in people who are 35 and
over and to test for it annually. The term prediabetes is used to label an elevated glucose
level that does not meet the criteria for diabetes, and the ADA recommends identification
of individuals with prediabetes, providing an opportunity for intervention [11]. Despite
the fact that the progression of OLP does not influence average glucose levels, OLP is a
chronic disease, and patients may develop prediabetes or progress from prediabetes to
diabetes. Our findings indicate the need to establish preventive measures such as lifestyle
modification in patients with OLP to avoid progressing to diabetes. This need is even
greater if corticosteroids are used as the first choice of treatment for OLP [36], as they are
absorbed following topical application [37], and their adverse effects—hyperglycemia and
diabetes—are greater where there is comorbidity [38].

The possible link between diabetes and OLP comes from the presence of common
histocompatibility antigens (HLA), especially HLA2S, in both diseases [39]. More recently,
higher levels of serum interleukins 8 have been observed in OLP and diabetes indepen-
dently and where they are associated with each other, which would support the relationship
between them [40]. Furthermore, the importance of the topic is reinforced from the bidi-
rectional point of view of oral cancer, assuming the association of OLP and oral cancer in
patients with diabetes, and oral cancer in patients with OLP [11].

The present study has some limitations. This was a single-center study with a cross-
sectional design, so it does not allow causality or pathogenic association to be inferred
from our results. Another limitation to consider is that the study did not include variables
that could be related to lifestyle or other metabolic diseases associated with DM; however,
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it does provide interesting future lines for research to confirm the relationship between
prediabetes and OLP.

5. Conclusions

In conclusion, we found significantly higher frequencies of glycemia in the order
of 100-125 mg/dL in OLP patients. It therefore seems reasonable to test serum fasting
plasma glucose values in order to prevent the development of diabetes as well as deal with
its possible complications. Our results should be corroborated by new studies to avoid
complications of prediabetes in OLP patients.
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Abstract: Non-melanoma skin cancer is one of the most frequently diagnosed cancers in the human
body and unfortunately the incidence continues to increase. NMSC is represented by the basal cell
carcinomas (BCCs) and squamous cell carcinomas (SCCs), which are the most prevalent forms, and
basosquamous cell carcinomas (BSC) together with Merkel cell carcinoma (MCC), which are rare
types but with a very aggressive pattern and poor prognosis. The pathological diagnosis is hard to
assess without a biopsy, even by the dermoscopy. Moreover, the staging can be problematic because
there is no access clinically to the thickness of the tumor and the depth of the invasion. The aim of
this study was to evaluate the role of ultrasonography (US), which is a very efficient imaging method,
non-irradiating and cheap, in diagnosis and treatment of non-melanoma skin cancer in the head
and neck region. Thirty-one patients with highly suspicious malignant lesions of the head and neck
skin were evaluated in the Oral and Maxillo-facial Surgery Department and Imaging Department
in Cluj Napoca, Romania. All tumors were measured with three transducers: 13 MHz, 20 MHz
and 40 MHz. Doppler examination and elastography were also used. The length, width, diameter,
thickness, the presence of necrosis, status of regional lymph nodes, the presence of hyperechoic spots,
strain ratio and vascularization were all recorded. After that, all patients were treated by surgical
resection of the tumor and reconstruction of the defect. Immediately after surgical resection, all
tumors were measured again after the same protocol. The resection margins were evaluated by all
three types of transducers in order to detect malignant involvement and the results were compared
with the histopathological report. We found that the 13 MHz transducers offered a big picture of the
tumor but the level of details, in the form of the presence of the hyperechoic spots, is reduced. We
recommend this transducer for evaluation of surgical margins or for the large skin tumors. The 20
and 40 MHz transducers are better for viewing the particularities of malignant lesions and for an
accurate measurement; however, in the case of large size lesions, assessing all three dimensions of the
tumor can be difficult. The intralesional hyperechoic spots are present in case of BCC and they can be
used for differential diagnosis of BCC.

Keywords: non-melanoma skin cancer; basal cell carcinoma; squamous cell carcinoma; ultrasound;
echography; high frequency transducer; skin; imaging

1. Introduction

One of the most common diagnosed tumors in the human body is non-melanoma skin
cancer (NMSC). Unfortunately, according to GLOBOCAN, the incidence is steadily rising.
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Basal cell carcinomas (BCCs) and squamous cell carcinomas (SCCs) are the most prevalent
forms, with a good prognosis in general, especially when they are found in the early stages.
Other NMSC types are baso-squamous cell carcinomas (BSCs) and Merkel cell carcinomas
(MCSs), with a more aggressive behavior and a poorer prognosis overall [1-3]. Because of
the constant exposure to ultraviolet (UV) sun radiation, the head and neck region is the most
affected anatomical area. Several alternative methods of treatment were documented for
NMSC. Topical chemotherapy, cryotherapy, laser or thermocauterization, and superficial
radiotherapy have demonstrated modest results. Surgical excision is still the treatment of
choice, and achieving favorable cosmetic outcomes will always be difficult [4,5]. Clinical
examination, palpation and dermoscopy are used to diagnose skin cancer, which is then
followed by an incisional or excisional biopsy. Dermoscopy can be used to evaluate the
lesion’s longitudinal and horizontal extension, but it cannot examine the lesion’s thickness
or potential for invasion of adjacent tissues. The depth of invasion (DOI) from the American
Joint Committee on Cancer (AJCC) staging system is used for melanoma and oral cavity
cancer. In the last edition of the staging system, it was introduced for non-melanoma
skin cancer and it modifies the stage when the invasion is deeper than 6 mm directly to
T3. Additionally, DOl is correlated with regional metastasis in the case of SCC and other
aggressive skin malignancies [6-8].

The imaging’s role is not very well defined. Magnetic resonance imaging (MRI) is
a non-irradiating imaging method which is considered the gold standard for soft tissue
tumors. Unfortunately, due to the small size of the tumors, MRI is not very efficient in this
type of pathology. However, it can be a good option for very extensive tumors with local
and regional adjacent structures involvement. Computed tomography scan (CT) involves
the use of X-rays, and it cannot differentiate between soft tissues as well as the MRI. The
advantage of this method is the ability to evaluate the bone involvement. It is reserved for
very extensive tumors with high risk of bone tissue invasion [6-9].

Ultrasonography (US) is a very efficient imaging method, non-irradiating and cheap
and, for these reasons, has a very high rate of acceptance from the patients. The thickness
of the tumor, the depth of invasion, the invaded adjacent structures, the vascularity and
the stiffness of the tumor may all be determined with an ultrasound examination. The
disadvantage of US is the dependence on the examinator’s knowledge. The tumors should
be evaluated by a trained practitioner in skin malignancy evaluation [6,10,11].

In recent years, new developments, such as high frequency transducers, have been
introduced, as the structures of interest are only a few millimeters below the skin’s sur-
face. These technologies can offer a broad range of data, including the precise anatomic
position, shape, extent in all directions, blood flow and deeper layers involvement. Higher
frequencies come with better resolution but less tissue penetration. In order to measure the
thickness of the skin tumors, US transducers with a frequency range of 10 to 40 MHz are
frequently utilized in clinical practice. Generally, NMSC are hypoechoic lesions with an
inhomogeneous aspect on grayscale US examination [12,13]. In the prospective research by
Song et al., high frequency US has shown positive outcomes in determining the DOI prior
to surgery. To this end, the distance between the epidermal granulous layer and the deepest
point of invasion is measured. An invasion deeper than 6 mm will place the tumor in stage
III, even if the diameter of tumor is smaller than 2 cm. The upstaging of tumors means a
poorer prognosis and a higher rate of positive margins after surgical treatment [14].

The technique of ultrasonography requires three methods for evaluation. The B-
mode ultrasound may be followed by a color or power Doppler US scan of the lesion
in order to obtain further details. All diameter measurements, including longitudinal,
transverse and deep axe, should be recorded. The peak systolic velocity of the arterial
flow, as well as information regarding the size and nature (arteries or veins) of the tumor
vessels, are provided. Involvement of deeper layers, including cartilage, muscle and bone
should be mentioned, if present. The form, depth, echogenicity (hypoechoic, isoechoic
and hyperechoic), homogeneity (homogenous and heterogeneous), size, level of invasion
and vascularity must all be included in the ultrasound report. An interesting aspect is

16



Diagnostics 2023, 13, 1002

the presence of the calcification in some malignant tumors which can be visualized as
hyperechoic spots without acoustic shadow. Ulcerated lesions with hemorrhage and crusts
can give artifacts and should be carefully evaluated [15,16]. The examinator should be
familiarized with the manipulation of the transducers because the US beam is necessary
to be perpendicular to the lesion and should find the largest diameter of the tumor. If too
much pressure is applied on the tumor, the size can be easily modified and the staging
and treatment plan compromised. A high amount of gel and low pressure should be used
during the examination [17-19].

Strain elastography is a US examination which measures the stiffness of the tissues.
The soft and hard tissues are color-coded differently on the strain elastogram. Usually,
malignant tumors are stiffer than normal adjacent tissue, which makes them easily dis-
tinguishable. The images can be superposed and compared with those from grayscale
examination [6,20].

It has also been suggested that optical coherence tomography (OCT), a high-resolution
method based on the characteristics of light, can be used to analyze skin cancers. For
thickness assessment in BCC lesions less than 2 mm in size, OCT appears to be more
accurate and less biased than high-frequency US, according to the literature [21-24]. Other
high-resolution imaging techniques include confocal microscopy, also known as reflectance
confocal microscopy, and multiphoton microscopy, which may produce in vivo pictures
that are almost as good as those from histologic examination of BCC lesions. In a histologic
examination, a grayscale horizontal view of the tumor is displayed, which is in contrast to
earlier cross-sectional imaging methods [6,25,26]. The differences between these techniques
are summarized in Table 1.

Table 1. Characteristics of different non-invasive tehniques used for evaluation of NMSC.

Ultrasonography

Dermoscopy OCT

Confocal Microscopy

Assessing the size of the
tumor

It can assess the size in all
three dimensions including
the thickness [14]

It can assess the size
except the thickness [1,6]

It can assess the size in all
three dimensions for
tumors with a thickness
less than 2 mm [21-24]

It can assess the size in all
three dimensions for
tumors with a thickness
less than 3 mm [25,26]

Type of subjacent
tissue involvement

It can precisely identify the
type of subjacent tissue
involved (muscle,

fascia, perichondrium)

It cannot precisely identify
the type of subjacent
tissue involved

Because the depth of
penetration is less than 2
mm, we do not
recommend using it for
evaluation of subjacent
tissue involvement

Because the depth of
penetration is less than 3
mm, we do not
recommend to using it for
evaluation of subjacent
tissue involvement

Surgical margins

Yes (postoperative

Only preoperatively. Very

Yes (Ex vivo

invalvement detection eva.luation of the Only preoperatively limit.ed data in confocal microscopy)
excised specimen) the literature

Vascularity Yes Yes éii(e?e}]riaerr{jgn?fgtigilhy) Yes

g oo pccisce B M me e

oty o oo pccasce JLIMETEE mmmecs

The gold standard for NMSC treatment is surgical excision and defect reconstruction.

Other treatments can be attempted, such as local chemotherapy for very small lesions, or
systemic chemotherapy, immunotherapy, Hedgehog Pathway inhibitors, and radiotherapy
for highly advanced tumors. In order to attain good quality surgery with negative resection
margins, it is necessary to know the diameter and the thickness of the tumor preoperatively.
Because the thickness is not accessible without imaging, Mohs surgery should be attempted
if it is available. If not, delaying the defect reconstruction until the certification of complete
resection is also an option.

The aim of this study is to evaluate the role of ultrasonography in diagnosis, staging
and treatment of the NMSC of the head and neck region.
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2. Materials and Methods

Thirty-one patients with highly suspicious malignant lesions of the head and neck
skin were evaluated in the Oral and Maxillo-facial Surgery Department and Imaging
Department in Cluj Napoca, Romania. All patients were informed of the study and
agreed to participate. The Ethical Committee of the Emergency County Hospital Cluj-
Napoca, Romania (39109/A/0001/UK/R Reg. n. 362/08.01.2020) and the Iuliu Hatieganu
University of Medicine and Pharmacy Cluj-Napoca, Romania (433/11.10.2019) approved
the study. After clinical examination, the patients were investigated by ultrasonography
with high frequency transducers. All tumors were measured with three transducers:
13 MHz, 20 MHz and 40 MHz (Figure 1). Doppler examination and elastography were also
used. The length, width, diameter, thickness, the presence of necrosis, status of regional
lymph nodes, the presence of hyperechoic spots, strain ratio and vascularization were all
recorded. All patients were treated by surgical resection of the tumor and reconstruction
of the defect (Figure 2). Immediately after surgical resection, all tumors were placed with
the epidermis facing up on sterile gauze and fixed with small-gauge needles. A layer of
US gel was applied. The tumors were measured again after the same protocol. Doppler
and elastography techniques were not performed. The resection margins were evaluated
by all three types of transducers in order to detect malignant involvement of the resection
margins or to measure the closest margin to the tumor. The results were compared with
the histopathological report.

Figure 1. The same BCC examined with 13 MHz (a), 20 MHz (b) and 40 MHz (c). As the frequency
increases, the presence of the two hyperechoyc spots is clearer.
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Figure 2. Surgical excision of a nasal BCC: (a) clinical presentation of the malignant lesion; (b) surgical

defect after tumor resection together with alar cartilage and a portion of nasal mucosa; (c) auricular
cartilage graft for prefabricated frontal flap; (d) reconstruction of the nose with prefabricated frontal
flap and auricular cartilage; (e,f) clinical aspect 1 month after surgery.

Statistical Analyses

To choose the interclass correlation coefficient (ICC), we followed the guide of Koo
et al. For the type of reliability study, we considered an inter-rater reliability study, with
having the same set of raters for all subjects that were not randomized; thus, a two-way
mixed effects analysis was chosen. The intended measurement protocol was based on
a single rater, and we considered consistency to be the most important quality. Despite
that, we did also compute the absolute agreement. We used the interpretation of Portney
et al. for ICC: 0.5 suggesting poor reliability, values between 0.5 and 0.75 suggesting
moderate reliability, values between 0.75 and 0.9 suggesting good reliability and values
greater than 0.90 suggesting excellent reliability. For ICC computations, we used the irr R
package [27-29].

Concerning the concordance between the echographic diagnosis, or characteristics
(as hyperechoic spots) with the histopathological diagnosis, the inter-rater agreement was
sought, as evidenced by Cohen Kappa (following Altman’s interpretation: 0.20—poor;
0.21-0.40—fair; 0.41-0.60—moderate; 0.61-0.80—good; 0.81-1.00—very good). Kappa
can vary from -1 (lower agreement than expected by chance) to 1 (higher agreement than
expected) and is the norm of the difference between the actual rate of agreement and the
chance rate of agreement anticipated (almost perfect agreement). However, the kappa
coefficient does not account for inter-observer variability (degree of disagreement) or data
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prevalence (how evenly categories are distributed); thus, we computed the prevalence-
adjusted, bias-adjusted Cohen Kappa [30-32].

3. Results

Concerning concordance between the histopathological and echographic measure-
ments of tumor thickness, we found excellent agreement for all transducers, with the best
ones being for the preoperative observations and the least favorable ones being the postop-
erative observations (Figure 3) (Table 2). Within any of the preoperative and postoperative
observations, the 40 MHz transducer fared the best, followed by the 20 MHz transducer
and finally by the 13 MHz transducer.

TuCuT, 0728120 g TUCuT, 07128120
MP 20 BENE L40-8/12-SMP-General 8:39:45 AM MP 20 BENE L40-8/12-SMP-General 8:38:19 AM

Freq 20.0M ~ Freq 40.0M
Depth 1.2cm Depth 1.2cm
Sector 100°
Gain 50
FrRate Med
FPS 63Hz
Dyn 85dB
Persist 2
Map 14
Chroma 0 Chroma 0
Power 0 Power 0
Mi<0.40 MI<0.40
Clarity Med Clarity Med

1D:381Tmm

2D:081mm
§D:853mm 3D:8.62mm
D:1.18mm D:127mm

Figure 3. The thickness of the tumor, measured on US with 20 MHz and 40 MHz transducers,
compared with the pathological image of the tumor showing very high occurrence of US.

Table 2. Tumor thickness measured pre- and post-operatively, with 13, 20 and 40 MHz transducers,
as well as the inter-class correlation coefficient between echography and pathological measurements.

Tumor Thickness Difference ICC Consistenc ICC Agreement
Method (mm), Median (IQR) ~ (95% CI) p-Value 950, c1) Voopvae o 8 p-Value
Pathology 2.5(1.98-4.5)
Preoperative
13MHz 2.5 (1.75-4.4) 0 (0-0.32) 0.063 0.982 (0.962-0.991) <0.001 0.98 (0.957-0.99) <0.001
20 MHz 2.3 (1.75-4.4) 0.2 (—0.09-0.18) 0.574 0.981 (0.96-0.991) <0.001 0.981 (0.961-0.991) <0.001
40 MHz  2.2(1.9-4.5) 0.3 (—0.07-0.15) 0.394 0.992 (0.984-0.996) <0.001 0.992 (0.985-0.996) <0.001
Postoperative
13MHz 2.3 (1.45-4) 0.2 (0.13-0.65) 0.008 0.927 (0.853-0.964) <0.001 0.909 (0.776-0.96) <0.001
20 MHz  2.35 (1.6-4.05) 0.15 (0.1-0.6) 0.011 0.927 (0.855-0.964) <0.001 0.911 (0.787-0.96) <0.001
40 MHz 2.4 (1.6-3.95) 0.1 (0.07-0.58) 0.012 0.93 (0.859-0.965) <0.001 0.916 (0.806-0.962) <0.001

We assessed the concordance between the final diagnosis and ultrasound diagnosis,
and we found a Cohen’s Kappa of 0.8897 (95% CI: 0.6783-1.1011), bias-adjusted Kappa
of 0.8895 and prevalence- and bias-adjusted Kappa of 0.9355 (Table 3). The concordance
between the final diagnosis of BCC and the presence of hyperechoic spots followed an
identical pattern. We have associated the presence of the hyperechoic spots with diagnosis
of BCC (Figure 4). Only one case of BCC was misdiagnosed by echography due to the
missing hyperechoic spots (Figure 5).

Regarding elastography, we can easily see that the tumor tissue is stiffer than the
normal adjacent one (Figure 6). We did not find any significant statistical association
between the value of strain ratio and the histology of the tumor. The values in the BCC
group were also lower than in the SCC group (95% CI —2.98-0.35, p = 0.126). Doppler
examination (Figure 7) showed increased values for both systolic and diastolic speed in the
SCC group, but the results were not statistically significant and no association between the
type of histology and vascularization was found (Table 4).
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Table 3. Concordance between histopathological diagnosis, echographic diagnosis and hyperechoic spots.

Histopathological

- . Basal Cell Carcinoma Squamous Cell Carcinoma Total
Diagnosis
Echographic diagnosis
Basal cell carcinoma 25 0 25
Squamous carcinoma 1 5 6
Total 26 5 31
Hyperechoic spots

Present 25 0 25
Absent 1 5 6
Total 26 5 31

TU CUT, 07/28/20
MP 20 MOGOS L40-8/12-SMP-General 12:49:44PM
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Freq 40.0M
Depth 1.1cm
Sector 100% &
Gain 49%
FrRate Med
FPS 63Hz
Dyn 85dB
Persist 2
Map 14
Chroma 0
Power 0
Mi<0.40
Clarity Med

Freq 40.0M

1 Depth 0.8cm
Sector 100%
Gain 56%
FrRate Med
FPS 63Hz
Dyn 85dB
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Map 14
Chroma 0
Power 0
MiI<0.40
Clarity Med

Figure 5. Misdiagnosed BCC due to the absence of hyperechoic spots.
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Figure 7. Doppler examination of a SCC.

We found a very high correlation between the ultrasound measurement of the surgical
margins and pathological reports, with the best result being achieved with the 13 MHz
transducer, followed by the 20 MHz and 40 MHz transducers (Figure 8) (Table 5).
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Table 4. Pulsatility index, resistive index, strain ratio, diastolic speed and systolic speed related to

histopathological type.
. R . Cc Basal Cell Cc Squamous . o

Diagnostic Histopathologic (n = 25) (=5 Difference (95% CI) p
Pulsatility index, median (IQR) 0.75 (0.6-0.94) 0.82 (0.54-0.95) 0.07 (—0.3-0.31) 0.889°[n1 = 25, n2 = 5]
Resistive index, median (IQR) 0.5(0.4-0.6) 0.52 (0.42-0.63) 0.02 (—0.13-0.18) 0.933°[n1 = 25,n2 = 5]
Strain ratio, median (IQR) 1.94 (1.38-2.62) 3.2 (2.9-3.6) 1.26 (—2.98-0.35) 0.126°[n1 = 26, n2 = 5]
Diastolic speed, median (IQR) 3.9(3.94.1) 4.3 (2.5-4.9) 0.4 (—1-1.6) 0.822°[n1 =25,n2 = 5]
Systolic speed, median (IQR) 6.3 (6.1-9) 6.8 (6.4-8.2) 0.5(—1.9-2.2) 0.758°[n1 =25,n2 = 5]

ECO PIESA 10/29/20
MP 20 SIMONFI STEFAN L40-8/12-SMP-General 3:09:17 PM._ & \~ ‘

Freq 40.0M
Depth 1.7cn
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Figure 8. Surgical margins measurement by US and histopathology.

Table 5. Correlation between the ultrasound measurement of the surgical margins and pathological reports.

Tumor Margin Difference g ICC Consistency g ICC Agreement g
Method (mm), Median (IQR) ~ (95% CI) p-Value  gc0. 1) p-Value  go0. C1) p-Value
Pathology 2 (1-2.75)
13MHz 2 (1-2.65) 0 (—0.05-0.15) 0.367 0.993 (0.985-0.997)  <0.001 0.993 (0.985-0.997)  <0.001
20MHz 1.9 (1.15-3) —0.1 (—0.05-0.25) 0.203 0.961 (0.921-0.981)  <0.001 0.96 (0.92-0.981) <0.001
40MHz 2(1.1-2.8) 0 (—0.05-0.27) 0.195 0.972 (0.942-0.986)  <0.001 0.971 (0.941-0.986)  <0.001

4. Discussion

The skin is defined as the largest organ in the human body and it is also the first line of
defense from different external aggressors. This protective line can be harmed by environ-
mental factors, including ultraviolet radiation or chemicals, leading to the development of
skin cancer. The incidence of both melanoma and non-melanoma malignancies is rapidly
increasing on a worldwide scale. According to GLOBOCAN statistics data, there were more
than 1 million new cases globally in 2020, placing NMSC fourth among all malignancies.
The death rate is reduced when compared to melanoma or other cancers. There are various
subtypes, including Merkel cell carcinoma, cutaneous squamous cell carcinoma, basal cell
carcinoma and basosquamous cell carcinoma. There are also different types of presentation
among the same histological type as nodular BCC, infiltrative BCC, Morpheus type BCC,
etc. There are few studies in the literature that discuss the function of the US in diagnosing,
staging and treating of NMSC, particularly in the head and neck area [33,34].

Staging cancer means to start with measurement and assessment of all three dimen-
sions of the tumor (length, width and depth). The updated AJCC staging system uses
the invasion measurement in staging of squamous cell carcinoma. In addition, the risk
of regional metastases in proportion with the depth of invasion for the aggressive skin
cancers as SCC, BSC or MCC [33]. Even if some clinicians choose the biopsy for diagnosis
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and staging of the highly suspicious lesions, this method can lead to staging errors because
the thickness of the tumor is unknown before surgical intervention. This means that the
chance to have positive surgical margins and an incorrect staging are higher. Dermoscopy
can help the diagnosis process but not the staging process because the thickness of the
tumor is not measurable by this method.

The US transducers frequency used in other studies varies between 5-18 MHz. We
used three different transducers in order to obtain the closest measurement and to see the
advantages and disadvantages of each one. The 13 MHz transducers offered a big picture
of the tumor but the level of details, in the form of the presence of the hyperechoic spots, is
reduced. We recommend this transducer for evaluation of surgical margins or for large skin
tumors. The 20 and 40 MHz transducers are better for viewing the particularities of malignant
lesions and for an accurate measurement but in the case of large size lesions, assessing of
all three dimensions of the tumor can be difficult. Increasing the resolution of transducers
obtains better level of details but, unfortunately, the level of penetrance decreases [6].

Dermoscopy can help the preoperative diagnosis process. Pampena R. et al. have
examined retrospectively more than 400 dermoscopy images in order to find if it is possible
to differentiate between the types of BCC. They found a prevalence of arborizing telangiec-
tasia in invasive BCC (iBCC), as compared to superficial BCC (sBCC), but there were no
significant differences in arborizing telangiectasia between iBCC and nodular BCC (nBCC).
They found ulcerations more frequently in iBCC than both in sSBCC and nBCC [34]. Because
high frequency ultrasound and Doppler examination can evaluate both the vascularization
and the presence of ulcerations, its use should be combined with dermoscopy in order to
strengthen the results in BCC type differentiation. Knowing that the treatment should be
more aggressive for SCC, with wider margins of resection and in some cases completed
with neck dissection and even superficial parotidectomy, it is very important to be sure
about the preoperative diagnosis.

The incisional biopsy is done for the big lesions but is very difficult or impossible
to achieve in the case of small lesions. For these lesions, an excisional biopsy with wide
margins is used for diagnosis and also for treatment. Mohs surgery can help for diagnosis
and proper treatment of skin cancer. On ultrasound, the BCC and SCC look quite similar,
except the BCC presents some hyperechoic spots. They look like a cotton flower but the
particularity is the absence of the acoustic shadowing [35]. The spots are histologically
represented by microcalcifications, horn cysts and apoptotic cells. Alfageme Roldan F has
studied these spots and he found two interesting aspects: the increased number of spots
is associated with an aggressive behavior and the micronodular type presents the highest
number of spots. These results could be very useful in the diagnosis process and treatment
plan [36]. In accordance with the other studies, we found an excellent correlation between
the presence of hyperechoic spots and the diagnosis of BCC. We recommend this method
for differentiating the BCC from other skin malignancies and for avoiding extending the
surgical excision unnecessarily.

The strain value in strain elastography serves as a proximate indicator of tissue stiffness
or elasticity. Variable skin layers have different elastic qualities, with subcutaneous tissue
being more elastic and the epidermis and dermis being less elastic. Increased marginal
stiffness is very suggesting for cancer. The malignant tissue develops a fibrotic environment
that makes it stiffer than the surrounding tissues [36,37]. Some researchers came to the
conclusion that elastography is a variable evaluation that, when combined with B-mode
results, may provide the physician or the surgeon with important knowledge regarding
different subtypes of BCC. More specifically, infiltrative and non-infiltrative cutaneous
basal cell carcinomas are distinguished by enhanced marginal stiffness [38]. Tanaka et al.
showed that the tumor thickness of nodular BCC determined by elastography corresponded
better with the histological thickness than the tumor thickness measured by traditional
B-mode sonography. These results suggest that elastography can be a dependable approach
for planning future surgical safety margins since the infiltrative variety of BCC carries a
greater risk of recurrence [39]. We did not find any correlation between the nodular or
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infiltrative type of NMSC and the stiffness of the tumor. We also did not try to measure
the thickness of the tumor on elastography, so we cannot confirm the previous result. A
certainty that we observed is that the increased stiffness of the tumor compared with the
normal adjacent one, which can help us establish the diagnosis of malignant tumor and
guide us in surgical treatment.

The treatment of NMSC is based on surgical excision, regional lymph nodes excision
if necessary, and other forms of therapy such as radiation therapy, chemotherapy or
immunotherapy in advanced cases. NCCN recommendations are based on a large study
by Wolf and Zitelli. This study involved 117 cases of BCCs. The tumors were divided
regarding the diameter: greater than 2 cm and smaller than 2 cm. They performed the
surgical excision at 4 mm around the tumors. For tumors smaller than 2 cm, the complete
removal was obtained in 95% of all cases. For the other tumors, the rate of complete
removal was lower and they recommended larger margins than 4 mm [40].

The European Dermatology Forum (EDF) guidelines regarding the surgical margins
for BCC are based on the previous EDF guidelines, the British Association of Dermatology
guidelines (BAD), and the French guidelines. The recommendations are close to NCCN
guidelines. If the BCC is low-risk (less than 2 cm in diameter) the surgical margins can
be placed at 3-4 mm around the tumor. They also do not recommend doing the same for
larger tumors because the risk of positive margins is higher, so they suggest 5 to 10 mm
surgical margins. They confirm the results of previous studies with a complete excision
rate of 95% when the mentioned protocol was used [41,42]. Because these tissues are
considered natural barriers, the surgical excision should be conducted to the level of fascia
perichondrium or periosteum when possible. If the tumor is located in a region with thicker
skin, the excision can be done more superficially. Moreover, the type of BCC should guide
the surgical excision because the baso-squamous cell carcinoma and morpheus type BCC
have a poorer outcome [41,42].

Because a high percentage of the defects are closed immediately with local and regional
flaps, finding positive margins based on a pathological report can be problematic. Mohs
surgery, named after Frederick Mohs, the surgeon who invented it, is a technique where
the surgical margins are microscopically controlled during the surgical intervention. This
surgical method provides high cure rates in the treatment of a range of skin malignancies.
Unfortunately, not all medical institutions provide it. Evaluation of margin status prior to a
histology report would be nearly impossible without this approach [43].

Regarding the role of US in the treatment of NMSC, few studies concluded that US can
easily detect malignant involvement of the margins. This may play a role in the treatment of
skin cancer and prevention of local recurrence, providing improved overall survival rates.
The adjacent normal tissue is measured from the limit of the tumor to the surgical resection
margin. It can be easily measured on grayscale examination or elastography [44,45]. Our
findings regarding the evaluation of surgical margins postoperatively illustrate the utility
of this technique for immediate measurement of surgical margins directly in the operating
room. All three transducers (13, 20 and 40 MHz) have shown very good results, but the
most accurate was the 13 MHz transducer. This can be explained by how the lower the
frequency, the deeper or greater penetrance a sound wave has. If positive or close margins
are visualized, the surgery can be completed immediately. This way, the surgeon can avoid
insufficient resection of the tumor or unnecessary sacrifice of healthy tissue. All these
should reduce the recurrence rate and improve overall survival, but further studies are
necessary to ascertain this fact.

Last but not least, US can be very useful for diagnosis and staging of melanoma skin
cancer, which is still one of the deadliest types of cancer. A very precise DOI should be
measured because the staging and the treatment change from a difference of just 1 mm.
The treatment of both melanoma and non-melanoma skin cancer is difficult in the head
and neck region due to the multiple anatomical vital elements, and the large excisions
recommended for other anatomical regions are frequently not applicable. Comparative
studies between these two pathologies could be further directions for skin cancer research.
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5. Conclusions

NMSC is one of the most frequent malignancies in the human body and the incidence
is quickly rising. The treatment of these tumors is mainly surgical but can differ for
BCC, SCC and other types. For this reason, an appropriate preoperative diagnosis is
necessary. Clinical examination and dermoscopy can help the diagnosis process, but only
the pathological report can offer the final diagnosis. Unfortunately, for small tumors, only
excisional biopsy can be done, which is primarily performed at the same time as surgical
treatment of the lesion. Ultrasound examination with high frequency transducers can
differentiate the BCC from other types of skin malignancy and is very easily accepted
by the patient because it is a non-irradiating and non-invasive technique. Unnecessary
healthy tissue sacrifice can be avoided with this technique. The staging of the tumor has the
same importance as the diagnosis. Dermoscopy and clinical examination cannot evaluate
the thickness of the tumor, which is very important for treatment and also for prognosis.
Echography with high frequency transducers and elastography can measure precisely the
thickness of the tumor and can guide the tumor excision, avoiding the tumor involvement
of the surgical margins and reducing the recurrence rate. Involvement of positive margins
and detection of close margins can be easily detected with 13, 20 and 40 MHz transducers.
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Abstract: Pseudoxanthoma elasticum (PXE) is a rare multisystemic autosomal recessive connective
tissue disease. In most cases, skin manifestations of PXE are the first to develop, followed later by
severe ocular and cardiovascular complications. In our present study, in addition to dermoscopy,
we introduced novel techniques, autofluorescence (AF) and diffuse reflectance (DR) imaging for
the assessment of affected skin sites of five PXE patients. PXE-affected skin areas in most skin sites
showed a previously observed pattern upon dermoscopic examination. With the novel imaging,
PXE-affected skin lesions displayed high AF intensity. During our measurements, significantly
higher mean, minimum and maximum AF intensity values were found in areas of PXE-affected
skin when compared to uninvolved skin. Conversely, images acquired with the use of 660 and
940 nm illumination showed no mentionable difference. Our results demonstrate that AF imaging
may be used in the in vivo diagnostics and quantification of the severity of the skin lesions of PXE
patients. In addition, it is a safe, fast and cost-effective diagnostic method. AF imaging may be also
used to objectively monitor the efficacy of the possible novel therapeutic approaches of PXE in the
future.

Keywords: pseudoxanthoma elasticum; autofluorescence imaging; LED; dermoscopy; quantitative
analysis; calcification; diffuse reflectance imaging; diagnosis

1. Introduction

Rare diseases may occur infrequently, yet, taken together, they affect a significant
proportion of the population and place an increasing burden on society and healthcare [1].
Pseudoxanthoma elasticum (PXE, OMIM#264800) is a rare multisystemic autosomal reces-
sive connective tissue disease. Its prevalence is estimated to be between 1 in 25,000 and 1
in 50,000, with a 2:1 female predominance [2]. PXE can be caused by over 300 mutations,
located at the ABCC6 (ATP-binding cassette subfamily C member 6) gene [3]. These
mutations lead to decreased serum levels of inorganic pyrophosphate (PPi), which is an
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anti-mineralization factor. As a consequence, fragmentation of elastic fibers and deposi-
tion of calcium salts develop in the mid-dermis of the skin, in the Bruch’s membrane of the
retina and in blood vessels [4]. Histopathological features of PXE are also characteristic
for PXE-like conditions that include PXE-like syndrome with multiple coagulation factor
deficiency [5] and generalized arterial calcification of infancy (GACI, OMIM#614473),
which should be considered in the differential diagnosis [6]. Other dermal elastic tissue
disorders, such as perforating calcific elastosis, late-onset focal dermal elastosis or papil-
lary dermal elastolysis may clinically and histologically resemble PXE, while they mainly
occur in the elderly and lack systemic manifestations [7,8]. Clinical signs of PXE usually
occur during the first two decades of life. In most cases, skin lesions appear first as small,
1-5 mm yellowish papules on the neck, and similar lesions progressively develop at the
periumbilical region and the flexural areas of the extremities, in particular, the axillar,
popliteal and inguinal regions. Later in life, the papules coalesce into plaques and the
skin becomes redundant and loose [9-11].

Ocular manifestations of PXE present most frequently with angioid streaks, that
lead to choroidal neovascularization (CNV) which may associate with oedema, bleed-
ing, chorioretinal atrophy and scars, and consequently loss of central vision [12,13].
The fragmentation of the elastic fibers and the calcification of the lamina elastica of the
medium-sized arteries are behind the cardiovascular manifestations of PXE. These in-
clude premature arteriosclerosis, intermittent claudication, increased risk of early acute
myocardial infarctions and stroke [14].

Dermoscopy (DS) is a widely available clinical tool, yet only a few recent studies
investigated the dermoscopic features of PXE. These include yellowish-white clods, a
light purplish-red background, and reticulated vessels. Yellow or white areas show
differently arranged globules. The pattern of globules can present as dots, irregular
broad or narrow mesh networks or parallel lines that coalesces to plaques. The vascular
pattern appears as a fine reticular network or a pink background [15]. A previous study
assumed that the dermal elastolysis results in the vascular realignment with a linear
superficial vessel appearance [16]. Kawashima et al. described the appearance of DS
images and observed the differences of dermoscopic features between PXE and PXE-like
conditions. They found that the colors of the clods and the background are different, so the
differential diagnosis may be possible based on DS [17]. In pilot studies, high-frequency
ultrasonography (HFUS) and reflectance confocal microscopy (RCM) could detect certain
characteristic features of PXE [18,19]. Ex Vivo nonlinear optical microscopy was also
previously introduced to visualize calcification and fragmentation of elastin fibers in
PXE [20,21], among investigations on other rare disorders [22,23]. However, in vivo use
of this technique was not yet reported in these indications. In a recent study, inflammation
and calcification were detected in PXE-affected skin with 18-FluroDeoxyGlucose and
18F-Sodium Fluoride positron emission tomography-computed tomographic (PET-CT)
imaging [24]. Limitations of this technique are the radiation exposure, low resolution and
high cost.

Autofluorescence (AF) and diffuse reflectance (DR) imaging using light emitting
diode (LED) illumination has been in use since the 2010s [25] and has previously been
utilized to visualize different skin conditions [26-28]. A multispectral LED-based device
prototype was successfully tested in the assessment of skin cancer and the detection of
recurrence in post-operative scars [27,29]. Furthermore, it was capable to distinguish
melanoma from benign lesions, including seborrheic keratosis and pigmented nevi [26].
Compared to other imaging techniques of the skin, it is a fast, cost-effective method
which can be applied conveniently by any physician. The morphological and optical
properties of skin lesions render PXE a strong candidate for successful use of AF imaging.
In particular, the calcium salt deposits in the mid-dermis are expected to give significant
AF signal based on previous spectrometric and ophthalmologic studies [30-32]. In our
present study, in addition to DS, we set out to assess the clinical relevance of AF and DR
imaging to visualize and objectify the skin lesions in PXE patients.
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2. Materials and Methods
2.1. Patient Data

Three female and two male patients were included in this study, with a mean age
of 55 + 8.1 years. All patients were diagnosed and managed with PXE at Semmelweis
University, Budapest, Hungary. Definitive diagnosis of the patients was established based
on the revised diagnostic criteria of PXE [33], including skin biopsy and histological
analysis. The diagnosis of PXE was verified by molecular genetic analysis of the ABCC6
gene in all patients by the Center for Medical Genetics, Ghent University Hospital, Ghent,
Belgium. We evaluated the severity of the disease with the Phenodex score based on
clinical findings of six organ systems [34]. The patients” data are summarized in Table 1.
This study was approved by the Ethics Committee of Semmelweis University, Budapest,
Hungary (SE RKEB No. 228/2018, approval date: 12 December 2018). All involved
patients were informed about the study and signed the required consent.

Table 1. Demographic data and Phenodex score of the PXE patients.

Pt. No. Sex Age (y) Phenodex Score
1 F 53 S3 E3 GO V1 CO RO
2 F 53 S2 E3 GO0 V1C1RO
3 M 69 S3 E3 GO VO CO RO
4 M 52 S2 E3 GO VO C1 R0
5 F 48 52 E2 GO VO CO RO

Pt, patient; F, female; M, male; y, years; S, skin; E, eye; G, gastrointestinal; V, vascular; C, cardiac; R, renal; PXE,
pseudoxanthoma elasticum.

2.2. Dermoscopic and Clinical Image Acquisition

Dermoscopic (Heine Delta 20, Heine Optotechnik GmbH, Herrsching, Germany) and
clinical photos were collected from all PXE-affected skin sites (the neck, the periumbilical
region and the flexural areas, in particular, the axillar, popliteal and inguinal regions) of
the patients.

2.3. Autofluorescence and Diffuse Reflectance Imaging with Narrow-Band LED Excitation

A multispectral LED device prototype was used, as described earlier [35]. AF signal
was excited at 405 nm, while DR images were acquired with 660 and 940 nm LEDs
(SML-LXL8047UVC, Lumex Inc., Ronkonkoma, NY, USA) arranged circularly for uniform
illumination with a power density of 20 mW/cm?. A >515 nm long pass filter was
applied in order to prevent detection of 405 nm LED emission. Measurements were
controlled by the direct skin contact of the device in order to block outside illumination to
achieve consistent data collection. Images were collected with a color CMOS 5 megapixel
IDS camera (MT9P006STC, IDS uEye UI3581LE-C-HQ, Obersulm, Germany) fixed at 60
mm distance from the illuminated skin [36]. The acquired images were automatically
transferred to a cloud server for further data processing and analysis [37].

All affected skin sites of the patients were captured by this multispectral LED device.
Quantitative analyses were carried out using the 405 nm AF channel and 660 and 940 nm
DR images by Image] v1.52a software (NIH, Bethesda, MD, USA). Seven different skin
sites of each patient were analyzed using the images acquired with the three different
illumination wavelength settings. Altogether, 105 images were analyzed. Using the
AF images, the PXE-affected areas were selected manually as regions of interest (ROI)
based on their DS morphology according to patterns described earlier [15,17]. Adjacent
to the affected areas, the uninvolved background skin served as the control group. Then,
we transferred the selected ROI of AF images to DR images. Images were analyzed
using intensity descriptors in comparison to uninvolved skin. We analyzed the mean,
minimum and maximum AF intensity values within the selected ROIs. Intensity values
are expressed as arbitrary units (A.U.) as measured by Image] software.
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2.4. Statistical Analysis

Statistical analyses were performed with GraphPad Prism v9.0.0 software (Graph-
Pad Software Inc., La Jolla, CA, USA) using unpaired two-tailed Student’s t-test. We
considered p-values less than 0.05 statistically significant. All results are expressed as
mean = standard deviation.

3. Results
3.1. Clinical Presentation and Histopathological Features

The clinical photos of the patients showed the characteristic skin changes of PXE
(Figure 1). In the case of Patient 2 or Patient 5, we found moderate skin involvement,
while in the rest of the cases, more extensive, prominent skin manifestations were present.

(c) (e)

Figure 1. Clinical photographs that display the typical cutaneous manifestations of the patients
with pseudoxanthoma elasticum. (a) Patient 1, large coalescent plaques on the wrist (b) Patient 2,
1-2 mm yellowish papules on the right side of the neck (c) Patient 3, redundant, loose skin in the
axilla and 2-5 mm papules on the axilla (d) Patient 4, 2-6 mm papules on the right and dorsal side
of the neck (e) Patient 5, right antecubital fossa, yellow-white flat plaques.

The location of the skin lesions varied between patients. Particularly, while the neck
was affected in all cases, yellowish papules on the periumbilical region were only visible
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in two cases and the chest was affected only in Patient 1. The localization of the patients’
skin manifestations is summarized in Table 2.

Table 2. Affected skin sites of the pseudoxanthoma elasticum patients.

Pt1 Pt2 Pt3 Pt4 Pt5
neck + + + + +
axilla + (+) + + (+)
antecubital fossa + +) + (+) +
popliteal fossa + +) + (+) (+)
inguinal + + + (+)
periumbilical + +
wrist + (+)
chest (+)

Pt, patient; +, clearly visible papules or plaques; (+) mild, poorly visible skin lesions.

Skin biopsy samples were collected from clinically affected skin lesions. The histopatho-
logic findings confirmed the diagnosis of PXE. Typical histological features were observed
with specific stains by light microscopy. Hematoxylin and eosin staining showed disor-
ganized connective tissue structure. Extensive calcium deposits were identified in the
mid-dermis with Von Kossa staining. Weigert’s elastic staining revealed the fragmentation
of mineralized elastin, and van Gieson staining showed abnormal, disrupted collagen
fibers surrounding calcified areas (Figure 2).

Hematoxylin and eosin Von Kossa Weigert’s elastic Van Gieson

Pt3

Figure 2. Histopathological characteristics of skin biopsies of the pseudoxanthoma elasticum patients (Pt) with hematoxylin
and eosin (H&E), von Kossa (VK) staining for calcium deposits, Weigert’s elastic (WE) staining for elastin and van Gieson
(VG) staining for collagen. Scale bars display 100 pm.

3.2. Dermoscopy Images

In the acquired DS images, in most cases, we identified yellowish clods on a light
purplish-red background and reticulated vessels. The pattern of globules appeared as
dots, irregular mesh networks or parallel lines (Figure 3).
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(d}

Figure 3. Representative dermoscopic images of the skin lesions of the patients with pseudoxan-
thoma elasticum. (a) Patient 1, linear pattern on the cubital fossa. (b) Patient 2, dots on the neck. (c)
Patient 3, narrow mesh network on the axilla. (d) Patient 4, broad mesh network on the neck. (e)
Patient 5, plaques of confluent dots and linear patterns in the antecubital fossa. Black markers do
not point to areas of interest, they are used for image alignment (area: 0.125 cm?).

However, there were some clinically affected skin sites where the specific DS features
were absent (Table 3). Namely, in inguinal regions, the typical pattern appeared only
in Patient 1. At the periumbilical region of Patient 1, slightly visible reticulated vessels
and not obviously distinguishable globules could be detected. There were no visible DS
patterns on the chest of Patient 1, the wrist of Patient 4 and the periumbilical regions of
Patient 5.

Table 3. Characteristic dermoscopic features of the affected skin sites of the pseudoxanthoma elasticum patients according
to the nomenclature of Berthin et al. [15] and Kawashima et al. [17].

Structure Pt1 Pt2 Pt3 Pt4 Pt5
globules plaques dots, linear mesh network linear dots, plaques
neck background red brownish purple-red red brownish
vessels reticulated, linear reticulated reticulated reticulated no
globules plaques dots mesh network dots dots
axilla background purple brownish purple-red pink brownish
vessels linear no reticulated no no
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Table 3. Cont.

Structure Pt1 Pt2 Pt3 Pt4 Pt5
bital globules linear linear linear plaque
antecubita background purple-red (non-typical) purple brownish purple
fossa . .
vessels reticulated reticulated no no
globules linear linear linear dots linear
popliteal fossa background purple-red brownish purple pink purple
several . . .
vessels . no reticulated reticulated reticulated
reticulated
globules dots
inguinal background purple (non-typical) (non-typical) (non-typical)
vessels reticulated
globules dots
periumbilical background purple-red (absent)
vessels reticulated
globules plaques
wrist background purple (absent)
vessels reticulated
globules
chest background (absent)
vessels
Pt, patient. Blank cells indicate that DS images were not captured in that region, due to the lack of cutaneous manifestations.
3.3. Autofluorescence and Diffuse Reflectance Imaging
The PXE-affected skin sites of each patient selected for AF and DR imaging are
summarized in Table 4. AF, DR images with narrow-band LED excitation and DS findings
are displayed in Figure 4. PXE-affected skin areas appeared as fields with high AF
intensity with 405 nm LED excitation. With 660 nm illumination, high background skin
DR signal was visible. Images acquired with 940 nm illumination showed unremarkable,
low-contrast DR patterns, or in certain cases, no additional signal was detected.
AF images showed high-contrast signal of the skin lesions even in those sites of
the skin where non-typical or normal DS pattern was visible. AF images acquired from
the antecubital fossa and inguinal region (Figure 4d) of Patient 2 showed a well-visible
affected area compared to DS images where a non-typical pattern was apparent. The AF
image from the inguinal region of Patient 3 showed clearly visible lesions, but the DS
image was non-typical. AF image from the wrist of Patient 4 displayed higher intensity
area, while DS pattern was completely absent (Figure 4h). AF images from the inguinal
(Figure 4i) and periumbilical regions of Patient 5 revealed remarkable high intensity areas,
but the DS images presented non-typical or normal pattern.
Table 4. The investigated skin sites of the pseudoxanthoma elasticum patients.
Pt1 Pt2 Pt3 Pt4 Pt5
Site 1 popliteal fossa popliteal fossa popliteal fossa popliteal fossa periumbilical
Site 2 Inguinal inguinal inguinal axilla inguinal
Site 3 periumbilical axilla inguinal axilla axilla
Site 4 axilla axilla axilla axilla antecubital fossa
Site 5 wrist antecubital fossa antecubital fossa wrist antecubital fossa
Site 6 antecubital fossa neck neck antecubital fossa neck
Site 7 neck neck neck neck neck
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Figure 4. Representative autofluorescence (AF), diffuse reflectance (DR) and dermoscopy (DS) images of the affected skin
sites of the pseudoxanthoma elasticum patients. (a) AF image of the axilla of Patient (Pt) 1. (b) AF, DR and DS images of the
antecubital fossa of Pt 1, showing PXE-specific morphologic structures. (c) AF image of the axilla of Pt 2. (d) AF, DR and
DS images of the inguinal region of Pt 2. AF image reveals a well-visible extensive area with high AF signal. DR images

show barely noticeable pattern. DS image shows no typical pattern. (e) AF image of the antecubital fossa of Pt 3. (f) AF, DR
and DS images of the neck of Pt 3, showing PXE-specific morphologic structures. (g) AF image from popliteal fossa of Pt 4.
(h) AF, DR and DS images from wrist of Pt 4. AF image gives high-contrast signal. DR images are less informative. (i) AF
image of the inguinal region of Pt 5. (j) AF, DR and DS images of the axilla of Pt 5, displaying PXE-specific morphologic
structures. (k) AF images of Pt 5, uninvolved normal skin. (I) AF, DR and DS images of uninvolved normal skin, upper
arm of Pt 5. The size of the images is 2 x 2 cm?. Black markers do not point to areas of interest, they are used for image
alignment (area: 0.125 cm?).

Quantitative analyses revealed significantly higher mean AF intensity values in the
PXE-affected skin areas compared to uninvolved skin (60.74 + 23.86 vs. 43.40 & 16.76 A.U;
p <0.0008, Figure 5a,b). Upon measuring the minimum (36.14 + 15.29 vs. 25.17 4+ 11.66 A.U.;
p <0.0012) and the maximum values (109.8 £ 30.87 vs. 79.69 £ 23.76 A.U.; p < 0.0001) of
AF intensity, we found significantly higher rates in the affected areas (Figure 5b). Analyz-
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ing DR images with 660 and 940 nm illumination of the same field of views, no significant

differences were found.
Pt3 Pt4 Pt5
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Figure 5. Regions of interest (ROI) selection and results of quantitative analyses of autofluorescence (AF) and diffuse
reflectance (DR) images of the skin of the pseudoxanthoma elasticum (PXE) patients. (a) Marked PXE-affected and
uninvolved skin areas as ROI. Patient (Pt) 1, neck; Pt 2, antecubital fossa; Pt 3, axilla; Pt 4, wrist; Pt 5, antecubital fossa. (b)
In the AF images, the investigated parameters were significantly increased in PXE-affected skin compared to uninvolved
skin. Analyzing DR images, no significant differences were found between PXE-affected and healthy skin. * p < 0.05. A.U.,
arbitrary unit.

4. Discussion

Early diagnosis of PXE is crucial to start the immediate management of the disorder
which can delay or stop the progression of the systemic complications. However, to
date, the diagnosis of PXE is usually delayed and often missed. The fact that most
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commonly the first manifestations are subtle, barely noticeable skin lesions poses a further
challenge to diagnose PXE. Therefore, at the time of the diagnosis, ocular or cardiovascular
complications are often already present [38].

For this reason, using a tool that enables an objective detection of the skin manifes-
tations may open new perspectives in the diagnostic algorithm of PXE. DS is a widely
available non-invasive diagnostic method, but it is difficult to notice the DS pattern of
PXE, even for trained dermatologists, and requires practice. Although we also identified
the previously published characteristic DS features in the PXE patients, not all affected
regions show the typical patterns. Furthermore, in some PXE-affected skin sites, DS
signs were completely absent. Also, DS does not allow quantification of the severity of
skin involvement. The other non-invasive diagnostic modalities that may be used for
the assessment of PXE also have major limitations. HFUS and RCM are both expensive
techniques and require special expertise and training, and they are only scarcely available,
mostly at large dermatology centers.

In our images with narrow-band LED excitation, the skin lesions of PXE patients
appeared with different degrees of intensity with the different wavelengths. AF images
were significantly more detailed, while DR images were generally less informative, and
they did not seem to provide a significant benefit compared to dermoscopy. It was
not always possible to distinguish the PXE-affected skin in DR images. In accordance,
our quantitative analyses did not find significant differences between the DR images of
PXE-affected skin compared to uninvolved skin.

AF imaging provides an easy and effective non-invasive diagnostic method, and
probably enables the visualization of skin lesions in PXE. In skin sites which were only
slightly affected by PXE, DS showed atypical pattern or DS signs were not visible. How-
ever, with the LED device, increased AF signal could still be detected. Utilizing an
AF imaging device, we could markedly differentiate the PXE-affected areas from the
uninvolved skin.

We suppose that the higher AF intensity of PXE-affected lesional skin could be
correlated with the light absorption of calcium deposits. The peak of the absorption
spectrum of ionized calcium was shown to be at 422.7 nm findings [30]. However, calcium
deposits in PXE mainly consist of calcium hydrogen phosphate, calcium hydroxyapatite
and, to a minor extent, iron precipitates [39,40]. Among these components, in one report,
calcium hydroxyapatite was shown to harbour fluorescence properties, with a maximum
excitation intensity at 405 nm [41]. However, in the paper, calcium hydroxyapatite was
investigated in the form of nanoparticles. Also, it was not verified that the exact source of
AF signal was calcium hydroxyapatite. As we used identical illumination wavelength of
405 nm, we hypothesise that it may be possible that the AF intensity was also emitted
by calcium hydroxyapatite when present in the skin as a component of calcium deposits.
In addition, calcium phosphate was reported to emit AF at 345 and 470 nm excitation
wavelength using fluorescence microscopy. This could suggest that calcium phosphate
should also give AF signal with 405 nm illumination [42].

Even though we could not measure the exact concentration of calcium deposits in
the skin, we could recognize characteristic pattern of PXE based on the AF signal with
405 nm illumination. Moreover, DR images of the same field of views could be used to
estimate relative absorption and scattering properties of the examined skin lesions. As
seen, the DR images showed high reflection in the exact same areas that showed high
AF signal. According to the optical properties of the skin (including fluorophores and
chromophores), absorbers and scatters have minimal absorption and scattering in the
red and near-infrared (NIR) region [43,44]. In the DR channels of PXE-affected skin,
we could detect increased reflection which presumably is not related to the skin major
chromophores and fluorophores, as they have a minimum absorption and scattering
in the red and NIR region. By comparing the images (AF and DR channels), we could
clearly see that PXE lesions produce high AF intensity signal with 405 nm excitation, as
well as demonstrate high optical reflection visible in DR images with 660 and 940 nm
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illumination. Analyzing the histopathological images, the structures responsible for high
AF signal should be calcium deposits. However, the origin of high AF and reflection
signal could be attributed to main tissue compounds present among calcium deposits
visualized by histology. The mineralization of elastin fibers and alterations of the collagen
structure are also histopathological features of PXE [21]. Therefore, in addition to calcium
compounds, elastin and collagen as endogenous fluorophores could also be responsible
for the increased AF signal [45]. Additional studies would be necessary to clarify the
exact origin of high AF signal in PXE lesions under 405 nm excitation. Also, identification
of the optimal LED illumination wavelength for AF could further increase the selectivity
of the imaging for skin lesions of PXE.

In this work, in addition to DS, we performed quantitative AF imaging and suc-
cessfully distinguished PXE-affected skin from uninvolved skin areas using intensity
descriptors with the aim to objectify the degree of skin involvement. A recent retro-
spective clinical study of 125 PXE patients found a significant correlation between the
number of the PXE-affected skin sites of and the occurrence of severe cardiovascular
events and/or ophthalmological complications [46]. In addition, in a smaller cohort of
14 patients, similar results were reported regarding the cardiovascular involvement [47].
These studies indicate that the accurate assessment of the skin manifestations could also
indicate the degree of systemic involvement in PXE and could harbor great prognostic
value in the future.

Here, we introduced a LED-based fluorescence imaging device as a potential non-
invasive diagnostic tool for the assessment of the skin of PXE patients. Our results
demonstrate that AF imaging is capable of the in vivo detection of PXE-affected skin and
the quantification of the severity of the skin lesions of PXE patients. Moreover, it is a safe,
fast and cost-effective diagnostic approach. AF imaging may be also used to objectively
monitor the efficacy of the possible novel therapeutic approaches of PXE in the future.
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Abstract: Actinic keratosis (AK) is one of the most common precancerous skin lesions, which is
easily confused with benign keratosis (BK). At present, the diagnosis of AK mainly depends on
histopathological examination, and ignorance can easily occur in the early stage, thus missing the
opportunity for treatment. In this study, we designed a shallow convolutional neural network (CNN)
named actinic keratosis deep learning (AK-DL) and further developed an intelligent diagnostic system
for AK based on the iOS platform. After data preprocessing, the AK-DL model was trained and
tested with AK and BK images from dataset HAM10000. We further compared it with mainstream
deep CNN models, such as AlexNet, GoogLeNet, and ResNet, as well as traditional medical image
processing algorithms. Our results showed that the performance of AK-DL was better than the
mainstream deep CNN models and traditional medical image processing algorithms based on the
AK dataset. The recognition accuracy of AK-DL was 0.925, the area under the receiver operating
characteristic curve (AUC) was 0.887, and the training time was only 123.0 s. AniOS app of intelligent
diagnostic system was developed based on the AK-DL model for accurate and automatic diagnosis of
AK. Our results indicate that it is better to employ a shallow CNN in the recognition of AK.

Keywords: actinic keratosis; AK-DL; intelligent diagnostic app; mainstream deep model

1. Introduction

Actinic keratosis (AK), also called senile keratosis, is usually caused by long-term exposure to
sunlight or ionizing radiation [1,2]. It is one of the most common precancerous skin lesions and
presents as reddish brown or yellow macules or small plaques with clear boundary. The theory of
field cancerization postulates that the skin encircling AK is also at increased risk of possible malignant
transformation because it has suffered from the same chronic ultraviolet light [3]. Early medical
diagnosis and treatment are believed to delay the development of AK and the cancerization of the
skin surrounding it [3-5]. However, AK can be easily confused with benign keratosis (BK), such
as seborrheic keratosis (S5K). At present, the clinical diagnosis is mainly based on histopathological
examination with a lengthy and complicated process [6-9].

With the development of computer vision, image recognition based on deep learning is increasingly
being used in medical diagnostics [10-15], including cancer identification, histocyte classification,
tumor image segmentation, etc. Kawahara et al. [16] used convolution neural network (CNN) early
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on to classify dermatologic images and achieved good results. Kaur et al. [17] demonstrated that the
classification accuracy of hybrid deep learning method could reach up to 82.0% among six kinds of
skin images, which was better than the traditional CNN models. Romero-Lopez et al. [18] exploited
VGGNet to classify benign and malignant types of skin cancer and achieved a classification accuracy
of 78.66% based on the International Skin Imaging Collaboration (ISIC) dataset. Harangi et al. [19]
incorporated softmax layer outputs of four different neural architectures for intelligent diagnosis of
melanoma and eventually found that this method was superior to single neural network. Generally,
research on the use of machine learning to identify skin diseases is dominated by mainstream deep
CNNs, which are characterized by long duration of training and high requirement of arithmetic facility.
Recent studies have found that the performance of shallow CNNs are not worse, but even better,
than deep CNNs in some cases [20,21]. However, such results have not been found in dermatology,
especially in recognition of AK. The excellent image identification of actinic keratosis based on a
shallow CNN should have high accuracy, high efficiency, and low requirement for operating equipment
so that it can improve the efficiency of clinical diagnosis and facilitate self-monitoring and prevention
of skin cancer.

In this study, we designed a new CNN model named actinic keratosis deep learning (AK-DL),
which includes two convolutional layers and a max pooling layer, to recognize actinic keratosis.
We then compared it with the current mainstream deep CNNs of skin mirror diagnosis, such as
AlexNet, GoogLeNet V1, and ResNet-50, as well as traditional medical image processing methods.
Finally, an iOS app of intelligent diagnostic system was developed based on the AK-DL model.

2. Materials and Methods

2.1. Data Acquisition

A public dataset HAM10000 (collected by the following two departments over a period of
20 years: the Department of Dermatology at the Medical University of Vienna, Austria, and the skin
cancer practice of Cliff Rosendahl in Queensland, Australia) from the ISIC dataset was employed [22],
consisting of 100,015 skin images belonging to 7 common skin diseases. It is worth noting that each
mirror in this dataset has been strictly confirmed by dermatologists. A part of the data was used in our
study, including 327 skin images diagnosed as AK and 1099 skin images diagnosed as BK (Table S1).
To our knowledge, there has been no study using keratosis images alone from the ISIC dataset.

2.2. Data Preprocessing

Preprocessing, an indispensable step in computer vision, transforms the initial image into a form
that can be computerized. The operations of preprocessing in this study included data augmentation,
image enhancement, and color space conversion.

Due to the imbalance of categories in this dataset, the data was augmented to improve the
robustness of the model and enhance its generalization ability. The methods of data augmentation
usually contain image rotation, image flip, random cropping, adding noise, etc. Considering the fact
that the number of AK images was limited, the images were rotated 90 degrees, horizontally flipped,
vertically flipped, and 1308 derived samples were finally produced. Data augmentation can not only
avoid the poor training results caused by unbalanced data but also prevent overfitting caused by a
small dataset.

To improve the image quality and easily identify key features, images are often enhanced by
several methods, such as histogram equalization, contrast enhancement, Gamma correction, etc. In our
study, histogram equalization was performed on the amplified images to highlight the texture region
of keratosis. Furthermore, the color space of images was converted into Lab space from RGB space
for the expansion of color gamut. Lab space has a wider color gamut than RGB and CMYK and is
thus a great compensation for the uneven distribution of RGB and CMYK color modes. Additionally,
Lab space separates brightness from color; the L channel has no color, while the a and b channels have
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color, so the adjustment operation is simple and easy for computer processing. The preprocessing of
images is shown in Figure 1.

Pul el (IR
Gl [0 JOB RO

Figure 1. Comparisons of skin images before and after preprocessing. (A-F) Actinic keratosis (AK)

images before preprocessing, (G-L) benign keratosis (BK) images before preprocessing, (M-R) actinic
keratosis images after preprocessing, (S—X) benign keratosis images after preprocessing.

2.3. Models Building

Since Lecun et al. [23] first proposed the classic CNN model LeNet-5 in 1999, more and more
mainstream deep learning algorithms have been applied in the field of medical images. AlexNet
appeared in 2012, followed by VGG, GoogLeNet, ResNet, and other deep CNNSs. In this study;,
we investigated a new deep learning model named AK-DL and compared it with the current
mainstream algorithms of medical diagnosis (AlexNet, GoogLeNet, and ResNet). All building and
training processes of the models were carried out in Windows 10 operating system with CPU Intel
Core 17-6700HQ (3.5 GHz, 4 GB memory).

2.3.1. AK-DL Model

As a classic CNN architecture, the input layer size of the LeNet-5 model is 28 x 28 x 1. The input
image is handwritten numeral, and its texture information is simple. However, the texture information
of the keratosis image in the present study was relatively complex, so the input layer size was modified
to 64 x 64 x 3. The aim of the convolutional layer is to extract different characteristics of the input,
and two convolutional layers were set in the AK-DL model. The core parameters of the convolution
operation were as follows: the size of the convolution kernel was set as 5 x 5, the convolution stride
length was set as 1, and the padding was set as 2. The number of types on the two convolutional layers
were set as 6 and 16, respectively. The pooling layer, which is mainly used for feature dimensionality
reduction, can reduce the number of parameters, prevent overfitting, and improve the fault tolerance
of the model. In this research, a max pooling layer was adopted after the first convolutional layer to
construct a neural network, and a 2 x 2 sampling window was used to control the reduction rate of the
feature map. Usually, the fully connected layer is used to highly purify the features extracted by the
convolutional layer, and it can thus play an important role in mapping the distributed feature with
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representation of the sample space. In our research, a fully connected layer after the last convolutional
layer was added in the AK-DL model.

The traditional shallow CNN model has a certain shortcoming in generalization ability, resulting
in overfitting in the case of insufficient data. Considering the relatively small amount of keratosis
images, the dropout layer was introduced following the fully connected layer to prevent overfitting.
During training, dropout can discard some neurons in the hidden layer with a certain probability,
resulting in changes of the network structure. The whole process of dropout is equivalent to taking the
average value of multiple different neural networks. In other words, different networks have different
overfitting, and some “inverse” overfitting can cancel each other out to reduce overall overfitting;
to some extent, it can also reduce the complex coadaptation among neurons to achieve regularization
effect. After several tests, it was found that dropout was performed the best when set as 0.5.

The activation function of traditional CNN models is the sigmoid function, which is prone to
having the vanishing gradient problem and easily leads to failure because of its soft saturation. Instead,
the ReLU function is often employed in CNN models as the activation function, which could alleviate
the vanishing gradient problem. Compared with the sigmoid function, it is not necessary to calculate
the exponent for the ReLU function when calculating the activation value, so it is faster than the
sigmoid function. However, the ReLU function is “fragile” in the training process when applied at a
rapid learning rate, resulting in unsuccessful training. To solve this problem, the LeakyReLU function
was finally used in the AK-DL model as the activation function. This function introduces a Leaky
value into the negative half interval, and the function output has a small slope to the negative value
input. After several experiments, it was found that the recognition accuracy of actinic keratosis was
the highest when the Leaky value was set as 0.01. The network architecture of the AK-DL model is
shown in Figure 2.

Conv-1 Max Conyv-2 Fully
Original Data Preprocessing (5X5) Pooling (5x5) Connected AK
Kernel (2X2) Kernel Layer ¢ fmax
1 Layer [ a Ia
v“-\;\.\
S\
N

BK

LeakyReLU LeakyReLU Dropout

Figure 2. The network architecture of the actinic keratosis deep learning (AK-DL) model.

2.3.2. AlexNet Transfer Learning

The AlexNet model was proposed by Alex Krizhevsky in 2012 and won the 2012 ILSVRC
competition. This model has 8 neural network layers, including 5 convolutional layers (3 convolutional
layers are followed by the max pooling layer) and 3 fully connected layers, with 630 million links,
60 million parameters, and 650,000 neurons [24]. In this study, AlexNet was used for transfer learning.
First, 1000 kinds of natural images from ImageNet were pretrained to get the initialization model.
Then, the number of neurons in the output layer was changed to 2, and the last layer was updated.
Transfer learning can alleviate overfitting caused by insufficient data and improve training efficiency.
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2.3.3. GoogLeNet Transfer Learning

The GoogLeNet model was the champion of 2014 ILSVRC challenge. Unlike AlexNet, GoogLeNet
has a total of 22 layers. In order to avoid the problem of vanishing gradient in deep network, two losses
at different depths are added into GoogLeNet to prevent gradient vanishing. In addition, GoogLeNet
possesses modular unit inception, which not only increases the accuracy of classification but also greatly
reduces the number of inputs. The modified inception unit was used in this study, including 9 inception
modules (the GoogLeNet V1 architecture). In order to improve training efficiency, transfer learning
was also applied to GoogLeNet in this study. After pretraining based on ImageNet, three layers (fully
connected layer, softmax layer, and classification output layer) were added to the last three layers of
the original network. Meanwhile, the learning factor of the fully connected layer was increased to
make the learning rate of the new layer higher than the original layer. Finally, the last transport layer
in the network (pool5-drop_7 x 7_s1) was connected to the new layer.

2.3.4. ResNet Transfer Learning

The ResNet model, which was first proposed in 2015 and won first place in the classification task
in the ImageNet contest, has been extensively used for medical image processing [25-27]. In this study,
classical architecture ResNet-50 was employed for transfer learning. After pretraining 1000 kinds of
natural images from ImageNet, the initialization model was obtained, and the transfer process was
then completed following the method mentioned above.

2.4. Traditional Machine Learning

The traditional algorithms of medical image processing were also introduced and compared in
order to verify the superiority of AK-DL. The Histogram of Oriented Gradient (HOG) of the image was
employed as the feature vector of the classifier input. The image resolution was modified to 200 x 200,
the cell size was set as 32 x 32 pixels, and each block contained 2 X 2 cells. Finally, a 900-dimension
feature vector was extracted from each sample. In this study, the classical machine learning algorithm
classifiers employed included support vector machine (SVM), random forest (RF), and k-nearest
Neighbor (KNN).

2.5. Parameter Optimization

Four parameters, namely, Momentum, InitialLearnRate, MiniBatchSize, and L2Regularization,
were optimized with the Momentum optimizer in the CNN training process. A weighted average of
the movement index based on the gradient was calculated by the Momentum optimizer, which could
accelerate the learning process when facing small and continuous gradients with a lot of noise.
The optimized parameters are shown in Table 1. In addition, optimization of the traditional classifiers
were also performed in the training process.

Table 1. Convolutional neural network (CNN) parameters.

Parameters AK-DL  AlexNet Transfer GoogLeNet Transfer ResNet Transfer
Momentum 0.9 0.6 0.9 0.7
InitialLearnRate 0.0001 0.0001 0.0001 0.0001
MiniBatchSize 10 20 15 20
L2Regularization 0.0005 0.0001 0.0001 0.00001

2.6. Evaluation Indexes

In this study, accuracy (Acc), sensitivity (Sens), specificity (Spec), precision (Prec), Matthews
correlation coefficient (MCC), and area under the receiver operating characteristic curve (AUC) were
included as evaluation indexes. The calculations for Acc, Sens, Spec, Prec, and MCC are given
below. In addition, considering the impact of training time of the model, the training time was also
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investigated. A 10-fold cross-validation was applied in the present study, meaning that 10% of the data
was chosen randomly as the test data and the rest as the training data for 10 times. The mean values of
the evaluation indexes from the 10-fold validation were calculated as the final values.

Ace =7y +¥;J]L€JI\DI+FP M
Sens = TPZ—PFN 2)
Spec = TNT—JI:]FP 3)
Prec = %fFP 4)

TP X TN —FPXFN 5)

~ J(TP+ FP)(TP + EN)(TN + FP)(TN + FN)

where TP (true positive) is the proportion of the positive samples correctly classified, FP (false positive)
is the proportion of negative samples incorrectly classified, TN (true negative) is the proportion of the
negative samples correctly classified, and FN (false negative) is the proportion of positive samples
incorrectly classified.

3. Results

3.1. Comparison of AK-DL with Machine Learning Models

Based on the dataset of keratosis, although AK-DL had a relatively simple architecture,
its performance was better than the mainstream deep CNN models, including AlexNet, GoogLeNet,
and ResNet. The accuracy of AK-DL was the highest (92.5%) compared with the other models (Table 2),
and its AUC was also the highest among all the CNN models (the corresponding receiver operating
characteristic curves (ROC) are shown in Figure 3). It is noteworthy that the average training time of
AK-DL (123.0 s) was far less than AlexNet (2426.0 s), GoogLeNet (13,761.0 s), and ResNet (15,488.0 s),
suggesting that this shallow CNN model had the highest practical value in commercialization, and it
was thus possible to develop a convenient and rapid diagnostic system of keratosis.

Table 2. CNN model comparison.

CNN Models Acc Sens Spec Prec MCC  Training Time (s)
AK-DL 0.925 0.938 0.909 0.924 0.848 123.0
AlexNet 0.862 0.908 0.815 0.832 0.727 2426.0
GoogLeNet 0.874 0.874 0.875 0.901 0.746 13,761.0
ResNet 0.774 0.829 0.721 0.740 0.553 15,488.0

We also calculated the evaluation indexes of traditional processing algorithms and compared
them with the results of the AK-DL model (shown in Table 3 and Figure 4). Although SVM had the best
classification performance among the traditional algorithms with an accuracy of 79.1% and AUC of
0.749, the AK-DL still had obvious advantages according to its higher accuracy and AUC. Remarkably,
the training time of the traditional processing algorithms was less than the AK-DL model due to the
simplicity of the model architecture.
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Figure 3. Receiver operating characteristic curves (ROC) of CNN models.

Table 3. Comparison of AK-DL and traditional machine learning algorithms.

Models Acc Sens Spec Prec MCC Training Time (s)
AK-DL 0.925 0.938 0.909 0.924 0.848 123.0
HOG+K-NN 0.713 0.954 0.511 0.619 0.506 12.4
HOG+RF 0.778 0.796 0.763 0.735 0.557 20.1
HOG+SVM 0.791 0.780 0.800 0.766 0.579 20.2
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Figure 4. ROC curves of AK-DL and traditional machine learning algorithms.
3.2. Intelligent Diagnostic System

To achieve the end-to-end mode of the keratosis diagnostic system and to make it convenient
for people to easily examine their skin condition in real time, we developed an intelligent diagnostic

49



Diagnostics 2020, 10, 217

system on iOS using the AK-DL model. The development language was objective-C, and the iOS SDK
was used to build the development environment. The workflow of the system is as follows (Figure 5).
Firstly, the video input stream from the iPhone camera is obtained, and representative frames are then
extracted and sent to the server. Secondly, the server employs PHP to execute Python commands,
and the obtained frames are sent to the trained AK-DL model via tube (the AK-DL model requires
the input format to be RGB image, and all images are scaled to the unified image size of 64 X 64 x
3). Thirdly, the server transforms the background into binary data and sends it to the trained model.
Finally, the output value predicted by the model will feed back to the users. The diagnostic interface is
shown in Figure 6.

Begin

Y

Use iPhone
—®| camara to
get video

(]

Take video
frame to
server

Y

Image size Actinic
g . keratosis Output
processmng "Actinic
keratosis!"
Provide "Call
Use traned model to Doctor"
recognize button to call
doctor
Output
: . "Benign
Output Benign keratosis keratosis!"
"Normal (such as seborrheic
skin" keratosis)

]

Figure 5. Flow chart of intelligent diagnostic system of keratosis.
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Figure 6. Diagnosis system interface of keratosis built on iOS. (a) Normal skin, (b) benign keratosis,
(c) actinic keratosis.

4. Discussion

In this study, a new shallow CNN named AK-DL was designed to recognize AK instead of
adopting mainstream CNN architecture. The network depth was compressed in the AK-DL model to
shorten training time, and specific choices in optimizer, activation function, and other aspects could
improve the performance of the model. In order to prevent overfitting caused by insufficient and
unbalanced image data, data augmentation and dropout layer were used in this study. Our results
showed that this network possessed an outstanding performance in recognizing AK.

As there are few related studies on using deep learning algorithms to diagnose AK, we compared
the results of our study with some latest studies of other skin diseases. Li et al. [28] used the deep CNN
Inception-V3 for training and then made a classification test on 2000 melanoma mirror images, resulting
in a final AUC value of 0.8000. Similarly, Codella et al. [29] combined deep CNNs, sparse coding,
and SVM to identify melanoma and some atypical lesions and made a cross-validation on 2624 data
samples, eventually obtaining an accuracy of 0.7390, a sensitivity of 0.7380, and a specificity of 0.7430.
However, not all deep CNNs perform well in the recognition of skin diseases. Mirunalini et al. [30]
employed GoogLeNet transfer learning based on a melanoma dataset of 2000 samples from ISIC,
and only an overall accuracy of 0.6580 was obtained on the validation set. It is worth noting that
the AK-DL model, a shallow CNN, was more effective than the abovementioned studies based on
deep CNNs, with the accuracy reaching up to 0.925, while the sensitivity, specificity, and AUC were
0.938, 0.909, and 0.887, respectively. A comparison of AK-DL with the current mainstream deep CNNs,
such as AlexNet, GoogLeNet V1, and ResNet-50, based on the same dataset of skin keratosis also
reflected the superior performance of AK-DL. Theoretically speaking, deep CNN can extract more
feature information for recognition. However, the textural features of skin keratosis are relatively
simpler compared with the pathological images of breast cancer, lung cancer, colorectal cancer, etc. It is
possible that, based on the feature extraction of special images with sample texture, the capacity of
shallow CNN is not lower, and may be even higher, than deep neural networks. In contrast, considering
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the fact that deep CNN models have more convolution layers, the characteristics extracted are more
complex and prone to overfitting when the image dataset is relatively small.

Additionally, we compared the result of AK-DL with other studies using traditional machine
learning algorithms, and it also supported the superiority of the AK-DL model. Vasconcelos et al. [31]
proposed a new color evaluation method and then applied feature selection and machine learning
classification, resulting in an identification accuracy of 0.7775 and 0.8138 on two smaller public datasets,
respectively. Ohki et al. [32] used the RF model, a traditional classifier, to automatically classify
1148 skin images (including 980 melanocytic nevi and 168 melanomas) and acquired sensitivity of
0.7980 and specificity of 0.8070 after taking a 10-fold cross-validation. It is worth noting that the
performance of AK-DL, a shallow CNN, was better than the abovementioned traditional machine
learning methods. This might be due to the inherent shortcomings of traditional machine learning,
including the dependence of manual feature extraction and the incomplete reflection of data. On the
contrary, the convolution layer was employed in AK-DL to extract features, which could extract image
details with end-to-end recognition patterns.

It is worth noting that the efficiency of the AK-DL model (123.0 s for training time) was
significantly lower than the deep neural networks, including the AlexNet (2426.0 s), GoogLeNet
(13,761.0 s), and ResNet (15,488.0 s) models. Considering the fact that a high recognition accuracy
(0.925) was achieved, our results show that shallow CNNs, such as AK-DL, can reduce the training
time as well as ensure effectiveness of the model, thus contributing to a reduction in training costs.
Therefore, it is possible to develop this real-time image recognition technique with high-accuracy as a
supplementary diagnostic method for skin keratosis. It should be pointed out that the AK-DL model
was only confirmed in the keratosis dataset, and the application of a shallow CNN thus needs more
research and further exploration.

Actinic keratosis is prone to occur in sun-exposed areas in middle-aged and elderly people. It is
a type of precancerous skin lesion caused by sun damage. If not actively treated, it may turn into
squamous cell carcinoma [33,34]. According to statistics, the prevalence rate of actinic keratosis in
Europe, the United States, and Australia has reached 4.5% to 60.0% [35]; therefore, early and active
interventions should be advocated. In many cases, this disease is easily confused with BK, which is
easily ignored, and diagnosis needs to be observed through pathological examination with a relatively
complex process. In view of the situation above, it is of great significance to develop a portable app for
accurate automatic diagnosis of AK. A portable app would not only provide real-time monitoring,
such as in family doctor services for middle-aged and elderly groups, but also help complete the task
of clinical diagnosis with high efficiency and low cost. Based on this, we applied our own AK-DL
model to complete the development of the software and tried to put it into service. The AK-DL model
performed best in the practical application of this app due to its high diagnostic accuracy and low
training cost. In future, we will continue to improve the app service functions and actively promote
it gradually.

In order to highlight the characteristics of deep learning for AK diagnosis, we only selected the
mature and mainstream technologies for comparison. Actually, several novel methods have recently
been developed to diagnose AK. Spectral diagnosis of skin precancerous lesions possesses noninvasive
characteristics, which draws conclusions by analyzing and summarizing the spectroscopy information
of skin components [36,37]. Compared with neural networks, this method is more accurate, although
its analysis is more complicated. Additionally, employing the Markov chain model [38] or traditional
statistical methods based on the high-throughput sequencing data of human skin microbial community
is also one of the methods for diagnosing AK, but the cost is obviously much higher. Moreover, several
other technologies, including Antera 3D technology [39,40], in-vivo or ex-vivo reflectance confocal
microscopy (RCM) [41,42], and dermoscopy analysis [43], have been employed for the diagnosis
of skin diseases and monitor them after treatment. The detection effect of these abovementioned
methods have been verified in actual application, which are considered relatively effective, but their
equipment cost and operation complexity are higher than the model proposed in our study. The

52



Diagnostics 2020, 10, 217

requirements of equipment for the AK-DL model are relatively lower and the equipment operates
simply, which provides the possibility of portable diagnosis.

5. Conclusions

Considering the complexity of diagnosis and the lack of attention during the early stage of AK,
a shallow CNN named AK-DL was designed to promote the rapid recognition of AK with high
accuracy. Our findings showed that the AK-DL model had the best performance in recognition of AK
compared with mainstream deep CNNs (AlexNet, GoogLeNet, and ResNet) and traditional machine
learning algorithms (SVM, RE, and KNN). Based on the AK-DL model, an intelligent diagnosis system
of AK was developed to satisfy real-time and portable diagnosis. The results of the present study
indicate that it is better to employ a shallow CNN in the recognition of AK, and further studies
are warranted to determine whether the application of a shallow CNN may promote real-time and
automatic diagnosis of other skin diseases. One limitation of this study is that we only validated the
detection performance of AK-DL on the images of AK and BK. In real-life diagnosis of skin diseases,
only a fraction of precancerous skin lesions are AK. Thus, we would not be able to detect precancerous
skin in areas not yet visibly affected by AK due to the lack of relevant training images. In order to
carry this work into real clinical setting, a large-scale database that covers different precancerous skin
lesions must be built to further train and evaluate the different algorithms.
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Abstract: Psoriatic arthritis is a significant medical condition with a high prevalence, a wide variety
of non-specific symptoms, and a high degree of overlap with other spondylarthritis disorders,
particularly ankylosing spondylitis. Hence, knowledge of the magnetic resonance imaging (MRI)
manifestations and a multidisciplinary strategy are required for the better management of these
patients. We searched publications from the last 10 years and focused on the most relevant ones which
discussed the classification criteria, the MRI characteristics of axial psoriatic arthritis, the importance
of MRI for follow up, and the reliability of skin and synovial biopsy. Axial spondylarthritis can be
diagnosed and followed up on using the well-established MRI technique and, additionally, a biopsy.
The analysis and concordance between them can provide new directions for future studies.
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1. Introduction

Spondylarthritis (SpA) represents a group of rheumatic diseases that include anky-
losing spondylitis (AS), axial and peripheral spondylarthritis, psoriatic arthritis (PsA),
inflammatory bowel disease-associated spondylarthritis (IBDSpA), reactive arthritis and,
non-radiographic axial SpA. They all have some standard features, including pain, stiffness,
axial involvement, arthritis, dactylitis, enthesitis, and a high prevalence of the HLA-B27
allele. There are multiple terms to indicate patients with axial PsA, such as psoriatic
spondylitis (PS), axial psoriatic arthritis (axPsA), or psoriatic spondyloarthritis [1].

Initially, PsA was considered part of rheumatoid arthritis (RA) until psoriasis (PsO)
was linked to aggressive forms of inflammatory arthritis that had a different articular
pattern from RA, affecting the distal interphalangeal joints and the sacroiliac joints. After
discovering the rheumatoid factor, they were classified into two different entities. Even
so, the rheumatoid factor is not specific to RA, and a false-positive test might mislead
the diagnosis of PsA [2]. It is a potentially debilitating disease, affecting 0.4 to 2% of the
general population and up to 19.7% of patients with skin or scalp psoriasis. It has a higher
prevalence in Europe—22.7%—with the mean age of individuals with axial PsA being
around 51 years old [3]. It does not have a male or female predilection, compared with
other arthropathies. On the other hand, axPsA symptoms can develop in older patients,
unlike for AS. SpA develops at a younger age and is more prevalent in males who are
HLA-B27-positive [4-7]. There are two phenotypes of PsO: type I (85% of patients) is
characterized by the beginning of symptoms in young adults before the age of 40, often
with a severe evolution; and type 2 (15%) beginning in patients after the age of 40 with a

milder evolution [8].
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A multicenter European study involving 1560 subjects in 2006 showed that 31% of
patients with psoriasis might develop PsA after 30 years, with the prevalence increasing
over time [9], unlike the pediatric population where arthritis occurs prior to psoriatic skin
lesions up to 10 years, typically in children before the age of 10, while only 2% of children
with psoriasis will encounter juvenile idiopathic arthritis (JIA) [10,11]. Psoriatic arthritis
is an immune-mediated, inflammatory, multifactorial disorder in genetically susceptible
patients. In a genetically predisposed individual, factors such as obesity, infections, articu-
lar trauma (sprain or dislocation), or skin trauma (triggering the Koebner phenomenon)
can lead to a self-sustained immune response and clinical manifestations [12]. The spondy-
loarthropathies are characterized by articular and periarticular inflammatory modifications,
with a destructive evolution, different from mechanical changes in non-inflammatory
conditions [13].

Radiological involvement can be observed late in the evolution of inflammatory
changes, so MRI evaluation has gained more and more ground in recent years in the early
diagnosis of PsA. However, there needs to be more international consensus regarding the
definition of axPsA [14].

In recent years, papers concerning PsA and its extra-articular manifestations have
been published, but the features of axPsA are still a matter for debate. Most axPsA
patients have associated peripheral articular involvement, which has been widely studied.
However, axPsA is still challenging to diagnose due to its unspecific symptoms and
biological findings [15].

Collaboration between dermatologists and rheumatologists is essential, as they have
an important role in diagnosing PsA, since psoriasis might precede arthritis by 7-12
years [16]. Screening patients with psoriasis without initial articular rheumatic features
and identifying the early signs is fundamental for preventing irreversible evolution, joint
damage, and function loss.

MRI allows for the assessment of morphological details in axial and peripheral articu-
lations without ionizing radiation. Its main limitations are high costs and the fact that it is
a time-consuming procedure [16].

We reviewed the literature from the past 10 years for publications about MRI find-
ings in axPsA. MRI is a well-established technique for diagnosis and follow-up in axial
spondylarthritis but has not been studied extensively in axial PsA.

2. Materials and Methods

We performed searches from January 2013 to May 2022 to identify articles referring
to MRI findings in axial PsA, as detailed in Figure 1. We used keywords such as “axial

s a7

psoriatic arthritis,” “MR”, “MRI,” “spondylarthritis”, “biopsy”, “psoriasis”, “psoriasiform”,
“sacroiliitis”, “inflammatory back pain”, “juvenile idiopathic arthritis”, “juvenile idiopathic
psoriatic arthritis”, “dactylitis”, “treatment”, “side effects”, and “DMARDs” in the PubMed,
ScienceDirect, and SpringerLink electronic databases. We selected 96 studies and reports
that we have cited in our review. Among these, a list of the most relevant articles is shown

in Table 1.
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Figure 1. PRISMA flow chart of our study research.

Table 1. Most relevant selected articles cited in this review.

Author Year Study Population Provided Information
Braga et al. [17] 2020 45 patients
Benavent et al. [18] 2021 3684 patients
Feld et al. [19] 2021 1354 patients MRI sacroiliitis evaluation
Furer et al. [20] 2021 107 patients
Diaz et al. [21] 2022 93 patients
Castillo-Gallego et al. [22] 2013 76 patientes Assement of inflammatory and structural
Ye et al. [23] 2019 121 patients damage
Poggenborg et al. [24] 2015 48 patients
Jadon et al. [25] 2017 402 patients
Gensler et al. [26] 2020 203 patients Comparison with other SpA entities
Salinas et al. [27] 2021 139 patients
Abdelaziz et al. [28] 2021 100 patients
Arnbak et al. [29] 2016 1037 patients
Yap et al. [30] 2018 171 patients Inflammatory back pain prevalence, MRI
Aydin et al. [31] 2017 1195 patients findings, and clinical correlations
Kivity et al. [32] 2018 224 patients
Zisman et al. [33] 2017 361 patients . . N
Ekelund et al. [34] 2017 440 }I:atients ]uvem.le 1.d10pat1.c a.rthrltls, risks of
Brandon etal. [11] 2018 26710 patients psoriasis association, and other
Lamot etal. [35] 2021 71 patients comorbidities
Jawad et al. [36] 2022 335 patients Treatment side effects
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3. Results
3.1. Clinical Manifestations

PsA might be a challenge in terms of diagnosis, mainly because of the absence of any
specific biomarker. Patients often complain of long-standing back pain with an insidious
onset before any other symptoms. The rheumatologist needs to differentiate between
inflammatory back pain (IBP) and mechanical back pain (MBP), as both of them may
occur in axPsA patients and their accurate differentiation allows for appropriate treatment
administration [30,37] (Table 2). Patients with IBP usually complain of lower back stiffness
in the morning for at least 30 min, with no improvement at rest, sometimes waking patients
at night or early in the morning, with an improvement in symptoms after starting physical
activity and a good response to non-steroidal anti-inflammatory drugs (NSAIDs) [15].
Typically, IBP last over 3 months, with a gradual onset in middle-aged adults, under
40 years old; however, studies have revealed that 45-55% of axial PsA patients do not
report IBP symptoms [30]. In contrast, MBP may occur at any age, typically over 50 years
old, with an improvement in symptoms at rest and worsening with movement, and an
insidious/acute onset.

Nonetheless, IBP cannot be used as a specific criterion since it is typical of other subsets
of SpA and even more frequent in AS patients [4]. AS patients report more frequent and
intense spinal pain, while axPsA is associated more frequently with dactylitis, enthesitis
and peripheral arthritis, and worse peripheral destruction, and only 4% of the patients
have pure axial disease [25,28,38]. Additionally, Abdelaziz et al. revealed that psoriatic
nail dystrophy and dactylitis are exclusively seen in axPsA patients, which may help in
the differentiation of these two entities [28]. Most of the classification criteria use clinical,
genetic, laboratory, and imagistic information, but many signs and symptoms are not
specific to a particular subset of SpA. The classifications have a sensitivity and specificity
that do not generally exceed 80% [39]. They define a homogenous group of patients that
are easier to study [40].

Table 2. Differences between IBP and MBP.

Pain Features IBP MBP

Age <40yo >50 yo

Onset Insidious Variable

.. During the night, .

Timing can wake the patient. Daytime
With physical activity, With rest,

Improvement . :
no improvement at rest. movement may worsen the pain.
NO history of back injury or heavy History of back injury or

Diaenosis work load; heavy work load;

& Alternating buttock pain; No or minimal response to NSAIDs
Favorable response to NSAIDs. *,
<4 weeks; persisting pain needs
. additional tests and imaging
Duration >3 months (HLA-B27, acute phase reactants,
MR, clinical examination).
. Anywherg; the p.rox1ma1/.dlstal third or Anterior mid-third of sacroiliac
Location the posterior region are highly . .
. joints, often bilateral.

suggestive.

Treatment See Figure 2. Physiotherapy, NSAIDs,

corticosteroids, when necessary.

* NSAIDs, nonsteroidal anti-inflammatory drugs.
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IA steroids injections ) o
long term use is contraindicated
(in peripheral involvement)
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1NOMN response recommended for MTX, SSZ, LFN
peripheral forms
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“~

ERSNET s A
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TNFi +MTX OR other TNFi biologic/ IL17 agent/ JAKi
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ADA, adalimumab; APR, apremilast; 8DMARDs, biologic disease-modifying antirheumatic drugs; csDMARDs, conventional synthetic disease-
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1

1

1

1
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-
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modifying antitheumatic drugs; CTZ-PEG, certolizumab pegol; ETN, etanercept; GOL, golimumab; [A, intraarticular; IFX, infliximab; IT,
interleukin; LFN, leflunomide; MTX, methotrexate; PDEink, phosphodiesterase inhibitors; PEbG, polyethylene glycol; SEC, secukinumab; 55Z,
sulfasalazine; TNFi, tumor necrosis factor inhibitor; sDMARDSs, targeted synthetic disease-modifying antitheumatic drugs; UST, ustekinumab.

“First-line treatment
Figure 2. Treatment guidelines for PsA.

MRI turned out to be the cornerstone in the early detection of minor signal modifica-
tions, such as bone marrow edema or fatty lesions in the spine and sacroiliac joints (SIJ), to
estimate the probability of a suspected disease in patients with specific symptoms. Given
the overlaps between PsA, SpA, and AS, currently, the most used classification for the SpA
group is Assessment of SpondyloArthritis international Society (ASAS) classification (98.4%
sensitivity, 77% sensitivity), which includes both MRI characteristics for diagnosis, and
the modified New York classification [41]. The ASAS criteria are often used as diagnostic
criteria in both research and clinical practice [39].

A small percentage of patients who present with isolated spine inflammatory changes,
with negative HLA-B27 and no evidence of sacroiliitis on MRI, will not meet the ASAS
criteria [42]. Fortunately, the ASAS and the North American Spondyloarthritis Research
and Treatment Network (SPARTAN) have recently started a new study that aims to improve
ASAS criteria specificity [43].

Today’s most widely accepted and applied classification criteria for PsA is the CASPAR
criteria set (Classification of Psoriatic Arthritis), which includes dermatological, clinical,
and radiological criteria [40,44], developed for a homogeneous group of patients in clinical
trials and providing guidance for practitioners, with a high sensitivity of 91.4% [40,44] and
98.7% specificity [2]. Even though CASPAR criteria is a little less sensitive than the Vasey
and Espinoza criteria, which include the family history and is applied to both RF-negative
and -positive patients, it presents better clinical applicability over other criteria sets, such
as Vasey and Espinoza or Moll and Wright criteria [38,39]. Recent studies have revealed
that the CASPAR classification is more sensitive in terms of the diagnostic classification
assessment of both early and late PsA disease compared to the ASAS criteria [45]. The
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Brazilian Society of Rheumatology 2020 guidelines for psoriatic arthritis recommend clinical
and imaging criteria for diagnosis and the CASPAR criteria for disease classification [46].
Still, it has limitations in cases of recent onset (Table 3).

Table 3. List of PsA classifications.

Classification Details Pros Cons
Infl. t thritis of
_niammatofy arthritis o - Most applied in clinical
joint/spine/enthesis .
4 practice.
. . - Easy to use.
> from the foll :
=3 points .rOTn ¢ lofowing . - High specificity (98%) and
1. Psoriasis of the scalp/skin sensitivity (91%). The weakest aspect is the
- Current psoriasis, 2p - Also includes patients initial qualification
- Personal history, 1p without psoriasis features criterion, since the
- Family history, 1p or patients with a positive inflammatory articular
. RF blood test. disease is not yet
2. Nail dystrophy, 1p . . . ¥y
CASPAR 3. Negative rheumatoid factor, Includes ]uxt.a—arhcular new well—deflr}ed.
1p bone formation as a feature Does not include MRI
4. Dactylitis, 1p of Ps.A, unli.ke F)ther findings, Wthh are often
previous criteria. more specific in early
- DPresent - Developed via multiple diagnosis.
- Personal history international cohort studies
5. Radiological evidence of by PsA experts and now it
juxta-articular has been widely adopted
syndesmophytes, 1p and implemented.
- Arthritis + Patients without skin
Psoriasis + ) psoriasis or those who have
N.eg.ztlve rhegmaifnd factor. a positive RF blood test are
Moll and Wright -DIS‘I]II’ .irisﬁ;&ni[o 1ve categories: Historically, it was the simplest not inc'lud.ed.. )
8 ) Y and most used criteria. Poor discrimination

- Asymmetrical oligoarthritis;
- Polyarthritis;

- Spondylitis;

- Arthritis mutilans.

between PsA and RA.
Is no longer sustained over
time and treatment.

ESSG (European SpA Study
Group)

Synovitis/inflammatory back
pain

+

Current psoriasis or

personal history.

Other features:

- Arthritis;

- Buttock pain;

- Enthesitis;

- Sacroiliitis;

- Inflammatory bowel disease;
- Episodes of acute diarrhea;

- Urethritis [8].

- Easy applicability.

- Allows for a diagnosis
without evidence of skin
psoriasis.

Lower sensitivity.
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Table 3. Cont.

Classification

Details

Pros

Cons

Vasey and Espinoza

Psoriasis/psoriatic nail dystrophy

+

1. Peripheral disease:

>4 weeks arthritis of
DIP joint;
Asymmetrical
peripheral arthritis
(dactylitis);

Absent RF or
rheumatoid nodule;
Radiographic changes
(pencil-in-cup
deformity, whittling
of the terminal
phalanges, fluffy
periostitis, and bony
ankylosis).

2. Axial disease

>4 weeks of spinal
pain and stiffness
associated with
motion restriction;
Symmetric
sacroiliitis—grade 2;
Unilateral
sacroiliitis—grade 3/4
(according to the New
York criteria).

Easy applicability.
Describes only two patterns
of PsA.

Good specificity.

- Does not include patients
without skin psoriasis or
nail dystrophy.

- Does not have enough
statistical validation.

- Lower sensitivity.

ASAS

Sacroiliitis in imaging studies
(active inflammatory lesions in an
MRI examination or X-ray
changes defined according to the
modified New York criteria)

+

>1 sign of spondyloarthropathy,

or

HLA-B27 antigen present

+ >2 signs of
spondyloarthropathy

SpA features:

- Inflammatory back pain (IBP)

- Arthritis

- Enthesitis (heel)

- Uveitis
- Dactylitis
- Psoriasis

- Crohn’s disease/ colitis
- Good response to NSAIDs
- Family history of SpA

- HLA-B27

- Elevated CRP

Easy to use.

High sensitivity (98.4%).
Includes MRI findings for
the better assessment of
early disease.

Developed via multiple
international cohort studies
by PsA experts and now it
has been widely adopted
and implemented.

Low specificity (77%) for PsA, as
it has common features with other
axSpA.
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Table 3. Cont.

Classification Details

Pros

Cons

Definite jPsA.

Arthritis and psoriasis

or

Arthritis with at least two of the
following:

- Dactylitis;

- Nail pitting or onycholysis;

- Psoriasis in a first-degree relative.
Exclusion criteria:

- Arthritis in an HLA-B27-positive
male with arthritis onset after 6
years of age;

- Ankylosing spondylitis,
enthesitis-related arthritis,
sacroiliitis with IBD, Reiter’s
syndrome, or acute anterior
uveitis in a first-degree relative;

- Presence of the IgM rheumatoid
factor on at least two occasions
more than 3 months apart;

- Presence of systemic JIA.
Definite ERA.

Arthritis and enthesitis, or
arthritis or enthesitis with at least
two of the following:

- Presence or history of sacroiliac
joint tenderness and /or
inflammatory lumbosacral pain;

- Presence of the HLA-B27 antigen;
- Onset of arthritis in a male over 6
years of age;

- Acute (symptomatic) anterior
uveitis;

- History of ankylosing
spondylitis, enthesitis-related
arthritis, sacroiliitis with
inflammatory bowel disease,
Reiter’s syndrome, or acute
anterior uveitis in a first-degree
relative.

ILAR [47]

Exclusion criteria:

- Psoriasis or a history of psoriasis
in the patient or a first-degree
relative;

- Presence of an IgM rheumatoid
factor on at least two occasions at
least 3 months apart;

- Presence of systemic JIA in the
patient.

Provides a single
classification scheme
accepted worldwide.
Better than previous
criteria.

Lower sensitivity and
specificity compared to the
CASPAR criteria.
Restrictive criteria, so
patients risk being included
in other subgroups.
Difficult to use in assessing
patients that have psoriasis,
or a psoriasis-like rash, or
have relatives with
psoriasis.

Classification has had some
modifications over time,
making the comparision of
studies difficult.

On the other hand, for the pediatric population with juvenile arthritis, the most com-
mon classification system is that of the International League of Associations of Rheumatol-
ogy (ILAR). ILAR classifies JIA into seven subgroups:

Systemic arthritis;

Olygoarthritis (persistent/extended);
Polyarthritis RF-negative;
Polyarthritis RF-positive;

Psoriatic arthritis;

Enthesitis-related arthritis (ERA);
Undifferentiated arthritis (UA).

NG »N =
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Despite the differences between adult and juvenile PsA (jPsA), the CASPAR criteria
set may diagnose more JIA patients with juvenile PsA [33], therefore it may be useful for
further revisions and a more specific classification.

The COVID-19 pandemic improved access to remote medical consultations through
telemedicine. Patients could benefit from consultations, a diagnosis of PsA, and faster
treatment. The better detection of PsA was observed through telemedicine, since it helped
clinicians use proper diagnostic criteria and screening tools and better understand the
characteristics of PsA. Screening tools via telemedicine included validated ones, such as
Psoriasis Epidemiology Screening Tool (PEST), and non-validated ones, such as mnemonic
PSA (Pain, Stiffness/Sausage finger, and Axial spine involvement) [48].

Post-pandemic studies have revealed that some patients developed chronic arthritis,
including psoriatic SpA with bilateral sacroiliitis modifications, validated on MRI, after
COVID-19 infection, in the absence of a family history of PsO or HLA-B27 [49,50]. In
addition, a paper published in 2022 [51] claimed that axial PsA might undergo exacerbation
after the COVID-19 vaccination.

3.2. Imaging Protocols

The primary imaging tool widely used in diagnosing inflammatory joint disease has
been conventional radiography, included in the modified New York criteria. Its sensitivity
is low for early disease. Nevertheless, it remains a valuable investigation tool in evaluating
structural disease progression and is widely available, fast, cost-effective, and requires a
low dose of ionizing radiations compared to computer tomography (CT) [52].

However, MRI is the best imaging tool for assessing preclinical PsA, identifying
and monitoring inflammatory and structural damage in terms of both axial and periph-
eral changes, and facilitating better visualization of the peculiar changes involved in
PsA. Some studies claim ultrasonography is more sensitive in evaluating peripheral PsA
(metacarpophalangeal —MCP, proximal interphalangeal—PIP, and distal interphalangeal—
DIP joints) [2,53-55] compared to radiography or MRI. In contrast, other recent studies
assert that MRI is more confident in detecting morphological details, but is more expensive,
time-consuming, not widely available, and might require contrast agents [52]. In axial
disease, the best imaging modality for both inflammatory (bone marrow edema (BME),
osteitis) and structural damage, such as erosions or fat deposits, remains MRI investi-
gation [52]. Nevertheless, MRI has limitations in characterizing bone remodeling, the
morphology of syndesmophytes, or appreciating sclerosis [15], and it is contraindicated in
patients with pacemakers or ferromagnetic metal implants [16].

The MRI examination protocol includes the following steps [41,56,57].

3.2.1. Axial PsA

- Sagittal T1-weighted (T1w) sequences—best for the characterization of fat content or
to assess structural bone lesions.

- Sagittal T2-weighted Fat-Sat fast spin echo sequences and short tau inversion recovery
(STIR) sequences (short tau inversion recovery) sequences in two planes for water
content evaluation/BMO.

- For a better assessment of the costovertebral and costotransverse joints and the facet
joints, coronal sequences can be added to the protocol [58].

- Sagittal T1w Fat-Sat sequences with gadolinium enhancement—used for the detection
of osteitis; increased perfusion; rarely used, in cases of doubt and high suspicion, to
differentiate exudate from synovitis or to assess the activity of bone erosions [59].

3.2.2. Sacroiliac Joints Sequences

- T1-weighted axial oblique and semi-coronal sequences.

- Tl-weighted Fat-Sat (TIWFS) spin echo/T1 Dixon/3D gradient echo such as VIBE—
for the better evaluation of erosions; VIBE sequences showed a better ability to detect
cartilage erosions before extending to the underlying bone [60].
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- Axial oblique semi-coronal STIR and T2-weighted fat-suppressed (T2WFS) sequences
(coronal plane tilted parallel to the long axis of the sacroiliac joint) with 4-mm
slice thickness.

- Apparent diffusion coefficient (ADC) map—STIR or T2ZWEFES sequences may be substi-
tuted or supplemented for the better assessment of SIJ inflammation.

- Coronal and axial oblique T1w Fat-Sat with gadolinium—detects osteitis; increased
perfusion; recommended in cases of doubt and high suspicion; TIWFS pre- and
postcontrast administration can differentiate active inflammation from a simple fluid.

Intravenous contrast can be omitted if it is aimed at detecting bone erosions, edema,
and bone productions. However, in active PsA, in addition to bone edema, post-contrast
sequences show periosteal enhancement and synovitis, and differentiate active bone ero-
sions from remission [59]. Similar MRI protocols are used in spondylarthritis for diagnosis
and follow-up.

3.3. MRI Findings

MRI evaluation of the spine and sacroiliac joints indicates the location of lesions and
the distinction between the cartilaginous and ligamentous joint compartments. It can assess
bone marrow edema and structural lesions, such as sclerosis, squaring, erosion, spine
syndesmophytes/joint space width, or the ankylosis of sacroiliac joints [59].

However, there needs to be a universal consensus regarding MRI scores. There is a
broad range of studies, including classifications such as the Berlin modification ankylosing
arthritis spine MRI activity score, and the Ankylosing Spondylitis Spine Magnetic Reso-
nance Imaging-activity (ASspiMRI-a), Spondylarthritis Research Consortium of Canada
(SPARCC), and Psoriatic Arthritis Magnetic Resonance Image scoring system (PsAMRIS),
to assess disease activity in spondylarthritis group diseases [61,62]. Based on a multireader
experiment, it is difficult to select one of the three methods for inflammation assessing of
the spine and SIJs. The ASspiMRI-a and Berlin methods offer a better overall picture of
spine inflammation; however, the SPARCC approach may have advantages in terms of
reliability due to its greater consistency in this area [61]. Two large working groups from
Canada and Denmark developed and validated an MRI scoring system called CANDEM
for better evaluating inflammatory and structural lesions over time, as well as the treatment
response. Unfortunately, it has limited clinical applicability since it requires a particular
acquisition protocol with 4-mm-thickness T1-weighted turbo spin-echo and STIR sequences
on the sagittal plane. Separating the cervical, thoracic, and lumbar spine acquisitions with
central and lateral sagittal sequences is helpful for a better assessment of the posterior
elements of the spine [15]. This scoring method may be useful in an evaluation of how
various medications affect the particular elements of inflammation and damage in the
spine, the relationships between lesions, and the progression of inflammation and damage
throughout the entire spine [63].

Axial psoriatic arthritis includes the following findings [57].

3.3.1. Vertebral Findings (Similar to Spa Findings)

1. Inflammation of the vertebral body superior or inferior corners, identified in the early
stages as a low signal in T1w, a high signal in T2w and STIR, due to bone marrow
edema and later, a high signal in T1lw and T2w due to fatty bone marrow degeneration,
known as the “shiny corner sign” or “Romanus lesions” (Figure 3). This is also found
in ankylosing spondylitis.

2. Spondylodiscitis—inflammation of the whole vertebral end plate, involving the adja-
cent intervertebral disc (Andersson lesion) and soft tissue, identified on low signal
T1w in both the intervertebral disc and adjacent end plates due to inflammation and
bone marrow edema; on high signal T2w Fat-Sat and STIR in the disc space, adjacent
endplates, and paravertebral soft tissue, also involving the psoas muscle, with the loss
of the endplate cortex signal. Normally, muscle tissue has an intermediary signal in
both T1w and T2w sequences, while inflammation leads to an increased signal in both
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Figur

sequences. A Tlw-sequence with gadolinium shows enhancement of the vertebral
endplates and paravertebral soft tissue and peripheral enhancement in the case of
collections. DWI sequences distinguish the acute and chronic stages (high signal vs.
low signal). It is described also as a complication in the evolution of advanced SpA,
mostly in the lumbar spine [64,65].

Facet joint inflammation—generated mostly by articular degeneration, usually associ-
ated with BME within the spinal pedicles, and common in most arthropathies.
Inflammation of the posterior and lateral elements—including the costovertebral
joints, transverse and spinous processes, and the adjacent soft tissue

Bone erosion—best visualized on T1-weighted sequences as cortical (dark appearance)
bone defects, contour irregularities, and the loss of the normal bright appearance of
the adjacent bone marrow.

Bulky new bone formation—bone productions in high signal T1w; marginal and
paramarginal vertical syndesmophytes distributed asymmetrically along the spine,
with a peculiar feature of late PsA, while in SpA, syndesmophytes are typically
bilateral and symmetrical, with only a marginal distribution and evolution from
caudal to cranial [66]. In axial PsA, syndesmophytes extend towards the adjacent
vertebra, while in AS, they are continuous from adjacent vertebra, with a tendency to
the formation of osteophytic bridges and further evolution to the bamboo spine [67].
The vertebral joint spaces are preserved until the late stages of the disease.
Enthesitis—involving the supraspinal ligament, interspinal ligaments, and ligamen-
tum flavum; normally, tendons have a homogenous low signal in all sequences [65].
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e 3. (A) Sagittal STIR, (B) T1-weighted sequence. Images show Romanus lesions as tiny sub-

chondral bone marrow oedema (hyperintensities) in the antero-superior corners of lumbar vertebral

bodie

3.3.2.
1.

s on STIR and, after the active phase, residual fatty transformation in the same regions on T1.

Sacroiliac Joints Findings

BME is evident in low signal T1w, hyper signal T2w, STIR images and +C T1w Fat-Sat,
similar to blood vessels and spinal fluid; the signal intensity is directly proportional to
the inflammation activity. It is usually located periarticular to or on the subchondral
bone surfaces and it is an indicator of disease activity (Figure 4) [65].

Capsular inflammation—increased signal on T2w GRE and STIR sequences.
Enthesitis—entheses are normally seen as hypointense structures, whereas inflamma-
tion leads to an increase in signal; best visualized on T2w Fat-Sat and STIR sequences.
There are similar findings in both PsA and SpA [65].

Joint space fluid.

Joint space enhancement.
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10.

11.

Erosions—initially focal, later they will converge and will have a pseudo-enlargement
aspect of the sacroiliac joint. In Tlw images there is a loss of cortical bone signal
(normally hypointense) and bone marrow fat (normally hyperintense).
Inflammation at the site of erosion.

Fat metaplasia in an erosion cavity or ‘backfill’ [65].

Sclerosis—better visualized on an X-ray or CT scan; a subchondral or periarticular
area with a low signal compared to normal bone marrow on T1, T1FS (SPIR), and
STIR sequences (Figure 5).

Slight: <25% of the subcortical bone area.

Moderate: 25% to <50% of the subcortical bone area.

Severe: >50% of the subcortical bone area [29].

Ankylosis [65] Partial: Partial osseous bridging across the joint space. Total: Fusion of
the joint facets [29].

Bone bud—new bone products that are not bridging the joint [68]. In axial PsA syn-
desmophytes extend into the SIJ space, while in AS, they are across the SIJ space [67].

Figure 4. (A) Coronal and (B) axial STIR sequences show extensive subchondral oedema involving

the sacroiliac joints, mainly on the right side and in the inferior regions, consistent with asymmetric

active sacroiliitis in a patient with psoriasis.

Figure 5. (A) Coronal and (B) axial T1-weighted sequences of the sacroiliac joints demonstrate

subchondral sclerosis and erosions, predominantly on the right side, in the same patient as in

Figure 4, consistent with sacroiliitis grade III.

The active inflammatory changes in PsA assessed by MRI include subchondral bone

edema, enthesitis, capsulitis, synovitis, and enhancement inside or adjacent to the joint. Chronic
inflammatory damage on MRI consists of periarticular erosions, fat metaplasia, subchondral
bone sclerosis, joint space narrowing, syndesmophytes, and ankylosis [17,20,57].
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Recent studies have shown conflicting results in terms of axial PsA assessment. MRI
findings in PsA are less severe than in AXSpA, with lower scores for bone marrow edema
at the vertebral and sacroiliac joints. Furthermore, there is a negative correlation with
HLA-B27, which makes it challenging to develop a classification system [4]. Some studies
have indicated that HLA-B27 positivity in axial forms of the disease is associated with high
susceptibility and severity, including more extensive and severe inflammatory changes [7,
15,18,20].

Poddubnyy et al. observed that up to 44% of PsA patients were HLA-B27-positive,
compared to 90% of axial SpA patients [38]. Meanwhile, in a study by Diaz et al. [21], only
10% of PsA patients were HLA-B27-positive.

PsA is a heterogeneous disease due to its frequent spine and sacroiliac joint involve-
ment. The axial involvement can be extensive, with diffuse vertebral involvement as-
sociated with bulky vertical pseudosyndesmophytes that emerge from the spinal liga-
ment [65,66], unlike in AS, where lesions are well defined and rarely associated with
vertebral para marginal/“non-marginal bulky” syndesmophytes [5] (see Table 3).

Dorsal spine involvement in AS is characterized by higher vertebral osteoprolifera-
tive severity with symmetrical, marginal syndesmophytes [25], unlike in axPsA, where
paravertebral ossification is uncommon, and bone productions are non-marginal and less
symmetrical. Fusion facet joints were frequently found in AS lumbar spines, while PsA
syndesmophytes may occur without sacroiliitis. Among patients with axPsA there was less
severe asymmetrical sacroiliitis and less frequent IBP [5,18].

AS often involves important joint damage from the sacroiliac level evolving from
caudal to cranial with the apophyseal joints” involvement and the formation of bulky
syndesmophytes, while in axPsA inflammation was observed more frequently in the
cervical spine (frequent fusion of facet joints), with minimal apophyseal joints involvement
and less bone production [4,5], even in the absence of sacroiliitis or other significant spine
damage in early disease [30,41].

On the other hand, Gazel et al. observed that active changes in the cervical spine
are more frequent in AS patients than in PsA patients but with a similar rate of structural
change. Compared to AS, PsA patients had numerically fewer changes in the cervical spine
without reaching statistical significance [69].

Up to 75% of axial PsA patients with longstanding disease have cervical spine damage
involving C1-C2, where odontoid erosions and atlantoaxial instability can be found, leading
to further complications, such as spinal cord compression and neurological deficit [1,15].
The lower cervical spine might undergo bone production, inflammation of the inter-
apophyseal joints, and ossification of the anterior longitudinal ligament [15].

According to Jadon et al., one out of four patients with PsA and AS fulfill the classifi-
cation criteria for both diseases. The term psoriatic SpA is used for cases that share features
of both entities [25]. Axial PsA patients seem to have similar sex predominance, disease
activity, and functionality, but PsA patients are older at diagnosis time, with a median age
of 49 years old, compared to 43 years old for AS patients, with much more smokers in the
PSA group [27]. Moreover, SpA is genetically and immunologically linked to inflammatory
bowel disease (IBD); thus, IBD may predict arthritis and two out of three SpA patients have
subclinical IBD, with similar changes as those encountered in Crohn’s disease [70]. IBD has
a similar incidence in axial PsA and SpA and a higher incidence in pediatric patients with
jPsA or psoriasis-associated conditions in JIA [11,27].

On the other hand, in a study that analyzed each vertebral level of structural damage,
men with AS had higher score levels than women. The C5 and L4 vertebrae were more
involved than others [71,72].

A study on 402 PsA and AS patients concluded that both have similar activity, metrol-
ogy, and disability [25]. Similar findings were confirmed in another study published in
2021, which showed that both active and structural changes in PsA and AS patients had
similar rates in the lumbar spine and SIJ and were less frequent in the cervical spine. In
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the thoracic spine more active and structural damage in PsA patients was recorded, but
without reaching statistical significance [69] (Table 4).

The anterior chest wall (ACW) is usually overlooked while examining the extension
of axial PsA. Research conducted between 2016 and 2019 using standard clinical practice
methods examined 104 individuals with PsA, 45 of whom had the axial illness. Sacroiliitis
affected 71% of the axial PsA patients. The most frequent bone marrow edema was
identified in the sternoclavicular joints, followed by the manubriosternal and costosternal
joints. MRI sequences showed bone marrow edema, synovial hyperemia, capsular structure
thickness, erosions, bone irregularities, bone productions, and osteophytes [73].

Table 4. Comparison between the imaging features of axial PsA and AS.

axPsA AS
44% HLA-B27-positive 90% HLA-B27-positive
Cervical spine Facet joints fusion—more frequent
Non-marginal syndesmophytes Marginal syndesmophytes
. (spinal ligament origin) Symmetrical
Dorsal spine Asymmetrical Caudal to cranial
Cranial to caudal evolution Paravertebral ossification
Lumbar spine Facet joints fusion—more frequent
Less severe sacroiliitis
Asymmetrical sacroiliitis Severe sacroiliitis
Sacroiliac Syndesmophytes extend into SIJ space Symmetrical

Syndesmophytes may be observed in the absence = Syndesmophytes pass across the SIJ space
of sacroiliitis

BME Lower score in spine and SIJ Higher score
Fat metaplasia Less severe More severe
Erosions Less severe More severe
Peripheral involvement More often dactylitis, nail dystrophy Less often
Enthesitis Similar to AS Similar to PsA
Uveitis Rare Frequent
Inflammatory bowel disease Similar prevalence Similar prevalence

Recent studies have shown that many patients might have active spine changes with-
out sacroiliitis [21,25,69]. In a study published in 2022, 91.7% of cases of MRI-spondylitis
were in confirmed PsA patients, while 8.3% of cases were in patients with psoriasis and
axial SpA [21].

Even though ALs are exceptionally identified at the disease onset, up to 6% of PsA and
AS patients might encounter them. There were a few cases reported where symptomatic
patients who were HLA-B27-negative did not meet the ASAS criteria for ax SpA but
were identified on MRI scans with erosive disco-vertebral lesions without sacroiliitis
modification. Nevertheless, these patients met the CASPAR and GRAPPA criteria for axial
PsA [74].

Patients with PsA may have inflammatory or mechanical back pain, but may also have
axial disease on imaging while experiencing no back pain or late pain onset [41], since over
30% of axPsA patients may not have IBP. Withal, IBP may be present in patients without
axial PsA, so IBP presents a low correlation with imaging findings of sacroiliitis or spondyli-
tis [30]. On the other hand, clinical complaints such as morning stiffness and pain during
the night are highly associated with an ASAS MRI-positive and MRI-global impression [32].
MRI changes, such as subchondral BME (Figure 4), might be expected in both PsA patients
and healthy people, especially recreational runners, professional ice hockey players, or
women in the postpartum period (who present mechanic SIJ modification), leading to
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significant “false positive” diagnoses of PsA. However, sacroiliac joint inflammation does
not exceed three quadrants in these cases, unlike in the SpA group [13,22,23,43,75,76].

In Gazel et al.’s study, only 16% of patients had active inflammation at both sites [69].
When small, well-defined, abnormal bone marrow signal intensities are seen on the SIJ, such
as edema or sclerosis found on one, two, or, far less often, three and four consecutive slices,
with no severe associated erosion, they are irrelevant. These MRI findings are better seen
on coronal oblique images oriented on the S1-53 axis, often in asymptomatic patients, or
they might be associated with back pain. Diaz et al.’s study [21] showed that inflammatory
changes in the spine and SIJ are less frequent compared to the high prevalence of back pain.
At the same time, the axSpA and IBP criteria had poor sensitivity for MRI findings [1].

Mimics of sacroiliitis risk the over-diagnosis of inflammatory sacroiliitis with a subse-
quent negative impact on the patient’s lifestyle. The most frequent mimickers are stress-
related changes, infection, osteoarthritis, stress/insufficiency fractures, and osteitis conden-
sans ilii [67].

Mechanical stress loading is concentrated in the anterior mid-third of the SIJ and is
typically bilateral and triangular shaped. BME also occurs in healthy, physically active
individuals at the antero-posterior inferior quadrants, probably due to the different dis-
tribution of mechanical forces [37,77], while degenerative changes, most commonly bone
sclerosis, are found at the anterior and middle thirds of the joint and at the antero-superior
quadrant. Table 5 summarizes the main pathologies of the differential diagnosis of BME,
based on the typical locations. BME or sclerosis noted on the proximal/distal third of
the posterior quadrant of the joint along with structural lesions, such as bone erosions
or backfill, are strongly suggestive of sacroiliitis. [13,22,76,78]. The incidence of 30-41%
of physically active individuals [78] that meet the ASAS criteria for axSpA advocates the
importance of contextual MRI interpretation with a patient’s clinical and serological profile.

Table 5. Differential diagnosis of inflammatory from non-inflammatory back pain based on the

typical location of BME.
Condition Characteristic Location of BME
axSpA Posterior lower quadrant of the ilium
P Dorsal-cartilaginous segment of the SIJ
Healthy individuals Lower iliac bone
Overlaps with axSpA
Sports individuals Posterior lower quadrant of the ilium
Anterior upper quadrant of the sacrum
Postpartum Overlaps with axSpA

Typically, no structural changes

Anterior and middle thirds
Degenerative Ligamentous segment of the SIJ
Associated with the degeneration of the pubic symphysis

Insufficiency fractures are typically seen in osteoporotic elderly people, more often
post-menopausal women, but are also seen in cases of steroid-induced osteopenia, infiltra-
tive disease, and a history of pelvic radiation, demonstrated by the sacral alae and bilateral
predominance [78].

Stress fractures are typically more common in athletes, shown on MRI as a unilateral
BME on the sacral side, with no involvement of the subchondral bone; a vertical fracture
line should be seen. Young athletes may be affected by vertebral pedicles and pars inter-
articularis fractures, leading to spondylolysis [78,79]. Osteitis Condensans 1lii is another
condition that needs to be excluded when SIJs are evaluated; it is characterized by extensive
subchondral sclerosis, frequently involving the ilium and very little BME or fat replace-
ment, without significant erosions of the articular surfaces, unlike sacroiliitis, with a similar
location to mechanical etiology changes, in the anterior part of the mid-third of the SIJ, often
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bilateral and well-defined with a triangular shape, but more extensive sclerotic changes [22].
BME has a ventral-cartilaginous joint segment of the ilium pattern and extends beneath the
arcuate line, unlike axSpA which is often located at the dorsal-cartilaginous segment of the
SIJ and rarely exceeds the arcuate line [80].

Sibel Zehra Aydin et al. performed a study on 1195 patients with axial PsA where
they analyzed the sensitivity of the ASAS IBP criteria. They observed that inflammatory
back pain criteria are limited in axial PsA diagnosis, with moderate sensitivity and a lower
diagnosis rate in up to half of women. In addition, they noted that the Calin criteria had
better agreement with the imagistic investigation than other criteria [81].

A study published in 2013 [81] showed that the extent of lesions in axial PsA, non-
radiologic axial SpA (nr-axSpA), and AS patients was similar. However, the scores for
the number of severe lesions in SIJ and MRI were lower in axial PsA and nr-axSpA than
AS, using the semi-quantitative Leeds Scoring System for BME lesions. In addition, they
observed that most of the PsA patients who were HLA-B27-negative had normal MRI
scans, while the HLA-B27-positive patients had a similar pattern of BME as AS patients.
So, HLA-B27 positive defines a group with more severe lumbar spine and SIJ lesions [81].

Shan-Shan Li et al. selected 186 patients who met the CASPAR criteria for axPsA and
associated dactylitis. They noticed that these patients had higher disease activity and more
severe joint damage. On the other hand, dactylitic axPsA patients had inflammatory back
pain in 50% of cases. Withal, dactylitis is more common in axial PsA, than in peripheral
disease [76,82].

Conventional, segmental MRI investigations limit the ability to assess psoriatic arthritis
or spondyloarthropathy evolution, as only up to 5% of patients have pure axial disease [1,5].
Therefore, a whole-body MRI has been introduced, especially for patients who have both
spine and sacroiliac joint damage. It is essential to fully assess the disease extent and activity,
since peripheral damage often precedes axial modifications and can also be evidence of
silent skeletal lesions [7,68]. Thus, up to 70% of peripheral damage leads to axial changes
during the evolution process. In the early stages, only up to 28% of patients are at risk of
simultaneous axial damage [7].

Following standard protocols, advanced techniques have developed improved MRI
imaging, which includes quantitative MRI sequences, such as dynamic contrast-enhanced
MRI (DCE-MRI), diffusion-weighted imaging (DWI), and chemical shift-encoded MRI
(CSE-MRI) [68].

- DWI has the advantage of not necessitating gadolinium administration and is helpful
in the early detection of spinal cord damage. ADC discriminates between active-
inactive juvenile inflammatory arthritis, a better diagnosis of SpA, and mechanical
versus inflammatory back pain.

- CSE-MRI helps detect active inflammation and structural damage.

- DCE-MRI s useful in the evaluation of inflammation activity, detecting early disease
from periarticular soft tissue inflammation, even in the absence of synovitis [81]. It is
also helpful in distinguishing synovitis between RA and PsA.

New techniques have been developed for better cartilage assessment [68]:

- T2-and T1p-mapping—providing insight into early biochemical cartilage changes and
evidence of atlantoaxial instability, and does not require contrast agent administration.

- DGEMRIC (delayed gadolinium-enhanced MRI of cartilage)—recommended for pe-
ripheral disease; useful in uncovering early biochemical cartilage disturbances; re-
quires long acquisition protocols.

A 3T whole-body MRI study performed on 50 patients with psoriatic arthritis, spondy-
larthritis, or healthy subjects in 2021 revealed that 54 clinical enthesitis were observed from
a total of 450 sites; the most common inflammation was detected in the anterior chest wall,
involving the costo-sternal joints, sternal synchondrosis, and sternoclavicular joints in 44%
of cases [83].
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The IDEAL sequence provides excellent homogeneous fat suppression in areas of high
magnetic susceptibility, delivering a better fat distribution map, helping in the quantitative
assessment of the active sacroiliitis, and providing a more confident diagnosis than previous
standard Fat-suppression sequences [84,85].

Even though axial PsA has some clinical and imaging particularities compared to AS,
some studies still debate whether axial PsA is an independent disease or an axSpA with
associated psoriasis [1].

A survey across 13 European countries between 2017 and 2018 found that patients
visit 2.6 healthcare professionals before diagnosis, and there is a mean of 7.4 years’ delay
between the first visit to the doctor and the time of diagnosis [86]. Similar findings were
noted in the Benavent et al. study [18].

Other studies have shown that an additional spine MRI scan should be recommended
when axPsA is clinically suspected, and spine screening does not add value to SI] MRI scans
since there is a low level of confidence regarding active inflammation in the spine [21,69].

However, whole spine MRI allows for simultaneous axial and peripheral evaluation
and should be considered for further studies to develop better diagnostic criteria and
definition, a better understanding of treatment responses, and the timely use of biological
agents [21,24,52,62].

The European League Against Rheumatism (EULAR) 2015 MRI recommendations
include monitoring the disease activity, assessing structural changes, and predicting the
outcome and treatment effects [87].

3.3.3. Specific Features of Juvenile Psoriatic Arthritis [88]
MRI findings in JIA include:

- Early disease—periarticular osteopenia, effusion, juxta-synovial soft-tissue swelling;

- Intermediate disease—narrowing of the spaces between joints, cortical erosions, epi-
physeal overgrowth;

- Late disease—ankylosis, joint angular deformities, contractures, muscle atrophy.

However, it is questionable whether MRI-detected bony depressions may be regarded
as an outcome metric to indicate structural damage in JIA. Children have incomplete
ossification and the subchondral bony contour may appear uneven and fractured, so it can
be difficult to differentiate a normal from a pathological appearance, but thinner cartilage
may indicate JIA [89].

JPsA has two age-peak incidences with distinct features [34]:

1. The 2-5 years age group displays the phenotypic and pathophysiological features of
common autoimmune diseases, including;:

- Female predominance, positive anti-nuclear antibodies (ANA), higher predispo-
sition of chronic uveitis.

- Similar features to oligo- and polyarticular JIA or early-onset ANA-positive JIA.

- Arthritis, often involving the knee and ankle; the involvement of dactylitis and
distal interphalangeal joints is highly suggestive of jPsA. Dactylitis is present
in 20-40% of patients and is the first musculoskeletal finding at presentation
in about 15% of cases; moreover, it has been observed a long time before skin
psoriasis [70].

- Higher incidence of small joint and wrist involvement.

- Enthesitis in 22% of cases, typically at the Achilles tendon and plantar fascia
insertions into the calcaneus, but many patients who encounter both arthritis and
enthesitis are classified as ERA, according to the ILAR criteria [90,91]. It is less
frequently encountered than in late-onset jPsA.

2. The 9-12 years age group have features of autoinflammation that emerge as enthe-
sopathy, including:

- Relative equal sex distribution, with a little male predisposition;
- Resembles adult PsA features;
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- Enthesitis in up to 60% of patients [91];

- Axial involvement, sacroiliitis;

- HLA-B27 positivity, but some of these cases will be diagnosed as ERA or UA by
the ILAR criteria.

Psoriasis may occur in jPsA with a delay that can reach 10 years [34]; simultaneous
sacroiliitis or enthesitis along with psoriatic or psoriatic-like skin lesions exclude patients
from a diagnosis of jPsA and ERA, which represents a hindrance in the evaluation of
patients. Psoriasis in young children is often more subtle and more similar to atopic eczema
or erythema and scaling behind the ears [10,34].

Oligoarticular peripheral onset is seen in both juvenile and adult PsA, where juvenile
evolution tends to be polyarticular and less severe in terms of bone erosions and deformities.
In addition, psoriasis is associated with a more severe prognosis [10].

Altered gut and skin microbiomes seem to be associated with PsA, albeit gut dysbiosis
(with the loss of microbial diversity) may or may not present gastrointestinal symptoms,
hence colitis at baseline may predict a chronic course of arthritis. This association is more
difficult to see in pediatric patients, since gut inflammation is best identified by endoscopy,
but has limited indications in pediatrics due to the invasive procedure risks and the
requirement for general anesthesia. Hence, fecal protectin (fCAL) showed a high correlation
with endoscopic results and a further correlation with sacroiliac joint inflammation in both
adults and children [35,70]. Strikingly, the ILAR classification subdivides patients with
onset arthritis at pediatric age into groups with different names to those in the adult
classification [92], even if some of them have counterparts in the adult categories, for
example:

- Systemic JIA corresponds to adult-onset Still’s disease;
- RF-positive polyarticular JIA is equivalent to RF-positive RA;
- ERA has adult-equivalent undifferentiated SpA.

Meanwhile, PsA and RF-negative polyarthritis are too heterogenous and do not have
an adult correspondence or are conditions exclusively seen in the pediatric population,
such as early-onset ANA-positive JIA, previously included in both PSA and RF-negative
polyarthritis [93]. Olygoarticular JIA and RF-negative JIA seem to be specific entities
relevant to the pediatric age group [94].

Once these patients reach adulthood, they will be reclassified into another disease
category, based on adult classification criteria that may confuse the patient, and they
will also be directed to different treatment protocols corresponding to the new disease
entity [95,96]. DCE-MRI may be a high-predictive value tool in clinically inactive JIA
patients for disease activity on MRI. It is useful to detect subclinical synovitis in JIA by
synovial hypertrophy with hyper-vascularization and quick inflow-outflow that should
differentiate active disease patients from inactive ones with “normal” residual synovial
thickening. Therefore, synovial maximum enhancement at the baseline on MRI is an
important discriminating feature [97]. However, the risk of brain gadolinium deposits
should be carefully considered before administering gadolinium to pediatric patients [98].

3.4. Other Diagnostic Tools

The synovial biopsy may help to understand and compare PsA biology to that of
other chronic inflammatory joint diseases, such as RA and SpA, and also contribute to the
development of a biological foundation for PsA classification, since the synovial membrane
is one of the main tissues affected by PsA. Still, up until now, there have only been a
few studies [99]. The pathogenesis of psoriatic spondylitis is fueled by increased synovial
vascularity with high levels of osteoproliferative cytokines, such as bone morphogenic
protein, as well as inflammatory cytokines such as TNF &, compared to uSpA and RA; lower
levels of T cells were found compared to RA, without reaching statistical significance [100,101].
Some studies [99,102,103] have shown that PsA has a similar synovial phenotype with AS
and undifferentiated SpA, unlike RA; in addition, further studies have shown that PsA has a
histological particularity involving the synovial vascularity pattern, but newer studies have
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observed no histological statistical significant differences between uSpA and PsA [101,103].
The synovial biopsy may be an additional tool in the diagnosis of atypical patients and
may guide the treatment response follow-up, improve the treatment decision-making, and
accelerate decisions in phase I-II clinical trials [104], although further studies are required.

PsA diagnostic criteria include the presence of psoriatic skin lesions, but other skin dis-
eases may either clinically or histologically mimic psoriasis, therefore it is necessary to differ-
entiate it for a correct diagnosis. This group of conditions includes psoriasiform/psoriatic-
like lesions, such as psoriasiform dermatitis—lichenified dermatitis, seborrheic dermatitis,
pityriasis rubra pilaris, allergic dermatitis, atopic dermatitis, nummular dermatitis, lichen
simplex chronicus, dermatophytosis, dyshidrotic eczema, psoriasiform drug rash, parapso-
riasis, and less often, mycosis fungoides and secondary syphilis [101,105]. In these cases,
the best diagnostic tool is a skin biopsy; clinical-histological concordance in the diagnosis
of psoriasis was found to be significantly influenced by clinical features such as the typical
scale and Auspitz’s sign, as well as histopathological evidence of suprapapillary thinning
and granular layer absence. Lymphocytic exocytosis and the vertical orientation of collagen
bundles were strongly linked with the diagnosis of psoriasiform dermatitis [106].

The lymphoid organs have not yet been investigated in PsA, despite the fact that
activated immune cells can migrate from damaged psoriatic tissues to draining lymph nodes
(LN), where they cause T helper cell differentiation and launch an inflammatory response.
Since differentiated and activated T cells are essential for PsA, and LNs are the site of T-cell
activation, this information will be extremely important for further studies [105,107-109].

3.5. Pharmacological Therapy
3.5.1. Treatment Recommendations and Responses

Due to the lack of evidence of clinical trials of drug classes specific to axial PsA patients,
most of the treatment guidelines are based on axial SpA guidelines [110].

Two groups, GRAPPA (Group for Research and Assessment of Psoriasis and Psoriatic
Arthritis) and EULAR provide evidence-based treatment recommendations to providers.
In the first instance, the gold standard is non-biological treatment—NSAIDs—for mild
symptoms, but their action is limited, so in case of ineffectiveness, conventional synthetic
disease-modifying antirheumatic drugs (csDMARDs) such as Methotrexate or Leflunomide
are recommended, especially for peripheric disease with PsO. In case of a lack of effective-
ness, biological disease-modifying antirheumatic drugs (hDMARDs) are recommended.
Recent studies have shown that psoriasis patients treated with bDMARDs had a lower
incidence of PsA [111].

Other studies have demonstrated the effectiveness for the treatment of active PsA
of Janus kinase (JAK) inhibitors, such as tofacitinib, which is in phase II trials; filgotinib;
upadacitinib, which is in phase II/1II trials [110]; monoclonal antibody-like TNF inhibitors
(entanercept, infliximab, adalimumab, golimumab, certolizumab); and interleukin antago-
nist agents (IL-17A—secukinumab, ixekizumab; and IL-12/23—ustekinumab, which are
more efficient than they are in SpA, since both IL-17A and IL-23 are involved in PsA im-
munopathogenesis; however, IL-17A seems to be more centered on axial SpA, while IL-23
is more specific for the pathogenesis of inflammatory bowel disease) [112].

The target of the management of chronic inflammatory disease is the absence of both
clinical and paraclinical manifestations [113]. For many clinicians it is still a burden to
decide whether or not to start biological therapy in very early-disease PsA patients, but
prospective exploratory studies have indicated that very early bDMARDs showed an
important decline in skin symptoms [114]. TNF-« drugs are preferred over other biologic
drugs [115] and further studies have analyzed depression or anxiety levels among these
patients and demonstrated that TNF-o antagonist-treated patients showed an improvement
in mental state [116-118].

The treat-to-target strategy used in other rheumatoid diseases has also been found to
be effective in PsA patients, but in clinical practice it has not yet been implemented, due to
the large variability of symptoms and missing uniform agreement on which target should
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be followed in PsA treatment. The target of the therapy is to achieve remission/inactive
disease (DAPSA-REM) or, at least, minimal disease activity (MDA) which is a primary
outcome instrument for clinical studies in PsA that has validity and a good correlation with
other multi-domain measures [119]. Nevertheless, studies have shown that over 48% of
all PsA patient groups underwent orthopedic surgery during the disease evolution, with
a median age of around 51 years old, much earlier than the median age in the healthy
population. The most common joint-sacrificing surgeries involved in axial and peripheral
PsA have been knee prosthesis and hip prosthesis. It is important to note that 36% of these
surgeries had been performed before the diagnosis, so the early detection and vigorous
treatment of PsA from the start is mandatory to limit disease development, as it may
lower the need for surgical treatments and offer a chance to enhance patients’” quality of
life [120]. Inflammatory or mechanical lower back pain along with dactylitis is associated
with a poor response to MTX, while TNF inhibitors and IL-17 inhibitor agents are strongly
recommended as a first-line treatment as they both showed a good response in all six
key domains of PsA (axial, peripheral, enthesitis, dactylitis, skin and nail lesions), as
recommended at the last GRAPPA annual meeting of 2022 [118].

TNF inhibitors exceed the best treatment response in young patients with a short
duration of disease, high C-reactive protein and normal body weight, and male sex is
a good predictive factor. Meanwhile poor prognosis factors (dactylitis, high C-reactive
protein, erosions) have better treatment responses to IL-23 inhibitor agents. Ustekinumab
(IL12/23 inhibitor agent) has a similar efficiency in both normal and overweight patients,
but it is indicated in mono/oligoarticular forms. Ustekinumab and apremilast (PDE
inhibitor) obtained better responses in patients with low disease activity [118,121]. The
treatment strategies for juvenile PsA are similar. JPsA patients more often present with
peripheral arthritis and subsequently axial involvement, thus MTX is widely recommended
as a second-line therapy, prior to Leflunomide or sulfasalazine, as it has better tolerability
and fewer side effects [36].

Etanercept is the only TNF-inhibitor agent approved for pediatric use, recommended
for children over 12 years old with a minimal response to conventional therapy. Ustek-
inumab (IL12/23) and scukinumab (IL-17A) are the subjects of ongoing trials. Tofacinib
(JAK inhibitor) has been approved by the Food and Drug Administration and the European
Medicines Agency for the treatment of early-onset jPsA in patients over 2 years old [10].

Methotrexate (MTX) is a widely used drug due to its effectiveness and the fact that it is
less expensive than many of the alternatives recommended for the treatment of peripheral
PSA and poly- and oligoarticular forms of JIA. Its long-term use has been related to severe
liver toxicity, hepatic fibrosis, and eventually liver cirrhosis, although those findings only
included old studies based on individuals who received a high dose administered daily.
Newer studies have shown that MTX rarely induces liver fibrosis per se, but rather it
acts synergistically with other hepatotoxic factors, such as diabetes mellitus or metabolic
syndromes including obesity, increased body mass index, and dyslipidemia, which are
strongly associated with PsA, or alcohol consumption [122].

Some studies have demonstrated the importance of the use of MRI imaging with low-
frequency shear waves (range, 20-200 Hz) to create a visual elastogram that evaluates liver
fibrosis (MRE). Most of the time, no data were available about the patients’ condition before
the start of MTX treatment, so future studies are needed for pre-therapeutic follow-up and
during treatment to obtain statistically relevant results. A recent Indian study [123] showed
that MRE and serum liver biomarkers might be useful as a substitute for a liver biopsy,
which is associated with sampling errors, procedural risks, poor repeatability, and increased
morbidity. Moreover, MRE showed high diagnostic accuracy, with higher results compared
to the Fibroscan and acoustic radiation force impulse (ARFI) methods and a positive
correlation with biomarkers (AST/ALT ratio). MRE is substantially more accurate at
detecting fibrosis in obese patients and is unaffected by BMI, ascites, or body habitus, unlike
ultrasound-based quantitative elastography techniques [123]. Moreover, the cumulative
dose and treatment duration did not correlate with MRE values and mean liver stiffness
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values [123,124]. However, MRE has its limitations in patients with hemochromatosis
or hemosiderosis due to the high hepatic iron overload that will shorten T1, T2, and T2*
relaxation times and lower the signal intensity [124].

3.5.2. DMARDs Side Effects

As is the case for any medication, PsA drugs may have various side effects which can
be exacerbated by each patient’s comorbidities.

c¢sDMARD medications may be associated most often with an increased risk of liver
toxicity; gastrointestinal symptoms, such as nausea, vomiting, diarrhea, abdominal pain,
and bloating; neurological / psychiatric symptoms, including headaches, dizziness, depres-
sion, anxiety, and sleep disturbance; and a cutaneous rash, ulceration, nodules, and itching
or blistering. Less often, patients encountered blood abnormalities such as thrombocytope-
nia, transaminase increase, anemia, alkaline phosphatase elevation, respiratory symptomes,
fatigue, fertility problems, or alopecia [36,125].

bDMARDs may increase the risk of respiratory or vaginal infections, liver toxicity, skin
infections or cancer, tuberculosis reactivation, congestive cardiac failure, and demyelination
syndromes [126], while a recent study showed that over one third of patients discontinued
their treatment for fertility or family planning reasons [36]. The study in question was
performed between 1994 and 2019 to evaluate real-world treatment tolerability, and showed
that csDMARDs are less tolerated than bDMARDs, with a mean duration of treatment until
discontinuation up to 10 months, while the duration of treatment with biologic medication
reached 18 months [36].

4. Discussion

Psoriatic arthritis is a highly prevalent disease and a relevant health issue. PsA patients
represent a heterogeneous group, with high variability of non-specific symptoms and high
overlapping with other pathologies of the SpA group, especially AS, which requires a
multidisciplinary approach.

The best tool for diagnosing PsA remains the CASPAR criteria. However, additional
research is mandatory to create a worldwide accepted definition of axial involvement in
PsA to develop diagnostic criteria that are easy to use, with high sensitivity and specificity.
However, there are some psoriasiform skin lesions that may mimic psoriasis vulgaris which
a skin biopsy might help to correctly diagnose. MRI has proved its essential role in early
diagnosis, identifying pre-radiological modifications, such as bone marrow edema, fat
metaplasia, and enthesitis. Asymmetrical sacroiliac erosions, cervical spine involvement,
and skin psoriasis are more common characteristics of axial PsA than of axial SpA. MRI
might give “false positive” results in cases of mechanical overload, such as for athletes or
postpartum women, so clinical correlation remains essential for the patient’s diagnosis.

The analyzed studies generally agreed that axial PsA and AS have similar spinal
activity and disability, with the findings that AS may have numerically more vertebra
involved, and that axial PsA has a slightly higher susceptibility in the cervical spine.

One-third of patients may have SIJ involvement preclinically [17]. However, whole-
spine MRI is not recommended for screening in the absence of symptomatology due to low
confidence in inflammatory changes in the spine. Furthermore, synovial biopsies may be
useful in PsA diagnosis to further our understanding of the disease pathology, and may be
a cornerstone in the future development of new targeted therapies.

Further studies are necessary since patients generally consult several doctors until
they are correctly diagnosed. On average, more than 7 years pass between the first medical
visit and the diagnosis. Universally established criteria will allow better study comparisons,
understanding of the disease, and treatment management.

The high overlapping characteristics of axial PsA and SpA have allowed medical
professionals to diagnose and manage these patients, even without specific studies in PsA.
Nevertheless, there are still limited data referring to axial PsA, and further studies are nec-
essary to better understand the disease pathway, early signs, definition, and management.
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Juvenile psoriatic arthritis is a self-standing entity, different from adult PsA, that is
characterized by dactylitis, with female predominance in the early-onset disease, while
the late-onset disease has more similar features to SpA. However, further revisions of the
actual classifications, with less restrictive criteria, will allow for easier resettlement from
juvenile to adult disease and more homogeneous groups.

Newer techniques such as MRE may help with the further follow-up of patients
undergoing biological and non-biological treatments to evaluate treatment hepatotoxicity,
as it showed a higher success rate and diagnostic accuracy than Fibroscan, with comparable
results to liver biomarkers [122-124]. Further studies on a larger population are necessary
to validate the actual data.
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Abstract: Dermatofibroma (DF) or fibrous histiocytoma is one of the most frequent benign cutaneous
soft-tissue lesions, characterized by a post-inflammatory tissue reaction associated with fibrosis
of the dermis. Clinically DFs have a polymorphous clinical aspect from the solitary, firm, single
nodules to multiple papules with a relatively smooth surface. However, multiple atypical clinico-
pathological variants of DFs have been reported and, therefore, clinical recognition may become
challenging, leading to a more burdensome identification and sometimes to misdiagnosis. Der-
moscopy is considered an important tool in DFs diagnosis, as it improves diagnostic accuracy for
clinically amelanotic nodules. Although typical dermoscopic patterns are most frequently seen in
clinical practice, there have also been some atypical variants described, mimicking some underlying
recurrent and sometimes harmful skin afflictions. Usually, no treatment is required, although an
appropriate work-up may be necessary in specific cases, such as in the presence of atypical variants or
a history of recent changes. This narrative review’s aim is to summarize current evidence regarding
clinical presentation, positive and differential diagnosis of atypical dermatofibromas and also to raise
awareness about the importance of specific characteristics of atypical variants to better differentiate
them from malignant conditions.

Keywords: dermatofibroma; atypical fibrous histiocytoma; dermoscopy; benign cutaneous tumours

1. Introduction

Dermatofibroma (DF), also known as fibrous histiocytoma, is a relatively common
benign cutaneous tumour characterized by a post-inflammatory tissue reaction associated
with fibrosis of the dermis [1-5]. It mostly occurs in young or middle-aged (20 to 40 years
old) adults, generally in female patients, although there are histologic variants frequently
encountered in males [1,3,6]. DFs with classical morphology have also been described
in children aged less than 5 years old [7]. Although various locations have been noticed
(head, face, auricle, neck, trunk, shoulder, pelvic girdles, and digits), DFs usually appear
on the lower extremities [1,6-13]. DFs are generally asymptomatic but sometimes can
become pruritic and tender [4,5]. On palpation, upon lateral compression of the skin, DFs
characteristically sink below the level of the skin, a feature also known as the dimple
sign [4,5,8,9,14].

The pathogenesis of DFs is unknown, although they usually arise as consequence of
local trauma (tuberculin skin testing, skin tattooing, traumatism caused by razor, thorns or
wood splinters etc), insect bites or an underlying condition (folliculitis) [2,4,15-18]. Even
though local recurrence and rarely distant metastases have been mentioned in the scientific
literature, DFs are considered benign lesions [19].
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Yamamoto et al. Addressed the role of mast cells in the development of DFs, as they
were found in solitary and multiple variants [20]. Mast cells could induce histopatho-
logic changes, such as basal melanosis, acanthosis of the epidermis, and mononuclear
cell recruitment [20].

Immunohistochemical testing identified the presence of factor XIlla, which marks
dermal dendritic cells [21-24]. MAC 387, which was labeled histiocytes, did not show
relevant results, and the presence of CD68-positive histiocytes was not consistent [21-24].
One study analyzing 28 cases of dermatofibromas, showed that the majority of spindle-
shaped cells, independently of the histological variant, stained positively for HSP47, a
marker for skin fibroblasts [21]. Transforming growth factor-beta may also stimulate the
fibrosis found in dermatofibromas [25,26].

Other studies suggested that the cell surface proteoglycan, fibroblast growth factor
receptor 2, which plays a role in the epithelial-mesenchymal cross-talk, and syndecan-1,
may also be involved in the pathogenesis of dermatofibromas [27,28]. Furthermore, CD14+
monocytes have been proposed as the original cells of dermatofibromas [22].

Regarding gene fusion, ALKgene rearrangement and overexpression has been found
in both epithelioid and atypical dermatofibromas [29-32]. As such there have been reported
rare autosomal dominant familial cases [2,4].

Reactive tissue alterations and neoplastic proliferation clinical clonality have been
suggested as mechanisms involved in the pathogenesis of DFs [33,34]. Spontaneous de-
velopment, lack of regression and the presence of clonal markers during the analysis of
X-chromosome inactivation, may also support the clonal or neoplastic mechanism [19].
Mentzel et al. Investigated 7 cases of clinically aggressive dermatofibromas and underlined
the malignant transformation of a cellular dermatofibroma into a spindle cell sarcoma [35].
Chromosomal aberrations by array-comparative genomic hybridization have been pro-
posed as possible diagnostic tools for potentially metastatic dermatofibromas [36].

DFs usually have an excellent prognosis and do not require treatment unless the
lesion is changing, bleeding, becomes symptomatic or suspicious, another diagnosis is
more probable or the patient demands it clinical cosmetic reasons [4,19]. Complete sur-
gical excision with clear margins for histopathologic examination is the most common
therapy [4,19,37]. Atypical variants are more prone to recur and as a result, re-excision
might be necessary [37]. Another alternative is liquid nitrogen cryotherapy [37].

2. Materials and Methods

A systematic literature search was done in the PubMed, Web of Science Core Collection,
and Google Scholar databases, using the terms “atypical dermatofibroma”, and “atypical
fibrous histiocytoma”. A total number of 1092 articles, 135 reviews, and 571 case reports
were found. All the articles, reviews, and case reports included in the study were limited
to English full text in humans. Finally, 134 studies were included in the review. The
pictures are from the patients admitted in “Elias” University Emergency Hospital in the
period 2021-2022. Written informed consent was obtained from all subjects involved in the
study (Figure 1).
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Figure 1. PRISMA flowchart [38].

3. Results

This narrative review aimed to reevaluate the clinical and land dermoscopic patterns
of atypical dermatofibromas compared to the typical ones. Although the clinical diagnosis
of DFs may be simple in daily practice, in the presence of various patterns, diagnosis of
DFs can become challenging. Therefore, specific characterization of these atypical variants
is essential in differentiating them from malignant conditions and assessing the risk of
local recurrence.

3.1. Clinical Presentation

Clinically, DF usually presents as solitary, hyperkeratotic, small (0.3 to 1 cm) and
slow-growing nodule with a red-brown surface [2,4,5,19] (Figure 2). The rate of recurrence
seems to be higher in lesions initially greater than 1 cm [6]. Other clinical patterns include
firm, flat, sometimes atrophic, single or multiple papules, plaques, with a variety of colors
(light brown, dark brown, purple, red or yellow) [1,39] (Figure 3).

Colour may also vary depending on the Fitzpatrick fototype (Figure 4). The overlying
skin can be pink, red, purple, gray, yellow, orange, blue, brown or black [40]. On palpation
DFs have the consistency of a nodule, that moves freely over the subcutis [40]. The dimple
sign is valuable in the diagnosis of DFs, although it may not always assure it [41].

Besides the classical clinical presentation, there have also been described some unusual
atypical variants. Rare variants may include metastasizing benign DFs, which are usually
larger than typical variants (more than 3 cm) [4,42,43]. Morphological features can be those
of cellular, aneurysmal or atypical DFs and a greater number of mitosis has been noticed
in this cases [4,42,43]. Extension into the subcutaneous layer and local recurrence has also
been described [4,42,43]. Regarding metastatic sites, lymph nodes and lungs are the most
frequent ones [4,42,43].
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Figure 2. Clinical appearance of a DF in a young woman: a solitary, well-defined, hyperkeratotic
nodule with a diametre of about 1 cm with a yellow-brown surface.

Figure 3. Another clinical pattern of a DF located on the leg: a flat, light brown, single papule.

(a)

Figure 4. (a) DF with a nodular, blue appearance in a 4th Fitzpatrick phototype patient. Differential

diagnoses may include a blue nevus. (b) Dermoscopic image of a nodular, blue DF, with well-defined
borders and some scales.

Giant lesions (larger than 5 cm) have also been described in the scientific litera-
ture [4,40,43] (Figure 5). The largest tumor reported measured 17 x 9 x 4 cm [44].

Multiple clustered DFs (more than 15) appear like a plaque with various single hyper-
pigmented papules [45,46]. They may also occur in children and can be either congenital
or eruptive [45,46]. Atypical fibroxanthoma and dermatofibrosarcoma protuberans are
differential dignosis that should be taken into consideration [45,46].
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Figure 5. Giant DF in a young patient, with a diameter of about 5.5 cm.

Multiple eruptive, diffuse, and persistent DFs appear in less than 1% of cases, the majority
of patients suffering from an underlying affliction, such as human immunodeficiency
virus infection, autoimmune diseases (systemic lupus erythematosus, dermatomyositis,
myasthenia gravis, pemphigus vulgaris), Graves disease, Hashimoto thyroiditis, chromoso-
mal alterations (Down syndrome), hematologic malignancies (leukemia, cutaneous T-cell
lymphoma, myelodysplastic syndrome, multiple myeloma) atopic dermatitis, metabolic
disorders (hypercholesterolemia), glycosuria, hydronephrosis, diabetes mellitus, breast
cancer, ulcerative colitis, Crohn’s disease and sarcoidosis [47-61]. Moreover, multiple erup-
tive DFs have been linked to antiretroviral therapy (efalizumab and brentuximab vedotin),
tyrosine kinase inhibitors (imatinib), and antitumor necrosis factor-alpha agents [62-65].
Some cases have also been described in pregnant women [4,66].

Other atypical presentations may include polypoid, atrophic, and DF with spreading
satelitosis [67-69].

A Meyerson phenomenon adjacent to the DF has been seen [70] (Figure 6).

Figure 6. A Meyerson phenomenon is adjacent to the DF.

3.2. Diagnosis and Assessment

As multiple atypical variants of DF have been reported in the literature, clinical
recognition may become challenging, leading to a more burdensome identification and
sometimes to misdiagnosis [2,9]. Although diagnosis is commonly based on clinical pre-
sentation and history, further diagnostic tools such as dermoscopy, variable-frequency
ultrasonography, fluorodeoxyglucose positron-emission tomography (FDG-PET) scans,
and confocal laser scanning microscopy are necessary.

Dermoscopy is a non-invasive procedure useful for the diagnosis and management of
pigmented tumours of the skin [9,71]. Among the scientific literature, various dermoscopic
structures have been mentioned. DFs typical dermoscopic appearance includes the presence
of a delicate, peripheral light-to-medium brown pigment network with a sharply demar-
cated central white scar-like area, white network and homogeneous pigmentation [1,8,9]
(Figure 7).
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Figure 7. Typical dermoscopic appearance of a DF: delicate, peripheral light-to-medium brown
pigment network with a sharply demarcated central white scar-like area, white network and homo-
geneous pigmentation.

For atypical variants, high definition optical coherence tomography can be useful as it
correlates with histopathological types of DFs [72]. As DFs proved to have intense F-18
fluorodeoxyglucose uptake on positron emission tomography-computed tomography scan,
the letter coud be a possible diagnostic alternative [73]. Although confocal laser scanning
microsocopy is mainly used to evaluate melanocytic lesions, it is helpful in diagnosing
DFs as their features (bright rings at the periphery, collagen structures at the center, central
keratin) correlate with both dermoscopy and histopathology [74].

Although typical dermoscopic patterns are most frequently seen in clinical practice,
some authors described atypical types of DFs (Table 1).

Table 1. Dermoscopic features of atypical dermatofibromas.

Study, Authors Article Type Year of Publication Atypical Features with High Risk Cases (n/%)
Irregular delicate/asymmetric pigment network 31(21.8)
Peripheral proeminent pigment network 3(21)
Irregular proeminent pigment network 2(1.4)
Atypical pigment network 2(1.4)
Irregular white network 3(2.1)
Aytekin Setal. [1] Original article 2021 Irregular brown areas 9 (6.3)
Dotted vessels 34 (23.9)
Glomerular vessels 2(1.4)
Polymorphous/atypical vessels 6(42)
Ulceration 5(3.5)
White radial streaks 8 (5.6)
Melanoma-like 11 (19.4)
BCC-like 3(4.9)
Gene Y etal. [75] Report 2020 Keratoachantoma-like 2 (2.6)
Spitzoid-like 26 (19.4)
Dotted vessels 18 (50)
. Arborizing vessels 7 (19.4)
Llambrich A et al. [3] Research letter 2019 Polymorphous/atypical vessels 18 (50)
Shiny white streaks 16 (44.4)
Dotted /pinpoint vessels 2(22)
Sharply focused arborizing vessels 0
Linear irregular vessels 1(11)
. . Glomerular vessels 1(11)
Lin MJ et al. [76] Original research 2018 Polymorphous vascular pattern 1(11)
White lines 0
Ulceration 0
Blue/grey veil 0
- Irregular shape 8 (44)
Won KY et al. [77] Original research 2017 Spiculated margins 12 (67)
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Table 1. Cont.

Study, Authors Article Type Year of Publication Atypical Features with High Risk Cases (1/%)
White streaks 18 (18)
Ulceration 6 (6)
Brown streks 6(6)
Negative-network-like appearance 3(3)
Dotted vessels 23.3%
Multicomponent melanoma-like 20 (20%)
Kelati A et al. [78] Research article 2017 Vascular tumor-like 0
BCC-like 0
Collision tumor-like 0
Peripheral diffuse pink to red to reddish violet halo 7 (7%)
White ring around an ulceration 6 (6%)
Pink bluish pigmentation with vascularization 7 (7%)
Pigment network with a ring around follicular opening 2 (2%)

Pinky-milk areas
Marinescu SA et al. [71] Case report 2016 Peripheral pigment network
Polymorphous atypical vessels

Roldan-Marin R et al. [79] Case report 2014 Grey-green colour

Melanoma-like 21 (16.2)

. .. . Vascular tumour-like 6 (4.6)

Ferrari A et al. [9] Original article 2013 BCC-like 5 (3.8)

Collision tumour-like 3(2.3)

Proeminent atypical pigment network

. 13 (3.1)

Irregular pigment network 8(1.9)

Irregular white network 3 (0'7)
Zaballos et al. [8] Prospective study 2008 frregular brown areas 125 (30.6)

Dotted vessels 3(0.7)

Glomerular vessels ,
Polymorphous/atypical vessel: 10(2.4)
ymorphous/atypical vessels 18 (4.4)

Ulceration

Additional clinical features may include ring-like or donut-shaped globular structures,
vascular structures and sometimes ulceration, comedo-like openings, scale, crusts, or
peripheral collarette fissures [8,9].

The pigment network may vary from peripheral/total/irregular delicate to periph-
eral/total/irregular prominent and atypical appearance [1,3,9]. Aytekin et al. evaluated
dermoscopically 142 DFs of 72 patients and concluded that pigment network was found in
57% of cases, the most common subtype being irregular delicate or asymmetric pigment
network [1]. Delicate pigment network seen in DFs is commonly thin, varying from light
to medium brown and it is considered that it results as hyperpigmentation of rete ridges
rather than the proliferation melanocytes [1]. According to the study performed by Arpaia
et al., the pigment network was darker in the center, becoming gradually pale towards the
periphery with brownish thin streaks [80]. In 2000, Ferrari et al. noticed that the peripheral
pigment network and central white scar-like patches are more prevalent in women and
among the classical histopathologic type of DFs [36]. The results may alternate due to the
quality of the dermoscopy (contact/non-contact, polarized /nonpolarized light) and the
difference among genders [1]. Interestingly, Zaballos et al. also identified in some DFs a
significant and/or atypical pigment network [8].

Central white scar-like patches are sharply demarcated with irregular white regions,
histopathologically characterized by various grades of fibrosis in the dermis [1,9] (Figure 8).

Aytekin et al. have detected white scar-like patches in 37.3% of cases, the most common
subtype being the central ones [1]. This structure is considered the most widespread feature
of diffuse fibrous DF with a peripheral delicate pigment network [1]. It has also been
noticed that the scar structure occasionally got a white radial streaks appearance, which
gave the aspect of a spitzoid pattern [1]. Zaballos et al. evaluated 412 DFs and observed that
white scar-like patches are mainly localized in the center part of the lesion [8]. Moreover,
Arpaia et al. concluded that the central white patch was the most frequent dermoscopic
feature, observed in 91.6% of cases [80].
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Figure 8. The dermoscopic appearance of central white scar-like patches sharply demarcated with
irregular white regions.

The white network may be central, total, irregular, or crystalline-like [1,3,9]. Zaballos
et al. identified a network of white lines and brown holes, which was later considered a
variation of the white scar-like patch [8]. There has been raised awareness of the importance
of distinguishing this structure from dysplastic nevi, Spitz nevi and the negative pigment
network encountered in melanomas [1,8].

The homogenous pigmentation may include multiple colors (brown, yellow) or it may
appear as hypopigmentation [1,3,9] (Figure 9).

Figure 9. The dermoscopic appearance of a homogenous yellow-brown pigmentation of a DF.

Ferrari et al. noticed that homogeneous pigmentation was most frequently in females
and DFs with sebaceous hyperplasia, whereas peripheral homogeneous pigmentation
was mostly encountered in men [36]. Karaarslan et al. observed a homogeneous blueish
pigmentation that was associated with the hemosiderotic type of the DF [81]. Usually,
hemosiderotic variants are indicated by the green color [79].

The vascular pattern has been widely discussed. Vascular structures are used in der-
moscopy to diagnose melanoma and other pigmented or vascular tumors, which mimic
melanoma [1,3]. Nevertheless, DFs may have peripheral, central, or total erythema, dot-
ted, hairpin, glomerular, comma, or linear vessels, but also polymorphic and atypical
ones [1,3,9] (Figure 10).

Figure 10. The dermoscopic appearance of a DF with peripheral erythema and dotted vessels.
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Contrary to other studies, Genc et al. found vascular structures to be the most frequent
dermatoscopic feature and described a red to brown halo phenomenon in 4.9% of DFs [75].
Another study performed by Agero et al. concluded that blood vessels were seen in 44% of
DFs when using polarized light [82]. Ferrari et al. described 2 DFs with dotted vessel
patterns, whereas Aytekin et al. stated that the most frequent vascular structures in their
study were erythema and dotted vessels [1,9,36].

Other not so common dermatoscopic changes may involve ring-like structures, ulcera-
tion, scales, fissures, milia-like cysts, hemorrhage, crusts or white radial streaks [1,3,9,82].
Genc et al. have conducted a study which classified DFs depending on the dermatoscopic
similarities to other lesions [75]:

e  Melanoma-like: various colors and patterns, white structureless areas, polarizing-
specific white lines, pink-red or blue-gray structureless areas, dark brown thick reticu-
lar lines, peripheral black clods and eccentric distribution of straight, curved, dotted
and branched vessels [75].

e  DBasal cell carcinoma-like: arterial structures specifically in the papillary dermis mostly
at the periphery of the lesion [75] (Figure 11).

e  Keratoacanthoma-like: central keratin area with a surrounding radial arrangement of
polymorphic vessels (curved, branched and dotted) [75].

e  Seborrheic keratosis-like: thick curved lines, orange, brown or white clods, brown-black
crusted structures, blue-gray structureless areas and loop, dotted or coiled vessels [75].

e  Nevus-like: various hypopigmented structureless areas, having in between multifocal
thin brown reticular lines [75] (Figures 4 and 13).

e  Nevus sebaceous-like: white lines (associated with dermal fibrosis), peripheral thin
brown reticular lines and central large yellow clods (associated with sebaceous hyper-
plasia) [75] (Figure 12).

e Xanthogranuloma-like: yellow structureless areas, coiled vessels with a peripheral
reddish halo [75].

e  Pyogenic granuloma-like: polymorphic vessels (curved, dotted, straight and branched)
with irregular distribution, white lines and pink-red structureless areas [75].

e  Spitzoid-like: pink-red structureless areas, shiny white lines, white structureless areas,
light brown clods, halo phenomenon, dotted vessels [75].

(b)

Figure 11. (a) Clinical image of a DF with a solitary, well-defined, nodular, pink appearance in a
female patient. Differential diagnoses may include basal cell carcinoma. (b) Dermoscopic image
of a DF with arborizing vessels, along with the central white scar-like patch and fine delicate
pigment network.

Llambrich et al. performed a retrospective review, analyzing clinical and dermoscopic
features of 36 pink nodular DFs [3]. They underlined the importance of a correct differential
diagnosis as pink nodular lesions with erythema, vascular structures, shiny white streaks
and a central white patch may suggest malignancy, mainly amelanotic/hypomelanotic
melanoma [3]. Moreover, regarding the dermopathological types, non-fibrocollagenous
variants of DFs were proned to have atypical patterns [36,75].

Melanoma-like and pyogenic granuloma-like atypical patterns were seen mostly in
the case of aneurysmal DFs [75]. Furthermore DFs may have a pinkish-red pigmentation,
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dotted vessels and superficial white scales resembling psoriasis [9]. A “collision tumour-
like” pattern was also described having a white area with focal pigment network [9].
Particularly, collision-like patterns along with melanoma-like and vascular tumour-like
patterns were most commonly noticed in men [9]. Aditionally there have been described
palisading, granular cell, myxoid, lichenoid, balloon cell and signet-ring cell variants [2,6,9].

Figure 12. Dermoscopic image of a DF with a nevus sebaceous-like appearance: white lines (associ-
ated with dermal fibrosis), peripheral thin brown reticular lines and central yellow structures.

Figure 13. Dermoscopic image of a nevus-like DF, but also with coiled vessels and some scales.

As such, dermoscopy may be beneficial in increasing diagnosis and management
accuracy, but since dermoscopic features may vary as well, it is certainly important to take
into consideration other differential diagnoses [4,9,71,75].

3.3. Histologic Variants

Histologically, DFs contain uniform spindle cells organized in elongated fascicles [4].
Classical histopathological features of typical DFs include an overlying achantotic, hyperk-
eratotic and sometimes hyperpigmented epidermis [19,83-88] (Figure 14).
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(a) (b

Figure 14. (a) Histopathologic examination (hematoxylin and eosin, x10): tumour proliferation
localized in the papillary dermis and extending to the deep dermis, with interspersed collagen
bundles, separated from the epidermis by a grenz zone. The overlying epidermis presents erosions
centrally and collections in the keratin layer. (b) Histopathologic examination (hematoxylin and
eosin, x10): tumour proliferation composed of elongated and spindle-shape cells with elongated
nuclei, in a fascicular-storiform configuration localized in the papillary dermis and extending to
the deep dermis. The overlying epidermis has a hyperplastic appearance with hyperorthokeratosis,
acanthosis, and elongation of the rate ridges. There is also follicular induction at the epidermis level.

Moreover, the epidermis usually exhibits elongated rete ridges containing hyper-
pigmented basal keratinocytes, aspect known as “dirty feet” sign [2]. There is also a
proliferation of spindle-shaped fibrous cells mixed with histiocytoid cells at the level of the
dermis [22,89,90]. Collagen bundles are commonly seen between the spindled fibrous cells
along with the unaffected layeser, known as the “Grenz zone” [2,89-91].

The scientific literature has classified various types of DFs, regarding their histopatho-
logical characteristics [2]. Histological features may coexist in the same lesion [87]. As
such there have been mentioned a lot of histopathological types: fibrocollagenous, cellu-
lar, keloidal, atrophic, aneurysmal, storiform, fibrocollagenous with sebaceous induction,
lipidized, hemosiderotic, epithelioid, lichenoid, baloon cell, signet-ring myofibroblastic,
clear cell, palisading, granular cell, myxoid and also the atypical type [2,6,71,83-85,87,88].

A histologic review performed by Alves et al. on 192 dermatofibromas stated that
common fibrous hystiocitoma was the most frequent type, observed in 80% of cases [2].
Individual collagen bundles encompassed by lesional cells (fibroblasts, macrophages and
blood vessels) and a predominantly lymphocytic inflammatory infiltrate may be seen [2].

Atypical DFs also known as DFs with monster cells, are poorly documented variants
of typical fibrous histiocytomas [88]. Besides typical findings, atypical DF are comprised of
pleomorphic spindle-like, hystiocite-like cells and multinucleate giant cells. [89].

LeBoit and Barr firstly described dermatofibroma with granular cells in 1991 [87,88].
This rare histologic variant can be confused with other malignant or benign cutaneous
neoplasms such as: benign granular cell tumor, malignant granular cell tumor, primitive
polypoid granular cell tumor, granular cell ameloblastoma, granular cell fibrous papule
of the nose, granular cell basal cell carcinoma, granular cell schwannoma, granular cell
leiomyoma, granular cell leiomyosarcoma or angiosarcoma and granular cell dermatofi-
brosarcoma protuberans [87]. Morfology of the lesion along with immunohistochemical
evaluation might sometimes be decisive for the corect diagnosis [86]. For instance, be-
nign granular cell tumors are positive for S-100 protein, CD63, CD68 and neuron-specific
enolase whereas atypical fibroxanthoma stains negatively for S100 protein, Melan-A, hu-
man melanoma black (HMB)-45 pan-cytokeratin (CK) and actin and positively for CD68
and vimentin [87].

Immunohistochemistry can be useful to differentiate DFs from schwannomas, leiomy-
omas and leiomyosarcomas [87].

3.4. Differential Diagnosis

It is extremely important to recognize atypical DFs, as cutaneous melanoma is a vital
clinical differential diagnosis and may display similar characteristics [9,19]. Neverthe-
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less, other afflictions as well may be taken into accounts, such as intradermal nevi, basal
cell carcinomas, keratoacanthomas, and dermatofibrosarcomas protuberans [4]. Differ-
ential diagnoses may also include angiokeratomas, Spitz-nevi, melanocytic nevi, blue
nevi, granuloma annulare, supernumerary nipple, acrochordon, atypical fibroxanthoma,
cutaneous metastasis, cutaneous T-cell lymphoma, cylindroma, pilomatrixoma or targetoid
hemosiderotic hemangiomas [14,92,93].

Dermatofibrosarcoma protuberans (DFSP) appears as painless, slow-growing skin-colored
nodule, with a finger-like projections pattern and should be distinguished from benign
DFs as it is locally aggressive [4,19,94]. A delayed accurate diagnosis leads to clinical
pitfalls [94]. A more cellular appearance and a “honeycomb” display of the subcutaneous
fat is often seen in DFSP [19]. Immunohistochemical staining is also very useful, as there are
various markers to differentiate the two entities [19,95-103]. Although DFSP stains positive
for CD-34, nestin and collagen triple helix repeat containing-1 (Cthrcl) and negative for
factor XIlla, there has also been noticed an elevated expression of thrombospondin-1 (TSP-
1) [19,98,100,101,103]. DFSP characteristically has a genomic reciprocal translocation in
t (17;22) (922;q13) that causes the fusion of the platelet-derived growth factor B-chain
(PDGEFB) and the promoter of the collagen type Ix1 (COL1A1) genes and might be detected
by fluorescent in situ hybridisation or real-time PCR [94].

In comparison, DF stains positive for factor XIlla, D2-40, insulin-like growth factor—
binding protein 7 (IGFBP7), cathepsin K, CD99, leukocyte-specific protein 1 (LSP1) and
5-hydroxymethylcytosine (5-hmC) and negative for CD-34 [19,26,37,99,102,104-107]. Occa-
sionally, the cellular type of DF may stain positive for CD34 [95,96]. Stromelysin-3 (ST-3)
expression of DF shall also help to differentiate it from DFSP [97]. FGFR3/FOXN1 and
FGF2/FGFR4 expression in the pathogenesis of DF is practical [104]. Fluorescence in situ
hybridization (FISH) analysis is a valuable tool as well [108]. B-cell lymphoma 2 (Bcl-2)
expression, autophagy marker Atg5, and phosphohistone-H3 can help to differentiate
between DF and DFSP [109,110]. Moreover, Ki-67 staining shows a higher proliferation
index in the case of DFSP [19].

Hemosiderotic dermatofibromas, dermatoscopically characterized by a blue/red cen-
ter with white lines and maybe network and vessels at the periphery may lead to a dermo-
scopically differential diagnosis with Kaposi sarcoma due to the intense vascularity [28,29].
Nevertheless, Kaposi sarcoma stains are positive for CD31, CD34 and D2-40, and patients
are also positive for HHV-8 [19].

CK20 positive Merkel cells, present in the follicular induction, crowding, no peripheral
palisading, clear cell hyperplasia, and the absence of nuclear atypia are helpful pathologic
features in differentiating DFs with follicular induction from basal cell carcinomas [19].

4. Discussion

This narrative review aimed to reevaluate the clinical and dermoscopic patterns
of atypical dermatofibromas compared to the typical ones. Moreover, there have been
mentioned some not-so-common etiopathogenic factors. Dermatofibromas are prevalent
cutaneous benign tumours that most frequently affect young or middle-aged adults. Clini-
cally, dermatofibromas appear as single or multiple firm papules or nodules with a smooth
surface anywhere on the body, mainly on the lower extremities. They can vary in size
and colour from light brown to dark brown, yellow, purple or red. Although the clinical
diagnosis of DFs may be simple in daily practice, in the presence of various patterns,
diagnosis of DFs can become challenging.

Therefore, it is essential to consider the possible links between dermoscopy and
histology and complete surgical excision, especially in the presence of atypical variants or
a history of recent changes. Thus, the precise definition of dermoscopic patterns for this
frequent benign tumour is of major interest.

In a reverse manner, the possibility of a misdiagnosis of malignant skin disorders,
inlcuding non-melanoma skin cancer, is a main challenge in terms of worldwide public
health management. A lot of clinicians may face it and thus malignancy-related misdi-
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agnosis remains one of the main issues in the dermatologic field. Similar to the case of
melanomas or basal cell carcinomas being misdiagnosed as diabetic foot ulcer, they can be
more easily considered, even by experts, as benign lesion, such as dermatofibromas [111].
As malignant tumors may sometimes mimic benign conditions, the main focus has been on
finding a non-invasive, reliable, sensible and highly specific diagnostic methods to identify
specific features which suggest malignancy.

Promising Differential Diagnostic Methods

Apart from dermoscopy and digital dermoscopy, not so common diagnostic tools
may include variable-frequency ultrasonography, in which DFs appear as hypoechoic
solid nodules and high-definition optical coherent tomography, in which DFs can resemble
malignant conditions on FDG-PET scans [73,74]. Among other studied techniques there
have been mentioned reflectance confocal microscopy (RCM), multiphoton microscopy,
fluorescence evaluation, Raman spectroscopy and diffuse reflectance [112-115]. High-
frequency ultrasonography has been a valuable diagnostic and prognostic tool in early
detecting other types of malignancies, such as hepatocellular carcinoma, for a long time,
but it recently has begun to represent a promising opportunity in dermatology by using
deep learning-based algorithms to analyse automated images [77,116,117]. Complementary
techniques, such as dermoscopy in conjunction with RCM, may also enhance diagnostic
accuracy of melanocytic conditions [118-120]. Confocal laser scanning microscopy is also
considered an alternative tool [118-120].

The use of fractal parameters and fractal analysis method in dermatology is promising
in the evaluation of image parameters, independently of the adopted scale [121]. There are
currently studies being carried regarding the usefulness of fractal parameters in building
classes of disease units based upon pictures of cutaneous pigmented lesions [121,122]. It
might provide fully automatic diagnostic systems able to determine the type of pigmented
tumor and inform us regarding the most adequate management [121].

Taking into consideration that dermatology is a largely visual speciality, the high cost
of travel expenses to urban centres, the long wait times to see a dermatologist and the
shortage of dermatology services mainly in rural areas, several research studies analizying
the role of an artificial intelligence (Al) system as a diagnostic tool for the management of
skin conditions have been conducted, focusing mainly on the malignant ones [123-129].
Several studies proved that telehealth platforms, easily reachable through smartphone
apps, could increase patients access to dermatological care, especially during COVID-19
pandemic [127,130-132]. Some of the apps can use Al to provide various differential diag-
noses depending on the information provided: patient demographics, lesion type, location,
symptoms and progression [127,129]. Artificial neural networks, such as convolutional
neural networks (CNNSs), can be used to analyse visual imagery, being very effective in
recognizing automated images and equal or superior than dermatologist in recognizing
skin cancers [123]. Implementing Al as a diagnostic aid in the clinical practice may be
safe, useful and feasible for skin lesions accurate detection and for better differentiating
malignant from benign ones [123-127].

In order to diminish the high degree of subjectivity and variability regarding specificity,
sensitivity, and diagnostic accuracy when performing RCM, a lot of artificial intelligence
algorithms were created to ensure alternatives, assistance and support od dermatologists
on a daily basis [118]. Al in RCM has been used so far to point out the dermal-epidermal
junction, evaluate the the quality of RCM mosaics and distinguish between different
skin tumors [118].

A lot of other studies have analyzed the correlation between spectrophotometric
parameters of skin color and behavioral/environmental factors to predict the risk of cu-
taneous malignancies [133]. They concluded that the measurment of skin melanin index
measured on the arm or buttock is the simplest predictor and should be added in predictive
models. Regarding the environmental /behavioral factors, the total number of sunburns
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appear to be the most important one. As such, spectrophotometric measurements may be
considered a quick screening examination method of the skin [133].

In histopathology, Al is efficient in classifying and characterizing tissues, in detecting
mitosis and segment histologic primitives as epithelium, nuclei and tubules [128].

As a consequence of complexity and intransparency of deep neural networks in
classifying skin cancer, explainable artificial intelligence (XAI) has also been suggested as
an alternative although further research studies are needed to evaluate the influence of XAI
in detecting cutaneous cancer [134].

There are lot of opportunities that lie ahead, from automated classification of cutaneous
cancer through convolutional neural networks, sequential digital dermoscopy and automated
total body photography to Al and automated teledermoscopy [135]. However, the potential
use of Al in clinical practice remains to be addressed due to their limitations and further
studies need to be conducted in order to implement it every day medical practice [135].

5. Conclusions

Clinical diagnosis of typical dermatofibromas is easy, with a classic dermoscopic
pattern of pigmented network and central white patch. However, in current clinical
situations, dermatofibromas display a wide range of presentations and histological variants
that make the differentiation from other tumours, such as malignant melanoma, very
difficult. Specific characterization of these atypical variants is essential in differentiating
them from possibly more aggressive lesions and assessing the risk of local recurrence. As a
matter of fact, the definitive diagnosis of a skin condition, especially in a doubtful clinical
diagnostic scenario, demands complete surgical resection and histopathological analysis.
As artificial intelligence technologies had reached an impressive precision in identifying
various skin lesions, along with other inovative diagnostic methods, we can emphasise
that in the future it will lead to improved safety and patient care and maybe enhance
dermatologists” productivity.
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Abstract: Atopic dermatitis (AD) is a chronic skin disorder associated with significant quality-of-life
impairment and increased risk for allergic and non-allergic comorbidities. The aim of this review is
to elucidate the connection between AD and most common comorbidities, as this requires a holistic
and multidisciplinary approach. Advances in understanding these associations could lead to the
development of highly effective and targeted treatments.
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1. Introduction

In the past two decades, allergic disorders have become a major global health prob-
lem that is currently estimated to afflict between 25% and 40% of the population in the
developed world. These diseases, such as atopic dermatitis, asthma, or allergic rhinitis,
are associated with significant morbidity and quality-of-life impairment, in addition to
presenting a high socioeconomic burden [1].

What does atopy mean? The word is derived from the Greek atopia, meaning “differ-
ent”. The term “atopy” was originally proposed in 1923 by Coca and Cooke in order to
describe asthma and allergic rhinitis, and the concept of atopic dermatitis was introduced
10 years later in 1933 by Wise and Sulzberger [2].

Atopic dermatitis (AD) is one of the most common and complex chronic skin disorders
characterized by pruritus and inflammation, with most patients having a personal or family
history of “atopic march” [3]. The World Allergy Organization estimates that the disease
affects 10-30% of the pediatric population and 2-10% of adults in developed countries,
with onset occurring in the first 6 months of life in 45% of affected children and during the
first year of life in 60% cases. In terms of prevalence, AD in industrialized countries has
tripled in the past 30 years, and although it is more common in young people, AD in most
adults continues for many years [4,5].

The most important function of the skin is to provide a first-line defense between the
body and the environment. The epidermal barrier serves three primary functions: limiting
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passive water loss, restricting environmental chemical absorption, and preventing microbial
infection [6]. Although the pathophysiology of AD is not completely understood, numerous
studies have demonstrated that skin barrier dysfunction is a central feature of AD, and
with immune dysregulation as the second contributing factor to the pathobiology. In the
acute phase, T helper 2 and T helper 22 responses are increased in the skin, with some
implications from T helper 17. The disease continues its progression with an increased
role played by T helper 1 and T helper 2 cells. The disease is considered a product of the
interplay between environmental factors and genetic susceptibility [7].

AD is clinically diagnosed through extensive history and physical examination of the
morphology, distribution, and clinical course of lesions. It generally presents three clinical
phases: acute (with vesicles, erythema, oedema, and crusts), subacute (scaly and dry skin,
papules), and chronic (dyspigmentation, thickening, xerosis and lichenification), although
phases may coexist. Pruritus is a hallmark of AD, and excoriations secondary to scratching
are often present. Generalized xerosis is a ubiquitous clinical feature that is often associated
with palmoplantar hyperlinearity (Figure 1). In 1979, Hanifin and Rajka (H-R) advanced
major criteria for this diagnosis; the criteria are comprehensive and considered the “gold
standard”. The United Kingdom Working Party criteria are an abridged version of the
H-R criteria and tend to work better in children than adults. The American Academy of
Dermatology has also developed a streamlined version of the H-R criteria [8].

(a) | (b

Figure 1. Cutaneous Xerosis (a); palmar hyperlinearity (b).

Given its tremendous burden on physical, mental, and social health, numerous scor-
ing systems have been described to evaluate AD. The scores can be classified into two
categories: those aimed at evaluating skin involvement, such as the Eczema Area and
Severity Index (EASI) for mild-to-severe AD in both pediatric and adult patients; the Self-
Administered Eczema Area and Severity Index (SA-EASI); SCROAD (SCORing Atopic
Dermatitis); Patient-Oriented SCOring Atopic Dermatitis (PO-SCORAD); and those aimed
at evaluating quality of life, such as the Dermatology Life Quality Index (DLQI), and
Patient-Oriented Eczema Measures (POEM). QoL measurement has become an essential as-
pect of monitoring disease symptoms in AD to assess the safety and efficacy of therapies in
clinical trials [9]. Other alternatives are the Hospital Anxiety and Depression Scale (HADS),
the Numerical Rating Scale (NRS), and the Visual Analogue Scale (VAS); however, there
are no specific tests to define and evaluate AD, and further validation of these methods in
AD is needed.

Patients with AD are at high risk of developing allergic and non-allergic comorbidities,
and early onset is considered a risk factor in the development of such associations. The rela-
tionship between comorbidities and AD is likely bidirectional and multifactorial, reflecting
the systemic nature of the disease (Figure 2). Allergic conditions include asthma, allergic
rhinitis, atopic keratoconjunctivitis, blepharitis, eosinophilic esophagitis, and food allergy.
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Non-allergic comorbidities include cutaneous bacterial infections (Staphylococcus aureus
colonization and Streptococcus pyogenes), cutaneous viral infections (eczema herpeticum,
eczema coxsackium, ezcema vaccinatum, and molluscum contagiosum), or extracutaneous
infections, as well as mental health comorbidities (attention-deficit hyperactivity, autistic
spectrum disorder, anxiety, and depression), cardiovascular diseases, obesity, autoimmune
diseases, or gastrointestinal immune-mediated disorders [7,10]. The mechanisms underly-
ing these associations are mostly unknown, and the absolute magnitude of the risks has
not been well defined to date.

OCULAR

COMORBIDITIES /
PSYCHOSOCIAL RESPIRATORY
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Figure 2. Common comorbidities of atopic dermatitis.

2. Respiratory Disorders
2.1. Allergic Rhinitis

Chronic rhinitis is divided into allergic rhinitis (AR) and non-allergic rhinitis. In a
case of AR, patients test positive in a skin prick test or for the presence of IgE in serum.
Patients with non-AR test negative for both. Among the atopic disorders, AR is the most
prevalent, affecting up to 40% of the population [11]. The disease is defined as chronic
inflammation of nasal mucosa driven by type-2 helper T (Th2) cells with symptoms of
sneezing, airflow obstruction, nasal itching, and clear nasal discharge [12]. Numerous
predisposing risk factors have been described for AR, such as history of allergic diseases,
early-life antibiotic use, male sex, maternal smoking, elevated serum IgE levels, and indoor
allergen exposure [13].

Epidemiological studies have shown that the presence of AR is an increased risk factor
for development of asthma; up to 40% of people with AR have or will have asthma [14].

In terms of therapeutic options, various therapeutic agents are used, such as mast
cell stabilizers, chemical mediator receptor antagonists (antihistamines, antileukotrienes,
prostaglandin D2, and thromboxane A2 receptor antagonists), Th2 cytokine inhibitors,
steroids, and alpha-sympathomimetics [15].

2.2. Allergic Bronchial Asthma

AR and bronchial asthma (BA) can be considered as different aspects of one systemic
allergic disorder. Generally, the history begins with AD and progresses, in an additive
manner, to include asthma and AR, which is defined as a chronic inflammatory disorder of
the airways that translates clinically in recurrent episodes of wheezing, chest tightness, or
coughing [16].

A positive correlation has been demonstrated between the severity of AD and the risk
of developing bronchial asthma (BA). In a large study of 3225 AR patients, Valero et al. ex-
amined this relationship and concluded that respiratory allergic disease is a systemic
condition and that some characteristics of AR may affect the development of asthma [17].
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On the other hand, in middle-income countries, studies have suggested that atopic
sensitization it is not strongly correlated with sequential development of AD, BA, and
AR. A possible explanation for this relationship is that environmental exposures in late
childhood may dissociate atopic conditions from each other [18,19].

3. Psychological Distress in Atopic Dermatitis

Recent studies have also shown that an important pathogenic role is played in illness
development by emotional stress and various personality traits. Both acute and chronic
stress exacerbate disease symptoms by altered innervation of the skin and elevated tonus
of the sympathetic nervous system [20,21].

Associations have also been recognized between allergic diseases and psychiatric
disorders, such as depression, anxiety, and, perhaps the best-studied mental health comor-
bidity associated with ADHD, attention deficit/hyperactivity disorder [22]. The association
between AD and ADHD is unsurprising, given the Diagnostic and Statistical Manual of
Mental Disorders, 5th edition, diagnostic criteria for ADHD, with characteristic features
that overlap with those of an itchy child. The chronic use of antihistamines, an often-used
therapy in AD, was significantly also associated with increased ADHD symptoms [23]. In
a German study, it was shown that the risk of depression for these patients is comparable
with the risk of depression in patients suffering from cancers [24]. In a Swedish study
with 34,313 participants, adults with AD were found to have an increased risk of severe
depression, anxiety, and reduced quality of life [25]. The specificity of the relationship
remains unclear, but a recent meta-analysis highlights a two-way direction between mental
health and atopic disorder [26].

A recent study from Korea that included 72,435 adolescent middle and high school
students with AD revealed that AD patients are prone to depressive feelings, as well as
ideation and planning attempts at suicidal behaviors [27].

4. Ocular Comorbidities

Ocular complications of atopic dermatitis include blepharitis, conjunctivitis, mod-
ifications of the lacrimal canaliculi, cataract, uveitis, keratoconus, and retinal detach-
ments [28,29].

Keratoconus was described by Hilgatner in 1937 as atopic dermatitis complication;
patients diagnosed with keratoconus have symptoms of eye rubbing [30]. Bawazeer
et al. mentioned that eye rubbing occurs in the cases of progressive keratoconus and
atopy may contribute to keratoconus probably by eye rubbing [31]. Allergic disorders
(atopic keratoconjunctivitis, asthma, and atopic dermatitis) are also associated with corneal
hydrops in keratoconus [32].

Bacteria that colonize eyelid skin and conjunctival fornixes are more numerous in
patients with atopic dermatitis than in healthy individuals. The most frequently identified
pathogen in patients with atopic dermatitis is Staphylococcus aureus (67%) [33].

Other ocular complications during atopic dermatitis include blepharitis, retinal de-
tachment, subcapsular cataract, keratoconjunctivitis, uveitis, and ocular herpes simplex.
Retinal detachment is a serious complication of atopic dermatitis and is often caused by
eye rubbing [34-38].

Cataract in atopic dermatitis is usually bilateral, with lens opacities in the anterior
and posterior subcapsular region [39]. Sasabe et al. proved the association between atopic
dermatitis in patients with cataract and high levels of IgE [40].

Patients with severe atopic dermatitis were associated with advanced glaucoma in-
duced by glucocorticosteroids, and eye rubbing in these patients may be a cause of ocular
trauma, possibly causing globular rupture [39,41].

In the case of children, in a study of 59 children with atopic dermatitis, Carmi et al.
observed several associated eye diseases, including chronic blepharitis (1 case), papillofol-
licular conjunctivitis (11 cases), purulent bacterial conjunctivitis (1 case), nuclear cataract
(1 case), and amblyopia (1 case) [35].

105



Diagnostics 2022, 12, 1889

4.1. Atopic Keratoconjunctivitis (AKC)

Atopic keratoconjunctivitis (AKC) is another comorbidity of AD characterized by
redness, ocular pruritus, burning discomfort, pain in the eye, or photophobia. AKC is a
noninfectious, inflammatory condition that affects the cornea and conjunctiva and occurs
in an estimated 25% to 42% of patients with AD [31]. AKC can progress to recurrent corneal
erosions, corneal ulcers, keratoconus, cataracts, blepharitis, tear dysfunctions, or infectious
keratitis. It is also a potentially blinding condition if not treated early [41-45].

Atopic keratoconjunctivitis was the most common ocular manifestation identified in
children diagnosed with atopic dermatitis [45].

The diagnosis of atopic dermatitis in adult and pediatric patients requires ophthalmo-
logical check-ups in order to identify possible associated eye diseases (Figure 3).

RN B

Figure 3. Periocular atopic dermatitis (PD).

Treatment of atopic dermatitis is essential in the prevention of eye rubbing, which can
cause severe eye complications, such as retinal detachment or worsening of the keratoconus,
causing permanent impairment of visual acuity. A recent study showed that patients with
PD treated with oral antihistamines and topical steroids were approximately four times
more likely to experience cure than those treated with topical steroids alone [46]. Topical
calcineurin inhibitors are another highly effective approach for treatment of conjunctival
involvement [47]. This could underline the importance of allergy testing for this category
of patients.

4.2. Blepharitis

Blepharitis is an inflammatory condition of the eyelids that is estimated to affect more
than 6% of patients with AD. Clinically, patients may experience pruritus and local irritation,
tearing, burning and foreign sensation, photophobia, or crusting of the eyelids [48].

5. Imnmune Dialogue between the Gastrointestinal Tract and Skin

The role of gut microbiota in the development and severity of symptoms of AD
remains unclear. However, it has been proposed that probiotics may lead to an induction of
regulatory of T cells, along with suppression of regulatory cytokines I1-10 and TGF-3 [49].
Systemic antibiotic treatment has been reported to increase the risk of AD, possibly due to
changes in intestinal microbiota [50].

Other studies revealed a significant reduction in the microbial diversity of the oral
cavity in AD patients, as well as an apparent alteration in genera [51].

More than 90% of all microorganisms in humans are found in the large intestine.
Previous studies have revealed that changes in the gut microbiome in early life are closely
correlated with age of onset and severity of AD; abundant evidence suggests that host-
microbiome interactions can determine health status. The development of skin changes may
be promoted not only by gut microbiome diversity but also by specific interactions between
the gut microbiome, the immune system, and the host [52]. In patients with AD, Clostridium
difficile, Escherichia coli, and Staphylococcus aureus levels in the gut microbiome are higher
than in healthy controls [53]. Transepidermal water loss decreased in human subjects after
oral supplementation of Lactobacillus brevis SBC8803 [54]. Transepidermal water loss is
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an indicator of skin barrier function. In animal models of AD, infection with Helicobacter
pylori exerts a protective effect on the severity of skin lesions, such as erythema, swelling,
and hyperemia [55]. The potential for probiotics to treat inflammatory skin diseases has
been a focal point of research. For example, a number of randomized, controlled trials
have reported a reduction in disease severity following administration of oral probiotics to
children with AD [56,57]. Conversely, other studies have noted no differences between oral
probiotics and placebo in preventing or improving AD symptoms [58].

Another study using Lactobacillus acidophilus L-92 in children between 10 months
and 3 years old who had undergone conventional treatment and with concomitant food
allergies (FA) showed a decrease in allergic sensitization, with decreased SCORAD index
and decreased total IgE levels after only 24 weeks. These results suggest that L-92 works as
an adjunctive treatment in patients with AD and FA [59].

Irritable bowel syndrome, a functional gastrointestinal disorder characterized by
chronic or recurrent abdominal pain, cramping, gas, bloating, and diarrhea/constipation,
was found to be more common in AD patients that in healthy controls in a recent study
conducted by Kaya Islamoglu et al. The relationship could be explained by inflammation,
an important factor in the pathogenesis of both diseases, with elevated serum inflammatory
cytokines and decreased serum anti-inflammatory cytokines for irritable bowel syndrome.
In adults, risk of celiac disease was also increased but not in children [60].

6. Cardiometabolic Risk

Until now, AD has been linked to comorbidities such as allergies, asthma, and psychi-
atric disorders; however, recent studies have suggested an association between AD and
cardiovascular disease in both adults and pediatric patients. Cardiovascular comorbidities
for AD include hypertension, myocardial infarction, stroke, angina, coronary heart dis-
ease, heart failure, peripheral artery disease, thrombosis, and atrial fibrillation. The link
between atopy and cardiovascular risk is based on the theory of a shared inflammatory
pathway [61].

A meta-analysis of 30 studies showed higher odds of overweight or/and obesity in
children and adults with AD in studies from North America and Asia [62]. A Taiwanese
cohort study showed a significantly increased risk of risk of ischemic stroke but not of
myocardial infarction (MI) in patients with AD [63]. In Europe, a recent large German
study revealed a modestly increased risk of hypertension, angina, and peripheral artery
disease but not of MI and stroke [64].

Compared to other chronic inflammatory skin conditions, such as psoriasis, the risk
for cardiovascular diseases in AD is much lower, although it remains controversial.

A possible link between AD and type 2 diabetes is likely multifactorial and possibly
explained by genetic predisposition; AD-associated therapies, including corticosteroids;
lifestyle; or systemic low-grade inflammation [65,66]. In contrast, children diagnosed with
type 1 diabetes mellitus seem to be less likely to develop AD compared with controls;
however, evidence of this association is limited, and large control studies are needed
to elucidate the exact link between AD and diabetes [67]. Nevertheless, it is difficult to
determine whether the potential association of AD with these types of comorbidities is due
to pathophysiological effects, adverse events associated with medications used to treat AD,
or a combination of the two factors.

Obesity

A recently meta-analysis of epidemiological studies showed that obesity is associated
with an increased prevalence of AD in both children and adults. Such an association can be
interpreted in three ways: obesity causes AD by providing chronic inflammatory status;
obesity can influence sex hormones by increasing 17-f3 estradiol plasma concentrations,
and estrogens have proinflammatory properties; or poor diet habits or sedentary lifestyle
could lead to both illness [61].
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The association between obesity and atopy may be linked to genetics or shared risk
factors, such as gut microbiome. However, the reported results are conflicting. For example,
a large study with more than 15,000 children showed that excessive gestational weight gain
was associated with a 10% increase in risk of AD [68], whereas another study revealed that
obese children younger than 2 years were 15 times more likely to have the disease [69].

Obesity is known to modify cutaneous and systemic inflammation via increased
cytokines secretion (tumor necrosis factor alpha and interleukin 6) [70].

These molecules may predispose patients to hypersensitivity reactions. Another
explanation could be the predisposition to a more sedentary lifestyle, which may increase
the risk of obesity [71].

A cross-sectional analysis of a large population-based cohort (441,746 adults with
AD) revealed a small association between AD and overweight and obese patients but no
association with severe forms of obesity [72]. An interesting aspect is that these studies
used body mass index to determine obesity rather than measurements of abdominal
obesity /waist circumference, possibly resulting in a stronger association between AD and
obesity. However, the authors drew the common conclusion that maintaining ideal body
mass index during early childhood important aspect for patients with atopic march. A
cross-sectional study of 116,816 patients from Israel revealed that metabolic syndrome to
was less prevalent in people with AD, whereas another study from Korea revealed this
association only in female subjects. In general, females are more prone to severe allergies
because estrogen is generally known to enhance the activity of eosinophil and inhibit the
production of cortisol [73].

7. Cancer and Atopic Dermatitis

The association between cancer and atopic dermatitis remains controversial. A recent
meta-analysis showed that there was a small but significantly increased risk of lymphoma
in the AD cohort and that AD severity is a significant risk factor [74]. On the other
hand, a meta-analysis found no association with acute myelogenous leukemia in two
studies and an inverse association between AD and acute lymphoblastic leukemia in
six studies [75]. In a prospective adult Dutch cohort study, Hajdarbegovic et al. found
an inverse association between AD and actinic keratosis but no association with non-
melanoma skin cancer (NMSC) [76]. In a recent systematic review, AD was found to be
associated with a significantly elevated risk of NMSC but with a non-significantly decreased
risk of melanoma. However, Karim et al. showed that allergic diseases appeared to reduce
the risk of developing skin cancers [77,78]. No association was found between AD and
brain, pancreatic, or bladder cancer [79].

The relationship between allergies and cancer is based on four hypotheses: chronic
inflammation, inappropriate T-helper 2, immune-skewing immunosurveillance, and pro-
phylaxis [80].

8. Cutaneous Infections

AD is associated with cutaneous bacterial infections and more severe forms of cuta-
neous viral infections. A recent large study concluded that pediatric and adult AD patients
were associated with significantly higher odds of erysipelas, impetigo, carbuncle/furuncle,
cellulitis, methicillin-resistant and methicillin-sensitive Staphylococcus aureus infections,
herpes simplex, molluscum contagiosum, human papillomavirus, zoster virus, dermato-
phytosis, and candidiasis of the skin/nails [81].

8.1. Bacterial Infections

Approximately 80-90% of patents with AD are colonized with S aureus, which pro-
duces enterotoxins that are known to break down the skin barrier and enhance type 2 in-
flammation [82]. Clinically, features that suggest secondary bacterial skin infection are
extensive disease, and oozing, crusting, or asymmetrical lesions [83]. Doctors should also
be aware of the existence of a rare syndrome that associates dermatitis with recurrent skin
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infections. Job syndrome is a rare, primary immunodeficiency characterized by the clinical
presentation of AD, staphylococcal infections, and recurrent pulmonary infections. The
disease is distinguished by elevated IgE levels with an early onset in primary childhood
and is classified into two types: type I (autosomal dominant hyper IgE syndrome), with
abnormalities in multiple systems, the including skeletal, dental, and immune systems; and
type II (autosomal recessive hyper IgE syndrome), with no musculoskeletal alterations [84].

Recent studies have shown that local treatment with topical corticosteroids, emollients,
and bleach baths resulted in decreased S. aureus and increased microbial diversity, including
Corynebacterium, Propionibacterium, or Streptoccocus. Fundamental knowledge about RNA,
in association with the considerable technological advances in recent years provided by
cutting-edge technologies in molecular biology, has led to biotechnological and medical
applications of RNA, including in AD. We identified some interesting studies (see Table 1)
which using mRNA analysis for different bacterial species to optimize AD therapy [85-89].

Table 1. Associations between AD and bacterial mRNA analysis.

Sample Type/Objective
of the Study

mRNA Analysis

Assay Results

Authors, Year, Country Novelty

The safety and mechanisms
of action of Staphylococcus
hominis A9 (ShA9), a
bacterium isolated from
healthy human skin, as a
topical therapy for AD.

Improvement in local
eczema severity was
suggested by post hoc
analysis of participants
with S. aureus directly
killed by ShA9.

Nakatsuji, T. et al., 2021,
CA, USA

Expression of
mRNA for psma

The safety and potential benefits
of bacteriotherapy for AD.

Oral treatment of PA
relieved AD symptoms in
a dose-dependent manner,

The efficacy of Pediococcus
acidilactici SRCM102024 (PA)
for treatment of AD

Oral PA intake may be
a safe and effective

mRNA expression

Jeong, D.Y. et al., 2020, of PAR-2, TNF-ct,

Sunchang, South Korea

in HaCaT cells
and NC/Nga mice.

IL-4, and IL-13

preventing overactivation
of the immune response.

alternative therapyfor AD.

Virulence factors can be

Staphylococcal virulence
factors can be quantified

Secreted virulence factors are
present on the skin of atopic

Moran, M.C. et al., 2019,
New York, USA

directly detected at the
protein level from
human samples.

patients, as well as the
physiological impact of S. aureus
in inflammatory diseases, such
as atopic dermatitis.

mRNA analysis at the protein level directly
from skin swabs of atopic

dermatitis patients.

8.2. Viral Infections

Approximately 20% of patients with AD develop eczema herpeticum, an acute, life-
threatening viral infection caused by herpes simplex virus [90]. Recurrence was associated
with an earlier onset of AD but not with total IgE serum levels. This form of Herpes
simplex infection is positively associated with onset of AD at an early age, more severe
disease, greater T-helper 2 polarity, and other skin infections [91]. Molluscum contagiosum
is another viral infection frequently associated with higher recurrence of AD flares is some
pediatric patients, who are more likely to have a family history of atopy [92].

8.3. Fungal Infection

Malassezia spp. is common in AD patients, with sensitization rates particularly higher
in cases with head and neck types of AD. Some recent studies investigated a possible
correlation between IgE-mediated sensitization to Malassesia spp. and disease severity. This
correlation seems to be more frequent in adults than in children [93].

Filaggrin mutations could increase the risk of human papilloma virus in the cervical
mucosa. Immunosuppressive drugs used to treat AD were investigated with respect to
the associated risk of this type of infection. It seems that AD patients treated with oral
immunosuppressive therapy have no additional risk of developing cervical neoplasia [94].

Children with AD have a higher prevalence of extracutaneous infections, such as
streptococcal pharyngitis, recurrent otitis, urinary tract infections, and infective endocardi-
tis [95]. Most recently, the impact of COVID-19 on patients with AD was established by
specific questionnaires that highlighted the heavy burden placed on patients during such
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periods. Predictive factors were identified, such as sex (females tend to be more vulnerable)
and age (individuals under 40 years old). Reports also suggest that lower education level,
unemployment, and poor economic status were significant risk factors for developing
depressive symptoms during the pandemic period in the general population [96].

In terms of dermatologic conditions, AD has been associated with alopecia areata,
vitiligo, dermato/polymyositis, cellulitis, actinic keratoses, systemic lupus erythematosus,
connective tissue disease, Sjogren syndrome, and seborrheic dermatitis [97].

In a recent study that included 70,584 individuals with AD and 270,783 controls, eating
disorders were positively associated with AD, with the highest association with bulimia
nervosa, followed by binge eating disorders [98].

Comorbidities were shown to differ according to geographical region, for example,
cardiovascular comorbidities were less registered in Europe (large German, Danish, and
Canadian investigations) that in the USA. This could be explained by different therapeutic
options available in different countries, divergent diagnostic criteria, age of patients, or
lifestyle factors (e.g., smoking and diet) [99]. Other studies have shown that children had a
higher prevalence of infections, whereas adults had a higher prevalence of mental disor-
ders [100]. Large variations in the prevalence of comorbidities in countries with ethnically
homogenous populations could be explained by the fact that, alongside genetic predisposi-
tion, environmental factors play an important role in the pathogenesis of the disease.

9. Conclusions

Recent studies have redefined the concept of AD, which is no longer considered a
disease that affects only the skin but a systemic illness; therefore, the concept of classic
atopic may be further expanded. The causative mechanisms underlying AD and its as-
sociated comorbidities are largely unknown, but many of these conditions are directly
connection with patient age, chronicity, or inadequate disease control. There is a growing
list of potential comorbidities that suggests that patients should be treated with a multidis-
ciplinary approach. Understanding these comorbidity patterns can help us to ensure better
care of patients with AD. AD could be considered a systemic inflammatory disease with
multiorgan involvement beyond the skin. Recent advancements in the understanding of
the molecular pathogenesis are closely related to the development of therapeutic agents
specifically targeting type 2 inflammatory pathways. Important is to mention the role of
biologic drug dupilumab; its approval for the treatment of AD and of different type 2 im-
mune mediated conditions led to the concept of treating skin manifestations together
with comorbidities in AD. The introduction of dupilumab and of other recently approved
targeted drugs or those in advanced stages of development has been made possible by
advances in understanding of molecular mechanisms.
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Abstract: Currently, the treatment of malignant melanoma offers the longest and the most studied
experience of innovative treatments in malignant pathology. The algorithm of the therapeutic
decision in advanced or metastatic melanoma must comprise: the timing of the therapeutic initiation,
the sequencing of the specific oncological treatment (radiotherapy and chemotherapy still being
therapeutic alternatives in selected cases), the diagnosis and the management of adverse reactions.
We present the case of a patient diagnosed with metastatic malignant melanoma in November 2019,
who progressed successively under new systemic treatment throughout the 3 years of treatment and
experienced skin reactions of various degrees of severity. The comprehensive response to secondary
hilar pulmonary lymphatic determinations under subsequent chemotherapy was specific to the
presented case. The occurrence of vitiligo secondary to immunotherapy is a favorable prognostic
factor, but the occurrence of secondary cerebral determinations is an extremely severe prognostic
factor in malignant melanoma and a challenge in making the therapeutic decision. Previous treatment
with immune checkpoint inhibitors may trigger a favorable response to systemic chemotherapy. The
early and accurate diagnosis of the adverse events of the new therapies requires a multidisciplinary
approach, because it can radically change the therapeutic decision.

Keywords: malignant melanoma; new therapeutic approach; chemotherapy; adverse events

1. Introduction

Malignant melanoma (MM) has shown an increase in incidence in the last decade, with
exposure to ultraviolet radiation as the main triggering factor [1-3]. In a study conducted
in England, an increase in the incidence of the disease from an average of 837 cases/year
between 1981-1985 to 6963 cases/year between 2016-2018 was highlighted [1,2]. On the
other hand, in a study carried out in the United States, a rapid decrease in mortality
was highlighted through the efficiency of immune and targeted therapies in malignant
melanoma [4].

Described since the 14th century B.C.E. (before the Common Era) in the mummies
of Peru, malignant melanoma started to be recognized, named and subsequently studied
beginning in the 1800s when Rene Laennec introduced the term “melanosis” and Sir
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Robert Carswell named the malignant pigment lesions of the skin “melanoma” [5,6].
Since 1975, specific systemic therapies for malignant melanoma have been developed,
including the approval of Dacarbazine and, subsequently, treatments with high-dose alpha
interferon (IFN-«) and high-dose interleukin-2 (IL-2) [6]. Since the 2010s, progress in
systemic treatment has become exponential, in response to decades of molecular and
immunologic studies of cancers [7,8].

The mechanism of action of Dacarbazine, a standard treatment for malignant melanoma
for more than 30 years, has not been elucidated yet [9]. It is considered to have a cytotoxic
effect due to its structure as an alkylating agent and because it inhibits deoxyribonucleic
acid (DNA) synthesis through its action as a purine analogue [9]. II-2, through the activa-
tion and proliferation of T lymphocytes and the stimulation of natural killer (NK) cells,
fostered a real interest in the treatment of cancers at the end of the 1990s, but it demon-
strates a response rate of only 15% in metastatic renal cancers and metastatic malignant
carcinoma. In high doses, IL-2 has demonstrated a clinical response of up to 50% in the
with malignant melanoma with lymphopenia [9]. Type I and II interferons (IFNs) present
antitumor action through signal transducer and activator of transcription (STAT) 1 and
2 activations and related mechanisms: the activation of mitogen-activated protein kinase
(MAPK) pathway, of mammalian target of rapamycin (mTOR) pathway and of nucleotide
Guanosine TriPhosphate (GTP)ases/cyclin-dependent kinases pathway. IFN-« stimulates
tumor immunogenicity and the response of antitumor dendritic cells through the polar-
ization, maturation and survival of dendritic cells. Therefore, IFNs have a proapoptotic,
anti-proliferative, antiangiogenic and potent immunoregulatory effect [10,11].

Starting from the theory that tumor cells manage to “fool” the immune system through
the “peripheral tolerance” mechanism—a process of regulating the activation of T lym-
phocytes by which autoimmunization is prevented, the treatment of advanced /metastatic
malignant melanoma is being revolutionized by immune checkpoint inhibitors. An impor-
tant role in this process is played by immune control pathways: cytotoxic T-lymphocyte—
associated antigen 4 (CTLA-4) and programmed death receptor-1 (PD-1) [12,13]. The
CTLA-4 pathway inhibits the autoreactive potential in the initial stage of activation of
naive T cells, at the level of lymph nodes, while the PD-1 pathway regulates this process, at
the level of peripheral tissues, in the late phase of the immune process, on the previously
activated T cell. PD-1 is expressed both at the level of T lymphocytes and at the level of
B lymphocytes, monocytes, dendritic cells and tumor-infiltrating lymphocytes (TILs). By
linking to its protein programmed cell death-ligands 1 and 2 (PD-L1 and PD-L2), PD-1
inhibits the activity of T cells [12-14]. Tumor cells from malignant melanoma overexpress
PD-L1 to escape the inflammatory process. Thus, the treatment of advanced /metastatic
malignant melanoma was revolutionized starting in the 2010s through: Ipilimumab (re-
combinant humanized monoclonal antibody that binds to CTLA-4), Pembrolizumab and
Nivolumab (direct anti PD-1 monoclonal antibodies), and Atezolizumab (fully humanized,
engineered monoclonal antibody of IgG1 isotype against PD-L1), including the association
between anti-CTLA-4 and anti-PD-1 [12,13].

BRAF named also as NS7; B-raf; BRAF1; RAFB1; B-RAF1; BRAF-1, is a B-Raf proto-
oncogene, serine/threonine kinase, the gene that encodes a protein belonging to the
RAF family of serine/threonine protein kinases, located on chromosome 7q34. It was
noticed that 40-60% of the patients with malignant melanoma present BRAF(h) gene
mutations— most frequently, the modification of a single amino acid at the level of codon
600 (BRAFV600E). The oncogenic effect of BRAF mutation occurs by activating the MAPK
pathway/extracellular signal-regulated kinase (ERK), named MAPK/ERK kinase or MEK.
MEK is activated by MEK phosphorylation and subsequently ERK phosphorylation [15-18].
This characteristic determines the sensitivity of these tumors to targeted therapies with
the inhibition of the MAPK pathway. Thus, BRAF inhibitors (Dabrafenib, Vemurafenib,
Encorafenib) demonstrated an objective antitumor response in approximately 50% of the
patients with malignant melanoma, but with a short duration of approximately 6 months
due to mechanisms of resistance to treatment [15,16,19]. The simultaneous inhibition of
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BRAF kinase and MEK (trametinib, cobimetinib, binimetinib) determines long-term re-
sponses, an increased tumor response rate and a paradoxical decrease in skin toxicity, thus
becoming the standard treatment in malignant melanoma with present BRAF mutations,
with increases in the disease interval until progression of up to 1.8 months [20].

2. Materials and Methods

A 52-year-old patient from a rural area, with an occupational history of exposure to
sun, presented to our Oncology Department 3 years ago. At that time, the patient had
undergone a surgical treatment for a 2/2 cm pigmented ulcerated skin tumor formation
located at the level of the left basal posterior chest, 0.5 cm superior to a post-resection scar
from a similar skin lesion 12 months earlier (Figure 1).

Figure 1. Melanoma relapse, at the time of the patient’s admission to the Surgical Department of
our team.

Histopathological and immunohistochemical tests revealed nodular pigmented malig-
nant melanoma, Breslow 15 mm (local staging pT4b), Clark V, 8 mitoses/ mm?, in hot-spot,
“non-brisk” lymphocytic inflammatory infiltrates, presenting angiotropism, without any
lymphatic-vascular invasion, absent neurotropism, with V600E mutation detected in the
BRAF gene (c.1799T > A). The pre-therapeutic assessment comprised a computerized
tomography (CT) scan of the brain, thorax, abdomen and pelvis with contrast medium,
which revealed a thoraco-abdominal aortic aneurysm and lymphoscintigraphy with sur-
gical removal of the left axillary sentinel nodes. A complete left axillary excision was
performed, followed by the histopathological and immunohistochemical analysis of the
excised sentinel lymph nodes (3 lymph nodes with MM metastases, the largest metastatic
mass of 18 mm, subcapsular and extramedullary location, presenting extra lymph node
extension, p. V60OE mutation in the present BRAF gene), pN2a stage. A positron emission
tomography (PET) scan/CT assessment at approximately 1 month after the axillary lymph
node removal pointed to a metabolically active upper left perijugular adenopathy with a
diameter of 29/30 mm, moderately fixed lymph nodes for 18Fluor-fluorodeoxyglucose (18F-
FDG) PET located bilaterally infrahilar and hilar pulmonary, possibly with a non-specific
inflammatory substrate; non-capturing pulmonary micronode of 5 mm, medial segment,
middle lobe. The subsequent therapeutic decision was established by the multidisciplinary
board, taking into account the extremely difficult surgical approach for the metabolically
active perijugular lesion and the coronavirus disease 2019 (COVID-19) pandemic at the
onset with severe restrictive health regimen, deciding to initiate the systemic oncological
treatment. The targeted treatment for the BRAF mutation was initiated with Dabrafenib in
the standard dose (150 mg BID (taken two times a day)) and Trametinib 2 mg/day. The
patient underwent this treatment for 6 months, with very good clinical tolerance, with a
few febrile spikes at the beginning of the treatment that were controlled with antipyretic
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treatment. The stage reassessment after 6 months, by magnetic resonance imaging (MRI)
of the cervical area with contrast medium and the CT of the thorax, abdomen and pelvis
with contrast medium, described the progression of the disease at the level of the lymph
nodes—a mass with a structure and non-homogeneous gadolinium of 30/22 mm in the
axial plane and 44 mm in the craniocaudal diameter, located in the left jugular carotid,
with a mass effect on the jugular vein—MRI appearance of adenopathy; multiple bilat-
eral superior latero-cervical adenopathies of 10 mm, submandibular of 13 mm, bilateral
deep latero-cervical of 11 mm, bilateral posterior laterocervical of 7 mm, lymph nodes of
maximum 22/8 mm in Barety’s space, infracentimeters in the aorto-pulmonary window,
lateral-aortic, right hilar of 20/13 mm.

For the next 10 months, the patient underwent treatment with Nivolumab 240 mg
every 14 days, with a temporary interruption of the treatment for 6 weeks due to an
increase in serum transaminase values > 5xN, until the correction of the values under
corticotherapy. The occurrence of skin depigmentation was also noticed in the last 3 months
of nivolumab administration, predominantly at the level of the face and bilateral palms
with a clinical aspect of “vitiligo” (Figure 2), and at the level of the distal lateral extremity
of the postoperative scar, a 5 mm brown-blue lesion with a clinical aspect of malignant
melanoma relapse.

Figure 2. Vitiligo-like lesions in the areas exposed to the sun: (a) face and forehead; (b) dorsal side of
the left hand; (c) face, forehead and left side of the neck; (d) dorsal side of the right hand.

After 10 months of treatment, the imaging evaluations, the CT scan of the cervical,
thoracic and abdominal area with contrast medium, the ultrasound of soft tissues in the
left lateral cervical area (Figure 3), and the angiography and the MRI of the cervical area
with contrast medium revealed the increase in the tumor mass located in the left jugular
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carotid area, with no progression of the other lymph node lesions described in previous
examinations (an image with adenopathy including necrotic areas, medial to the left jugular
carotid vascular mass of 58.7/26/24 mm, with a structure similar to adenomegalies upon
MRI examination). The patient was re-evaluated by the therapeutic indication board, and a
surgical approach was recommended for the lesions in progression. The histopathological
and immunohistochemical tests of the tumor lesion in the left cervical area revealed Sry-
related HMg-Box gene 10 (5100 SOX10) intensely positive in the tumor proliferation,
epithelial membrane antigen (EMA)—intensely positive at the level of the fibrous capsule,
Ki67 < 5%—Schwannoma, and for the previously described skin formation—malignant
melanoma relapse. The patient continued the treatment with Nivolumab, in the same
therapeutic sequence for 4 more months, until the next PET/CT imaging evaluation when
the metabolic and dimensional progression of a left lung adenopathy up to 22/11 mm
and standardized uptake values (SUV) of 10.13 were revealed. The histopathological and
immunohistochemical assessment of the lymph node lesion confirmed the progression of
the disease under treatment through malignant melanoma metastasis with the presence of
BRAF mutation.

Figure 3. (a) Two nodular images, with the hyperechoic center of 0.66 and, respectively, 0.53 cm,

between external to common carotid artery (CCA) and internal jugular vein (IJV). (b) Hypoechoic
nodular image, with Doppler signal in the hilum, the transverse diameter of 2.57/2.42 cm; longitudi-
nal diameter of 4.54/2.14 cm, between internal carotid artery (ICA) and external carotid artery (ECA),
in direct contact with the vessels.—April 2021.

After using the combination of BRAF + MEK inhibitors as the first line and treat-
ment, with immune checkpoint inhibitors as a second line of treatment, i.e., the anti PD-1,
treatment was limited to chemotherapy, anti CTLA-4 (ipilimumab), and radiotherapy
(controversial) /re-challenge of the treatment with Dabrafenib + Trametinib (the BRAF +
MEK inhibitor combination in Romania). In January 2022, the targeted treatment was reini-
tiated, keeping the standard doses of treatment—Dabrafenib 150 mg BID (taken two times
a day), Trametinib 2 mg/day, but with extremely difficult clinical tolerance, manifested by
daily chills, facial edema, including that of the lips, generalized pustular erythematous, pru-
riginous eruption, with areas of integumentary peeling and depigmentation—symptoms
that are not controlled by corticoid and antihistaminic treatment. After a prolonged discon-
tinuation of treatment for approximately 6 weeks, until the disappearance of the clinical
complaints, the patient required admission to the Oncology Department for ongoing hospi-
talization for the titration of systemic treatment and clinical monitoring of the symptoms.
The clinical oncological and dermatological evaluation upon the attempt to resume the
treatment with Dabrafenib and Trametinib guided the diagnosis to allergic reactions to
the treatment but could not rule out a cutaneous adverse reaction with severely increased
potential.

Due to the progression of the disease in the intrathoracic ganglionic areas, especially at
the level of the right pulmonary hilum, the treatment with Dacarbazine 500 mg/m? every
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21 days was initiated from April 2022 until September 2022, when the patient exhibited
partial motor epileptic seizures on the right side of the body, motor deficit of the right
(crural > brachial) hemibody, dysphasia and headache. The patient’s emergency assessment
within the Neurosurgical Department revealed a left parasagittal frontal-parietal cerebral
tumor with a cystic component, of 36/50/44 mm in dimension, subsequently completely
resected. Histopathological and immunochemical tests made the diagnosis of amelanotic
malignant melanoma metastasis. Treatment with external stereotactic irradiation of the
target volumes was completed, with total dose (TD) of 25 Gy left frontal-parietal tumor bed,
using intensity-modulated radiation therapy and volumetric modulated arc therapy (IMRT-
VMAT) technique, respectively, with TD 30 Gy for tumor relapse of 7 mm, revealed upon
cerebral MRI assessment with contrast medium. It is worth mentioning that the thoracic
imaging evaluation described the complete response to the treatment with Dacarbazine at
the level of the intrathoracic lymph node areas.

Three weeks after completing radiotherapy, the patient presented again as an emer-
gency case to the Neurosurgical Department with severe neurologic symptoms for a
significant cerebral edema with thrombosis in the sagittal sinus and continuation in the
evolution of the cerebral disease through secondary leptomeningeal determinations. The
patient ended his struggle with the disease on Christmas day, after 2 months of “best
supportive care”.

3. Discussion
We consider that the peculiarities of our case are as follows:

e  The description, in all of the imaging investigations carried out initially, but also
in the reassessment of the treatment, of a left latero-cervical adenopathy, stages II-
III, with dimensional progression under treatment with BRAF/MEK inhibitors and
Nivolumab—histopathologically and immunohistochemically invalidated during the
surgical verification—schwannoma;

e  The development of a “vitiligo”-like cutaneous lesion with evolution at a distance,
during the treatment with Nivolumab;

e A 3rd degree severity skin reaction when BRAF/MEK inhibitors were reintroduced
into the treatment—an allergic reaction to treatment vs. an adverse skin reaction;

e Animaging response of intrathoracic ganglia to the treatment with Dacarbazine, after
the progression of these lesions under targeted treatment and immune checkpoint
inhibitors;

e  Throughout the evolution of the disease, a single cerebral secondary determination
occurred, thus challenging the therapeutic decision.

Considering the clinical and imaging diagnosis of schwannomas at the level of the
head and neck, the specialized literature only mentions one incidence of this pathology
of 5% of all soft tissue tumors, 45% being diagnosed at the peripheral or autonomic nerve
level of the head and neck, with symptoms associated with the nerve involved in the
tumor transformation [21,22]. Most frequently, schwannoma is associated with type II
neurofibromatosis, more rarely with type I, and it rarely becomes malignant [21]. It presents
a slow increase in dimensions, and it is described either as a small mass, homogenous
or more frequently well circumscribed tumors, heterogenous, iso/hypodense compared
to muscular structures, with cystic formations inside and with the displacement of the
adjacent structures upon the imaging evaluation [21,23]. The FDG-PET/CT scan revealed
that benign schwannomas present a varied behavior, being able to present increased
metabolic activity, acting like a malignant tumor [24]. The imaging descriptions, in our
case, either ultrasound, computed tomography or magnetic resonance imaging, led to the
diagnosis of an adenopathic image, indeed with a heterogeneous appearance of the tumor
mass and with the displacement of adjacent structures, without their invasion and with
an increase in dimensions of approximately 1.8 cm in 6 months, with increased metabolic
activity at 18F-FDG-PET/CT, which determined the change of the systemic treatment, from
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a targeted treatment for the BRAF mutation to immune checkpoint inhibitors—Nivolumab,
until the pathological examination.

The treatment with immune checkpoint inhibitors (anti-CTLA-4, anti-PD-1, anti-
PD-L1) caused a prolonged T-lymphocyte activation [25]. This hyperactivation of CD8+
T-lymphocytes seems to be the mechanism that determines the occurrence of vitiligo-like
skin lesions in patients with malignant melanoma under treatment with immune check-
point inhibitors, called “vitiligo-like depigmentation” [25,26]. The incidence of occurrence
is 10-28% among patients with malignant melanoma, with an average onset period of
9 months from the initiation of treatment, and more frequently described in patients under
treatment with Pembrolizumab or Nivolumab [25,26]. Skin depigmentation was described
in elderly patients and most frequently located in the areas exposed to the sun: the face, the
neck region, the cleavage, and the palms, and it is described as a positive predictive factor
for the response and survival rate. A decrease of 40-50% in the risk of disease progression
was described [26]. We interpret the occurrence of vitiligo-like skin depigmentation in our
patient 4 months after the initiation of treatment with Nivolumab as an adverse reaction to
the treatment, with the expectation of a sustained and prolonged response to the adminis-
tration of anti-PD-1, but the progression of the disease was initially noted after 6 months of
treatment and confirmed after another 3 months of therapy.

After the progression of the disease at the level of the mediastinal lymph nodes,
confirmed by imaging scans and lymph node biopsy, the option was to “re-challenge”
the treatment with BRAF/MEK inhibitors [27,28]—once, due to the “false progression”
established in the first therapeutic line (through the progression of a lesion that turned out
to be schwannoma), the second time due to the scientific synthesis that reported a disease
control rate of 57%, a complete response in 8% of the cases, partial response in 20% of
the cases and stable disease in 28% of the cases [27,28]. If, upon the first administration
of BRAF/MEK inhibitors, the clinical tolerance of the treatment was a very good one,
with minimal adverse reactions, at the second administration, we faced skin reactions
from the very beginning with extension of medium severity at the level of the jugular
mucosa, difficult to manage due to the fact that the patient followed the treatment at
home in another city, and he required the interruption of treatment and the initiation of
treatment with corticoids and antihistaminic drugs at home, through recommendation
by phone. Therefore, the severity of the skin reactions could only be quantified through
the patient’s case history and through the remaining skin lesions clinically evaluated
upon presentation. The following are known as severe adverse skin reactions to the
administration of BRAF/MEK inhibitors: Stevens—Johnson syndrome and toxic epidermal
necrolysis, with a lethal potential in evolution [29]. The mean onset period of these skin
manifestations was reported to be between 11 and 15 days from the beginning of the
treatment [29]. The most potent agent in the occurrence of these adverse reactions proved
to be the treatment with Vemurafenib, but they were also reported during the treatment
with Dabrafenib [29]. During the evaluation by phone of the adverse reactions experienced
by the patient at home, a potentially severe evolution was suspected toward the Stevens—
Johnson syndrome, and the immediate interruption of the treatment was indicated along
with the initiation of the corticoid treatment. The clinical and biological evaluation (specific
markers for immediate or delayed allergic reactions) with the titration of the treatment
under strict medical control delayed the therapeutic decision by approximately 4 weeks,
and it was not possible to clearly differentiate between the two probabilities that could
induce the described skin reactions. This had an impact on the subsequent therapeutic
decisions, of delaying the treatment with Ipilimumab and initiating the treatment with
Dacarbazine.

Around 40-50% of the patients with malignant melanoma develop cerebral metastases
along the evolution of the disease, exhibiting high cerebral tropism after lung and breast
cancers [30,31]. The occurrence of cerebral metastases represents a poor prognostic factor
for the evolution of the disease, also influenced by the site of metastasis, the number of
metastases and their size [30,31]. In the case of oligometastases, surgical treatment remains
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the first therapeutic option. However, radiotherapy and the new systemic treatments
bring real benefits in disease control and survival rates. Stereotactic radiosurgery has
added a benefit of 8-10 months to the mean survival period [32]. The combination of
BRAF/MEK inhibitors determines greater responses than 58% in intracranial disease, but
with short duration of response, and the treatment with anti-PD-1 demonstrated durable
responses in 20% of the cases [30-32]. Ipilimumab and the combination of Ipilimumab
with anti-PD-1 seem to have the most sustained benefit in the systemic treatment of brain
metastases in patients with malignant melanoma so far [32]. However, the association of
the surgical treatment with stereotactic radiosurgery, followed by the administration of
systemic treatment, has been proven to provide the best benefit to survival [32]. Therefore,
in the case of a young patient with very good performance status until the onset of the
neurological symptoms, with proof of a single cerebral metastasis, the therapeutic approach
was the neurosurgical treatment, followed by stereotactic radiotherapy. The complete
imaging response of the disease to the systemic treatment with Dacarbazine did not show
any benefit in the control of the intracranial disease, for which reason, after the local control
of the cerebral disease, the patient’s case was to be re-analyzed by the oncology indication
board in order to establish the opportunity for the treatment with anti-CTLA-4 and the risk
of immune-mediated adverse skin reactions with lethal potential.

The most frequent and severe complications of stereotactic radiotherapy are ra-
dionecrosis and hemorrhage. Radionecrosis occurs in 50% of the patients, with com-
plications described in 30% of the patients, and exhibits benefits after the treatment with
corticoids [32,33]. Unfortunately, our patient also presented extensive thrombosis of the
sagittal sinus associated with the early radionecrosis after stereotactic radiotherapy, with
unfavorable evolution under corticotherapy and low molecular weight heparin in the
therapeutic dose, with death occurring as a result of these complications.

In an analysis of 463 patients with malignant melanoma who underwent chemotherapy
after anti-PD-1 treatment, a number of 0.4% for complete responses were reported in a
medial progression-free interval of 2.5 months [34]. The best response in terms of the
objective response rate and the free interval until the progression of the disease was
identified in the case of the treatment with Taxane. Studies on “rescue” chemotherapy after
the administration of immune checkpoint inhibitors in other cancer sites have reported a
possible benefit of this therapeutic sequence [34-36].

The innovative treatments of the past 20 years have brought clear benefits to the
treatment of advanced /metastatic malignant melanoma:

Highly increased clinical effectiveness;
Combined therapies (e.g., BRAF/MEK inhibitors) that increase clinical tolerance and
decrease toxicity;

e Active interventions in advanced disease in order to increase the disease-free in-
terval with the approval of new therapies for adjuvant purposes (e.g., Nivolumab,
Pembrolizumab, Dabrafenib /Trametinib);

e  Therapeutic diversity with the possibility of disease attack, in case of progression
under a therapeutic option, in patients with good performance status;

e Increased survival until disease progression, increased overall survival, lasting benefit
of the treatment.

However, there are also new challenges:

e The development of new algorithms in the sequential administration of these thera-
peutic agents;

e  The establishment of the best interval of the disease for the initiation of the specific
treatment—adjuvant/“follow-up”;

e  The multidisciplinary approach to the disease—in establishing the sequence of the
specific oncological treatments—surgery, systemic treatment, radiotherapy;
The selection of patients for whom certain treatments bring maximum benefit;
The early and correct diagnosis and the control of the adverse reactions of the new
therapies by the multidisciplinary team.
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4. Conclusions

Despite the current systemic therapeutic diversity, the choice of the therapeutic se-
quence (surgery/systemic treatment/radiotherapy) remains the first important decision-
making step.

Any suspicious lesion (especially in the case of oligometastatic neoplasms) must be
histopathologically examined.

In the context of the description, it is necessary to augment the interdisciplinary
team with specialists in dermatology and allergy for the new therapeutic variants of skin
reactions with severe evolutionary potential (e.g., drug-induced hypersensitivity syndrome,
Stevens—Johnson syndrome and toxic epidermic necrolysis).

The complications of current treatments with severe potential must be evaluated,
diagnosed and treated early to ensure the continuity of the oncological treatment.

After treatment with BRAF/MEK inhibitors or immune checkpoint inhibitors, systemic
chemotherapy (e.g., Dacarbazine) can still have benefits in the treatment of metastatic
melanoma.
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Abstract: The occurrence of both melanoma and glioma was first suggested by the observation of
a familial association between these conditions, which was later confirmed by the description of
the melanoma-astrocytoma syndrome, an extremely rare, inherited affliction in which people have
an increased risk of developing melanoma and nervous system tumors. Taking into consideration
the common embryologic precursor, the neuroectoderm, it was hypothesized that this syndrome
is associated with a genetic disorder. While some families with germline CDKN2A mutations are
prone to develop just melanomas, others develop both melanomas and astrocytomas or even other
nervous-system neoplasms. Herein, we report the case of a 63-year-old male patient with no personal
or family history of malignancy who had primary melanoma followed by glioblastoma. Our case
report suggests that the occurrence of both melanoma and glioblastoma is most likely not coincidental
but instead linked to genetic mutations of common embryologic precursors or signaling pathways.

Keywords: glioblastoma; melanoma; cancers; astrocytomas; nervous system tumors; melanoma-—

astrocytoma syndrome; CDKN2A

1. Introduction—Literature Review

Glioblastoma is a high-grade malignant glioma and is additionally one of the most
harmful and lethal disorders of the central nervous system. Melanoma is classified as the
most dangerous skin cancer with high mortality rates.

During embryogenesis, the skin is formed through a complex process involving cells
derived from both ectodermal and endodermal germ layers. The former is further divided
into surface ectoderm, which gives rise to epidermal keratinocytes, and neuroectoderm,
which forms the neural tube through invagination (neurulation). Furthermore, the posterior
portion of the neural tube separates into the neural crest which generates nervous cells,
both neurons and glial cells. In addition, another cell type that derives from the neural
crest is the melanocyte, which migrates towards the epidermis [1].

In 1993, Kaufman et al. described the melanoma-astrocytoma syndrome, reporting
on eight members of a family spread over three generations that developed cutaneous
malignant melanoma and/or cerebral astrocytoma [2]. Taking into consideration the com-
mon embryologic precursor, the neuroectoderm, it was hypothesized that this syndrome is
associated with a genetic disorder [2].

One of the main candidates is CDKN2A (Cyclin-Dependent Kinase Inhibitor 2A),
situated on chromosome 9p21, because it is involved in neuroblastoma cell growth, while
also representing a high penetrance susceptibility gene for familial cutaneous melanoma
and sporadic multiple cutaneous melanoma syndromes [3-5].
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CDKN2A is a tumor suppressor gene with a unique characteristic of encoding two
distinct proteins by alternative splicing [6]. The two transcripts share exons 2 and 3 but
differ through the first exon: when exon la is used the resulting protein is p16™NK44,
whereas exon 1B encodes p14*RF, by employing an alternative reading frame [6].

CDK4 encodes a catalytic subunit of a Ser/Thr protein kinase that takes part in the G1
phase progression of the cell cycle through phosphorylation of the Retinoblastoma protein
(Rb). p16™NK4A binds through arginine to CDK4 and inhibits its function, thus arresting the
cell cycle in the G1 phase, preventing aberrant cell growth. Cen et al. outline the importance
of p16NK4A_.CDK4-Rb pathway mutations in the development of glioblastoma multiforme,
as well as in predicting the response to targeted therapies with cyclin-dependent kinase
inhibitors [7].

On the other hand, p144RF stabilizes another tumor suppressor protein, p53, by pro-
tecting it from mediated degradation through E3 ubiquitin-protein ligase MDM2 (Murine
Double Minute/Mouse Double Minute 2 homolog) [6]. Unlike p16INK4A, p14ARF can arrest
the cell cycle in both G1 and G2 phases [6].

Petronzelli et al. cite exon 1p mutations affecting p14*RF as the main trigger for the
development of nervous system tumors, while larger germline deletions of CDKN2A, most
likely exon 2 defects that affect both p16/™NK4A and p14ARF, are associated with melanoma-
nervous system tumor syndromes [8]. Similar results have been published by Knappskog
et al. who reported on a Norwegian melanoma-prone family (four out of fifteen members,
two of them also having multiple cutaneous melanomas) which harbored a large CDKN2A
deletion that led to truncated p144RF mRNA (lacking exon 2) and loss of p16™NK4A mRNA
expression from the affected allele, thus altering the gene transcripts [9].

Loo et al., by sequencing exons and adjacent intronic regions, hypothesized that
mutations affecting the noncoding, intronic regions of CDKN2A could also be responsible
for altered p16™K*A transcripts that are unable to properly bind to CDK4 and inhibit
it, thus explaining why some melanoma-prone families do not exhibit CDKN2A coding
mutations [10].

It is well known that a positive family history is a significant risk factor for other
family members to develop melanoma. Harland et al. identified in six English melanoma
pedigrees a mutation situated deep in intron 2 of CDKN2A, more precisely at 105 bases from
the 5" end, towards exon 3, which results in aberrant splicing of mRNA [11]. The challenge
in identifying mutations in noncoding regions is that they are extremely variable depending
on the studied geographic population. Moreover, some mutations may not be included in
the sequences amplified by RT-PCR due to the limitations of the primer selection.

CDKN?2A gene silencing caused by mutations, deletions, or promoter hyper-methylation,
has also been reported in a variety of other human cancer cell lines, such as: pancreatic
adenocarcinoma, non-small cell lung cancer, Burkitt’s lymphoma, gastric cancer, colorectal
cancer, prostate cancer, breast cancer, and ovarian cancer [12].

Goldstein analyzed 189 melanoma-prone families, 42 of them with a positive history
of pancreatic cancer, and identified 67 different germline CDKN2A mutations, exon 2 being
the most frequently mutated in both groups [13]. Additionally, missense mutations were
the most prevalent (56%) for both melanoma and pancreatic cancer families [13].

Unlike CDKN2A, MCIR is a low-moderate-risk melanoma susceptibility gene, and
it encodes the G-protein-coupled receptor for x-melanocyte stimulating hormone (o-
MSH) [4]. When x-MSH binds to MCIR in the presence of UVB-exposure, it triggers
the activation of adenylate cyclase which leads to an increase in cAMP production [4]. In
turn, an elevated level of cAMP causes a switch in melanin production from red/yellow
pheomelanin pigments to protective brown/black eumelanin pigments [4]. In addition,
MCIR induces cAMP-dependent expression of catalase and superoxide dismutase which
protect the UVB-exposed cells from oxidative stress, thus reducing the incidence of DNA
defects [14].

Harding et al. studied the diversity in MCIR variants on different continents and
discovered that in non-African populations there are many MCIR aminoacid variants
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which account for the large diversity of pigmentation patterns [15]. On the other hand, in
Africa, MCIR variants were evolutionary eliminated due to a strong functional constraint
of conversion to eumelanin pigments [15].

MCIR variants are incapable of switching the pigmentation pattern to eumelanin
production and this explains why up to 75% of skin type I people carry a variant MCIR
allele, whereas in darker skin types the percentage of MCIR variants vastly decreases [15].
Three main MCIR variants have been found to be associated with red hair and fair skin:
R151C (Arg151Cys), R160W (Arg160Trp) and D294H (Asp294His), and have been grouped
under the term of “red hair color” variants [16]. Moreover, MCIR “red hair color” variants
are also correlated with other pigmentation characteristics, such as: freckling, propensity
to burn and failure to tan after sun exposure [17]. All these characteristics are known risk
factors for the development of cutaneous malignant melanoma [17]. Moreover, Palmer et al.
calculated that MCIR variants are associated with a 2.2-fold risk increase of melanoma
and that the effect is additive in individuals carrying more than one MCIR variant [17]. In
addition, this predisposition also persists in individuals with dark skin, thus confirming
that MCIR variants are independent risk factors for melanoma, apart from their influence
in pigmentation patterns [4].

Box et al. studied 15 Australian melanoma pedigrees harboring CDKN2A mutations
and discovered that families carrying MCIR “red hair color” variants had a CDKN2A muta-
tion penetrance of 84%, whereas families with a normal MCIR gene presented a CDKN2A
mutation penetrance of 50% [18]. Therefore, apart from being an independent risk factor
for melanoma, MCIR variants also increase the penetrance of other high-susceptibility
mutations (CDKN2A). In addition, when a MCIR variant was present, the mean age at
onset of melanoma was also considerably lower [18].

Cao et al. reported that UVB-induced inactivation of PTEN (through phosphorylation
of Ser380 and Thr382/383) and activation of Akt (through phosphorylation of Ser473)
were significantly increased in cells expressing MCIR “red hair color” mutant variants,
compared to cells expressing wild-type non-mutated MCIR (WI-MCIR) [19]. In addition,
WT-MCIR also reduces the proteosomal degradation of PTEN (phosphatase and tensin
homologue) [19].

PTEN is a tumor suppressor gene that acts as a phosphatidylinositol-3,4,5-triphosphate
(PIP3) phosphatase, degrading PIP; to PIP; [20]. High levels of PIP5 stimulate the phospho-
rylation and over-activation of the Akt-mTOR signaling pathway, inducing aberrant cell
growth and inhibition of apoptosis [20]. As a result, in UVB-exposed cells, WI-MCIR pro-
tects PTEN’s inhibitory function over the PI3K-Akt-mTOR signaling pathway by keeping
in check PIP; cell levels, thus preventing aberrant cell development, whereas MCIR “red
hair color” mutant variants are more often associated with PTEN inactivation.

There are studies that identified a correlation between certain groups of gene defects
and the nature and evolution of gliomas. The most noteworthy genetic hallmarks are:
IDH1/2 mutations, 1p/19q co-deletion, MGMT (O-Methylguanine-DNA Methyltransferase)
promoter methylation status, TP53 expression, Ki-67, ATRX (X-linked
a-Thalassemia/mental retardation syndrome) mutation, TERT (telomerase reverse tran-
scriptase) mutation, EGFR (epidermal growth factor receptor) expression, PTEN mutations,
CDKN2A mutations, as well as BRAF mutations [21-24].

EGFR is a tyrosine kinase receptor that is involved in brain development, stimulating
proliferation, migration and differentiation of all types of central nervous system cells. Sec-
ondary to ligand-receptor interaction, activated EGFR increases phosphorylation of the Ras
pathway [24]. Ras is a G-protein that becomes active through the phosphorylation of GDP
to GTP (Ras-GTP bound) and controls cell proliferation, survival and migration through
the MAPK/ERK (mitogen-activated protein kinase) downstream signaling pathway. In
addition, EGFR promotes the activation of PI3K (phosphatidylinositol-4,5-bisphophate
3-kinase) which phosphorylates the 3’ position of the inositol ring of PIP,, thus generating
high levels of PIP3 [25]. In turn, PIP3 triggers the phosphorylation of different targets
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from the Akt pathway, thus providing cell signals that promote survival, growth, and
proliferation [25].

Therefore, the characteristic EGFR overexpression described in glioblastomas accounts
for an excessive activation of Ras-MAPK linear and PI3K-Akt non-linear pathways which
are responsible for aberrant cell growth and cell apoptosis inhibition [24,25]. In addition,
PTEN gene silencing would lead to even more uncontrolled levels of PIP; due to the lack of
degradation to PIP,. As a result, PTEN inactivation may represent another genetic hallmark
of the melanoma-astrocytoma syndrome.

2. Case Presentation

We present the case of a 63-year-old male patient who was admitted to our clinic
with a 1.5 cm, asymptomatic, asymmetric, dark brown-black nodular tumor, located
on the right posterior hemi-thorax. (Figure 1) According to the patient’s history, it had
developed in approximately three months, on the site of a former nevus. Dermoscopy
revealed vascular polymorphism on an unevenly colored background (red, black, dark
brown) with asymmetric borders, discretely covered by a bluish veil (Figure 2). The
patient denied any personal or family history of malignancy. The clinical examination
revealed two more dysplastic nevi on the anterior thorax, but no other noteworthy signs
or symptoms suggestive of regional (palpable lymphadenopathy) or systemic metastatic
disease (Figure 3).

Figure 1. Clinical aspect: asymmetric, dark brown-black nodular tumor, located on the right posterior
hemi-thorax.

Figure 2. Dermoscopy findings: vascular polymorphism on an unevenly colored background (red,
black, dark brown) with asymmetric borders, discretely covered by a bluish veil.

129



Diagnostics 2023, 13, 1046

Figure 3. Clinical and dermoscopical images of two more dysplastic nevi on the anterior thorax.

We performed an excisional biopsy of the tumor and sent it for histopathological exam-
ination, which described nests of polymorphic melanocytes invading the reticular dermis
(Clark level IV), with a Breslow index of 5 mm, intense mitotic activity (12 mitosis/ mm?),
chronic inflammatory infiltrate surrounding the base of the tumor, absence of ulceration
and lymphovascular invasion (Figure 4). In addition, immunohistochemical staining was
also performed and it was positive for 5100 protein and Melan-A, as well as Ki-67 which
was positive in 40% of the tumor cells (Figure 5). Therefore, correlating these results, we
established the diagnosis of T4a nodular malignant melanoma—clinical stage IIB according
to AJCC 8th ed. melanoma staging [26]. Conformable to the American Cancer Society, the
five-year survival rate for stage IIB melanoma is 70%, while the ten-year survival rate is
around 57%.

Figure 4. HE-stained (10x) histopathological section of Clark IV malignant melanoma. Scale bar:
1000 pm.

Figure 5. Cont.
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Figure 5. Microphotographs of malignant melanoma sections in our case. (a) Inmunohistochemical
stain (10x) positive for S100; (b) Immunohistochemical stain (10x) positive for Ki-67; (¢) Immunohis-
tochemical stain (10x) positive for Melan-A. Scale bars (a—c) images: 1000 um.

In order to assess the presence of metastatic disease, we performed a complete ultra-
sound examination of the upper body main node stations, as well as thoracic, abdominal
and pelvic computed tomography (CT) scans, and head magnetic resonance imaging (MRI).
Because these imaging techniques did not reveal any abnormal modifications, we referred
the patient for a sentinel lymph node biopsy, which was performed simultaneously with
the wide local re-excision with 2 cm margins. The sentinel lymph node biopsy described
no metastatic involvement of the axillary nodes (Figure 6). As a result, the patient was
referred to the Oncology department with a pathological stage IIB (pT4aNOMO).

Figure 6. HE staining (20 x) of sentinel lymph node biopsy which describes no metastatic involvement
of the axillary nodes. Scale bar: 1000 pm.

Following the European interdisciplinary melanoma guideline, the Oncology depart-
ment decided to initiate a low dose adjuvant therapy with interferon-ot—3 million IU s.c.,
three days/week, for twelve months [27]. As far as follow-up was concerned, the patient
was instructed to present for a dermatological skin examination every three months. In
addition, the oncologist recommended a CT scan of the thorax, abdomen, and pelvis as
well as a bone scintigraphy twice per year. Moreover, cerebral MRI and tumor markers
dosage (CEA, CA, S100, PSA) every three months were included in the follow-up plan for
the patient.
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Considering the histopathological risk factors of developing metastasis, the patient
was referred to test the BRAF gene mutation, which revealed no mutations of the V600
position (Figure 7).
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Figure 7. Negative BRAF gene mutation result. The genotyping was performed using the BRAF
600/601 StripAssay kit, which detects the mutations: V600E, V600A, V600D, V60OE (c. 799T > A,
c. 1799_1800TG > AA), V600G, V600K, V600M, V600R, K601E in the BRAF gene. The detection limit
of the method is 1%.

Approximately 15 months after the primary excision, a follow-up cerebral MRI re-
vealed a 30/20 mm left frontal lobe tumor, for which the patient was referred to the
Neurosurgery department (Figure 8). The patient did not present any neurological symp-
toms and, due to his medical history, the first suspicion was that of a melanoma metastasis.
As a result, Gamma knife therapy was recommended, but it failed to control the tumor,
thus requiring direct excision.

Figure 8. (a) Axial MRI image of a large heterogeneous mass in the left frontal lobe. (b) Lateral MRI
image of a large heterogeneous mass in the left frontal lobe.

The histopathological report described multinucleated giant cells as well as spindle
and round cells with hyperchromatic nuclei and an increased nuclear to cytoplasmic ratio.
In addition, numerous atypical mitoses, hyperplastic vascular structures, and necrotic foci
were also present. These aspects, correlated with the rapid growth rate (less than three
months), were suggestive of a diagnosis of glioblastoma multiforme (Figure 9).
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Figure 9. HE-stained (10 x) histopathological section of glioblastoma multiforme. Scale bar: 1000 pm.

Immunohistochemical staining was positive for Vimentin, 5100 protein, but negative
for Melan-A, which excluded a melanocytic origin. In addition, glial fibrillary acidic protein
(GFAP) and isocitrate dehydrogenase-1 (IDH1) were diffusely positive, while Ki-67 was
positive in approximately 40% of the tumor cells. Immunohistochemistry confirmed the
diagnosis of high-grade glioblastoma, but its primary or secondary nature was debatable.

On the one hand, IDH1 staining targets the IDH1-R132H mutation characterized
by the replacement of arginine with histidine at codon 132, which corresponds to the
enzymatic active site [28]. This mutation is present in approximately 80-90% of secondary
glioblastomas [29]. On the other hand, the patient’s age (secondary glioblastomas usually
affect younger people), Ki-67 positivity in 40% of the cells and the fact that the tumor
developed rapidly, in less than three months, are arguments for a primary, more aggressive
glioblastoma. The most probable explanation was that the last clear brain MRI missed
an intermediate grade glioma (grade II or III), which transformed in the following three
months in a secondary grade IV glioblastoma. However, there are also cited cases of
primary glioblastoma with IDH1 positive immunohistochemical staining [23].

Many authors questioned whether IDH1 mutation is a main driver of oncogenesis or
merely a secondary product of defective DNA repair attempts. IDH1 oxidizes isocitrate to
a-ketoglutarate by utilizing nicotinamide adenine dinucleotide phosphate (NADP+) as a
cofactor which is transformed into NADPH during the reaction. As a result, IDHI protects
the cell from oxidative damage, but it can also reduce x-ketoglutarate to isocitrate during
periods of cellular hypoxia or mitochondrial dysfunction [29].

Dang et al. discovered that the IDH1-R132H mutation of the enzymatic active site
leads to a gain-of-function, IDHI mutants promoting an NADPH-dependent reduction
of o-ketoglutarate to 2-hydroxiglutarate [30]. Moreover, in the frequent cases of IDH1-
R132H codominance with wild-type IDH1, the latter directly generates NADPH and
a-ketoglutarate which are consumed by the mutant gene copy [30]. This explains why
malignant gliomas expressing IDH1 mutations are characterized by elevated levels of
2-hydroxiglutarate, similar to patients with 2-hydroxiglutarate dehydrogenase deficiencies.
In these cases, as well, elevated levels of 2-hydroxiglutarate correlate with a higher risk of
central nervous system malignancies [30].

Xu et al. termed 2-hydroxiglutarate an “oncometabolite” because it occupies the
same active site as «-ketoglutarate, thus inhibiting «-ketoglutarate-dependent dioxyge-
nases which normally control histone demethylation [31]. As a result, elevated levels
of 2-hydroxiglutarate interfere with histone and DNA methylation levels which directly
regulate transcriptional activity [31]. Moreover, depletion of a-ketoglutarate inhibits prolyl-
hydroxylase domain enzymes (PHD) that normally degrade the hypoxia-inducible factor
la (HIF-1«) [28]. Therefore, in an IDHI mutant tumor cell, high levels of HIF-1a promote
angiogenesis and tumorigenesis [31].

Although secondary glioblastomas are less frequent than primary ones, establishing
the correct nature of the tumor and its genetic signature has an important prognostic value
and it enables the prescription of targeted therapies, if available.
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In their meta-analysis, Crespo et al. gathered the incidences of specific genetic alter-
ations that are associated with primary, as well as secondary, glioblastoma, thus contouring
a more complete genetic background, based on a larger dataset [24]. The results revealed
that primary glioblastoma is possibly triggered by the correlation of: EGFR amplification,
TERT mutation, CDKN2A-p16™K42 deletion, PTEN mutation, and loss of heterozygosity
10p/10q [24]. On the other hand, secondary glioblastoma is characterized by: promoter
methylation of MGMT, TIMP-3, CDKN2A-p14ARF and CDKN2A-p16™K*, IDHT mutation,
p53 mutation, and loss of heterozygosity 22q/13q/19q [24].

In our case, because personalized targeted therapies were unavailable, and consid-
ering the economic factors, additional tests, such as determining the MGMT promoter
methylation status or EGFR expression, were not performed.

The patient did not present any signs or symptoms of neurologic deficits post-surgery;
therefore, his Karnofsky performance status (KPS) was calculated to 100 points, which
allowed the oncologist to suggest a more aggressive treatment scheme. Following National
Comprehensive Cancer Network (NCCN) guidelines, we administered a 60 Gy dose split in
2 Gy fractions over six weeks, five days/week. Once the patient completed the radiotherapy
sessions, adjuvant chemotherapy was initiated with temozolomide 200 mg/ m2, onab5/28
cycle (five days in a row, followed by a break of twenty-eight days) [32]. The follow-up
brain MRIs did not reveal any tumor activity or recurrences.

3. Results

Due to the fact that the patient developed two distinct primary cancers, both hav-
ing neuroectodermal origins, we started analyzing the possibility of facing a melanoma-
astrocytoma syndrome [2]. Therefore, we investigated the common gene defects that can
trigger this syndrome and considered CDKN2A, situated on chromosome 9p21, as the main
candidate.

The NCCN guidelines for melanoma also recommend considering mutation testing
for p16/CDKN2A in cases with three or more primary melanomas, or different associations
of cancers, such as: melanoma, pancreatic cancer and/or astrocytoma diagnosed in the
same patient or in blood relatives [32].

In our case, the patient agreed to CDKN2A gene sequencing from the primary melanoma,
but it came back negative for any mutations in the coding region. However, we could not
test for other mutations in the noncoding regions of CDKN2A that might affect the gene
transcripts. The next step would be genetic testing for other associated gene defects, such
as: CDK4, TERT, MITF, BAP1, TP53, and POT1.

4. Discussion

Several reports have been published describing the development of different malig-
nancies with common embryologic precursors or signaling pathways, either in the same
patient or in the same family, as well as the associated gene defects.

Frigerio et al. studied two young patients who developed multiple cutaneous melanomas
eight to ten years after undergoing radiotherapy for childhood astrocytomas [33]. For
the female patient, array comparative genomic hybridization revealed a large 9p21.3
hemizygotic deletion affecting the CDKN2A and CDKN2B (encoding p15 protein which
inhibits CDK4/CDK6, alongside p16™NK4A) gene cluster which was also detected in her twin
sister [33]. However, due to the fact that their parents did not carry the 9p21.3 deletion, the
conclusion was that the gene defect occurred de novo as a result of paternal allele loss [33].
On the other hand, the male patient did not carry any CDKN2A-CDKN2B, CDK4, MC1R
or MITF gene defects [33]. The authors concluded that, for young patients, radiotherapy
for previous cancers is a more important risk factor for the development of cutaneous
melanomas than the associated gene defects. For example, the twin sister who did not
undergo radiotherapy did not develop cutaneous melanomas, even though she carried the
9p21.3 deletion, whereas the male patient presented congenital nevi associated melanoma
10 years after radiotherapy for astrocytoma, in the absence of associated gene defects [33].
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Similar conclusions have been drawn by Braam et al. who studied 151,575 childhood cancer
survivors and observed that 5.3% of all second malignant neoplasms were melanomas (212
out of 4010 patients that secondarily developed other cancers) and that the main associated
risk factors were: radiotherapy, alkylating agents and anti-mitotic drugs [34].

Moreover, Pasmant et al. studied a large French family (approximately 100 members
with eight individuals diagnosed with cutaneous melanoma and nine individuals affected
by a variety of nervous system tumors, six of them presenting both entities) and discovered
a large germline deletion, spanning over 403-kb, affecting the CDKN2B-CDKN2A gene
cluster [35]. Furthermore, the authors additionally identified a large antisense noncoding
RNA, termed ANRIL, whose gene overlapped the two exons of CDKN2B and had the
5" end of its first exon located near the transcription start site of p14/ARF gene, which
explained why ANRIL exhibited a stronger correlation for coordinated transcription with
p14/ARF [35]. The authors hypothesized that in normal tissues noncoding RNAs may
act as gene transcription regulators through different possible mechanisms, such as RNA
interference, gene cosuppression, and DNA demethylation (i.e., ANRIL could regulate
p14/ARF, as well as p15/CDKN2B and p16/CDKN2A expression), thus explaining why
large deletions including the ANRIL gene could further affect tumor suppressor gene
transcripts [35,36].

5. Conclusions

Though exceptionally, there are reports in the literature on the occurrence of both
melanoma and glioblastoma, either in the same patient or in the same family. The genetic
basis of these associations has neuroectodermal origins and was clarified by studies that
detected depletion in genetic loci encoding essential tumor suppressor genes [37]. This
association is now officially known as the familial melanoma—-astrocytoma syndrome [37].

Even though secondary glioblastomas are less frequent than primary ones, establishing
the correct nature of the tumor and its genetic signature has an important prognostic value
and it enables the prescription of targeted therapies, if these are available. Studies show
that survival rates from glioblastoma are poor, with a median survival of only three months
in untreated patients [38]. Only a few patients survive two and a half years, and fewer than
5% survive five years following a glioblastoma diagnosis [39].

Despite current studies, an evident syndrome describing the association between
melanoma and glioblastoma has yet to be determined. From our point of view, the pre-
sented case report describes a patient with a history of stage IIB malignant melanoma
and primary glioblastoma. This unique case report illustrates both histologic and genetic
diversity and raises awareness regarding the sporadic co-occurrence of these two medical
entities. We believe that the co-occurrence of melanoma and glioblastoma is likely not
coincidental. Therefore, more insight and research are needed to fully understand this
unique association.
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Abstract: Peripheral T-cell lymphoma not otherwise specified (PTCL-NOS) is the rarest subtype of
primary cutaneous lymphoma, accounting for approximately 2% of cutaneous lymphomas. The rarity
of primary cutaneous PTCL-NOS means that there is a paucity of data regarding clinical and
histopathological features and its clinical course. This malignancy is an aggressive and life-threatening
hematological malignancy that often presents mimicking other less severe plaque-like skin conditions.
Due to the nonspecific nature of these lesions, CD4-positive cutaneous T-cell lymphoma (CTCL) is
often misdiagnosed as either mycosis fungoides or Sezary syndrome. We describe a patient who
presented with a large tumoral mass in the right frontal area, with involvement of the right upper
eyelid and the ocular globe, causing loss of vision greatly impacting the quality of life. Biopsy revealed
primary cutaneous PTCL-NOS, treated successfully with cyclophosphamide, doxorubicin, vincristine,
and prednisone (CHOP) plus etoposide combination chemotherapy. As elderly patients are indicated
to receive attenuated doses of chemotherapy, CHOP-based regimens represent viable options.

Keywords: primary cutaneous T-cell lymphoma; eyelid; chemotherapy; elderly patient
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1. Introduction

Peripheral T-cell lymphomas not otherwise specified (NOS) are a heterogeneous group of
lymphomas that do not have well-defined criteria for being able to fit into a particular type of
lymphoma [1-4]. The incidence of T-cell lymphomas in our center is small, only 8.2%. Of these, the most
common is the angioimmunoblastic subtype. Primary cutaneous lymphomas are a heterogeneous group
of non-Hodgkin lymphomas presenting in the skin with no evidence of lymph nodes, bone marrow,
or viscera involvement at the time of diagnosis.

Cutaneous lymphomas exhibit various clinical, histological, immunophenotypic, and genetic
features. Moreover, they differ in prognosis and treatment from systemic lymphomas with similar
histological features [5-8]. Up to 75-80% of cutaneous lymphomas originate from T-cells, and only
20-25% from B-cells [9-11]. Many subtypes of cutaneous T-cell lymphomas were described, and the
most common ones are mycosis fungoides and Sézary syndrome. Primary cutaneous peripheral
T-cell lymphoma-NOS (PTCL-NOS) is the rarest form of cutaneous T-cell lymphomas, accounting for
approximately 2% of all cutaneous lymphomas [12-14]. PTCL-NOS is a diagnosis of exclusion, based on
the presence of typical histopathological features of lymphoma, an aberrant T-cell immunophenotype,
often with a loss of CD5 and CD7, and a clonal T-cell receptor (TCR) gene rearrangement, in the
appropriate clinical context [15,16].

Primary cutaneous PTCL-NOS are clinically aggressive and heterogeneous, varying from
localized to generalized plaques or nodules commonly associated with constitutional symptoms [17].
Patients often present with advanced stage, lesions are often misdiagnosed, which both worsen the
prognosis: five-year overall survival is about 20% [18,19]. Due to the rarity of cases, PTCL-NOS
algorithms for diagnosis, workup, and treatment are lacking, especially in the elderly population.
Thus, in the present manuscript we describe the successful clinical management of a PTCL-NOS of
massive dimensions of the eye in a 72-year-old lady, with cardiac comorbidities.

2. Patient Information

A 72-year-old Romanian woman came into the Hematology service of Ion Chiricuta Clinical
Cancer Center (IOCN) from Cluj-Napoca, Romania. The primary concerns as expressed by the patient
were as follows: two constantly growing tumors, the loss of vision in the right eye, and the overall
negative impact on her quality of life. The main symptom was itching in the tumor area, accompanied
by occasional mild pain. Bleeding was noticed by the patient after low-intensity trauma to the
lesion, usually caused by clothing. No spontaneous bleeding was reported. The patient was in good
general health, with general B signs that included weight loss (about 15 kg in the last month) and
excessive sweating. The patient had grade II hypertension but denied personal or family history of
malignancy. On her initial visit, physical examination revealed a 6 cm ill-defined tumor-like lesion,
red-violaceous with visible telangiectasia that presented with an ulcerated central area and crusting
(Figure la—c). On palpation, the lesion was immobile, indurated and nontender. Upon clinical
examination, we also noticed the tumefaction and skin erythema of the lower-central frontal area and
glabellar area together with a 1 cm round-shaped crust. The patient did not present with palpable
lymph nodes or hepato-splenomegaly. Because of the infected appearance of the lesion and the presence
of odor, microbiological samples were obtained from the deepest ulcerated area and were taken to
the laboratory. Microbiological analysis confirmed the clinical suspicion of infection and identified
methicillin-resistant Staphylococcus aureus (MRSA) and Enterobacter cloacae complex. The patient was
put on teicoplanin after the antibiogram confirmed the susceptibility of both bacterial pathogens
to this antibiotic. Biologically, there was mild leukocytosis with neutrophils, and increased lactate
dehydrogenase (LDH). No atypically cells were found on the blood smear. cytomegalovirus (CMV),
Epstein-Barr virus (EBV), human T-cell leukemia virus (HTLV) viral investigations were performed
and all came back negative.
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Figure 1. (a—c) The initial visit, which revealed a 6 cm ill-defined tumor-like lesion, red-violaceous with
visible telangiectasia that presented with an ulcerated central area and crusting.

3. Diagnostics

The patient reported the appearance of the first tumor two years before her first visit into
our hospital. She initially presented to the doctor’s office with an infiltrated, slightly itchy,
erythematous-purple plaque in the frontal level. Skin biopsy was performed in Regional County
Emergency Hospital. Histopathological examination revealed polymorphous infiltrate colored
mainly with the CD3, a T-cell marker. There were also numerous CD20+ B cells, which formed
one or two reactive-looking lymphoid structures. The T infiltrate stained with CD4 in most
cells. The Bcl-6-negativity and CD10 excluded a centrofollicular skin lymphoma. The absence
of nodular CD20-positive collections did not favor the diagnosis of cutaneous lymphoma of
the marginal area. The conclusion was that the clinical aspect excluded cutaneous lymphoma
with small-to-medium pleomorphic T-cells, and it was in favor of a lupus erythematosus tumor.
Treatment with Plaquenil (200 mg, 1 tb/day) and control over 3 months was indicated. The patient
followed the treatment, but the general condition did not improve. The eyelid tumor increased,
obstructing the view. The patient was then referred to a dermatology department for further
investigations. The biopsy taken at the eyelid tumor level was performed again, and the biopsy was
examined in a private practice pathological department. Histopathological examination revealed
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polymorphous inflammatory infiltrates, with predominantly small- and medium-sized lymphocytes,
several granulocytes, histiocytes, and diffusely distributed plasmocytes in small nodules throughout
the examined material. Immunohistochemistry analysis detected CD3-positive, CD4-positive, CD8-low
positive, CD20-very low positive, CD68-positive, and CD30-negative cells. The histological aspect of
the tissue sent for analysis suggested either Spiegler-Fendt sarcoid, Jessner’s lymphocytic infiltrate, or
lupus erythematosus tumidus. The patient was started on hydroxychloroquine on the basis of the
diagnosis, but the therapeutic choice proved to be ineffective in the following 6 months.

The symptoms did not improve, and thus the patient was referred to our department. On the
basis of primary clinical evaluation, our primary diagnostic was that of mycosis fungoides (MF)/Sézary
syndrome (SS). The conclusion of a final diagnosis was even more difficult because our pathologists did
not have access to previous histopathological preparations. At this stage, the possibility of diagnosing
MF—tumor stage having the immunophenotype of cells by their positivity for CD3, CD4, and CD7
was discussed, thus posing even more difficulty in formulating a final diagnostic. Following this,
we decided to take a new biopsy from the tumor formation. The eyelid tumor was re-biopsied, and the
biopsy preparation was analyzed by our team of pathologists. The hematoxylin—-eosin-stained samples
highlighted that the skin presented with hypodermis and ancillary structures; the tissue had a faded
morphology and it was infiltrated by a malignant tumor proliferation areas, with diffuse architecture
that infiltrated the dermis and subcutaneous adipose tissue, with isolated and discrete phenomena of
epidermotropism, angiocentricity, and focal infiltration of skin annexes (Figure 2a,b). It was composed
of atypical cells with lymphoid appearance, having a small-to-medium size with reduced cell-to-cell
cohesiveness and low-to-moderate pleomorphism. The boundaries of tumor cells were hard to define
and showed pale eosinophilic cytoplasm and amphophilia. The nuclei were round or oval, some of
them even slightly angled. Most of the nuclei had vesicular chromatin with small nucleoli that were
difficult to see, but also relatively evenly dispersed fine-grained chromatin (Figure 2c,d). Numerous
mitotic areas with an increased mitotic index were also noted.

© o @

Figure 2. Pathology diagnosis of a primary cutaneous peripheral T-cell lymphoma not

otherwise specified—Hematoxylin-Eosin staining. ((a), Magnification 40x, (b), magnification 100x,
(c), Magnification 200x, (d), Magnification 400x).
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Following the immunohistochemical study, we obtained the following conclusive results.
The tumor cells were intensely positive for CD3 (Figure 3b) and CD7 (Figure 3g), a relatively
large number of tumor cells were positive for CD2 (Figure 3d) and CD4 (Figure 3e), and only a small
population of T lymphocytes or some atypical larger cells were positive for CD8 (Figure 3f), with a
CD4*/CD8" ratio favoring CD4+ cells. Tumor cells were negative for CD30 (Figure 3i), CD5 (Figure 3c),
and CD 56 (Figure 3h). A small population of atypical lymphocytes were positive in granzyme B
after immunohistochemical staining. The cell proliferation index quantified by immunolabeling for
Ki-67 was estimated and quantified at 80-85% (Figure 3j). Following the morphological examination
correlated with special stains, the diagnosis of primary cutaneous T-cell lymphoma NOS was established.
Whole-body CT was performed and revealed tumor formation in the soft epicranial parts, right frontal
area, and supraorbital area, with dimensions of 22/50/45 mm. The lesion affected the upper eyelid and
the paranasal region, with no signs of ocular or intracranial invasion. In the frontal on the median
and parasagital line on the left, epicranial area, adjacent to the described lesion, another structure
with 35/15 mm contrast socket was highlighted. The dynamic contrast-enhanced magnetic resonance
imaging (MRI) revealed a large, inhomogeneous lesion, with infiltrative, invasive contour. The origin
of the tumor was most probably from the periorbital superficial tissues, with invasion in the orbit
and direct contact to the anteromedial aspect of the ocular globe without the presence of a cleavage
plane between the two structures (Figures 4a,b and 5a,b). Figure 4a shows that the T1 FSE (fast spin
echo) axis and sagittal T1 FSE contrast-enhanced with fat-saturation sequence was not enhanced (a),
whereas Figure 4b shows inhomogeneous enhancement of the lesion, with superficial tissue origin
and invasion in the right orbit. Figure 5a,b depict the axis T2 PROPELLER sequence showing the
necrotic areas in the primary and secondary lesion, satellite lesion in the superficial tissues of the frontal
region (marked by arrows in the picture). A restricted diffusion on diffusion weighted imaging (DWI)
sequences was observed, with an apparent diffusion coefficient (ADC) value of 0.873 x 10~ mm?/s on
the ADC map (Figure 6a). Dynamic contrast-enhanced MRI (DCE-MRI) imaging showed a type III (C)
curve highly suggestive for malignancy (Figure 6b), and a high constant transfer (ktrans) value was
observed, pointing to a possible good response to radiochemotherapy (Figure 7). In the proximity of
the left frontal area, two nodular superficial lesions were identified, suspected of secondary nodules.

Figure 3. Cont.
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Figure 3. Immunohistochemistry staining for the following markers: CD20 (a, Magnification
200x), CD3 (b, Magnification 200x), CD5 (¢, Magnification 200x), CD2 (d, Magnification 200x),
CD4 (e, Magnification 200x), CD8 (f, Magnification 200x), CD7 (g, Magnification 200x), CD56
(h, Magnification 200x), CD30 (i, Magnification 200x), Ki-67 (j, Magnification 200x).

(b)

Figure 4. Ax T1 FSE non-enhanced (a) and sagittal T1 FSE contrast-enhanced with fat-saturation

sequence (b). Inhomogeneous enhancement of the lesion, with superficial tissue origin and invasion in
the right orbit.
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(b)

Figure 5. (a,b) The ax T2 PROPELLER sequence showing the necrotic areas in the primary lesion and
secondary, satellite lesion in the superficial tissues of the frontal region (arrows).
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Figure 6. (a) Restricted diffusion on DWI sequences was observed, with an ADC value of
0.873 x 1073 mm?/s on the ADC map; (b) Dynamic contrast-enhanced MRI (DCE-MRI) imaging
showed a type III (C) curve highly suggestive for malignancy.
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Figure 7. High constant transfer (ktrans) value was observed, pointing to a possible good response
for radiochemotherapy.
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4. Therapy

First, in the regional hospital, where the patient was first attended, the initial therapeutic choice
was a six-months regiment of hydroxychloroquine. This showed no result, since the diagnostic was
incorrect, due to limited histopathological and imaging analysis of the case.

When she presented to our department, we performed a second biopsy of the tumor and gave
the accurate diagnostic. Considering the age of the patient and the associated cardiac pathology;,
we decided to initiate combination chemotherapy using the COP plus etoposide regimen, without
anthracycline. During initial evolution, we also identified that she had bacterial superinfection with
MRSA in the tumor. Under appropriate antibiotic treatment, the evolution of MRSA infection was
favorable. After six chemotherapy cycles, the evolution of the tumor was spectacular, with complete
oncological remission of the tumoral mass. The patient regained her vision in the right eye (Figure 8a—c).

Figure 8. (a—c) Clinical remission following chemotherapy.

5. Follow-Up

The case report presented the immediate response to therapy in an impressive tumor.
Unfortunately, the follow-up was not possible as the patient died of acute respiratory distress
syndrome, within a month after completion of chemotherapy. This event was most probably related to
her cardiovascular pathology since the lymphoma tumor was in remission. The exact cause of death
was not fully established, since the pathology report was done in a local hospital.
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6. Discussions

Over the past years, the incidence of non-Hodgkin lymphomas has steadily risen, mainly the
B-cell lymphomas as they represent the great majority of non-Hodgkin’s lymphomas (NHL). T-cell and
NK-cell lymphomas are generally underrepresented due to their overall low incidence, these two
diseases also have a wide variability in different geographical regions and racial populations [20,21].
T- and NK-cell lymphomas are relatively rare, clinically, these subtypes are aggressive and quite
heterogenous and they originate from post-thymic T-lymphocytes and NK-cells. Of all NHL, 10-15%
are represented by T- and NK-cell lymphomas [22,23]. The peak incidence of T-cell lymphomas is in
adults found in their sixties. These pathologies usually develop from mature T-cells and they rarely
affect children. Men have a higher incidence of this disease, in comparison with women. The occurrence
of adult T-cell lymphomas may be linked to previous viral infections with human T-lymphotropic
virus type 1 (HTLV-1) and Epstein—Barr virus (EBV). Some medical conditions may be linked to special
forms of T-cell lymphomas, like enteropathy-associated T-cell lymphoma (EATL). This form of T-cell
lymphoma is associated with celiac disease and represents a rare gastrointestinal form of NHL that
originates from intraepithelial T-lymphocytes [24-26]. Considering that, in general, T-cell lymphomas
are a rarely occurring type of malignancies with a high number of subtypes, the lessons learned from
each rare case are valuable. Our case report shows the importance of performing accurate and detailed
histopathological and immunohistochemical characterization in case of suspecting a case of T-cell
lymphoma. Our patient, after receiving a correct diagnostic of peripheral T-cell lymphoma-NOS with
CD3+/CD7+/CD2+/CD7+/CD30—-/CD5—-/CD56— and high CD4+/CD8+ ratio, which also had MRSA
infection, showed complete remission in a short period of time, after six chemotherapy cycles of COP
plus etoposide regimen associated with antibiotics for MRSA.

Peripheral T-cell lymphoma not otherwise specified (PTCL-NOS) is overall the most common
lymphoma type of the highly heterogenous group of T-cell lymphomas worldwide. It represents
nearly 35% of all T-cell lymphomas in Europe and North America. The PTCL-NOS is a World Health
Organization (WHO)-defined diagnostic category of lymphomas [27,28]. It received its name because
it cannot be classified into a specific type of T-cell lymphoma. The PTCL-NOS shows association
with EBV and exhibits EBV-positive neoplastic T-cells. Most commonly, older adults are affected
with a slight male predominance. Generalized lymphadenopathy and B-symptoms are frequently
presented, and in advanced stages, bone marrow, spleen, liver, and other tissues may be involved.
Extranodal presentation is uncommon but may occur. The most frequent extranodal site is represented
by the skin and gastrointestinal tract. With a five-year survival of 20-30%, the prognosis is relatively
poor [4,29-32].

T-cell lymphoproliferations remain a real problem and diagnostic challenge for pathologists.
Primary cutaneous T-cell lymphoma NOS is largely a diagnosis of exclusion. Among the variants and
subtypes of primary cutaneous T-cell lymphoma, the following are listed: lymphoepithelioid (Lennert’s
lymphoma): numerous histiocytes clustered along with T-cell; T-cells, commonly scattered, larger,
more atypical, and pleomorphic cells, including occasional Reed—Sternberg-like cells (usually EBV+);
in these, the T-cell subtype, often CD8+. The T-zone lymphoma is no longer considered a variant of
PTCL-NOS. Instead, it is considered to have a nonspecific morphologic pattern, which can be seen
in PTCL-NOS cases with helper T-cell phenotype that are reclassified as angioimmunoblastic T-cell
lymphoma (AITL) or other nodal lymphomas of T follicular helper cell origin. The other excluded
variant is the follicular variant that is also no longer considered a variant of PTCL-NOS and was
reclassified by WHO as AITL and other nodal lymphomas of T follicular helper cell origin. In peripheral
T-cell lymphoma associated with B-cell proliferation, the B-cells are small, alongside mature plasma
cells and plasmacytoid large B lymphocytes or plasmablastic B-cells. These are often EBV+.

The differential diagnosis of primary cutaneous T-cell lymphoma NOS includes the following
entities: angioimmunoblastic T-cell lymphoma (AITL) which has similar morphology to NOS; but it
may be more prominent in arborizing high endothelial venules in AITL. The infiltrate may be more
polymorphous than in PTCL-NOS. B-cells EBV+ are present in most cases of AITL. The primary
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cutaneous presentation being extreme; anaplastic large-cell lymphoma, ALK-positive and ALK-negative
(ALCL), has cells with hallmark morphology, sinus involvement, and anaplastic cytologic features
supporting ALCL. The ALCL is strong and has uniform CD30+ cells in a membranous and paranuclear
pattern. CD30 marker can also be focally positive and represented in a lower proportion in
PTCL-NOS. ALK-negative subtype shows no evidence of ALK locus abnormalities; whereas the
ALK-positive subtype presents with ALK locus abnormalities, more precisely(2;5)(p23;q35) NPM1/ALK.
Histologically and immunophenotypically, PTCL and adult T-cell leukemia/lymphoma (ATLL) can be
indistinguishable. However, adult T-cell leukemia/lymphoma is caused by infection by human T-cell
leukemia virus type 1 (HTLV-1). HTLV-1 is integrated into the genome of neoplastic cells. Patients
with ATLL often present with hypercalcemia. The leukemic phase is commonly encountered in ATLL
patients. Multilobate and flower-shaped cells are in blood smear. In subcutaneous panniculitis-like
T-cell lymphoma, the patients present with subcutaneous nodules, usually without other signs of
disease. Atypical lymphoid infiltrates in subcutaneous tissue that involves fat lobules, typically spares
septa, overlying dermis, and epidermis, and the tumor cells are CD3+ and CD8+. In typical cases
of the nasal type of extranodal NK-/T-Cell lymphoma, the patients present only with extranodal
disease. Rare cases have been described at the upper aerodigestive tract level and in extranasal
sites: skin, soft tissue, lower gastrointestinal, and testes. This entity is constituted by polymorphous
lymphoid infiltrate of variable morphology and/or angioinvasion, often associated with extensive
fibrinoid necrosis. The tumor cells are CD3+/—, CD2+, CD56+, and EBV+/—. Skin involvement of
enteropathy-associated T-cell lymphoma and hepatosplenic T-cell lymphoma is unusual, and, in our
case, they were clinically excluded.

When it comes to interpreting immunohistochemistry (IHC) biomarkers staining for the diagnostic
of PTCL-NOS, it is important to include as many as possible since these can only be interpreted
as a cluster. For instance, CD30 can either be absent or slightly positive, while CD56 can rarely
be positive. CD68 expression with high positivity of CD8 is typical for indolent acral CD8+ T-cell
lymphoma that is usually a benign tumor. CD20 can be either less than 1% positive or entirely
negative. CD3+/CD4+/CD8— shows a less aggressive type of PTCL-NOS, as compared with CD8
strongly positive PTCL-NOS. An aggressive type of PTCL-NOS is also characterized by positivity for
granzyme B [33-36].

A more detailed description of each immunohistochemical marker that we used in our study and
how it helped us differentiate between different types of cutaneous lymphomas is found in Table 1.

Table 1. Track-record of the pathology diagnosis

Round Marker Status Meaning

A marker typical for T-cell, used to validate T-cell origin of

CD3 Positive the tumor

Specific with peripheral T-cell lymphoma, not otherwise
CD4 Positive specified (PTL-NOS), which is also commonly associated
with loss of other T-cell markers

Excluding Reed—Sternberg-like cells (usually EBV+)
diagnostic and subcutaneous panniculitis-like T-cell, high

2nd Biopsy D8 Positive positivity of CD8 shows a more aggressive type of PTCL
Lymphoma, which has a higher population of CD8+ cells
CD20 A very low CD20+ should be less than 1% of stained cells

proportion of cells

Specific with PTL-NOS, however little information is
known about this marker

CD30 Negative Usually negative in PTCL-NOS

CD68 Positive
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Table 1. Cont.

Round Marker Status Meaning
CD3 Positive A marker typical for T-cell, used to validate T-cell origin of
the tumor
CD7 Positive Typical T-cell marker, PTCL-NOS commonly express it
CD2 High number of Typical T-cell marker, PTCL-NOS commonly express it

positive cells

High number of High positivity of CD4 shows a less aggressive type of
CD4 s
positive cells PTCL lymphoma
excluding Reed—Sternberg-like cells (usually EBV+)
Small population of ~ diagnostic and subcutaneous panniculitis-like T-cell, high
CD8 L e .
. positive cells positivity of CD8 shows a more aggressive type of PTCL
3rd biopsy lymphoma, which has a higher population of CD8+ cells
. Exclusion of anaplastic large-cell lymphoma ALK-positive
€D30 Negative and ALK-negative (ALCL), which is strongly CD30+
CD5 Negative Loss of CD5 is specific for PTCL-NOS
. Exclusion of extranodal NK-/T-Cell lymphoma,
CD56 Negative which is CD56+
Granzgme B Small Pqpulatlon of Specific for cytotoxic T-cell lymphomas, a more
positive cells aggressive phenotype
Ki-67 Proliferation index of Verify the proliferation activity of cells

80-85%

7. Conclusions

As elderly patients are indicated to receive attenuated doses of chemotherapy, CHOP-based
regimens represent viable options [4,5]. Still, considering that our patient had cardiac comorbidities,
we chose to remove anthracyclines from the combination treatment and replaced it with etoposide.
The particularity of this case is the impressive huge dimensions of the tumoral mass of the eye.
Moreover, the impressive feature of this case is that the patient even regained her vision, proving
thus that etoposide plus COP is a viable alternative for such a clinical scenario: elderly patients with
invasion of internal organs.
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Abstract: Somatostatinomas are rare neuroendocrine tumors (NET) that arise in the gastrointestinal
(GI) tract. Because of their insidious growth, they are usually asymptomatic until late stages,
presenting as malignant disease. We report the case of a 50-year-old woman who presented with
epigastric abdominal pain, diarrhea and significant weight loss in the last two years. On clinical
examination the patient met the criteria for neurofibromatosis type 1 (NF1). Abdominal CT and
MRI revealed an infiltrative duodenal mass, with pancreatic invasion, locoregional enlarged lymph
nodes and disseminated hepatic nodules. Microscopy and immunohistochemistry uncovered a
neuroendocrine tumor, staining positive for chromogranin A (CgA), synaptophysin and somatostatin,
with a Ki67 = 1%. Somatostatin receptors (SSTRs) type 2 were negative and SSTRs type 5 were
positive in less than 50% of tumoral cells. Our patient was classified as a T3N1M1 stage IV metastatic
duodenal grade 1 somatostatinoma and treatment with somatostatin analogues and chemotherapy
with capecitabine and temozolomide was started, with so far abdominal imaging follow-up showing
stable disease. When a patient is diagnosed with a rare NET, such as a somatostatinoma, it is of
utmost importance to determine if it is a sporadic tumor or just a feature of a genetic disorder.

Keywords: neuroendocrine tumor; somatostatinoma; neurofibromatosis type 1; somatostatin
analogues; chemotherapy; capecitabine; temozolomide
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1. Introduction

Somatostatinomas are neuroendocrine tumors of D-cell origin that contain and sometimes
secrete somatostatine [1]. The estimated incidence of this tumor is about one in 40 million [2] and it
represents about 4% of gastrointestinal neuroendocrine tumors (GI-NETs) [3]. Approximately 55%
of somatostatinomas are in the pancreas and the reminder arise in the ampulla and periampullary
region of the duodenum and rarely in the jejunum [4]. Usually, somatostatinomas present as a
metastatic disease, 75% of them being malignant tumors [5]. Somatostatinomas can occur in association
with multiple endocrine neoplasia (MEN)-1, neurofibromatosis type 1 (NF1), tuberous sclerosis and
von-Hipple Lindau syndrome (VHL), and a new syndrome, via hypoxia-inducible factor 2 somatic
mutation, which includes somatostatinoma, paraganglioma/pheochromocytoma and polycythemia,
found only in females, had been also described [6].

NF1 is the most common hereditary multitumor syndrome with an incidence at birth of
approximately 1:3000 and it is caused by mutations in the NF1 gene. NF1 is localized on chromosome
band 17q11.2 and it acts as a tumor suppressor gene. Biallelic NF1 inactivation results in complete loss
of functional neurofibromin activity. Neurofibromin acts as a negative regulator of the RAS-MAPK
pathway, and it has a GTPase activating domain that interacts with RAS and converts active RAS-GTP
to its inactive form. Apart from NF1 promotor hypermethylation, other somatic inactivation events
occur in tumors associated with NF1, such as intragenic mutations and loss of heterozygosity [7].
Persons with NF1 develop both benign and malignant tumors at increased frequency throughout
life, neurofibromas being the most common type of benign tumor. Optic pathway gliomas are the
predominant type of intracranial neoplasms and can lead to endocrine disorders, mostly in pediatric
population [8]. The frequency of intrabdominal manifestations of NF1 ranges from 5 to 25%, and
they appear during midlife, usually later than cutaneous manifestations. NF1 associates multiple
gastrointestinal stromal tumors and neuroendocrine tumors of the adrenal, duodenal ampulla, pancreas
and other sites [7]. Approximately 10% of the patients with NF1 develop somatostatinomas, which are
typically located in the duodenum, are rarely associated with somatostatinoma syndrome and are less
likely to metastasize as compared with sporadic somatostatinomas [9]. Patients presenting with this
tumor are usually over 50, with a roughly equal gender distribution [2].

Somatostatin is a tetradecapeptide that inhibits numerous endocrine hormones, including insulin;
pancreatic polypeptide; cholecystokinin; gastrin; glucagon; gastric inhibitory polypeptide; secretin;
motilin; and exocrine functions such as gastrointestinal transit time, intestinal motility and absorption of
nutrients from the small intestine. The classic somatostatinoma syndrome is described as an association
of weight loss; abdominal pain; and less often diabetes mellitus, cholelithiasis and diarrhea/ steatorrhea.
This syndrome occurs more often in tumors that are localized in the pancreas than those in the
duodenum [9]. Most tumors appear to be well-differentiated islet cell or carcinoid-type tumors on light
microscopy and they have positive somatostatin and chromogranin A (CgA) immunohistochemistry.
Sporadic and NF1 related duodenal somatostatinomas frequently present with psammoma bodies [10].

Somatostatinomas are usually found during exploratory laparotomy, computed tomography
(CT), magnetic resonance imaging (MRI), ultrasound or gastrointestinal endoscopy studies that are
performed due to various symptoms and signs associated with somatostatinoma syndrome. The
diagnosis can also be established by the presence of a fasting plasma somatostatin level exceeding 30
pg/ml [9,11]. Imaging can localize the tumor and stage the extent of disease. The evaluation of patients
with somatostationoma begins with a helical, multiphasic, contrast-enhanced CT. MRI is performed
when CT shows indeterminate lesions that need further characterization. Endoscopic ultrasound (EUS)
can also be performed in patients with inconclusive CT or MRI. Somatostatin receptor scintigraphy
or Ga-68 DOTATATE positron emission tomography (PET)/CT represent high sensitivity imaging
evaluation methods and are performed if the finding of extra-abdominal metastases would change the
treatment [12,13].

Usually, at diagnosis, patients present with metastatic disease, but survival rate is high, especially
in those with metastatic duodenal somatostatinoma [6]. In cases of nonmetastatic somatostatinoma
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the surgical removal of the tumor represents the only chance of cure. Surgery can also be used in
metastatic or locoregional extensive disease, for debulking, to provide symptomatic relief and prolong
survival rate [14,15]. Metastatic liver disease can be treated by radiofrequency ablation, cryoablation,
hepatic artery embolization or chemoembolization with doxorubicin, cisplatin and mitomycin C and
selective intraarterial irradiation with yttrium labeled microspheres, alone or in combination with
surgery [15,16]. Somatostatin analogues (SSAs) inhibit somatostatin secretion, providing relief of
symptoms such as diarrhea, diabetes and weight loss and they are used for patients with metastatic or
inoperable somatostatinoma [17-19]. It had been shown that lanreotide is associated with significantly
prolonged progression free survival (PFS) compared to placebo [20]. Molecularly targeted therapy
(everolimus, sunitinib) is used for patients with progressive advanced somatostatinomas. Conventional
chemotherapy (CHT) combined with SSAs has been used as an initial treatment for highly symptomatic
disease due to tumor bulk or for those who have rapidly enlarging metastases, but the experience
with systemic chemotherapy in patients with somatostatinomas is limited [9]. Radiotherapy using
SSAs coupled with Lutetium-177 represent a promising approach in the treatment of NETs and was
associated with best tumor response, especially in patients with a high uptake on Octreoscan, limited
hepatic tumor mass and a high Karnofsky performance score [20].

There are not enough data on somatostatinomas to give accurate estimates of survival, but the
prognosis with any therapy is poor in patients with metastatic disease. The follow-up extends to a
maximum of 10 years post-resection, and it should consist of history and physical examination, a check
of the fasting plasma somatostatin level and imaging studies every 6 to 12 months or more often in the
first year [9].

2. Case Presentation

We report the case of a 50 years old woman, without any significant personal or family history,
who presented with epigastric abdominal pain, diarrhea and 30 kg weight loss in the last 2 years.
The patient signed a written informed consent and the ethics committee of Elias Hospital approved the
publication of this case report (no 5316/2020). The clinical examination revealed elevated blood pressure
(160/100 mmHg) and the presence of a few café au lait spots located on the upper limbs; large, poorly
circumscribed areas of hyperpigmentation on the trunk; bilateral axillary freckling (Figures 1 and 2);
and multiple asymptomatic, soft, flesh-colored, sessile or dome-shaped cutaneous tumors, 1-2 cm
in diameter, nonadherent to the underlying structures, distributed on the trunk and limbs, highly
suggestive of neurofibromas (Figure 3). Several painless, violaceous, subcutaneous pseudoatrophic
macules, with a rubbery consistency, ranging in size from 5 mm to 2 cm, typically found in NF1, were
also present on the abdominal wall (Figure 4).

Figure 1. Bilateral axillary freckling and and café au lait spot on the left arm (scale 1:13).
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Figure 2. Large, poorly circumscribed areas of cutaneous hyperpigmentation and freckling on the
trunk (scale 1:13/1:6/1:13/1:13).

Figure 3. Multiple cutaneous neurofibromas distributed on the trunk and limbs (scale 1:7/1:13/1:11/1:11).

Figure 4. Asymptomatic, violaceous subcutaneous tumors in the abdominal area-pseudoatrophic
macules typically found in NF1 (scale 1:11/1:8).

The mucous membranes did not show any pathologic changes and Lisch nodules were absent.
Based upon the presence of three out of seven characteristic clinical features, our patient met diagnostic
criteria developed by the United States National Institutes of Health (NIH) Consensus Conference
in 1987 and updated in 1997 and was clinically diagnosed with neurofibromatosis type 1 (NF1) [21].
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Biological evaluation was unremarkable except for diabetes mellitus (HbA1c% = 7%, fasting glycemia
= 136mg/dl) and vitamin D deficiency (25 hydroxy-vitamin D = 10.53 ng/mL).

Upper digestive endoscopy revealed a gastric mucosa with prepyloric, circumferential linear and
round-oval ulcerations, the largest of 6 mm, with the base covered with fibrin debris and an infiltrated
area of 7 mm that could be seen between the first and second portion of the duodenum, on the medial
wall, with rigidity and exaggerated friability upon biopsy. The normal papilla was visualized distally
to the infiltrated area. A multiphasic contrast-enhanced CT diagnosed a 32 X 37 x 47 mm infiltrative
duodenal mass, with heterogenous contrast enhancement, which narrowed the duodenal lumen and
compressed the pancreatic head, and multiple low-density hepatic nodules strongly suggestive of
metastatic disease. On MRI, the tumor displayed irregular borders with high contrast subtraction
and heterogenous texture; it was located near the ampulla, in the second segment of the duodenum,
with pancreatic invasion, associated locoregional enlarged lymph nodes and multiple disseminated
hepatic nodules, with maximum diameters of 12 x 10 mm, suggestive of miliary metastatic disease
(Figures 5 and 6).

Figure 5. Axial MRI exam—duodenal tumor. (a) Gadolinium enhanced T1lw image showing an
hyperintense lesion in the arterial phase suggestive of the neuroendocrine etiology (arrow). (b) Diffusion
Weighted Imaging (DWI) showing an hyperintense lesion with intense diffusion restriction (arrow).

Figure 6. Axial MRI exam—multiple hepatic nodular lesions suggesting miliary metastic disease.
(a) Gadolinium enhanced T1w showing hypervascular lesions (arrow). (b) T1w image, hepato-biliary
phase after gadolinium enhancemet, showing hypointense lesions suggestive of the tumoral
etiology (arrows).

Pathological exam of the duodenal biopsy described in our case a tumor with glandular and
cribriform structures in the lamina propria, with an infiltrative aspect, focal foveolar metaplasia
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of the villous epithelia (Figure 7), cribriform structures with cuboidal or low columnar epithelial
cells, with eosinophilic cytoplasm and round, central, monotonous nuclei, without visible nucleoli
(Figure 8) and the tumor had a glandular (acinar) growth pattern with calcospherites (psammoma
bodies). Immunohistochemistry described a tumor positive for chromogranin A, synaptophysin and
somatostatin with a Ki67 of 1% (Figure 9). Somatostatin receptors (SSTR) type 2 were negative and
SSTR type 5 were positive in less than 50% of tumoral cells.

Figure 7. Histological findings. (a) HE, 40X. Duodenal biopsy with glandular and cribriform structures
in the lamina propria, with the infiltrative aspect. (b) HE, 100X. Detail of the previous picture with
cribriform structures and focal foveolar metaplasia of the villous epithelia.
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Figure 8. Histological findings. (a) HE, 200X. Cribriform structure with cuboidal or low columnar

epithelial cells, with eosinophilic cytoplasm and round, central, monotonous nuclei, without visible
nucleoli. Some necrotic cells and calcospherites are visible in the glandular lumina. (b) Glandular
(acinar) growth pattern of the tumor with calcospherites (psammoma bodies).
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Figure 9. Imnuohistochemistry findings 40X. (a) Chromogranin A (Cell Marque, monoclonal,
dilution 1:100): positive reaction of the tumoral cells, cytoplasmic, with internal positive control.
(b) Synaptophysin (Immunopath, monoclonal, dilution 1:500): positive reaction of the tumoral cells,
cytoplasmic, with internal positive control. (¢) Somatostatin (Abcam, monoclonal, dilution 1:200):
positive reaction of the tumoral cells, cytoplasmic, with internal positive control. (d) Ki67 (Leika,
monoclonal, dilution 1:100): 1% in tumoral cells, with internal positive control in cryptic epithelial cells.

Our patient was evaluated using the radiopharmaceutical labelled with 99 mTc, available at the
moment of diagnosis; 740 MBq 99mTc-EDDA/HYNIC-Tyr3-Octreotide was injected intravenously,
with an acquisition protocol of early (1 h after injection) and late (4 h after injection) whole body scans
with a two-headed, large field-of-view gamma camera equipped with low energy high resolution
(LEHR) collimator and SPECT-CT acquisition 2 h after injection, on the region of interest (abdomen).
On somatostatin receptor scintigraphy (SRS), SPECT-CT acquisition, we noticed the duodenal tumor
compressing the pancreatic head and the particular aspect of very small disseminated nodules in both
hepatic lobes, but without any uptake of the specific radiopharmaceutical; the aspect correlates with
the immunohistochemistry results (Figures 10 and 11).

In this context we performed an endocrinological screening for MEN1 and pheochromocytoma
which were negative. Plasma chromogranin A and 24 h urinary 5-hydroxyindoleacetic acid (5-
HIAA) were in normal ranges. Unfortunately, plasma levels of somatostatin could not be measured
at diagnosis.

According to the American Joint Committee on Cancer TNM staging system for neuroendocrine
tumors of the duodenum and ampulla of Vater [22], our patient was classified as a T3, N1, M1 stage
IV metastatic duodenal, grade 1, SSTR negative somatostatinoma. The patient was discussed in our
multidisciplinary team meeting. NCCN guidelines version 1.2019 recommend for clinically significant
tumor burden: lanreotide or octreotide and/or everolimus, peptide receptor radionuclide therapy with
radiolabeled somatostatin analogues (PRRT), hepatic-directed therapy or interferon alfa-2b or cytotoxic
chemotherapy if no other options feasible [23]. The MRI appearance of miliary liver metastases, with
significant tumor burden, led us to decide on the association of SSAs with chemotherapy, as in our
country we did not have other available reimbursed therapeutic options. We began the treatment
with lanreotide Autogel 120 mg every 28 days and capecitabine 750 mg/m2/BID on days 1-14, and
temozolomide 200 mg/m?2/ID on days 10-14 every 28 days (CAPTEM). Follow-up at 3 (Figure 12), 6,9
and 12 months with abdominal MRI and thorax CT showed stable disease. In May 2020, follow-up CT
scan at 16 months from diagnosis showed a 14 x 8 mm segment 6 liver lesion, suggestive of a new
metastasis, which needed to be monitored (Figure 13).
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Figure 10. Axial unenhanced CT and fused SPECT-CT images showing duodenal tumor and multiple
small hepatic metastasis with no uptake of 99mTc-EDDA/HYNIC-Tyr3-Octreotide (red arrows).

Figure 11. Sagital and coronal CT and SPECT-CT acquisition; duodenal tumor without
99mTc-EDDA/HYNIC-Tyr3-Octreotide uptake, suggesting no expression of SSTR2 or SSTR5
(red arrows).
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Figure 12. Follow up MRI at 3 months. (a) Slight regression of the duodenal tumor on T1w image
after gadolinium enhancement (arrow). (b) Minimal regression of the metastatic hepatic lesions on the
hepato-biliary phase (arrows).

Figure 13. Follow up CT scan at 16 months from diagnosis (a) CECT - arterial phase- stable duodenal
tumor. (b) CECT-portal phase-nodular lesion located in the sixth segment of the liver with an enhancing
peripheral rim and a hypovascular center suggestive of a new metastasis (arrow).

There was a very good tolerability of both SSAs and chemotherapy. The patient presented grade 2
thrombocytopenia at cycles 3 and 4 and grade 2 palmar-plantar erythrodysesthesia at cycles 3, 4 and 5.
Diarheea disappearead after the first two months of therapy.

3. Discussion

NF1 is an autosomal dominant disorder with complete penetrance and variable expression,
associated with an increased risk of developing benign and malignant tumors of the skin, central and
peripheral nervous system, adrenals and gastrointestinal tract, including pancreatic tumors [7,24].
The NF1 gene mutations determine a reduction or a complete loss of function of the cytoplasmatic
protein, neurofibromin, which regulates cellular proliferation by inactivating p21 RAS and the MAP
kinase [7,25]. The diagnosis of NF1 is based upon the presence of characteristic clinical features.
According to NIH criteria, at least two of the following clinical features must be present to make the
diagnosis of NF1: six or more café au lait macules (0.5 cm in children or >1.5 cm in adults), two or more
cutaneous/subcutaneous neurofibromas or one plexiform neurofibroma, axillary or groin freckling,
optic pathway glioma, two or more Lisch nodules (iris hamartomas seen on slit lamp examination)
and bony dysplasia (sphenoid wing dysplasia, bowing of long bone + pseudoarthrosis), first degree
relative with NF1 [21]. As in our case, approximately 50% of NF1 patients have no family history of
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disease because the NF1 gene has high mutation rates in humans [26]. The multidisciplinary team
management of this particular case also included genetic counseling. Genetic testing can be considered
for a molecular diagnosis and can help direct screening of family members. Often, genetic testing is not
required, but can it be a useful tool in confirming the diagnoses of children who do not meet diagnostic
criteria or only exhibit café-au-lait macules and axillary freckling. Although of great academic interest,
given the unquestionable clinical diagnosis, the fact that our patient did not have any first degree
relatives that could benefit from the testing and that a positive NF1 mutation result is not a predictor
of the severity or complications of the disorder, with some specific exceptions, we decided not to
perform a genetic testing. The disorder is associated with an 8-15-year reduction in average life
expectancy in both genders, primarily due to malignant neoplasms and cardiovascular disorders.
Malignant peripheral nerve sheath tumor, breast cancer, cutaneous neurofibromas and significant
psychiatric and neurologic diagnoses are common problems in patients with NF1 [27]. Patients with
NF1 are also prone to developing gastrointestinal and retroperitoneal lesions, such as true neurogenic
neoplasms, interstitial cell of Cajal lesions, NETs and adrenal tumors (pheochromocytoma) [7]. In
1982, Cantor et al. first documented the association between duodenal somatostatinoma and NF1 [28].
The association was afterwards described as a common gastrointestinal manifestation in patients
with NF1 [11,29]. A case report and review of the literature, published in 1995, described 29 cases
of duodenal somatostatinoma unassociated with NF1 and 27 cases of duodenal somatostatinoma
associated with NF1, out of which four were also found to have adrenal pheochromocytomas [30].
An analysis of 162 patients with somatostatinomas (81 pancreatic somatostatinomas vs. 81 duodenal
somatostatinomas) found a statistically significant difference between these two groups, regarding
the incidence of NF1 (20% vs. 43.2%) [4]. In a more recent analysis, Garbrecht et al. confirmed the
occurrence of duodenal somatostatinoma in NF1 patients, but with a lower frequency (14%), and found
no pancreatic somatostatinoma associated with NF1 [10]. A 2010 review of literature showed that 47%
of periampullary tumors in NF1 patients were of neuroendocrine origin with 40% being reported as
somatostatinoma, 6% as carcinoid and 1% as malignant endocrine tumor [31].

Somatostatinoma is a rare NET [9] that originates in the enteric endocrine cells [32]. More than half
of them are located in the pancreas and the rest in the ampulla or periampullary region of the duodenum
or rarely in the jejunum. The tumors can be classified as functioning or non-functioning, depending on
the secretion of somatostatin and often can present as metastatic disease upon diagnosis [9]. Duodenal
somatostatinomas frequently display obstructive jaundice, abdominal pain, cholelithiasis, vomiting
and abdominal bleeding [11] and can be accompanied by a somatostatin syndrome (steatorrhea,
diabetes mellitus, cholelithiasis, weight loss), usually only if they are larger than 4 cm in size [33]. In
our case, although the tumor was larger than 4 cm, located near the duodenal ampulla, with pancreatic
invasion, the patient did not develop obstructive jaundice or cholelithiasis, but, instead, she presented
diarrhea, weight loss and secondary diabetes mellitus. Although high plasma somatostatin levels
(>30 pg/mL) may be a valuable tool to establish the biological diagnosis of somatostatinoma [9] and
our patient associated somatostatin syndrome, we were not able to measure the somatostatin levels
before the treatment initiation. Cg A is a neuroendocrine protein located in the secretory vesicles of
neurons and endocrine cells, plays an important role in vesicle formation, is the precursor for many
functional peptides (vasostatin, pancreastatin, catestatin, parastatin, etc.) and can be measured in order
to provide information about diagnosis, prognosis and follow-up in NETs [34,35]. However, Cg A
concentration may be normal in some low proliferative index NETs, as was the case for our patient.
Pheochromocytomas are associated with VHL disease, MEN and NF1. In patients with NF1 they can
occur with a frequency of 0.1-5.7%, higher than in the general population [36]. Moreover, there is also
a hypoxia-inducible factor 2 somatic mutation, detected in ampullary somatostatinomas as part of a
syndrome of paraganglioma and somatostatinoma, associated with polycythemia and found only in
females [6]. Our patient had normal plasma normetanephrines and metanephrines, but further regular
screening for other malignancies associated with NF1 is mandatory [27].
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Duodenal neuroendocrine tumors account for about 20% of gastrointestinal tract neuroendocrine
tumors and may show G-cell differentiation (gastrinomas) or D-cell differentiation expressing
somatostatin, termed somatostatinomas, if they are functional. Acinar and psammomatous
somatostatinomas are commonly found in the periampullary region in patients with NF1 and
represent one third of somatostatin expressing tumors. Sometimes patients with NF1 may present other
mesenchymal lesions: neurofibromas and gastrointestinal stromal tumors. Biopsy was performed and
light microscopy revealed the presence of psammoma bodies, which had been previously identified
in 68% of duodenal somatostatinomas [11]. Immunohistochemistry showed positive staining for Cg
A, synaptophysin and somatostatin, Ki67 % = 1%, SSTR5 positive in less than 50% of tumor cells
and negative SSTR2. Somatostatin receptor-based imaging can provide useful information on overall
tumoral burden and location, and positive imaging can also confirm the presence of SSTRs [37]. SRS
is a molecular imaging procedure for NET diagnosis and staging; it is more sensitive and specific
at the biological than anatomical level, in contrast to conventional imaging, which it complements;
the detection rate was reported to be between 80-100% in different studies [38—40]. There are two
radiopharmaceuticals available on the market 111In-pentetreotide ([111In-DTPAOQ]-octreotide) with
affinity for SSTR 2 and SSTR 5 and 99 mTc-EDDA/HYNIC-Tyr3-Octreotide, with high affinity for SSTR
2, but with a lesser extent for SSTR 3 and SSTR 5. 68Ga-DOTATATE is superior to other imaging
modalities [6], but it was not available; therefore, we performed a 99 mTc-tektrotyde scintigraphy with
no tumoral uptake for radiolabeled SSA.

Conventional and functional imaging revealed in our case, on diagnosis, a stage IV duodenal
somatostatinoma (T3, N1, M1) with pancreatic invasion, locoregional lymph nodes enlargement
and multiple disseminated hepatic nodules described as miliary metastases. Although it seems
unreasonable to include SSAs in the therapeutic approach of a mostly SSTR negative somatostatinoma,
in patients with symptomatic disease, clinically significant tumor burden or progressive disease,
there is evidence in favor of SSA therapy (octreotide LAR or lanreotide) that can improve the related
symptoms by reducing somatostatin secretion and potentially control tumor growth [20,41]. The
correct mechanism by which SSAs inhibit tumoral somatostatin secretion is poorly understood. A
possible explanation could be that octreotide has a higher affinity for the somatostatin receptor than
for natural somatostatin and the enzymatic degradation of synthetic SSAs is on a slower rate than that
of natural somatostatin [19]. High expression of SSTR 2 in NETs was associated with improved PFS
and overall survival (OS) in patients treated with SSAs. Yet, there was no clear correlation between
high vs. low expression of SSTRs 1-5 and uptake on somatostatin scintigraphy [42]. In one study,
three out of ten patients with SSTR 2 negative and SSTR 5 positive NETs were responsive to SSA
therapy [43]. Novel strategies such as SSTR 2 receptor gene transfer might prove useful as new
therapies for unresectable tumors [44]. Diarrhea and weight loss, presenting signs in our patient
and components of the somatostatinoma syndrome, ameliorated in the first couple of months as a
result of SSA therapy. Intriguing enough, some studies have shown that patients with metastatic
or inoperable NETs and no radiolabeled analogue uptake on Octreoscan or 68Ga-DOTA-peptides
PET/CT, may also respond well to SSA therapy [43]. Although SSAs are highly effective at improving
the hormone hypersecretion-associated symptoms, there is limited experience and little evidence
that SSA therapy inhibits tumor growth, especially in somatostatinomas. Considering the results of
randomized controlled studies for metastatic midgut NETs (octreotide) and gastroenteropancreatic
NETs (lanreotide) without hormone-mediated symptoms, a reduction in tumor growth is expected.
Therefore, due to the miliary aspect of liver metastases that could lead to acute liver failure, we decided
to add SSAs to chemotherapy;, as first-line therapy.

Cytotoxic chemotherapy with 5-fluorouracil, capecitabine, dacarbazine, oxaliplatin, streptozocin
and temozolomide can be used, in association with SSAs, in patients with progressive metastatic
disease [26]. ESMO guidelines recommend CHT in advanced pancreatic NETs (pNETs) and in
neuroendocrine neoplasms (NEN) G3 of any site [45]. A systematic review showed that patients
treated with CHT for locally advanced or metastatic well-differentiated G1/G2 GI NETs experienced
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poor results (OR rate range 5.8-17.2%) [46]. The use of the CAPTEM regimen is associated with
objective responses and promising survival outcomes in metastatic, well-differentiated, intermediate
and high-grade NETs (two-year OS = 42%, median PFS = 10 months, median PFS = 17 months in
patients who received CAPTEM in first line) [47]. More studies reported similar results regarding
CAPTEM regimen in NEN, with significantly higher PFS, median OS, objective response rate and
disease control rate in pNENs compared with non-pNENSs [48,49]. Pancreatic NENs have a lower O
(6)-methylguanine-DNA methyltransferase (MGMT) expression than non-pNENSs, and this might be
the rationale for a superior treatment response to CAPTEM regimen. Yet, the use of MGMT expression
or promoter methylation as a sole predictor for response to CAPTEM is not recommended and more
biomarkers are needed for clinical decision making [49,50].

CAPTEM regimen is rarely associated with serious toxicities (grade 3 or 4 stratified by Common
Terminology Criteria for Adverse Events (CTCAE) v5.0 Grade) and has low discontinuation rates,
even in patients who follow the treatment for more than a year [48]. The ENETs guidelines currently
recommend this regimen for patients with intermediate and high-grade NETs as a second line
therapy [51]. In a retrospective study, patients with metastatic intermediate and high-grade NETs
(pancreatic and nonpancreatic included) treated with CAPTEM had median PFS of 15.9 months as
compared to a median PFS of 3.1 months when subsequent lines of therapy were used [52]. Similarly, in
a series of 30 patients with metastatic well or moderately differentiated pNETs who received CAPTEM
in the first-line setting, the objective radiographic response rate was 70% with a median PFS of 18
months, a 2-year OS rate of 92% and a 12% rate of grade 3 and 4 toxicities [53]. This regimen clearly
proves its superiority compared to other cytotoxic regimens (triplet combination of streptozocin,
doxorubicin and 5-fluorouracil) with a response rate of 39%, a 2-year OS rate of 74% and a 23% rate of
grade 3 and 4 toxicities [54].

RADIANT-4, a phase 3 study, found that treatment with everolimus is associated with significant
improvement in PFS vs. placebo, in patients with advanced, progressive, well-differentiated,
non-functional neuroendocrine tumors of lung or gastrointestinal origin [55]. The appropriate
sequencing or combination of various drugs remains unclear and is mostly dependent on patient
individual factors, such as comorbidities or side effects.

Ablative methods, including radiofrequency ablation and cryoablation, and hepatic artery
chemoembolization with doxorubicin, cisplatin and mitomycin C, can result in tumor regression and
control of the symptoms. Additionally, surgery is recommended for symptoms palliation [6]. PRRT is
recommended for patients with inoperable or metastasized NETs. Lutetium-177 coupled with SSAs is
a very promising approach in treatment of NETs [56]. The combined therapy with 177Lu-DOTATE
plus octreotide LAR showed better tumor response rate vs. therapy with octreotide LAR alone [57].
Furthermore, combining PRRT with capecitabine and temozolomide (radiosensitizing chemotherapy)
may be feasible with minimal incremental toxicity [58]. There are some inclusion criteria for PRRT,
such as inoperable/metastatic, well differentiated (G1/G2) NET (well-differentiated G3 NET may be
considered), sufficient tumor uptake on the diagnostic somatostatin scintigraphy, sufficient bone
marrow reserves, creatinine clearance >50 mL/min, Karnofsky performance status >50, expected
survival >3 months and signed informed consent [56]. In our case, due to no somatostatin analogue
uptake on the scintigraphy, PRRT could not be considered.

4. Conclusions

In conclusion, the lesson to be learned from this case resides in the fact that somatostatinomas
are rare NETs, seldom associated with somatostatinoma syndrome, which can sometimes occur in
the settings of a genetic syndrome such as NF1. Despite the progress achieved in the management
of metastatic, progressive, unresectable NETs, in general, and for somatostatinoma, in particular,
prognosis is poor, and the optimal treatment of choice still remains a challenge for the multidisciplinary
team involved.
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