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Original Article

A Cross-Sectional Study of Mycosis Fungoides Care: Diagnostic
Challenges, Therapeutic Accessibility, and Resource-Adapted
Solutions

@ Ece Gokyayla!, ® Neslihan Demirel Ogiit2

"Department of Dermatology and Venereology, Ege University Faculty of Medicine, Izmir, Tiirkiye
2Department of Dermatology and Venereology, Usak University Faculty of Medicine, Usak, Tiirkiye

Aim: Mycosis fungoides [(MF) the most common primary cutaneous T-cell lymphoma] is difficult to diagnose early, and treatment access is uneven in
middle-income countries; therefore, we aimed to describe current practice, identify barriers, and propose guideline-aligned, resource-adapted solutions.

Materials and Methods: Cross-sectional anonymous online survey of dermatologists (May—June 2025) on diagnostic workflows/access, treatments,
and barriers. Analyses were performed using SPSS v23, with descriptive statistics and Spearman’s rho correlations. Two-tailed P < 0.05 was considered
significant.

Results: Among 239 respondents, 61.1% managed MF; 49.3% reported diagnostic uncertainty, and T-cell receptor testing was rarely available. The use of
diagnostic algorithms and structured training was inconsistent. Basic topical agents and retinoids were widely available, whereas advanced systemic and
device-based options were scarce. Barriers clustered around registration and market availability, workforce constraints, and equipment and maintenance
issues. Reported workarounds included evidence-based substitutions, interim symptom-directed therapy, repeat biopsies, and referrals; multidisciplinary
tumor boards were underused.

Conclusion: MF care is heterogeneous and resource constrained. A four-component plan — a national diagnostic algorithm with a minimum package
and a re-biopsy—consultation—multidisciplinary team loop; targeted capacity building; tiered treatment pathways prioritizing narrow-band ultraviolet B £
retinoids with clear referral thresholds; and system integration via centers of excellence, a national registry, and device uptime programs — may standardize
care and improve outcomes.

Keywords: Mycosis fungoides, cutaneous T-cell lymphoma, diagnostic challenges, therapeutic accessibility, resource-adapted solutions

MF displays substantial clinicopathologic heterogeneity,
making early diagnosis difficult. Lesions may mimic other
dermatoses, such as eczema, psoriasis, or chronic dermatitis,
and histopathologic findings are often non-specific.>* In

INTRODUCTION

Mycosis fungoides (MF) is the most common form of
primary cutaneous T-cell lymphoma (CTCL), representing the

majority of CTCL cases worldwide.! It typically presents as
slowly evolving erythematous or mildly pigmented, atrophic
patches in sun-protected sites and may progress to infiltrated
plaques, tumors, or erythroderma in advanced stages.'?
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Access this article online
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this context, clinicopathological correlation, supported by
immunophenotyping and, where available, molecular testing,
is essential, and multiple international guidelines recommend
a multimodal diagnostic approach. However, real-world
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adherence to these recommendations varies widely depending
on access to diagnostic resources, specialist expertise, and
healthcare infrastructure.

Since accurate diagnosis forms the foundation for discase
staging and staging is the principal determinant of treatment
selection, these processes are intrinsically linked to ensuring
optimal MF care. Early-stage disease is generally approached
with skin-directed therapies, while advanced stages often
require systemic agents, frequently in combination with skin-
directed therapies for symptom control.>’ The therapeutic
hierarchy outlined in international guidelines is supported
by systematic reviews and meta-analyses, which confirm
the efficacy of these modalities but also reveal substantial
variation in patient outcomes and treatment availability across
healthcare systems.®!° Such differences are often shaped by
disparities in access to advanced diagnostic tools, limitations
in the availability of systemic therapies, and inconsistent
application of guideline-based protocols, all of which may
lead to delays in diagnosis and deviations from evidence-
based management.

We hypothesized that significant variability exists in
both diagnostic and therapeutic practices for MF, shaped
by disparities in resource availability and guideline
implementation. To investigate this, we conducted a
nationwide, cross-sectional survey among dermatologists in a
middle-income country with universal health coverage, aiming
to identify current practice patterns, barriers to optimal care,
and locally adapted solutions to improve MF management
within existing resource constraints.

MATERIALS AND METHODS

Survey Design

This cross-sectional, questionnaire-based study was
conducted between May and June 2025 to evaluate current
challenges and potential solutions regarding diagnosis and
access to treatments for MF among dermatologists in Tirkiye.
The survey instrument was developed by the study team. It
consisted of qualitative and quantitative items, including open-
ended, multiple-choice, and multiple-selection questions. The
questionnaire aimed to investigate dermatologists’ clinical
experience with MF, diagnosticapproaches, accessto diagnostic
modalities (e.g., histopathology, immunohistochemistry,
molecular testing), treatment preferences (topical or device-
based skin-directed therapies, systemic therapies), and
barriers encountered in treatment access (e.g., reimbursement,
availability, institutional limitations). Institutions were
classified by service scope and technical capacity; rankings
were based on technical resources, patient volume, and

academic staff, in the following order: University Hospital,
Training and Research Hospital, City Hospital, State Hospital,
and Private Clinic. The content of the questionnaire is
presented in Supplementary Table 1. The final version of the
questionnaire was created using Google Forms. A survey link
was generated and disseminated to Turkish dermatologists
through dermatology-focused professional WhatsApp and
Facebook groups on three separate occasions at two-week
intervals, to enhance response rates and ensure representative
participation.

Participants

The target population comprised dermatologists actively
practicing in Tiirkiye who manage patients with MF in various
clinical settings. Informed consent was obtained digitally
prior to survey participation. The first page of the online
survey included an information section outlining the purpose
of the study, data use, and confidentiality. Only participants
who provided digital consent could proceed to complete
the remaining parts of the questionnaire. Respondents not
managing MF patients were included only in descriptive
analyses; items requiring direct MF management experience
were analyzed within the subgroup actively managing MF.

Statistical Analysis

All responses were collected anonymously. Data were
exported to IBM SPSS Statistics version 23 for analysis.
Descriptive statistics were used to summarize the data, with
categorical variables presented as frequencies and percentages.
Correlations between ordinal variables were assessed using
Spearman’s rank correlation coefficient (rho). All statistical
tests were two-tailed, and a P-value < 0.05 was considered
statistically significant.

ResuLts

Participant Characteristics

A total of 239 dermatologists participated in the study. Figure
1 shows the distribution of participants by gender, professional
experience, institution type, and academic title. Among them,
38.9% (n=93) did not manage MF patients, most often due to
inadequate technical resources (57.0%, n = 53), a preference
to refer patients to specialized centers (43.0%, n = 40), no MF
patient admissions (32.3%, n = 30), limited clinical experience
(10.8%, n = 10), or lack of interest in MF care (7.5%, n = 7).

The remaining 61.1% (n = 146) reported actively managing
MF patients. Most followed 0-5 patients annually (35.6%, n=
52), followed by 6—10 patients (22.6%, n = 33), 11-20 patients
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(13.7%, n = 20), and > 20 patients (28.1%, n = 41). Patient
volume correlated positively with years of clinical experience
(Spearman’s p=0.45, P<0.001). In daily practice, participants
primarily referenced European Organisation for Research and
Treatment of Cancer (EORTC) guidelines (35.6%, n = 52),
National Comprehensive Cancer Network (NCCN) guidelines
(30.8%, n = 45), or national experience (21.2%, n = 31), with
relatively similar proportions across these three sources.

Diagnostic Approaches, Challenges, and Solutions

Figure 2 summarizes the reported diagnostic modalities.
Clinical examination, multiple or repeat biopsies, and basic
immunohistochemistry were used by more than 85% of
respondents, whereas advanced tests, such as human T-cell
lymphotropic virus-1/2 serology and T-cell receptor (TCR)
gene rearrangement, were rarely or never applied.

Diagnostic challenges were common: 49.3% (n 72)
reported diagnostic uncertainty, and 41.1% (n = 60) did not
use diagnostic algorithms or were unfamiliar with them. The
most frequent obstacles were non-specific histopathology
(79.5%, n = 116), atypical presentations (54.8%, n = 80), and
clinicopathological discrepancies (51.4%, n = 75). Other
reported barriers included pathologist inexperience (48.6%,
n = 71) and limited access to advanced molecular techniques
(19.2%, n = 28).

When facing such challenges, dermatologists most often performed
clinical re-evaluation at follow-up (72.6%, n = 106) or performed
repeated biopsies (69.9%, n = 102). Other strategies included
symptomatic or topical treatment (49.3%, n = 72), pathology

Gender Distribution

Prefer not to disclose

0. Male
(n

75.3%
(n=180)

consultation (37.7%, n = 55), multidisciplinary discussion (19.2%,
n = 28), and referral to specialized centers (24.7%, n = 36). The
specific links between diagnostic barriers and adopted solutions
are illustrated in Figure 3.

Therapeutic Accessibility Challenges and Solutions

Treatment accessibility varied by category, as demonstrated
in Figure 4. Among topical agents, corticosteroids (99.3%,
n = 145), tacrolimus (89.7%, n = 131), pimecrolimus (88.4%,
n = 129), and topical bexarotene (82.2%, n = 120) were widely
available, while mechlorethamine (2.1%, n = 3) and carmustine
(0.7%, n = 1) were rarely or never accessible.

Among participants, 78.5% (n 117) had an active
phototherapy unit; narrowband ultraviolet B was universally
available in these centers (100.0%, n = 117), whereas psoralen
ultraviolet A (PUVA) (41.9%, n = 49), ultraviolet Al (17.1%,
n = 20), and excimer laser (8.5%, n = 10) were less common.
Radiotherapy was accessible to 43.8% (n = 64) of respondents,
whereas total skin electron beam therapy (TSEBT) (12.3%,
n = 18) and photodynamic therapy (PDT) (5.5%, n = 8) were
accessible to only a minority.

Among systemic therapies, acitretin (100.0%, n = 146) and
methotrexate (97.9%, n 143) were almost universally
accessible; bexarotene was moderately accessible (50.7%,
n = 74); and advanced agents such as brentuximab vedotin
(28.1%, n = 41), pegylated interferon alfa-2a (17.1%, n = 25),
vorinostat (9.6%, n = 14), and mogamulizumab (5.5%, n = §)
were rarely or never accessible.

b — Professional Experience
(n=84) 33.9%

(n=81)

201%
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(n=26)
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Figure 1. (a) Demographic and (b-d) professional characteristics of participating dermatologists
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Reported barriers to access included lack of product registration
(80.0%, n = 120), market unavailability (75.0%, n=112), and
limited clinical experience (60.0%, n = 90) for topical agents;
lack of personnel (70.0%, n = 100) or device malfunction
(65.0%, n = 93) for phototherapy; and lack of knowledge/
experience (55.0%, n = 80) or market unavailability (50.0%, n
= 73) for systemic treatments.

Accessibility limitations often led dermatologists to use
alternative therapies (70.5%, n = 103) or to refer patients to
better-equipped centers (57.5%, n= 84), with referral decisions
guided by proximity to those centers, academic expertise, and
technical capacity. Less common strategies included oftf-label

Clinical examination and whole-body skin evaluation
Multiple biopsies

Repeat biopsy when necessary

Basic immunohistochemistry panels
Radiological imaging methods

Peripheral smear

Assessment by an experienced pathologist
Dermoscopy

Flow cytometry

Advanced immunohistochemistry panels
Single biopsy from suspicious lesion

HTLV-1/2 serology

or non-standardized treatments (6.8%, n = 10), observational
management (4.8%, n = 7), and enrollment in clinical research
(4.1%, n = 6). Table 1 summarizes selected treatment pathway
modifications compared with major international guidelines,
indicating  whether these reflect guideline-endorsed
alternatives, shifts in emphasis, or adaptations primarily
driven by local clinical practice.

Discussion

In this study, we evaluated differences in the implementation
of diagnostic and therapeutic practices for MF among

95.2% (n=139)
93.2% (n=136)
91.8% (n=134)
89.7% (n=131)
78.8% (n=115)
76.7% (n=112)
70.5% (n=103)
61.0% (n=89)
47.3% (n=69)
37.0% (n=54)
24.0% (n=35)

8.9% (n=13)

TCR gene rearrangement analysis [0.0% (n=0)

0 2|5 5|0 7‘5
Applicability (%)

Figure 2. Availability of diagnostic modalities for MF among participating dermatologists
MF: Mycosis fungoides, TCR: T-cell receptor, HTLV-1: Human T-lymphotropic virus type 1, HTLV-2: Human T-lymphotropic virus type 2

Diagnostic uncertainty.

Atypical presentation

Nonspecific histopathology

Clinicopathological discrepancy

Pathologist inexperience

i E
J No familiarity with diagnostic algorithms

l:l Limited advanced diagnostics

Clinical re-evaluation

| |

Repeat biopsies

Symptomatic/topical treatment

Consult additional pathology.

Multidisciplinary discussion

Referral to specialized centers

D N BN

Figure 3. Common diagnostic challenges in MF and corresponding actions taken by participating dermatologists
(For clarity, major diagnostic challenges and corresponding management strategies illustrated in the figure are also summarized in the main text). MF:

Mycosis fungoides
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Figure 4. Accessibility of (a) topical treatments, (b) phototherapy modalities, (c) other skin-directed therapies, and (d) systemic therapies for MF among
participating dermatologists
MEF: Mycosis fungoides, PUVA: Psoralen ultraviolet A, TSEBT: Total skin electron beam therapy, PDT: Photodynamic therapy, UVB: Ulraviyole B

Table 1. Summary of treatment pathway modifications in relation to major international guidelines

Intervention

Guideline position (EORTC 2023/NCCN 2025/
BAD 2018)

Alignment classification

Skin-directed topical
treatments

Topical tazarotene instead of
topical bexarotene

EORTC 2023: Topical tazarotene is not
recommended due to limited evidence and lack of
availability; topical bexarotene is not approved in
Europe.

NCCN 2025: Recommends topical bexarotene;
tazarotene is not listed.

BAD 2018: Topical bexarotene mentioned;
tazarotene absent.

Non-guideline substitution (experience-
based)

Skin-directed device
based treatments

Prioritizing nbUVB over PUVA
in early stage

EORTC 2023: PUVA and nbUVB both
recommended at same evidence level.

NCCN 2025: Lists PUVA and nbUVB without
priority.

BAD 2018: PUVA preferred in most cases.

Preference shift within guideline
options

Systemic retinoid + nbUVB
instead of PUVA

EORTC 2023: PUVA and nbUVB are both
recommended at the same level; systemic retinoids
can be combined with phototherapy if needed.
NCCN 2025: Allows retinoid + phototherapy
combinations; no strict preference over PUVA.
BAD 2018: PUVA preferred; combination therapy
possible but not standard first choice.

Preference shift within guideline
options

Local RT =+ systemic treatment
for few tumors; TSEBT =
systemic treatment for many
tumors

EORTC 2023: Matches this stage-based selection.
NCCN 2025: Fully aligned with RT for limited
lesions and TSEBT/systemic for widespread.
BAD 2018: Similar recommendations.

Full alignment

For device-based therapy with
no alternative: refer to higher-
level center

Local practice policy
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Table 1. Continued

Intervention

Guideline position (EORTC 2023/NCCN 2025/

BAD 2018) Alignment classification

Replacing oral bexarotene with
oral acitretin/isotretinoin

EORTC 2023: Retinoids (acitretin, isotretinoin,
bexarotene) all listed; no superiority proven.
NCCN 2025: Notes acitretin and isotretinoin as
alternatives to bexarotene.

BAD 2018: Includes retinoids as systemic options;
no strict preference.

Guideline-approved alternative

Early use of systemic retinoids
+ Peg-IFN-a in plaque/
folliculotropic disease

most cases.

EORTC 2023: Retinoids and Peg-IFN-a are
second-line/combination; not mandated early.
NCCN 2025: Lists both as systemic options,
usually after failure of skin-directed therapy.
BAD 2018: Similar sequencing; not first-line in

Earlier use than standard

IFN-B instead of IFN-a
mention.

Systemic therapies

EORTC 2023: Peg-IFN-a preferred; IFN- {3 not
listed as option.
NCCN 2025: Peg-IFN-a included; no IFN-

BAD 2018: IFN-a recommended; IFN- 3 absent.

Non-guideline substitution (experience-
based)

. . . disease.
Calling vorinostat early if “no

response” S
prior lines.

agents.

EORTC 2023: HDAC inhibitors (vorinostat,
romidepsin) not first-line; for refractory/advanced

NCCN 2025: HDAC inhibitors listed after multiple

BAD 2018: Similar to EORTC/NCCN; later-line

Earlier use than standard

Listing BV/mogamulizumab

emphasis.

EORTC 2023: Strong evidence for both agents in
advanced or pretreated disease.

NCCN 2025: Recommends BV and
mogamulizumab with supporting trial data.

BAD 2018: Predates widespread approval; less

Guideline-supported (recent agents)

For systemic therapy with no
alternative: refer to higher-level
center

Local practice policy

EORTC: European Organisation for Research and Treatment of Cancer, NCCN: National Comprehensive Cancer Network, BAD: British Association of Dermatologists,
PUVA: Psoralen ultraviolet A, nbUVB: Narrowband ultraviolet B, RT: Radiotherapy, TSEBT: Total skin electron beam therapy, IFN-a: Interferon alpha, Peg-IFN-a:
Pegylated interferon alpha, IFN-f: Interferon beta, HDAC: Histone deacetylase, BV: Brentuximab vedotin

dermatologists and across centers. The results of this
nationwide survey revealed substantial variability in
MF diagnosis and treatment among dermatologists, with
significant gaps in access to advanced diagnostic tools and
therapies, frequent use of basic modalities, and adaptations in
clinical practice driven by resource limitations, variable local
expertise, and the absence of national guidelines.

Almost half of the respondents reported diagnostic uncertainty
in MF, primarily due to non-specific histopathology and
clinicopathological discrepancies. In early MF lesions, the
alignment of atypical lymphocytes along the basal layer of the
epidermis, the presence of numerous neoplastic lymphocytes
in the epidermis, accompanied by minimal spongiosis, and
papillary dermal fibrosis with characteristic wire bundle—like
collagen fibers may be absent.!" Atypical clinical presentations
were another important cause of diagnostic difficulties for
dermatologists diagnosing MF. The difficulty in considering

MF among preliminary clinical diagnoses stems from its
ability to mimic a broad spectrum of dermatoses, ranging from
common inflammatory conditions such as atopic dermatitis
and psoriasis to infectious and granulomatous diseases."
Similar diagnostic pitfalls have been described in multiple
studies in which both dermatologists and dermatopathologists
have faced challenges in differentiating early MF from
benign inflammatory dermatoses in the absence of sufficient
experience and repeated clinicopathological correlation.!

The survey results showed that 40% of dermatologists reported
being unfamiliar with diagnostic algorithms. This finding
highlights the need for wider implementation of algorithm-
based approaches and points to a gap in training. In 2005, the
International Society for Cutaneous Lymphomas proposed
a diagnostic algorithm to improve the early diagnosis of
MEF. This algorithm includes four criteria: clinical findings,
histopathological features, immunohistochemical results, and
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TCR gene rearrangement.'® Despite its high sensitivity, the
algorithm’s utility in clinical practice may be limited by its
relatively low specificity.”® The relatively high proportion of
participants unfamiliar with diagnostic algorithms underscores
a gap in structured diagnostic training, echoing the literature’s
call for wider implementation of standardized workflows and
algorithm-based approaches.!®!”

Limited access to advanced diagnostic tools, including TCR
testing and comprehensive immunohistochemistry panels,
represents a major barrier to the implementation of diagnostic
algorithms in routine clinical practice, particularly in middle-
income healthcare systems. In our study, the absence of TCR
gene rearrangement testing likely reflects restricted access
to specialized molecular laboratories and reimbursement
constraints rather than indicating a lack of clinical relevance.
This limitation may contribute to persistent diagnostic
uncertainty, especially in early-stage disease, and hinder the
full application of multimodal diagnostic approaches in real-
world settings.

Evidence suggests that targeted investment in diagnostic
infrastructure and specialist training can significantly enhance
early-stage diagnostic accuracy. These findings strengthen
the case for developing a national MF guideline aligned with
established frameworks such as EORTC, NCCN, and British
Association of Dermatologists guidelines,”” but adapted to
local realities using structured approaches.'®

Treatment accessibility patterns in our data showed frequent
use of guideline-consistent substitutions, including replacing
oral bexarotene with acitretin or isotretinoin.>’ However,
other observed modifications, such as early introduction
of pegylated interferon or topical tazarotene, lack robust
evidence and are largely experience-driven. In several
publications, the authors have developed algorithms based
on local settings, specified the level of evidence, and clarified
stepwise treatment approaches. In these examples, treatment
protocols for classic MF have been specifically adapted to
local resources and skin phototypes.'*?

Prospective, multicenter evaluations are needed to determine
the safety and efficacy of these practices. Given the rarity of
MF, establishing real-world evidence registries could support
the validation and refinement of these adaptations in diverse
care settings.”!

Barriers to device-based therapies, including PUVA, TSEBT,
and PDT, were common and often led to referral of patients
to higher-capacity centers. This aligns with literature showing
that centralization of complex MF care in specialized
centers facilitates access to multidisciplinary expertise and
advanced technologies, ultimately improving care quality.?>*
Establishing dedicated MF centers of excellence could address

these gaps while also serving as hubs for clinician training,
clinical trials, and teledermatology-assisted outreach.

Finally, multidisciplinary management emerged as an
underutilized resource in our findings, with only a minority of
respondents participating in regular tumor board discussions.
Multiple studies confirm that integrated multidisciplinary
clinics improve diagnostic accuracy, streamline therapeutic
decision-making, and enhance patient outcomes in cutaneous
lymphomas.”** Expanding such collaborative models,
particularly in resource-constrained environments, could help
bridge the gap between guideline recommendations and real-
world practice.

Study Limitations

Several limitations should be acknowledged. First, the
voluntary, self-administered online
introduced selection bias, as respondents with a particular
interest in or experience with MF may have been more likely
to participate, potentially limiting the representativeness of
the sample. In addition, all data were self-reported, raising the
possibility of recall bias and inaccurate estimation of clinical
practices, diagnostic capabilities, and treatment accessibility.

survey may have

Moreover, the cross-sectional design captures practices
at a single point in time and does not account for temporal
changes in healthcare infrastructure or policy. Institutional
characteristics were based solely on participants’ reports
without external verification. The lack of detailed information
on patient outcomes, disease-stage distribution, or survival
precludes direct assessment of clinical effectiveness.

Finally, the study was conducted within a middle-income
healthcare system. While this context provides valuable insight
into resource-limited settings, the generalizability of the findings
to high-resource healthcare environments may be limited. In
addition, the survey instrument was not formally validated,
which should be considered when interpreting the results.

ConcLusion

This study highlights substantial variability in diagnostic
and therapeutic practices for MF, driven by challenges such
as limited access to advanced diagnostic modalities, gaps in
structured diagnostic training, and heterogeneous availability
of treatments. The findings underscore the need to develop
national guidelines aligned with international standards
and adapted to local resource settings, to expand the use of
standardized diagnostic algorithms, to strengthen specialist
training, and to promote centralized, multidisciplinary care
models to improve early diagnosis, optimize treatment
decisions, and enhance overall patient outcomes.
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Original Article

Evaluation of Factors Associated with a History of Skin Cancer in
Patients with Actinic Keratosis: AKASI as a Clinical Tool for Risk
Stratification

© Ece Erbagcl, ® Sema Kog Yildinm, ® Neslihan Demirel Ogiit

Department of Dermatology and Venereology, Usak University Faculty of Medicine, Usak, Tiirkiye

Aim: We aimed to investigate the clinical, demographic, and laboratory factors associated with a personal history of skin cancer in patients with actinic
keratosis (AK), incorporating the actinic keratosis area and severity index (AKASI) and systemic inflammatory markers to identify potential risk factors
for malignancy.

Materials and Methods: This single-center, cross-sectional study enrolled 110 patients with AK. Participants were categorized as having
a histopathologically confirmed personal history of skin cancer (n = 33) or no personal history of skin cancer (n = 77). Demographic data, clinical
characteristics, AKASI scores, and systemic inflammatory indices derived from complete blood counts were collected. Between-group comparisons were
performed using appropriate statistical tests.

Results: Patients with a history of skin cancer were significantly older (73.6 = 12.5 vs. 69.0 + 9.3 years; P = 0.036), had longer AK duration (median,
60 vs. 36 months; P = 0.003), and had higher total AKASI scores (median, 5.4 vs. 3.9; P = 0.044) than those without a history of skin cancer. Right
facial AKASI scores were also significantly higher (P = 0.035). Receiver operating characteristic analysis identified a total AKASI cut-off of 3.75, with
fair discriminatory performance (area under the curve = 0.621, P = 0.044). No significant differences were observed in systemic inflammatory indices,
including the neutrophil-to-lymphocyte ratio (NLR), derived NLR, platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio, mean platelet
volume-to-platelet ratio, systemic immune-inflammation index, and systemic inflammation response index, between groups.

Conclusion: Older age, longer disease duration, and greater AK severity, as measured by AKASI, are associated with a personal history of skin cancer
among patients with AK, whereas systemic inflammatory indices are not associated. AKASI may be useful for clinical risk stratification and patient
surveillance.

Keywords: Actinic keratosis, actinic keratosis area and severity index, skin cancer

INTRODUCTION

Actinic keratosis (AK) is one of the most common
dermatological diagnoses encountered in daily clinical
practice, particularly among older individuals with significant
ultraviolet (UV) radiation exposure. Often considered a

Submission: 08-Nov-2025 Epub: 06-Feb-2026

Acceptance: 09-Jan-2026

Access this article online

Quick Response Code:

Web Publication: 23-Feb-2026

Website:
www.turkjdermatol.com

DOI:
10.4274/tjd.galenos.2026.65002

hallmark of chronic photodamage, AK represents a spectrum
of epidermal keratinocyte dysplasia that may regress, remain
stable, or progress to invasive squamous cell carcinoma
(SCC)."? Epidemiologically, AK affects up to 60% of the adult
population in sun-exposed regions, with prevalence increasing
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with age, fair skin phototype, and cumulative sun exposure.’
The concept of “field cancerization” underscores the idea
that AK is not an isolated lesion, but part of a larger area of
genetically altered skin at risk of malignant transformation.*
Consequently, AK serves not only as a precursor to SCC but
also as a clinical marker for heightened cutaneous oncologic
risk.>¢

In daily practice, the burden of AK is often quantified by lesion
counting; however, this approach insufficiently captures the
extent of field cancerization and severity of individual lesions.
To address this, Dirschka et al.” proposed the actinic keratosis
area and severity index (AKASI), a composite score that
incorporates the extent of involvement, lesion distribution,
erythema, and thickness across four anatomical regions of
the head. Subsequent work confirmed the reproducibility of
AKASI and showed that it correlates with physician-based
global severity assessments more robustly than total lesion
count does.! Importantly, higher AKASI scores have been
associated with an increased incidence of invasive cutaneous
SCC in patients with chronically UV-damaged skin, supporting
its use as a quantitative indicator of oncologic risk within the
actinic field.’

Recent studies have also explored the role of systemic
inflammatory markers, such as the neutrophil-to-lymphocyte
ratio (NLR), platelet-to-lymphocyte ratio (PLR), and systemic
immune-inflammation index (SII) as prognostic factors in
cutaneous malignancies, particularly melanoma and non-
melanoma skin cancers (NMSC).!%'* However, data on these
markers in the context of AK remain scarce and inconclusive.
It remains to be determined whether systemic inflammation
contributes meaningfully to the carcinogenic process in early-
stage, pre-invasive lesions such as AK.

In this context, our study aimed to investigate the clinical,
demographic, and hematologic parameters associated with
a personal history of skin cancer among patients diagnosed
with AK. By integrating AKASI scoring and systemic
inflammatory indices, we sought to evaluate potential
predictors of malignancy risk, with the aim of enhancing
early identification and clinical management of high-risk
individuals.

MaTeRIALS AND METHODS

Study Design and Patient Selection

This single-center, cross-sectional study was conducted
at the dermatology outpatient clinic of our hospital over a
three-month period. Consecutive patients who received a

clinical diagnosis of AK were invited to participate during
their dermatologic evaluation. Patients who provided
written informed consent were enrolled in the study. The
exclusion criteria included pediatric patients; individuals with
genodermatoses associated with an increased risk of skin
cancer (e.g., xeroderma pigmentosum, Gorlin syndrome);
individuals with an unclear or unverified history of skin
cancer; individuals who did not provide informed consent; and
patients with hematological or lymphoproliferative disorders
(such as leukemia, lymphoma, or polycythemia vera) that
could affect blood count parameters. The study protocol was
approved by the Usak University Non-Interventional Clinical
Research Ethics Committee (approval number: 395-395-17,
date: 06.06.2024) and was conducted in accordance with the
principles of the Declaration of Helsinki.

Demographic information (age and sex), anthropometric
measurements [height, weight, and body mass index (BMI)],
and smoking status (current, former, or never) were collected for
each participant. The presence of systemic immunosuppression,
defined as an underlying immunosuppressive condition
and/or the use of immunosuppressive medication, was also
recorded. The Fitzpatrick skin phototype was determined for
all participants. Skin cancer-related clinical data included a
personal history of histopathologically confirmed skin cancer
[including basal cell carcinoma (BCC), SCC, melanoma, or
other skin malignancies] and a family history of skin cancer in
first-degree relatives. AK-specific clinical variables included
age at AK onset and disease duration (in months), the latter
defined as the time elapsed from the patient-reported onset of
the first AK lesion to the study enrollment date.

Inflammatory Parameters

Complete blood count (CBC) results were obtained
within three months prior to enrollment. Patients without
accessible CBC data during this period were excluded from
the hematologic analyses. The recorded CBC parameters
included white blood cell count (WBC), absolute counts of
neutrophils (Neu), lymphocytes (Lym), and monocytes (Mon),
hemoglobin, mean corpuscular volume, mean corpuscular
hemoglobin (MCH), MCH concentration, red cell distribution
width (RDW), platelet count (Plt), mean platelet volume
(MPV), plateleterit, and platelet distribution width. Using
these variables, the following systemic inflammatory indices
were calculated: (NLR = Neu/Lym), derived NLR [dNLR
= Neu/(WBC-Neu)], monocyte-to-lymphocyte ratio (MLR
= Mon/Lym), (PLR = Plt/Lym), and MPV-to-platelet ratio
(MPR = MPV/PIt). Additionally, more complex composite
indices were derived: [SII = (Neu x Plt)/Lym] and systemic
inflammation response index [SIRI = (Neu X Mon)/Lym].""!3
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AKASI Calculation

The clinical severity of AK on the head was assessed using the
AKASI. Scoring was performed by the enrolling dermatologist
(one of the three study authors) at the time of evaluation.
The AKASI system, originally proposed by Dirschka et al.,’
divides the head into four anatomical regions: the scalp, the
forehead, the right facial region, and the left facial region.
For each region, four parameters are assessed: percentage
of skin area affected, lesion distribution, erythema intensity,
and thickness of the most severe lesion. These parameters are
graded on predefined ordinal scales. A regional subscore is
calculated by multiplying the sum of the component scores
by a region-specific coefficient. The total AKASI score is
obtained by summing all four regional subscores, yielding a
value ranging from 0 (no AK) to 18 (maximum severity).””

Group Classification

After data collection, patients were categorized into two
groups based on their personal history of skin cancer: (i) skin
cancer group: patients with histopathologically confirmed
skin cancer (current or prior); and (ii) non-skin cancer
group: patients without a history of skin cancer. The two
groups were compared in terms of demographic and clinical
characteristics, AKASI scores, and laboratory parameters,
including individual CBC indices and derived inflammatory
markers.

Statistical Analysis

Statistical analyses were performed using SPSS for Windows,
version 23.0 (IBM Corp., Armonk, NY, USA). To detect a
statistically significant difference between patients with and
without a history of skin cancer in the primary outcome (mean
total AKASI score) and secondary outcomes (hematologic
inflammatory indices), the minimum required sample sizes
were estimated as 52 participants for the primary outcome
and at least 102 participants for the secondary outcomes,
based on a statistical power of 80% and a Type I error rate
(o) of 5%. Numerical variables were examined for normality
using appropriate graphical methods and tests, and were then
summarized as mean + standard deviation for approximately
normally distributed data or as median (interquartile range) for
skewed data. Categorical variables were expressed as counts
and percentages. Between-group comparisons of continuous
variables were performed using independent-samples t-tests
or Mann—Whitney U tests, as appropriate. Categorical
variables were compared using the y? test or Fisher’s exact
test. Receiver operating characteristic (ROC) analysis was

performed to determine the optimal cut-off values. A two-
sided P-value < 0.05 was considered statistically significant.

ResuLts

A total of 110 patients diagnosed with AK were included in
the study. Of these, 33 patients (30%) with a personal history
of histopathologically confirmed skin cancer were assigned
to the skin cancer group, whereas the remaining 77 patients
(70%) comprised the non-skin cancer group. Among patients
with skin cancer, 13 had a history of SCC, 22 had a history
of BCC (4 of whom had histories of both SCC and BCC),
and 2 had a history of melanoma. Table 1 summarizes the
demographic, clinical, and laboratory features of patients with
AK, along with a comparative analysis between those with
and without a history of skin cancer.

The mean age of the entire cohort was 70.4 & 10.5 years and
was significantly higher in the skin cancer group than in the
non-skin cancer group (73.6 = 12.5 vs. 69.0 £ 9.3; P =0.036).
There were no statistically significant differences between the
groups in terms of sex distribution, height, weight, or BMI (P
> 0.05 for all). Similarly, no significant differences between
the groups were observed in smoking status, Fitzpatrick skin
phototype distribution, immunosuppression status, or family
history of skin cancer (P > 0.05 for all comparisons).

Regarding disease characteristics, the mean age at AK onset
was comparable between the groups (66.2 £ 12 vs. 65.3 +
8.6; P = 0.689). However, the duration of AK (months) was
significantly longer in the skin cancer group [60 (24-108)
vs. 36 (12-60); P = 0.003]. In terms of disease severity, the
median total AKASI score was significantly higher in patients
with a history of skin cancer than in those without [5.4 (3.6—
6.3) vs. 3.9 (2.7-5.7), P = 0.044]. A significant difference was
also noted in the right facial AKASI scores [1.8 (1.5-2.1) vs.
1.5 (1.2-1.8); P = 0.035], whereas the other regional scores
(scalp, forehead, and left face) were comparable between the
groups (P > 0.05 for all).

ROC analysis was performed to determine the optimal cut-
off value of the total AKASI score for predicting a history
of skin cancer. The area under the curve (AUC) was 0.621
(95% confidence interval: 0.512-0.731, P = 0.044), indicating
fair discriminatory ability. The cut-off point of 3.75 yielded
the highest Youden index (J = 0.221), corresponding to a
sensitivity of 72.7% and a specificity of 49.4%. Therefore, a
total AKASI score > 3.75 may serve as a clinically relevant
threshold to stratify patients with a possible history of skin
cancer.
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and without skin cancer

Table 1. Comparison of demographic and clinical features, AKASI scores, and inflammatory parameters between patients with

Variables* Skin cancer group Non-skin cancer group Total P
(n = 33, 30%) (n=77,70%) (n =110, 100%)

Age (years) 73.6+12.5 69.0 +£9.3 70.4+10.5 0.036

Sex

Female 17 (51.5%) 48 (62.3%) 65 (59.1%) 03

Male 16 (48.5%) 29 (37.7%) 45 (40.9%) '

Body weight (kg) 70.7+£12.4 754 +14.7 74.0 £ 14.2 0.106

Height (cm) 165 (157-170) 160 (155-170) 160 (155-170) 0.743

BMI (kg/m?) 26 (23-30) 28.4 (25-31.2) 27.6 (24.7-31.1) 0.092

Smoking status

Non-smoker 22 (66.7%) 61 (79.2%) 83 (75.5%)

Current smoker 2 (6.1%) 7 (9.1%) 9 (8.2%) 0.226

Former smoker 9(27.3%) 9 (11.7%) 18 (16.4%)

Fitzpatrick skin phototype

I 1 (3%) 4 (5.2%) 5(4.5%)

I 20 (60.6%) 46 (59.7%) 66 (60%)

11 12 (36.4%) 26 (33.8%) 38 (34.5%)

v 0 (0%) 1(1.3%) 1 (0.9%)

Light-skinned (types I-1I) 21 (63.6%) 50 (64.9%) 71 (64.5%)

Darker-skinned (types III-IV) 12 (36.4%) 27 (35.1%) 39 (35.5%) 1

Presence of immunosuppression 1 (3%) 3 (3.9%) 4 (3.6%) 1

Positive family history of skin cancer 2 (6.1%) 10 (13%) 12 (10.9%) 0.505

Skin cancer subtype

ScC 13 (39.4%) - 13 (11.8%)

BCC 22 (66.7%) - 22 (20%)

Melanoma 2 (6.1%) - 2 (1.8%)

Age at AK onset (years) 66.2+ 12 65.3+8.6 65.6+9.7 0.689

Disease (AK) duration (months) 60 (24-108) 36 (12-60) 36 (12-81) 0.003

AKASI score

Scalp 0 (0-0) 0 (0-0) 0 (0-0) 0.709

Forehead 1.2 (0-1.8) 1.2 (0-1.5) 1.2 (0-1.8) 0.2

Left face 1.8 (1.2-2.1) 1.5(1.2-1.8) 1.5(1.2-2.1) 0.254

Right face 1.8 (1.5-2.1) 1.5 (1.2-1.8) 1.6 (1.2-2.1) 0.035

Total 5.4 (3.6-6.3) 3.9 (2.7-5.7) 4.3 (3.0-6.2) 0.044

Inflammatory parameters

NLR 2.1(1.6-3) 2 (1.4-2.6) 2 (1.5-2.7) 0.393

dNLR 1.6 (1.3-2) 1.5(1.2-1.8) 1.6 (1.2-1.9) 0.389

PLR 111.8 (88.5-152.7) 116.8 (91.6-143.7) 116.3 (91.2-145.2) 0.841

MLR 0.2 (0.2-0.3) 0.2 (0.2-0.3) 0.2 (0.2-0.3) 0.163

MPR 0(0-0.1) 0(0-0.1) 0(0-0.1) 0.9

SII 517.8 (363.3-602) 473.3 (342.6-640.2) 483.7 (348.9-633.5) 0.498

SIRI 1(0.7-1.7) 0.9 (0.5-1.4) 1.0 (0.6-1.5) 0.183

*Data are presented as mean + SD, median (IQR), or n (%), as appropriate

IQR: Interquartile range

AK: Actinic keratosis, AKASI: Actinic keratosis area and severity index, BMI: Body mass index, SCC: Squamous cell carcinoma, BCC: Basal cell carcinoma,
NLR: Neutrophil-to-lymphocyte ratio, dNLR: Derived neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, MLR: Monocyte-to-lymphocyte ratio,
MPR: Mean platelet volume-to-platelet count ratio, SII: Systemic immune-inflammation index, SIRI: Systemic inflammation response index, SD: Standard deviation,

Among the hematologic inflammatory indices, none of the
parameters, including NLR, dNLR, PLR, MLR, MPR, SII,
and SIRI, showed statistically significant differences between
the skin cancer and non-skin cancer groups (P > 0.05 for all).
These inflammatory indices were also evaluated across skin
cancer subtypes (i.e., patients with SCC vs. patients without
SCC, patients with BCC vs. patients without BCC, and patients

with melanoma vs. patients without melanoma). Similarly, no
statistically significant differences were observed between the
groups (all P> 0.05). In the correlation analysis, neither total
nor right facial AKASI scores were significantly associated
with systemic inflammatory markers (NLR, PLR, MLR) or
composite indices such as SII and SIRI (all P > 0.05).
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Discussion

In this study, we evaluated the demographic, clinical, and
hematological characteristics of patients diagnosed with AK
to investigate their associations with a history of skin cancer.
Our findings revealed significant differences between patients
with and without a history of skin cancer. Patients with a
history of skin cancer were older, had longer AK duration, and
had higher AKASI scores. These results support the notion
that age and cumulative sun exposure are critical factors in
the development of skin cancer.>®!¢ Although hematologic
inflammatory parameters were evaluated, no significant
differences were observed between groups.

AK is recognized as a precursor to SCC and increasingly
viewed as an in situ carcinoma because of its potential for
malignant transformation. Both AK and SCC exhibit atypical
keratinocyte proliferation in the basal and lower spinous
layers of the epidermis, with shared molecular alterations
such as p53 mutations and UV-signature DNA damage.'” The
annual rate of transformation of AK lesions to SCC ranges
from 0.025% to 16%, depending on risk factors." About 60-
80% of cutaneous SCCs arise in areas with preexisting AK.>'*

Field cancerization highlights that visible AK may reflect
broader oncogenic risk in the surrounding skin.* AK has
been associated with an increased risk of other skin cancers,
including BCC and melanoma. In a Swedish cohort study,
Guorgis et al.® found that AK patients had elevated risks of all
major skin cancers, with hazard ratios of 7.7 for SCC, 4.4 for
BCC, and 2.7 for melanoma. The highest risk was for SCC,
supporting AK as a direct precursor of SCC. In an Australian
study, a history of AK was among the top predictors in a
melanoma risk model."” These findings suggest that AK,
especially when severe, predicts SCC risk and indicates
photodamage that predisposes to cutancous malignancies.

Advanced age is a recognized risk factor for cutaneous
malignancies due to cumulative UV exposure and age-related
decline in immune surveillance.! Studies show that longer
AK duration and greater extent reflect more severe field
cancerization and indicate higher malignant potential.?*?!

The AKASI has been increasingly utilized to evaluate both the
extent and the severity of AK in sun-exposed areas, such as
the face and scalp.” In our study, patients with a history of skin
cancer had significantly higher AKASI scores, suggesting its
utility both as a grading tool and as a risk-stratification index
for cutaneous malignancies. A multicenter validation study
by Pellacani et al.® confirmed AKASI’s reproducibility and
reliability, reporting high intra- and inter-observer consistency
(intraclass correlation coefficient > 0.90). They found it
superior to total lesion count for assessing disease burden,
particularly in cases with confluent erythema and field

changes that are common in chronic photodamage. Schmitz
et al.” showed that AKASI correlates with subclinical field
cancerization, with higher scores indicating more extensive
keratinocyte dysplasia and UV damage, which are established
precursors of SCC and BCC.

Acar and Karaarslan?? found elevated AKASI scores in
patients with previous or current NMSC and proposed a
cut-off value of 5.1 to distinguish between patients with and
without skin cancer (P = 0.013). Our analysis identified a
lower threshold (cut-off = 3.75 for total AKASI) with an AUC
of 0.621. These differences may arise from semi-subjective
elements in AKASI scoring, such as assessment of erythema
and lesion confluence, which can vary between observers
despite training. Interobserver variability, differences in
clinical experience, and lighting conditions can influence
outcomes.”® This necessitates larger studies with standardized
protocols to validate thresholds across populations. It should
also be noted that these values are calculated based on a
history of skin cancer. Prospective studies with long-term
follow-up of patients are needed to assess its importance for
estimating future risk of skin cancer. Despite these limitations,
AKASI remains valuable for evaluating AK severity and field
cancerization, potentially enhancing detection strategies and
treatment monitoring.

Certain established risk factors, such as systemic
immunosuppression and a family history of skin cancer,
were not significantly associated with skin cancer in our
study population. This divergence may be explained by
several factors. Our cohort included a small number of
immunosuppressed individuals, limiting statistical power.
Previous studies linking immunosuppression to aggressive
SCC have often focused on organ transplant recipients
or patients with hematologic malignancies, who were
underrepresented in our sample.”? Family history is often
underreported in elderly patients, potentially explaining the
lack of association.

The role of systemic inflammation in skin cancer development
has recently received increased attention. Blood-derived
indices have been proposed as biomarkers reflecting
tumor-associated immune dysregulation; however, clinical
performance varies across studies of melanoma and NMSC,
and evidence for precancerous conditions, such as AK, is
limited.

In an analysis of United States adults from the National Health
and Nutrition Examination Survey, Zhao et al."' found that
individuals with the highest SII had higher odds of NMSC.
Chiu et al.’® found that higher NLR, PLR, and RDW, and
lower lymphocyte-to-monocyte ratio, were associated with
worse survival in cutaneous SCC. Maeda et al.* showed
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that elevated NLR was associated with reduced survival and
increased sentinel lymph node positivity. Derebasinlioglu
et al.’? reported higher inflammatory indices in SCC than in
BCC and linked higher SII to lymph node metastasis.

Hematologic inflammatory indices from CBC have been
linked to melanoma stage and prognosis. In a cohort of 2,721
patients with melanoma, NLR, PLR, and MLR increased with
advancing stage, and higher baseline values of these markers
were independently associated with poorer melanoma-
specific and overall survival.”® Meta-analyses show that
elevated pretreatment NLR is associated with poorer overall
and progression-free survival in melanoma.'*?* For PLR,
individual studies suggest prognostic utility, but pooled
evidence is inconsistent. One study found PLR independently
predicted overall survival,”” while a meta-analysis showed no
significant association with survival outcomes.”® Composite
indices show peripheral blood inflammation indices correlate
with advanced cutaneous melanoma,” and analyses suggest
higher SII associates with increased melanoma odds.*
However, in advanced melanoma receiving immunotherapy,
the pan-immune-inflammation value and SII varied by stage
but did not predict response or survival.’!

Thelack of significantassociations in our AK cohort may reflect
limited statistical power, the presence of many “skin cancer”
cases that are prior diagnoses rather than active tumors, and
the small number of melanoma cases in our sample, as most
supportive data are derived from melanoma cohorts. Cancer-
related inflammation varies with tumor stage and condition;
different tumors elicit distinct inflammatory responses. AK
occurs within a field of cancerization, and localized immune
activity may not produce measurable systemic biomarker
changes unless invasion or widespread immunosuppression
occurs, suggesting the need to study localized and molecular
biomarkers for early lesion stratification. Their routine use
in AK risk assessment requires larger prospective studies
to determine their role in early detection and in predicting
progression.

Study Limitations

This study has several limitations. First, the study was a single-
center, cross-sectional analysis conducted over a limited period,
which limits generalizability and precludes causal inference
regarding the associations among AK severity, systemic
inflammatory indices, and skin cancer history. AK was
diagnosed clinically without histopathological confirmation,
potentially introducing diagnostic misclassification. The
primary outcome was a personal history of confirmed skin
cancer, rather than incident or future cases of cancer; key AK

variables (e.g., onset and duration) relied on patient report,
thereby introducing recall bias. The statistical power was
limited by the modest cohort size (n = 110) and by the small
number of patients with prior skin cancer (n = 33), including
two cases of melanoma. The inflammatory markers were
derived from CBC within three months prior to enrollment
and may not reflect inflammation at a time point relevant
to carcinogenesis. AK severity was scored by the enrolling
dermatologist; despite AKASI’s utility, its semi-subjective
components may contribute to measurement variability.

Despite its limitations, our study is important, as it is one
of the first to evaluate the prognostic relevance of systemic
inflammatory indices in AK patients. By incorporating AKASI
into the analysis, we found that standardized AK severity
scoring for risk stratification.

CoNcLUSION

Collectively, our results suggest that systemic inflammatory
indices may have limited practical value for risk assessment in
AK, whereas clinical severity measures, such as AKASI, may
help identify higher risk patients. Therefore, older patients,
those with a longer disease duration, and particularly those
with higher AKASI scores may warrant closer surveillance for
skin cancer.
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Discrepancies Between Disease Burden and Digital Search
Interest in Dermatology: A Nationwide Google Trends Analysis
from Tiirkiye

@ Ahmet Ugur Atilan, @ Niyazi Getin
Department of Dermatology and Venereology, Pamukkale University Faculty of Medicine, Denizli, Tiirkiye

Aim: To examine the correspondence between the burden of dermatological diseases, measured by disability-adjusted life years (DALYS), and public
interest reflected in Google Trends (GTs) search activity in Tiirkiye, to provide evidence-based contributions for the development of effective public health
strategies.

Materials and Methods: DALY estimates for 14 dermatological conditions were obtained from the Global Burden of Disease 2021 database. GTs scores
for both medical and lay terms, derived from the Turkish Dermatology Association’s patient brochures, were retrieved from January 2021 to May 2025.
Relative search volume (RSV) values were normalized to those for acne vulgaris. Associations between DALY burden and search interest were assessed
using Spearman’s correlation coefficient.

Results: A positive correlation was observed between DALY burden and search interest (Spearman’s correlation coefficient p = 0.60; P = 0.024). Acne
vulgaris demonstrated a close alignment between the DALY rate (63.37 per 100,000) and the RSV value (76). Conditions with high DALY burden but low
visibility included dermatitis (DALY rate = 113.24; RSV value = 8) and psoriasis (DALY rate = 66.6; RSV value = 16). Conversely, pruritus and scabies
showed disproportionately high search interest relative to their DALY burden. Malignant melanoma (DALY rate = 18.5; RSV value = 3), squamous cell
carcinoma (DALY rate = 14.37; RSV value = 1), and basal cell carcinoma (DALY rate = 0.01; RSV value = 1) had minimal digital visibility despite their
clinical importance.

Conclusion: Google search activity captures only part of the epidemiological landscape of dermatological disease in Tiirkiye. Symptom-driven or highly
visible conditions receive substantial attention, while chronic inflammatory diseases and dermatological malignancies remain markedly underrepresented.
These discrepancies indicate missed opportunities for targeted awareness and early detection strategies, particularly for skin cancers where timely
presentation is essential.

Keywords: Disability-adjusted life years, Google Trends, information seeking behavior, skin diseases, Tiirkiye/epidemiology

INTRODUCTION metric, which combines years of life lost due to premature
death with years lived with disability.? While DALY burden

Skin diseases constitute a significant public health problem data provide an objective measure of disease impact, they

because of their high prevalence and substantial impact on  may not fully reflect public awareness or information-seeking

quality of life.! The burden of these diseases is typically behavior?

measured using the disability-adjusted life year (DALY)
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In recent years, digital data sources have emerged as valuable
tools for assessing public interest in health-related issues.
Digital health data, particularly from Google Trends (GTs),
offer new insights into how societies perceive and prioritize
health concerns.* Previous studies have used search patterns
to monitor infectious diseases and public responses during
health crises.>® However, little is known about whether the
dermatological disease burden aligns with digital search
interest, and this relationship has rarely been investigated in
countries with high dermatological disease prevalence and
rapidly expanding digital health engagement, such as Tiirkiye.”
Beyond its national relevance, Tiirkiye’s large and diverse
population, positioned at the crossroads of Asia and Europe,?
makes it a valuable context to generate insights applicable
to other regions with similar demographic and digital health
dynamics.

Against this background, this study investigates the
relationship between DALY rates and GTs search interest for
14 dermatological diseases using 2021 data from Tirkiye,
aiming to delineate potential concordance or divergence
between epidemiological burden and patterns of public
information-seeking behavior.

MAaTERIALS AND METHODS

Study Design and Data Sources

DALY estimates for dermatological diseases in 2021 were
obtained from the Global Burden of Disease (GBD) database
for Tiirkiye.” The 14 conditions with the highest DALY rates
were included: dermatitis, psoriasis, scabies, non-melanoma

skin cancer (squamous cell carcinoma and basal cell
carcinoma), malignant melanoma, fungal skin diseases, viral
skin diseases, acne vulgaris, alopecia areata, bacterial skin
diseases, pruritus, urticaria, and decubitus ulcer.

Search Term Identification and Query Strategy

To capture search behavior consistent with terms used by the
public, disease names were complemented with lay expressions
identified from patient information brochures published by
the Turkish Dermatology Association. Both medical terms
and alternative names commonly used in everyday language
were employed as search queries (Table 1).'° Searches were
conducted on the GTs platform (https://trends.google.com)
using the following parameters: region = Tiirkiye; time frame
= January 1, 2021-May 12, 2025; category = all categories;
search type = web search.

The GBD data were restricted to 2021, as this represents the
most recent year for which DALY estimates are available. In
contrast, GTs data were collected through May 12, 2025, to
mitigate potential distortions in search behavior during the
coronavirus disease-2019 (COVID-19) pandemic year (2021)
and better capture overall search patterns and long-term public
interest trends, consistent with prior approaches that compared
disease burden with multi-year search data.!!

Normalization and Data Processing

GT provides relative search volume (RSV) values
normalized on a scale from 0 to 100. Because the platform
allows comparison of up to five terms at a time, “acne
vulgaris,” the condition with the highest overall search

Table 1. Turkish search terms used for Google Trends analysis by disease

Disease Search terms

LLINTS

Acne vulgaris “akne vulgaris”, “sivilce”, “akne”

Psoriasis vulgaris “psoriasis vulgaris”, “sedef”, “sedef hastalig1

”»

psoriasis”

2 ”»

Alopecia areata “alopesi areata”, “sa¢ kiran”, “sakal kiran”

Urticaria “frtiker”, “kurdesen”

”»

Malignant melanoma

“malign melanom”, “melanom”, “ben kanseri”

< .

Scabies “scabies”, “skabiyez”, “uyuz”

Pruritus “pruritus”, “kaginma”, “kasint1”

Basal cell carcinoma

“bazal hiicreli karsinom”, “bazal hiicreli kanser”, “BCC”

LLIT3

Squamous cell carcinoma

“skuaméz hiicreli karsinom”, “skuaméz hiicreli kanser”, “SCC”

Viral skin diseases 7, ”,

“gigil”. <
s

sigi

uguk”, “Herpes”, “molloskum”, “molloscum”, “zona”, “gece yanig1”, “6. hastalik”, “viriis ve deri”

G ”»

LTINS 2

Bacterial skin diseases

“seliilit”, “impetigo”, “pyoderma”, “abse”, “¢iban”, “fronkiil”, “karbonkiil”, “eritrezma”, “lenfadenit”, “bakteri ve deri”

<. ”

Fungal skin diseases “tinea”, “tirnak mantar1”, “deri mantar1”, “sa¢ mantar1”, “deri ve mantar”

”»

Decubitus ulcer

“dekubit tilseri”, “basi yaras1”, “yatak yaras1”, “dekubit yaras1”

LTINS ” 2 <

Dermatitis

LTINS

“dermatit”, “egzema”, “ekzema”, “atopik dermatit

2

atopik egzema”, “seboreik dermatit”, “kontakt dermatit”, “allerjik egzema”

Search terms include both English medical terminology and Turkish colloquial terms commonly used by the general population. For each disease category, the term group
with the highest search interest was identified and used as the representative search term

Turkish Journal of Dermatology | Volume 20 | Issue 1 | March 2026 -




Atilan and Cetin. Disease Burden and Google Search Interest in Dermatology

interest, was used as the reference term in all queries. RSV
values for other conditions were normalized relative to
acne to ensure comparability. Weekly RSV data retrieved
from multiple GT sessions were merged into a unified
dataset, and annual mean RSV values were calculated
for subsequent correlation analyses. Within each disease
category, the search term with the highest average RSV was
selected as representative. Complete lists of all search terms
and their corresponding weekly RSV data are provided in
Supplementary Table 1.

Comparative Analysis

Normalized annual RSV values were compared with
DALY burden estimates for Tiirkiye in 2021 to evaluate the
relationship between public information-seeking behavior and
the epidemiological burden of dermatological diseases.

Statistical Analysis

The distribution of normalized RSV and DALY data was first
examined for normality using the Shapiro—Wilk test. As the
data did not meet the assumptions of normality, non-parametric
analyses were performed. Associations between disease-
specific DALY rates and mean RSV values were assessed
using Spearman’s rank correlation coefficient (p). Scatterplots
of GT-derived mean RSV versus log, -transformed DALY
rates were generated to visualize these relationships, and
ordinary least squares regression lines (y = B, + B,x, R?)
were superimposed as visual aids. Rank-discordance scores,
calculated as (DALY rank—GT rank), were used to quantify
discrepancies between disease burden and public interest. All

analyses were conducted in R (version 4.5.1), with statistical
significance set at P < 0.05.

Ethics Statement

This study was based exclusively on publicly available,
de-identified data obtained from the GBD database and
GTs platform. No individual-level or sensitive personal
information was accessed. Accordingly, the analysis did
not require approval from an institutional review board or
informed consent from participants.

ResuLts

Disease Burden

According to the GBD 2021 estimates for Tiirkiye, DALY
rates for the 14 dermatological conditions ranged from
0.01 to 113.24 per 100,000 population. Dermatitis had the
highest burden (113.24 per 100,000 population), followed
by psoriasis (66.60 per 100,000), acne vulgaris (63.37 per
100,000), and urticaria (47.94 per 100,000). Alopecia areata
(6.18), decubitus ulcer (4.33), and basal cell carcinoma (0.01)
had the lowest burden. The overall mean DALY rate was 30.9
[standard deviation (SD) = 32.0], and the median was 18.7
[interquartile range (IQR) = 37.0] (Table 2).

Search Interest

GTs data from January 2021 to May 2025 yielded RSV
values between 1 and 76. Acne vulgaris had the highest RSV
(76), followed by viral skin diseases (47), pruritus (38), and

Table 2. Google Trends scores and disability-adjusted life year (DALY) rates for skin diseases in Tiirkiye

Diseass por 100,000 95% O store 0-100)
Acne vulgaris 63.37 38.04-99.70 76
Viral skin diseases 36.82 23.30-55.54 47
Pruritus 11.44 5.58-20.66 38
Scabies 23.86 13.06-39.00 34
Urticaria 47.94 31.84-67.52 24
Psoriasis vulgaris 66.60 48.30-88.52 16
Bacterial skin diseases 7.01 4.97-10.25 12
Dermatitis 113.24 65.46-180.77 8
Fungal skin diseases 18.90 7.71-38.45 7
Alopecia areata 6.18 3.95-8.90 6
Malignant skin melanoma 18.50 8.92-24.86 3
Squamous cell carcinoma 14.37 11.25-19.43 1
Decubitus ulcer 433 2.35-5.56 1
Basal cell carcinoma 0.01 0.00-0.01 1

Confidence interval

Data are sorted by Google Trends score in descending order. Google Trends scores range from 0 to 100, with higher values indicating greater search interest. CI:
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scabies (34). Malignant melanoma (RSV = 3), squamous cell
carcinoma (RSV = 1), basal cell carcinoma (RSV = 1), and
decubitus ulcer (RSV = 1) had the lowest RSVs. The mean
RSV across all conditions was 19.6 (SD 22.1), and the median
was 10.0 (IQR: 27.8).

Correlation Between DALY and Search Interest

Spearman’s rank correlation coefficient demonstrated a
positive association between DALY burden and RSV values
(p = 0.60; P = 0.024; 95% confidence interval: 0.10-0.86).
Figure 1 presents the distribution of conditions, with log, -
transformed DALY rates plotted against mean RSV values.
An ordinary least-squares regression line was added for
visualization.

Rank-Discordance Analysis

Rank-discordance scores (DALY rank minus RSV rank)
quantified the divergence between epidemiological burden
and search interest (Figure 2). Conditions with a higher search
rank relative to their burden included pruritus (+7), bacterial
skin diseases (+4), viral skin diseases (+3), alopecia areata
(+2), scabies (+2), and acne vulgaris (+2). Conditions with a
lower search rank relative to their burden included dermatitis
(=7), psoriasis (—4), malignant melanoma (-3), squamous cell
carcinoma (—3), fungal skin diseases (-2), and urticaria (—1). The
Decubitus ulcer showed a minimal discrepancy (+1).

Google Trends score (0-100)

Discussion
This study demonstrated a statistically significant positive
association between the epidemiological burden of

dermatological diseases, measured by DALYs, and public
interest as reflected in GTs search volumes in Tiirkiye (p =
0.60, P = 0.024). Beyond the overall positive correlation,
specific patterns emerged when comparing disease burden and
search behavior. Acne vulgaris exemplified the “high DALY,
high search interest” category, reflecting strong concordance
between objective burden and public attention. In contrast,
dermatitis and psoriasis, despite being among the leading
contributors to DALYs, demonstrated disproportionately
low search interest (RSV values of 8 and 16, respectively).
Conversely, conditions such as pruritus and scabies displayed
relatively higher search volumes compared with their
DALY burden, suggesting that symptomatic distress and
transmissibility may shape digital health-seeking behavior.
Finally, skin malignancies, including malignant melanoma
and non-melanoma skin cancers, exhibited moderate-to-high
DALY's but minimal search activity, indicating potential gaps
in public awareness of oncologic dermatology.

Although dermatitis and psoriasis ranked among the leading
contributors to DALYs, their corresponding search interest
remained disproportionately low. Dermatitis, with the
highest DALY burden among all conditions (113.24 per
100,000), had only a minimal RSV (8), whereas psoriasis, the
second-highest DALY contributor (66.6 per 100,000), was
similarly underrepresented in public search behavior (RSV
= 16). This divergence suggests that despite their substantial

@ “onewigans

E Viral skin diseases
Pruritus
’ Scabies
O unicaria

1
el

Malignant melanoma
e @ sauamous cei carcinoma
@ sasal cell carcinoma

O oecutitus uicer

0
log10(DALY rate per 100,000)

Figure 1. Correlation between disease burden and public search interest for skin diseases. Scatter plot showing the relationship between
log, -transformed disability-adjusted life year rates per 100,000 population (x-axis) and Google Trends scores (y-axis, 0-100 scale) for 14 skin diseases
in Ttirkiye. Each point represents a different skin disease as indicated in the legend. The dashed line represents the linear regression fit (y = 9.94 +
8.79x, R? = 0.15), indicating a weak positive correlation between disease burden and public search interest. Notable outliers include acne vulgaris with

disproportionately high search interest relative to its disease burden
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epidemiological impact, chronic and often normalized skin
conditions may elicit limited digital attention, with online
engagement tending to peak during treatment decisions or
symptomatic flare-ups.'> International evidence indicates
that sustained awareness initiatives, such as World Psoriasis
Day and Eczema Awareness Week, can generate measurable
increases in online search activity, underscoring the role
of advocacy-driven campaigns in amplifying visibility for
chronic inflammatory skin diseases.!*!* In Tiirkiye, however,
comparable large-scale, digitally oriented efforts appear less
prominent, which may partly account for the disproportionately
low search interest in psoriasis and atopic dermatitis despite
their substantial DALY burden.'® Regional analyses of
Google and YouTube activity for these conditions further
demonstrate considerable geographic variability, suggesting
that local health communication environments substantially
shape digital health-seeking behavior.!” Collectively, these
factors may help explain the “high DALY—low RSV” pattern
observed in Tirkiye.

Skin malignancies, despite their substantial disease burden
and associated mortality, exhibit markedly limited digital
visibility. Malignant melanoma (DALY rate = 18.5) attracted
minimal search interest (RSV value = 3), whereas squamous
cell carcinoma (DALY rate = 14.37) and basal cell carcinoma
(DALY rate = 0.01) attracted negligible online attention (RSV
value = 1 each). This underrepresentation likely stems from the
lower overall prevalence of these malignancies than common
conditions such as acne, and from the predominance of skin

Pruritus 4

Bacterial skin diseases §
Viral skin diseases
Alopecia areata 1
Scabies 1

Acne vulgaris

Basal cell carcinoma q
Decubitus ulcer §
Urticaria q

Fungal skin diseases 4
Malignant melanoma
Squamous cell carcinoma
Psoriasis

Dermatitis { -

cancers in older age groups, who typically have lower digital
engagement and technology use than younger populations.!>!#
Although these demographic and epidemiological factors
partially explain the low search volume, the persistently
limited digital interest in life-threatening conditions indicates
that current digital health strategies fail to effectively reach
high-risk groups, reflecting a substantial awareness gap.*
Such discrepancies underscore a critical void in public
health messaging in Tiirkiye. While international experience,
particularly in Australia, demonstrates that sustained digital
outreach can drive measurable rises in search activity and
early detection,"” Tiirkiye currently lacks comparable high-
visibility campaigns.”® Addressing this deficit through
targeted, age-sensitive, and digitally integrated strategies
could help bridge the gap between clinical reality and public
information-seeking behaviors.

Acne vulgaris had the highest GTs score (RSV value = 76),
consistent with its DALY rate of 63.37 per 100,000, while viral
skin diseases ranked fourth in DALY rate (38.82) but second
in search interest (RSV value = 47). Their high visibility
likely reflects both prevalence and impact on younger age
groups.'? Yet, elevated digital attention carries risks: for acne,
misinformation and reliance on unverified online remedies
can drive self-medication and delay professional care;* for
viral skin diseases, public concern may amplify unfounded
fears or promote ineffective treatments.?' Such behaviors not
only increase the risk of poorer outcomes but may also lead
to increased economic costs through unnecessary product

0 2 4 6 8

Figure 2. Difference between Google Trends search interest and disease burden for skin diseases in Tiirkiye. The horizontal axis represents the difference
score between normalized Google Trends search interest and disability-adjusted life year burden. Positive values (blue bars) indicate diseases with
higher search interest relative to their disease burden (over-represented in public interest), while negative values (red bars) indicate diseases with lower
search interest relative to their disease burden (under-represented in public interest)
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use and avoidable complications.?? These findings highlight
the need for reliable digital resources and targeted health
communication to channel high online engagement into
evidence-based care.

Pruritus and scabies, despite relatively low DALY rates
(11.44 and 23.86 per 100,000, respectively), attracted
disproportionately high levels of public search interest (RSV
values of 38 and 34, respectively). This pattern highlights the
influence of symptom-driven distress and transmissibility in
shaping digital health-seeking behavior. Itch, while not life-
threatening, is known to significantly impair quality of life and
frequently triggers online information seeking.”® In Tiirkiye,
the elevated digital prominence of scabies appears to have
been further reinforced by recent public health crises. During
the COVID-19 pandemic, reduced access to dermatology
services and increased household crowding contributed to
rising incidence across several regions.?* Likewise, following
the 2023 Kahramanmaras earthquakes, mass displacement
and overcrowded shelters created favorable conditions for
outbreaks of contagious skin diseases, including scabies.”
These factors not only exacerbated the epidemiological burden
but also intensified public concern, which likely translated
into increased online search activity.

Building upon international evidence and comparative
infodemiological developed a Tirkiye-
specific digital dermatology recommendation framework
(see Table 3) to guide national strategies for awareness,
prevention, and surveillance.!>!*2%230 The findings of this
study underscore the potential of digital data to complement
traditional epidemiological metrics in dermatology. The
divergence observed between burden and search activity for
certain conditions highlights the necessity of integrating digital
surveillance tools into public health planning. Infodemiological

patterns, we

approaches have been increasingly recognized for their ability
to identify gaps in awareness, anticipate emerging health
concerns, and guide resource allocation. In dermatology,
where conditions vary widely in terms of visibility,
symptom distress, and public perception, such methods may
support more tailored health communication strategies and
awareness campaigns, ultimately bridging the gap between
epidemiological reality and societal priorities.

Study Limitations

Some limitations of this study should be acknowledged. GTs
data reflect relative rather than absolute search volumes and
may not capture differences across all demographic groups.
In addition, the analysis was restricted to a selected group
of dermatological conditions, which may not fully represent
the broader spectrum of public interest in skin health. Future
research incorporating a wider range of health conditions
would be valuable to provide a more comprehensive
understanding of digital health-seeking behavior.

ConcLusIoN

The results of this study demonstrate that digital search
interest and disease burden are not always proportionally
aligned. While certain dermatological conditions with high
DALY rates attract substantial public attention online, others
remain underrepresented in digital searches despite their
clinical significance. Understanding these discrepancies
can help guide more effective public health messaging and
awareness efforts, ensuring that educational and preventive
strategies are not only informed by epidemiological data but
also attuned to the patterns of public concern and curiosity.

Table 3. Alignment between disease burden and public search interest in dermatological conditions (Tiirkiye, 2021-2025)
. DALY-RSV . . .
Disease group Interpretation Public health action
pattern
Chronic inflammatory dermatoses High DALY, - Fluctuating course'? ) Deve'I op ?? ledmon-sp ccific awareness
(dermatitis, psoriasis) Low RSV - Low visibility in campaigns' campaigns =
’ - Expand verified online educational tools*
Oncologic dermatology Moderate DALY, | - Low symptom salience'$" - Promote early detection via digital tools'*?’
(melanoma, NMSC) Very low RSV - Sparse digital campaigns'’ - Strengthen NGO-state outreach models'*?’
s 23
Symptomatic/transmissible diseases Low DALY, ngh symptom burden - Monitor RSV for outbreak signals**’
(pruritus, scabies) High RSV - Epidemic contexts - Embed messages into social media channels?
p ? (e.g., COVID-19, earthquakes)****
_ o : 20,30

High-prevalence, visible skin conditions | High DALY, - High youth prevalence® In.lprove fh.gltal hea.l th literacy .

. . . . 2021 - Dispel misinformation through verified
(acne, viral dermatoses) High RSV - Cosmetic/social concern®” portals®
DALY: Disability-adjusted life year, RSV: Relative search volume, NMSC: Non-melanoma skin cancer, NGO: Non-governmental organization, COVID-19: Coronavirus
disease-2019
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Contact Sensitization in Atopic Dermatitis Patients with
Refractory Dermatitis

@ Ali Osman Metintas?, @ Leyla Baykal Selguk2, @ Deniz Aksu Arica2, @ Arzu Ferhatosmanoglu2, @ ibrahim Etem Arica2
1Clinic of Dermatology, Agn Training and Research Hospital, Agn, Tiirkiye
2Department of Dermatology, Karadeniz Technical University Faculty of Medicine, Trabzon, Tiirkiye

Aim: Allergic contact dermatitis (ACD) may accompany atopic dermatitis (AD) more frequently than previously recognized. This study aimed to identify
concomitant contact sensitization and common allergens in patients with refractory AD.

Materials and Methods: In this prospective single-center study (September 2022—February 2024), 62 AD patients with treatment-resistant or atypically
distributed lesions suggestive of contact dermatitis underwent patch testing using the European baseline series. Patch test reactions were evaluated on days
2 and 4 according to International Contact Dermatitis Research Group criteria; reactions graded as + or higher were considered positive. Results were
compared with those of 306 non-AD patients who underwent patch testing for suspected ACD during the same period.

Results: The positivity rate for at least one allergen in AD patients was 62.9%, which was significantly higher than that observed in non-AD patients
(40.2%). Nickel sulfate was the most frequently identified allergen.

Conclusion: These findings suggest that patients with AD may have increased susceptibility to contact sensitization, and patch testing in recalcitrant cases

may help identify potential triggering allergens.

Keywords: Atopic dermatitis, contact sensitization, patch tests

INTRODUCTION

Atopic dermatitis (AD) is a chronic, relapsing inflammatory
disease of the skin that is frequently accompanied by other
atopic conditions, including asthma, food allergy, and allergic
rhinoconjunctivitis. The relationship between AD and the
risk of contact sensitization remains controversial.! Early
studies suggested a reduced prevalence of contact allergy
in AD patients, possibly related to distinct immunological
mechanisms.! However, impaired epidermal barrier function
and prolonged or repeated exposure to topical treatments in
AD may facilitate increased percutaneous penetration of
irritants and allergens, thereby enhancing the risk of contact
sensitization.? Clinically, distinguishing AD from concomitant
allergic reactions, particularly allergic contact dermatitis
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(ACD), can be challenging, and both conditions may coexist
in the same patient.' In this context, patch testing represents
a valuable diagnostic tool, especially in AD patients with
treatment-resistant disease, atypical lesion distribution, or
clinical features suggestive of superimposed contact allergy.>?
Accordingly, current recommendations support patch testing
in selected AD patients who present with these characteristics.
Beyond reporting patch-test positivity rates, the present study
aims to clarify the clinical utility of patch testing in AD patients
who present with refractory, atypically distributed lesions and
to compare their contact-sensitization profiles with those of
non-AD patients.
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MATERIALS AND METHODS

A prospective study was conducted at our tertiary referral
center between September 1, 2022, and February 29, 2024.
The study included AD patients who were suspected of
having concomitant ACD. AD was diagnosed according to the
Hanifin—Rajka criteria, based on a detailed medical history
and a current physical examination. Patients were eligible for
inclusion if they presented with treatment-resistant lesions—
defined as those that failed to resolve despite adequate
topical therapy, or that recurred shortly after treatment
discontinuation—or clinical features suggestive of contact
dermatitis, including hand eczema, periorbital dermatitis,
dermatitis with atypical distribution, adolescent- or adult-
onset AD, and nummular dermatitis. Patients younger than
eight years of age, pregnant women, individuals receiving
active immunosuppressive therapy, patients with ultraviolet
exposure within the preceding month, those who had applied
topical treatments to the test area within one week prior to
testing, and patients with active lesions involving the test
area were excluded from the study. Disease severity was
assessed using the scoring atopic dermatitis (SCORAD)
index.* Patients were categorized into two groups according
to age: pediatric (< 18 years) and adult (> 18 years). All
participants underwent patch testing using the 2019 European
baseline series, consisting of 30 allergens (chemotechnique
diagnostics). Patch tests were applied to the upper back using
IQ Ultra™ Chambers and were left in place for 48 hours. Patch
test readings were performed on day 2 (D2) and day 4 (D4) by
a single physician, following the routine protocol of our clinic
and in accordance with the criteria of the International Contact
Dermatitis Research Group.* Dynamic patch-test evaluation
was applied: crescendo and plateau reactions were interpreted
as positive, whereas decrescendo reactions were considered
irritant and excluded from analysis. Due to limitations related
to the study design and patient accessibility, day 7 (D7)
readings were not routinely performed. Reactions graded as
“+” or higher on D4 were considered positive. During the
same period, consecutive patients suspected of ACD who did
not have a diagnosis of AD were included as non-AD patients,
serving as the control group.

Statistical Analysis

Statistical analyses were performed using SPSS software
version 25.0. Continuous variables were expressed as mean
+ standard deviation, while categorical variables were
presented as number and percentage. The normality of the
distribution of continuous variables was assessed using the
Kolmogorov—Smirnov test. Comparisons between two groups
were performed using Student’s t-test for normally distributed
variables and the Mann—Whitney U test for non-normally
distributed variables. Categorical variables were compared

using the chi-square test. A P-value < 0.05 was considered
statistically significant.

Ethics Committee Approval

Ethical approval was obtained from the Karadeniz Technical
University Institutional Ethics Committee (protocol number:
2022/119, date: June 30, 2022; approval number: 24237859-435).
Written informed consent was obtained from all participants.

ResuLts

Patch testing was performed on 62 AD patients aged 9-83
years [19 males (30.6%) and 43 females (69.4%); mean age,
31.19 + 17.97 years]. According to the SCORAD index, 51
patients (82.3%) had mild disease and 11 patients (17.7%) had
moderate disease (Table 1). The indications for patch testing
in AD patients were: hand eczema (n = 19, 31%); periorbital
dermatitis (n = 13, 21%); dermatitis with atypical distribution
suggestive of contact dermatitis (n = 10, 16%); dermatitis
resistant to standard treatments (n = 9, 14%); adolescent- or
adult-onset AD (n = 6, 10%); and nummular dermatitis (n =
5, 8%). At least one positive patch test reaction was observed
in 39 AD patients (62.9%). Positivity was detected in 26 of
43 females (60.5%) and 13 of 19 males (68.4%); there was
no statistically significant difference between the sexes
(P=0.55). Among patients with positive reactions, 20 (51.3%)

Table 1. Sociodemographic characteristics and comorbidities
of atopic dermatitis patients

Age (y), mean (SD) 31.19 (£ 17.97)

Gender, n (%)

Male 19 (30.6%)

Female 43 (69.4%)

Body mass index 24.01 (+5.30)

SCORAD severity, n (%)

Mild 51(82.3%)

Moderate 11 (17.7%)

Treatment history, n (%)

Topical agents only 39 (62.9%)

Systemic agents combined with topical 23 (37.1%)

Average disease duration (years) 10.89 (+ 10.44)

Average number of exacerbations (per year) 5.19 (£ 3.75)
Concomitant atopic comorbidity, n (%)

Allergic rhinitis 18 (29%)
Allergic rhinoconjunctivitis 8 (12.9%)
Asthma 13 (21%)

Data are presented as mean + standard deviation (SD) for continuous variables
and as number (n) and percentage (%) for categorical variables. SCORAD:
Scoring atopic dermatitis
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reacted to a single allergen, while 19 (48.7%) reacted to two or
more allergens, yielding a total of 65 positive reactions. The
dynamic pattern analysis of patch test reactions is summarized
in Table 2. Patch test positivity was observed in 32 of 51
(62.7%) patients with mild AD and 7 of 11 (63.6%) patients
with moderate AD. No statistically significant difference in
positivity rates was observed between the two groups (P =
1.000). Patients with severe AD could not be included in
the study. The most frequently identified allergens in AD
patients were nickel sulfate (n = 19, 30.6%), potassium
dichromate (n = 7, 11.3%), fragrance mix I (n = 5, 8.1%),
chloromethylisothiazolinone/methylisothiazolinone (n = 5,

8.1%), and textile dyes (n = 4, 6.5%). Of the 62 AD patients,
17 (27.4%) were pediatric patients and 45 (72.6%) were
adult patients. At least one patch-test reaction was detected
in five of 17 pediatric patients, most commonly nickel sulfate
(n = 2; 11.8%). Among adults, 34 of 45 patients had positive
reactions; nickel sulfate was again the most frequent allergen
(n = 17, 37.8%). Nickel sulfate positivity was significantly
higher in adults than children (P = 0.047). Positivity for
potassium dichromate was higher in adults (n = 6, 13.3%)
than in children (n = 1, 5.9%); however, this difference did not
reach statistical significance (P = 0.662) (Table 3).

Table 2. Dynamic pattern analysis of the patch test reactions in 62 atopic dermatitis patients

No. Patch test allergen Positive reactions in atopic dermatitis patients Crgscendo Plateau Decrescendo
n % (n) % (n) n

1 Potassium dichromate 7 71 (5) 29 (2) 2

2 p-Phenylenediamine 3 33(1) 67 (2) 0

3 Thiuram mix 1 0(0) 100 (1) 0

4 Neomycin sulfate 1 100 (1) 0(0) 0

5 Cobalt chloride 3 67 (2) 33 (1) 3

6 Caine mix 0 0(0) 0(0) 1

7 Nickel sulfate 19 63 (12) 37(7) 0

8 2-Hydroxyethyl methacrylate 1 100 (1) 0(0) 0

9 Colophonium 1 0(0) 100 (1) 1

10 Paraben mix 0 0(0) 0(0) 0

. N remienediame ! 00 | 1000 !

12 Lanolin 1 0(0) 100 (1) 0

13 Mercapto mix 0 0(0) 0(0) 0

14 Epoxy resin 1 100 (1) 0(0) 1

15 Myroxylon pereirae 2 100 (2) 0(0) 1

16 4-tert-Butylphenol formaldehyde resin 1 100 (1) 0(0) 1

17 Mercaptobenzothiazole 0 0(0) 0(0) 0

18 Formaldehyde 1 100 (1) 0(0) 0

19 Fragrance mix | 5 40 (2) 60 (3) 0

20 Sesquiterpene lactone mix 0 0(0) 0(0) 0

21 Quaternium-15 1 0(0) 100 (1) 2

22 Propolis 1 0(0) 100 (1) 3

no | e ; 0o | we o

24 Budesonide 0 0(0) 0(0) 0

25 Tixocortol pivalate 1 100 (1) 0(0) 0

26 Methyldibromo glutaronitrile 1 100 (1) 0(0) 4

27 Fragrance mix II 2 50 (1) 50 (1) 1

8 3-cyclzlgg::zcl;sr%}cﬁz}l/(liehyde : 100(D) 0 ) !

29 Methylisothiazolinone 1 100 (1) 0(0) 1

30 Textile dye mix 4 50(2) 50 (2) 4

Dynamic pattern analysis was performed in atopic dermatitis patients on days 2 and 4. Reaction patterns were categorized as crescendo or plateau. Reactions showing

a decrescendo pattern that did not reach a positive reaction grade were considered irritant reactions and were not included as positive reactions. Initial irritant reactions

were excluded from the analysis. Data are presented as numbers (n) and percentages (%). The value n represents only the patients with at least one positive reaction to the

relevant allergen, not the total number of patients tested
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Patch testing was also performed in 306 non-AD patients [122
males (39.9%) and 184 females (60.1%); mean age 33.47 +
15.58 years]. No significant differences were observed between
AD and non-AD groups with respect to age (P = 0.390) or
sex distribution (P = 0.225). At least one positive patch test
reaction was detected in 123 non-AD patients (40.2%). The
overall positivity rate was significantly higher among AD
patients than among non-AD patients (62.9% vs. 40.2%;
P =0.001). Nickel sulfate was the only allergen showing a
statistically significant difference between the two groups (P
= 0.016) (Table 4). Non-AD and AD patients were generally
comparable with respect to demographic characteristics.

Patch testing for hand eczema was performed in 201 of 306
non-AD patients and 19 of 62 AD patients. At least one positive
reaction was identified in 82 non-AD patients (40.8%) and in
16 AD patients (84.2%), indicating a statistically significant
difference between the groups (P <0.001). In non-AD patients
with hand eczema, the most frequent allergens were nickel
sulfate (n = 36, 17.9%) and potassium dichromate (n = 10,
5%). Similarly, nickel sulfate (n = 9, 47.4%) and potassium
dichromate (n = 4, 21.1%) were the most common allergens
among AD patients with hand eczema. Both allergens were
significantly more frequent in AD patients than in non-AD
patients (P = 0.005 and P = 0.023, respectively) (Table 5).

Table 3. Positivity rates of the two most frequent allergens in patch testing among adult and pediatric AD patients

Nickel sulfate

Potassium dichromate

Number of positive reactions/total number of
tests (n/nT, %)

P-value

Number of positive reactions/total number of

tests (n/nT, %) P-value

Pediatric group n=2/17 (11.8%)

0.047 n=1/17 (5.9%) 0.662

Adult group n=17/45 (37.8%)

n=6/45 (13.3%)

Comparisons between adult and pediatric AD patients were performed using Fisher’s exact test. Data are presented as the number of positive reactions per the total number
of tests (n/nT) and as percentages (%). A P-value of < 0.05 was considered statistically significant. AD: Atopic dermatitis

Table 4. European baseline series and patch test positivity rates in AD and non-AD patients

No. Patch test allergen Conc. (%) Positive Le?‘;jlzrtselsq eI:I[)) patients | Positive rezcz!)zn;l& :1(::1 )AD patients P-value
1 Potassium dichromate 0.5 7 (11.3%) 13 (4.2%) 0.057
2 p-Phenylenediamine 1.0 3 (4.8%) 7 (2.3%) 0.382
3 Thiuram mix 1.0 1(1.6%) 8 (2.6%) 1.000
4 Neomycin sulfate 20.0 1 (1.6%) 5(1.6%) 1.000
5 Cobalt chloride 1.0 3 (4.8 %) 12 (3.9%) 0.725
6 Caine mix 10.0 0 (0.0%) 2 (0.7%) 1.000
7 Nickel sulfate 5.0 19 (30.6%) 53 (17.3%) 0.016
8 2-Hydroxyethyl methacrylate 2.0 1(1.6%) 2 (0.7%) 0.426
9 Colophonium 20.0 1 (1.6%) 5(1.6%) 1.000
10 Paraben mix 16.0 0(0.0%) 3 (1.0%) 1.000
1 N'Isg’lf’;‘l’;’lye L?dlfifgzlp 0.1 1(1.6%) 1(0.3%) 0.309
12 Lanolin 30.0 1(1.6%) 2 (0.7%) 0.426
13 Mercapto mix 2.0 0(0.0%) 5 (1.6%) 0.594
14 Epoxy resin 1.0 1(1.6%) 2 (0.7%) 0.426
15 Myroxylon pereirae 25.0 2 (3.2%) 5 (1.6%) 0.335
16 tf:)' ;Z;g;gihf;i 1.0 1 (1.6%) 2(0.7%) 0.426
17 Mercaptobenzothiazole 2.0 0(0.0%) 4 (1.3%) 1.000
18 Formaldehyde 2.0 aq. 1 (1.6%) 2 (0.7%) 0.426
19 Fragrance mix I 8.0 5(8.1%) 12 (3.9%) 0.180
20 Sesquiterpene lactone mix 0.1 0 (0.0%) 2 (0.7%) 1.000
21 Quaternium-15 1.0 1(1.6%) 2 (0.7%) 0.426
22 Propolis 10.0 1(1.6%) 6 (2.0%) 1.000
n | leblemet o s e
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Table 4. Continued

No. Patch test allergen Conc. (%) Positive Le?‘;jlgrtseLI:eI:I? patients | Positive ree:1c:|°2n(:sf|tr:a :t(:ar(li )AD patients P-value
24 Budesonide 0.01 0(0.0%) 0 (0.0%) N/A
25 Tixocortol pivalate 0.1 1 (1.6%) 0 (0.0%) 0.168
26 Methyldibromo glutaronitrile 0.5 1 (1.6%) 4 (1.3%) 1.000
27 Fragrance mix II 14.0 2 (3.2%) 9 (2.9%) 1.000
8 3-cyclljgg:jg(zfrzzf;}{(liehyde 30 1(1.6%) 1(0.3%) 0.309
29 Methylisothiazolinone 0.2 aq. 1 (1.6%) 7 (2.3%) 1.000
30 Textile dye mix 6.6 4 (6.5%) 12 (3.9%) 0.324

The substances are listed according to their order in the series. The vehicle was petrolatum unless otherwise indicated. Comparisons of patch test positivity rates between
patients with and without AD were performed using Fisher’s exact test. Data are presented as the number and percentage of patients with positive reactions. A P-value <
0.05 was considered statistically significant, and such values were indicated in bold. N/A: Not applicable, Conc.: Concentration, AD: Atopic dermatitis

Table 5. Comparison of the four most frequent allergens between AD and non-AD patients with hand eczema

AD patients Non-AD patients
Number of positive reactions/total Number of positive reactions/total number of tests P-value
number of tests (n/nT, %) (n/nT, %)
Nickel sulfate 9/19 (47.4%) 36/201 (17.9%) 0.005
Potassium dichromate 4/19 (21.1%) 10/201 (5%) 0.023
Fragrance mix I 2/19 (10.5%) 7/201 (3.5%) 0.177
Textile dye mix 2/19 (10.5%) 7/201 (3.5%) 0.177

Comparisons between groups were performed using the chi-square test or Fisher’s exact test, as appropriate. A P-value such values were indicated in bold was considered

statistically significant. AD: Atopic dermatitis

Discussion

Our findings indicate that contact allergy represents an
important comorbidity in AD patients, supporting the use
of patch testing in this population. While some studies®’
have focused exclusively on pediatric AD patients, others®!!
have included patients across all age groups. Although ACD
can develop at any age, it is more frequently observed in
adults.'? Patch testing is performed less frequently in pediatric
patients," possibly due to the higher prevalence of AD during
childhood and the clinical difficulty in distinguishing AD
from ACD." The predominance of adult patients in our cohort
may be explained by these factors. ACD is generally more
common among females in the general population. Although
AD is slightly more prevalent in males during childhood, it
becomes more common in females after puberty.!® Previous
studies have shown that most patients referred for patch
testing, regardless of AD status, are female.>5!1617 A similar
sex distribution was observed in our study. Consistent with
the findings of Ibekwe et al.,* we did not observe a significant
association between sex and contact sensitization. However,
some studies® have reported higher positivity rates in females.
This difference may be explained by the higher frequency of
patch test referrals among female patients.

The predominance of patients with mild disease in our study
may be explained by the general indication for patch testing
in patients with localized lesions. The absence of severe cases
may be related to difficulties in achieving drug-free intervals
required for patch testing, the need for symptom control, and
the frequent use of active immunosuppressive therapy in this
patient group. Although direct comparisons are limited by
different disease-severity scoring systems in the literature,
some studies have included patients with severe AD.*¢

Within the limits of our study population, AD severity
(restricted to mild and moderate disease) was not associated
with patch test positivity (P = 1.000). While some studies*>!”
have reported similar findings, others® have demonstrated
higher positivity rates with increasing disease severity.
These discrepancies may be related to differences in study
populations, allergen series, and methodological approaches.

Higher rates of positive patch test reactions are expected
among selected patient populations than in the general
population. In our study, patch-test positivity was significantly
higher among patients with AD than among those without AD.
However, the literature reports inconsistent findings. Peng
et al.? reported positivity rates of 78.4% in AD patients and
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66.8% in non-AD patients; Malajian and Belsito!'' reported
71.7% and 64.5%, respectively. Large retrospective studies
have also demonstrated a higher prevalence of contact allergy
among patients with AD.”®'® Conversely, some studies'*"
have reported lower sensitization rates in AD patients, whereas
others® have demonstrated similar prevalence rates of contact
allergy between AD and non-AD patients. The relatively high
positivity rate observed in our cohort may be related to the
inclusion of patients with treatment-resistant or recurrent
disease and possible exposure to multiple allergens. The use
of the European baseline series, which includes a broad range
of allergens, as well as the relatively higher mean age of our
study population—which may increase cumulative allergen
exposure—may also have contributed to these findings.

Numerous studies have evaluated contact sensitization or ACD
in pediatric patients with or without AD. Due to heterogeneity
in study populations, age groups, methodologies, and patch test
series, the reported findings vary considerably. Nevertheless,
the overall trend suggests higher patch test positivity rates
among children with AD. The most frequently reported
allergens include metals—particularly nickel sulfate—as well
as fragrances and preservatives.*”!'* In our study, the contact
sensitization rate among pediatric AD patients was 29.4%,
and the allergen profile was consistent with previous reports.
However, the relatively small sample size and the inclusion
of patients with treatment-resistant disease may limit the
generalizability of our findings.

Comparison of patch test results in AD patients with suspected
ACD is challenging due to heterogeneity in sample size,
demographic characteristics, disease severity, diagnostic
criteria, allergen series, and methodological approaches.
Several studies have reported common allergens in patients
with AD: Peng et al.® identified nickel sulfate (33.3%), cobalt
chloride (19.6%), and methylisothiazolinone (22.5%) as the
most frequent allergens, whereas Choi et al.'® reported nickel
sulfate (26.4%), cobalt chloride (24.5%), and potassium
dichromate (9.4%). A Japanese study identified nickel and
topical medications as common allergens in treatment-resistant
AD.* Trimeche et al.'” reported textile dyes (24.7%), nickel
(20.2%), cobalt (12.7%), and chloromethylisothiazolinone/
methylisothiazolinone (8.5%) as prevalent allergens. In
another study involving 48 patients with treatment-resistant
AD, the most frequent allergens were bichromate (27%),
nickel (27%), wool alcohol (24%), and cocamidopropyl
betaine (24%).>> The impaired skin barrier in AD facilitates
allergen penetration. This process may be further
exacerbated by filaggrin mutations, which reduce the skin’s
chelating capacity and may increase susceptibility to metal
sensitization.”® Nickel represents a notable exception among
contact allergens, as sensitization rates may be comparable in
AD and non-AD patients or even higher among AD patients.’

This has been attributed to a relatively Th17-skewed immune
response, characterized by attenuated Thl activity, in AD
patients exposed to nickel.? Consistent with previous literature
and our findings, metals—particularly nickel-—remain the
most frequently identified allergens, which likely reflects
widespread daily exposure.

Frequent topical exposure represents another important risk
factor for contact sensitization in these patients.® Fragrances,
formaldehyde-releasing preservatives, and topical antibiotics
are well-recognized sensitizers. In the general population,
fragrance sensitization rates range from 0.7% to 2.6%.,*
whereas higher rates have been reported in selected patient
populations. Among patients referred for suspected ACD, the
North American Contact Dermatitis Group reported fragrance
allergy rates (including fragrance mix I, fragrance mix II, and
balsam of Peru) ranging from 5.3% to 11.3%.% In our study,
sensitization rates were 8.1% for fragrance mix I and 3.2% for
both fragrance mix Il and balsam of Peru. These rates were
higher than those reported in the general population but lower
than those observed in selected patient cohorts. Increased use
by AD patients of personal care products, cleaning agents,
and herbal topical preparations containing fragrances —often
due to impaired skin barrier function—may contribute to
greater exposure. Conversely, some patients who are aware
of fragrance sensitivity may preferentially use fragrance-
free products, which could partially explain the lower rates
compared with selected populations.

Although patients with AD are considered at increased risk
of Group A corticosteroid allergy,?® only one patient (1.6%)
in our study demonstrated a positive reaction to tixocortol-
21-pivalate; no reactions to budesonide were observed.
Previous studies have reported significantly higher rates
of budesonide sensitization in AD patients compared with
non-AD patients.'” However, some studies have reported
lower rates of budesonide sensitization among AD patients,
possibly reflecting differences in patterns of topical treatment
exposure.”” The relatively low sensitization rate observed
in our study may be related to the absence of an extended
corticosteroid series, the possibility of missed late reactions
due to final readings performed on day 4, and the local
preference for prescribing corticosteroids from Groups C and
D for treatment-resistant patients. These findings highlight the
importance of performing more comprehensive corticosteroid
testing, including late patch test readings,”” to improve the
detection of corticosteroid sensitization in AD.

Among the tested allergens, only nickel sulfate showed a
statistically significant difference in positivity between AD
and non-AD patients in our study. Malajian and Belsito
reported higher positivity rates for nickel sulfate, cobalt
chloride, potassium dichromate, and fragrance mix I in AD
patients; these differences were statistically significant for

Turkish Journal of Dermatology | Volume 20 | Issue 1 | March 2026 -




Metintas et al. Contact Sensitization in Atopic Dermatitis

all allergens except fragrance mix I. Similarly, Peng et al.’
found significantly higher positivity rates for nickel sulfate
and cobalt chloride in AD patients. The frequent detection of
metal allergens—particularly nickel sulfate—in AD patients
is consistent with previous literature. However, Qian et al.®
reported a higher prevalence of ACD related to cosmetics,
topical medications, and dyes in AD patients, and observed
an inverse association with metal allergens. Furthermore, a
large-scale review®® reported lower nickel sensitization rates
in AD patients than in non-AD patients and found no positive
correlation between AD and nickel sensitization. Similarly,
a study conducted in Singapore reported that nickel was the
most frequent allergen in both AD and non-AD patients,
with no statistically significant difference in sensitization
rates between the two groups.?’ These discrepancies may
be explained by differences in study methodologies, patient
populations, and allergen series used.

In our study, positivity to nickel sulfate was significantly
higher in adult AD patients than in pediatric AD patients,
likely reflecting greater cumulative exposure. Although only
a limited number of studies have directly compared these age
groups, Boonstra et al.2 similarly reported higher rates of
nickel sensitization in adult patients.

The lack of additional clinically meaningful information
derived from dynamic patch test evaluation in AD patients
should be considered a strength of the study, as it helps define
the practical limits of this approach beyond standard readings.

To the best of our knowledge, studies specifically addressing
allergen profiles and patch test positivity in patients with hand
eczema and a history of AD remain limited. Most available
studies have focused on patch-test results in patients with
hand eczema, regardless of AD status. In our study, patch test
positivity in AD patients presenting with hand eczema (84.2%)
was markedly higher than in the overall AD population
(62.9%) and in non-AD patients with hand eczema (40.8%).
These findings suggest increased susceptibility to contact
sensitization in this subgroup. A recent large multicenter study
conducted in a Chinese population also demonstrated that
AD in patients with hand eczema was associated with altered
contact sensitization patterns, further supporting the clinical
importance of evaluating contact allergy in this subgroup.”
Previous studies have also reported high sensitization rates
in patients with hand eczema.*® Nickel sulfate, which was
frequently detected in our study and in previous reports,
remains a major allergen across age groups.

Study Limitations

Conducting the study in a tertiary referral center limited
long-term follow-up, thereby preventing assessment of

clinical compliance, confirmation of ACD diagnosis, and
evaluation of rates of clinical relevance. However, patients
were advised to avoid allergens that yielded positive test
results and were clinically relevant based on their clinical
history. The absence of D7 readings, due to study design
and logistical constraints—particularly as many patients
were referred from remote areas—may have resulted in
missed delayed-type hypersensitivity reactions, especially to
corticosteroids. Additional limitations include the relatively
small sample size and single-center design, which may limit
generalizability. However, because our center is a tertiary
referral center thatreceives complex, treatment-resistant cases
from surrounding provinces, our cohort provides clinically
meaningful data for this patient subgroup. Furthermore, the
use of a single allergen panel for patch testing may not fully
capture sensitization to less common allergens. Although
non-AD patients were matched for age and sex, complete
matching for all potential confounding variables was not
feasible, which may have affected the strength of intergroup
comparisons.

CoNcLuSION

Our findings indicate that contact sensitization rates are higher
in AD patients than in the general population. Patch testing
appears to be particularly valuable for identifying contact
sensitization, particularly to metal allergens, in patients
with treatment-resistant or recurrent disease. The low rate of
corticosteroid sensitization observed in this study warrants
further investigation using an expanded patch test series.
Larger-scale prospective studies are required to optimize the
management of AD and to further elucidate the relationship
between contact sensitization and ACD.
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Evaluation of Serum Zonulin Levels in Patients with Recurrent
Aphthous Stomatitis
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Aim: Recurrent aphthous stomatitis (RAS) is an inflammatory disease of the oral mucosa. Recently, it has been emphasized that an impaired intestinal
barrier is involved in the development of inflammatory diseases. Zonulin, which reversibly increases intestinal permeability, may be involved in this
process. We aimed to reveal the potential effect of intestinal permeability on the etiopathogenesis of RAS by measuring serum levels of zonulin.
Materials and Methods: This prospective case-control study included patients aged 18 to 65 years who were diagnosed with RAS, and a healthy control
group. Serum zonulin levels in the groups were evaluated using the enzyme-linked immunosorbent assay.

Results: A total of 78 individuals were included: 27 diagnosed with RAS who had active ulcers, 25 diagnosed with RAS without ulcers, and 26 healthy

controls. In the patient groups, serum zonulin levels were significantly higher than that in the healthy control group (127.32 + 61.52 ng/mL, 121.04 + 62.88
ng/mL, 89.22 + 49.51 ng/mL, respectively; P < 0.05).

Conclusion: This study has demonstrated that serum zonulin levels are increased in patients with RAS. Increased serum zonulin levels suggest that leaky
gut may be an etiological factor in the pathophysiology of RAS. The limitations of our study are the lack of prior research on the topic and the limited
sample size.

Keywords: Aphthous ulcer, intestinal barrier function, microbiota, mouth mucosa, permeability

possible causal agents of RAS in genetically susceptible
individuals.>* Although the etiopathogenesis of the disease
remains unclear, autoimmunity has been associated with
RAS.56

INTRODUCTION

Recurrent aphthous stomatitis (RAS), or RAS, is a chronic
inflammatory disease characterized by painful, round ulcers
of the non-keratinized oral mucosa that can cause difficulties

in eating, swallowing, and speaking. Generally, RAS ulcers
are covered by a pseudomembrane and surrounded by
an erythematous halo.! RAS is slightly more common in
children and adults of higher socioeconomic status and affects
approximately 20% of the general population at any time.?
Several factors have been proposed as possible causative
agents. Trauma, psychosocial stress, hematinic deficiencies,
microbial factors, and allergies to dietary ingredients are

Submission: 14-Nov-2025

Acceptance: 16-Feb-2026 Web Publication: 23-Feb-2026

Access this article online

Quick Response Code: .
o ap= ‘Website:
_E E - H E www.turkjdermatol.com

DOI:
10.4274/tjd.galenos.2026.08860

Alterations in intestinal barrier integrity and subsequent
impairment of gut permeability have been implicated in
various chronic inflammatory diseases, such as celiac
disease, inflammatory bowel disease, irritable bowel
syndrome, non-alcoholic fatty liver disease, type 1 and type
2 diabetes, obesity, and depression.” Leaky gut increases
antigen trafficking by allowing toxins, antigens, and bacteria
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to enter the bloodstream. The combination of immune
dysregulation and environmental factors can trigger the onset
of autoimmune disease in genetically susceptible individuals.®
Intestinal permeability and integrity can be measured in
many ways, such as urinary excretion of marker molecules
including monosaccharides, disaccharides, and chromium-51
EDTA (51Cr-EDTA), serum or fecal zonulin levels, and
cell-culture models.®® Upregulation of zonulin, a putative
physiological modulator of intestinal tract integrity, causes
intestinal hyperpermeability and an uncontrolled influx of
dietary and microbial antigens.”!'® Zonulin is the precursor
of haptoglobin-2, and serum zonulin levels can be readily
measured by enzyme-linked immunosorbent assay (ELISA)."

In our study, we aimed to investigate the potential effect of
intestinal permeability on the etiopathogenesis of RAS by
measuring serum levels of zonulin.

MAaTERIALS AND METHODS

Study Participants

The present prospective case-control study, conducted
between November 2021 and January 2022, included patients
aged 18—65 years who were diagnosed clinically with RAS
and had no chronic systemic or dermatologic disease; RAS
patients were divided into two groups according to the
presence or absence of an active aphthous ulcer, and a healthy
control group without any chronic systemic or dermatologic
disease was also included. The minimum sample size was
calculated by power analysis to be 19 participants per group,
and 75 participants, planned to be grouped as follows, were
included in the study.

Group [A: 25 Patients with clinically diagnosed RAS with an
active oral ulcer.

Group IB: 25 Patients with clinically diagnosed RAS but
without an active oral ulcer.

The healthy control group: A control group of 25 healthy
participants without chronic skin disease.

Patients with a 3-year or longer history of regularly recurring
episodes of oral aphthous ulceration and at least three
ulcers per year for the previous 12 months were included,
while those with a history of systemic disease in which oral
ulceration may be a feature (such as Behget’s syndrome,
coeliac disease, Crohn’s disease, or ulcerative colitis); those
receiving concurrent systemic steroids, immunomodulatory
drugs, or cytotoxic medications; those who used systemic
antibiotics, probiotics, or prebiotics in the last 3 months; those
on a current specific diet (vegan, vegetarian, or gluten-free);

those with previous gastrointestinal tract surgery; those with
malignancy; and those who were pregnant were excluded.

Age, gender, smoking status, duration of breastfeeding, mode
of delivery, disease duration, age of onset, and attacks per year
were recorded. Disease duration, age at onset, and attacks per
year were referred to as the “activity parameters of RAS”.

Blood Sample Collection and Laboratory Analysis

Ethical approval for the study was obtained from the Hacettepe
University Ethics Committee (approval number: 2021/10-50,
date: 04.05.2021). After obtaining written informed consent,
blood samples were collected from each participant. One gel
vacuum biochemistry tube of blood was collected from each
participant. Following coagulation for 45-60 min at room
temperature, the serum was separated by cold centrifugation
(+4 °C) at 4000 rpm for 10 minutes and then stored at
-80 °C until analysis. Serum zonulin level was quantified using
a commercial kit (Catalog No. E-EL-H5560, Elabscience)
employing a sandwich ELISA with a 3-fold dilution. The
measurement range of the kit was 0.78-50 ng/mL, and the
sensitivity was 0.47 ng/mL. Serum zonulin values outside the
detection range were calculated using a continuous parabolic
equation whose R-squared value was closest to 1 in Excel.

Also, hemoglobin, serum ferritin, serum vitamin B12, and
serum folate levels were measured in each patient. The normal
values accepted for hemoglobin were > 12 g/dL for women
and > 13 g/dL for men; serum ferritin, > 9 pg for women and
> 18 ng/L for men; serum B12, > 200 ng/L; and folate, 3 pug/L.

Statistical Analysis

Data were analyzed using the Statistical Package for the Social
Sciences, version 20.0, for Windows. Continuous variables
were expressed as mean [+ standard deviation (SD)], ordinal
variables as median (interquartile range), and as numbers and
percentages for categorical variables. The normality of the
numerical variables was evaluated using the Kolmogorov—
Smirnov and Shapiro—Wilk tests. Independent two-group
comparisons for numerical that are normally distributed were
performed using independent samples t-test, and one-way
ANOVA was used for comparisons of more than two groups.
For numerical data that were not normally distributed, the
Mann—Whitney U test and the Kruskal-Wallis H test were
used. If the conditions for the “chi-square” test were met, the
“chi-square” test statistic was used to analyze the categorical
variables; otherwise, “Fisher’s exact test”
Correlation analysis between the two numeric variables was
performed using a Pearson or Spearman test, depending on
data normality. The “paired samples statistics” or “Wilcoxon”
test was used for binary comparisons between dependent

was used.
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groups. For all analyses, a P-value < 0.05 was considered
statistically significant, and 95% confidence intervals were
reported.

ResuLts

Study Participants

A total of 78 participants, comprising 27 patients with RAS
and an active oral ulcer (6 females, 21 males; group 1A), 25
patients with RAS without an active oral ulcer (4 females, 21
males; group IB), and 26 healthy controls (6 females, 20 males)
were enrolled in the study. In the active oral ulcer group, 15
(56%) patients had only minor aphthae, and 7 (26%) patients
had only major aphthae. The remaining 5 patients had both
types of oral aphthae. In both patient groups, no history of
herpetiform aphthae was reported, and no active herpetiform
lesions were observed. The mean age was 36 = 11.8 (mean +
SD) and 36 + 13.2 years, respectively, for the patient groups
and 33.4 £ 9.4 years for the control group. There were no
significant differences between the groups in age and gender
(P=0.798 and P = 0.792, respectively) (Table 1).

Three patients in group IA, seven in group IB, and nine
participants in the control group were current smokers; there
was no significant difference in smoking habits between the
groups (P = 0.120). Other descriptive features of RAS patients
are shown in Table 2.

In groups IA and IB, twelve (23.1%) patients were delivered
by Caesarean section and 40 (76.9%) by normal vaginal
delivery. Four participants in the control group (15.4%) were

delivered by Caesarean section and 22 (84.6%) by normal
vaginal delivery. There was no difference in mode of delivery
between the groups (P = 0.428). The proportion of patients
who received breast milk for less than six months was higher
in the control group [6 patients (11.5%) in the patient group;
4 patients (15.6%) in the control group]. However, there was
no significant difference in the duration of breast milk intake
between the groups (P = 0.486).

Hematinic Deficiencies in RAS Patients and Healthy
Controls

Blood hemoglobin levels were below normal in 2 patients
(7.4%) in group IA, 3 patients (12%) in group IB, and 3
patients (11.5%) in the control group (P = 0.809). Ferritin
levels were below normal in 5 patients (18.5%) in group IA,
6 patients (24%) in group IB, and 5 patients (19.2%) in the
control group (P = 0.870). Vitamin B12 levels were below
normal in group IA (12 patients, 44.4%), group IB (5 patients,
20%), and the control group (10 participants, 18.5%) (P =
0.159). Serum folic acid levels were within normal limits in
all participants.

Serum Zonulin Levels in RAS Patients and Healthy Controls

The serum zonulin levels of groups IA and IB were found to
be significantly higher compared to that in the control group
(127.3 £ 61.5 ng/mL, 121 £ 62.9 ng/mL, and 89.2 + 49.5 ng/
mL, respectively; P = 0.017 and P = 0.049, respectively)
(Figure 1). In contrast, there was no significant difference
between groups IA and IB (P =0.718).

Table 1. Age and gender of the study participants
Age (years) Gender
Mean = SD (min-max) n (%)
Female Male
Group 1A 36+ 11.8 (21-63) 21 (77.8%) 6(22.2%)
Group IB 36+13.2(19-61) 21 (84%) 4 (16%)
Control group 33.4+9.4 (20-56) 20 (76.9%) 6(23.1%)
P-value 0.798 0.792
SD: Standard deviation, min: Minimum, max: Maximum
Table 2. Descriptive features of RAS patients
All patients Group IA Group IB
(n = 52) (n = 27) (n = 25) P-value
Disease duration (years)
median (IQR) 15 (10-25) 15 (10-25) 19 (10-27.5) 0.600
Age of onset (years)
median (IQR) 15 (10-22) 16 (9-27) 15 (10-19.5) 0.653
Attacks/per year
median (IQR) 7 (4-12) 10 (4-15) 6 (4-10) 0.106
IQR: Interquartile range, RAS: Recurrent aphthous stomatitis
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Figure 1. Serum levels of zonulin were significantly higher in the patient groups compared with the healthy controls (P = 0.046)

Age (rs = -0.028, P = 0.805), smoking status (P = 0.141),
disease duration (rs = -0.108, P = 0.444), age of onset (rs =
0.141, P=0.320), and attacks/per year (rs = 0.061, P = 0.670)
were not correlated with serum zonulin levels. The results
show a significant difference in the serum zonulin levels of
females and males, with values of 125.4 + 61.5 ng/mL and
63.1 £ 58 ng/mL, respectively (P < 0.001).

While the mode of delivery and duration of breast milk intake
separately did not have an effect on the serum zonulin levels (P
=0.128 and P = 0.830, respectively), the serum zonulin levels
of those who were delivered by vaginal delivery and received
breast milk for longer than 6 months were significantly lower
than that of those who were delivered by Caesarean section
and received breast milk for less than 6 months (101.7 = 58.8
ng/mL and 154.5 + 56.6 ng/mL, respectively; P = 0.045).

Discussion

Our findings demonstrated that serum zonulin levels were
significantly increased in patients with RAS compared with
healthy controls, supporting the hypothesis that impaired gut
barrier function may be involved in the pathogenesis of RAS.

The tightly packed single-cell-thick epithelial layer of the
intestinal mucosa serves an essential role as a “gatekeeper”
against large microbial communities and potentially harmful
antigens in the lumen. Zonulin, the physiological modulator
of intercellular tight junction competence, has been the
subject of numerous clinical studies because it may play

a role in the pathogenesis of many chronic inflammatory
diseases, including celiac disease, type I diabetes, ankylosing
spondylitis, and inflammatory bowel disease, due to its
triggering effect on the immune response. !4

Celiac disease is a gluten-sensitive autoimmune enteropathy
accompanied by progressive mucosal damage. Lammers et
al.’’ conducted an in vitro physiological study and identified
that gliadin binds to chemokine receptor CXCR3 on intestinal
epithelial cells and consequently permits aberrant passage
of the possible antigens from the lumen to the mucosa by
releasing of zonulin. Drago et al.'® found that intestinal
exposure to gliadin leads to intestinal hyperpermeability in
both individuals with and without celiac disease but revealed
that the patients with celiac disease exhibit an exaggerated and
persistent intestinal zonulin releasing.

Sapone et al.'” reported that patients with type 1 diabetes
and their first-degree relatives without celiac disease have
significantly higher serum zonulin levels compared to age and
sex-matched healthy controls and detected that participants’
serum zonulin levels have a positive correlation with intestinal
permeability by using lactulose/mannitol urine test.

RAS is one of several chronic, inflammatory, ulcerative
diseases of the oral mucosa. Susceptibility to RAS is
determined by various DNA polymorphisms, particularly those
related to alterations in cytokine metabolism; these cytokines
[e.g., interleukin (IL)-1, IL-2, IL-10, IL-12, interferon-y, and
tumor necrosis factor-a] elicit abnormal antigen-presenting
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cell function and T-cell activity, and susceptibility is modified
by environmental factors.!'®?! Manthiram et al.> proposed
to define RAS as the mildest form of Behget’s spectrum
disorders due to the similarities within pathogenesis and
genetic architecture. Fresko et al.* demonstrated intestinal
hyperpermeability in patients with Behget’s disease without
known gastrointestinal manifestations by the determination of
51Cr-EDTA excretion rate. Increased intestinal permeability
in Behget’s disease, independent of gastrointestinal tract
involvement, was demonstrated by a sugar absorption test
in another study.** We found that serum zonulin levels were
significantly higher in the patient groups, consistent with
other studies in several chronic inflammatory disorders. To
our knowledge, the present study is the first to investigate the
role of intestinal hyperpermeability in patients with RAS.

Our study showed significant differences in serum zonulin
levels between females and males. Sex-based immunological
differences contribute to variations in the incidence of
autoimmune diseases. It is now well established that
80% of autoimmune diseases occur in females, which is
compatible with our results. The biallelic overexpression
of pseudoautosomal immunomodulatory genes on the X
chromosome in females and the effects of sex hormones
on innate and adaptive immunity could explain females’
susceptibility to autoimmune diseases.?2¢

The mode of delivery and diet during infancy (breast milk
or formula) play a major role in shaping the healthy gut
microbiota that supports intestinal integrity by maintaining
its structure and function.”” We demonstrated that vaginal
delivery and receiving breast milk for more than 6 months
positively affect intestinal permeability.

Sapone et al.'” demonstrated that serum zonulin levels
don’t correlate with indicators of glycemic control such
as hemoglobin Alc, serum glucose levels, and the age at
diagnosis of type 1 diabetes. On the contrary, Szymanska
et al.?® revealed that elevation in fecal zonulin is associated
with Crohn disease activity, and significantly correlate with
fecal calprotectin level. Singh et al.*” observed a correlation
between serum zonulin levels and diarrhea severity in patients
with diarrhea-predominant irritable bowel syndrome. We did
not find a correlation between serum zonulin levels and RAS
activity parameters.

Study Limitations

The primary limitation of this study was the small sample size.
Although this did not prevent achieving statistically significant
results, a larger sample size in future studies will provide more
robust evidence regarding the relationship between intestinal
hyperpermeability and the activity parameters of RAS.

CoNcLUSION

In this study, serum zonulin levels in patients with RAS were
significantly higher than those in the control group. The
results of the study suggest that leaky gut may play a role in
the etiopathogenesis of RAS. Given the paucity of published
findings, our findings should prompt further investigations
into the role of zonulin in the development of RAS.
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Case Report

Cydnidae (Burrowing Bug) Pigmentation in a Non-Acral Site:
Clinical and Dermoscopic Features

@ Sule Yildiz Sagcan Tercan, @ Goksu Dalgic Demirtas, @ Mustafa Turhan $ahin
Department of Dermatology and Venereology, Manisa Celal Bayar University Faculty of Medicine, Manisa, Tiirkiye

Cydnidae can cause transient cutaneous pigmentation through defensive secretions. We report a case of 24-year-old woman who presented with sudden-
onset asymptomatic brownish-black macules on the gluteal region following seaside exposure. The lesions were non-blanching and resistant to cleansing;
dermoscopy revealed brown dots and irregular linear structures with superficial light-brown amorphous pigmentation. The pigmentation resolved
spontaneously within one week, consistent with pigmentation caused by burrowing bugs. Awareness of this rare, self-limiting condition at atypical sites

may prevent unnecessary diagnostic procedures.

Keywords: Burrowing bug, cydnidae pigmentation, dermoscopy, hemiptera, skin pigmentation

INTRODUCTION

Cydnidae, in the order Hemiptera, possess morphological
adaptations for digging and release an odorous defensive
secretion that can cause pigmented macules on human skin,
especially during the rainy season.'”* Burrowing bug—induced
pigmentation has been increasingly recognized through
recent case reports; however, it remains an uncommon and
likely underreported arthropod-related dermatosis. The
condition typically presents with sudden-onset, asymptomatic
brown to dark brown macules that may resemble lentigines
or exogenous pigmentation.*> Most cases involve exposed
acral areas, consistent with the natural habitat of these soil-
dwelling insects and with their increased activity during the
wet or monsoon seasons.*® Dermoscopic findings, such as
superficial shiny brown globules, clods, and irregular streak-
like structures with a characteristic “stuck-on” appearance,
provide additional diagnostic support.® Recognition of these
diverse presentations is essential to avoid misdiagnosis and
unnecessary interventions.
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Herein, we report an unusual case involving an uncommon
body site.

Case REPORT

An otherwise healthy 24-year-old female presented with
sudden-onset, asymptomatic, multiple tiny brown spots
on the left gluteal region (Figure 1), which had developed
one week prior to presentation. Lesion onset was observed
following a stay at the seaside during summer vacation. There
was no history of preceding trauma, drug use, or exposure
to chemicals. On examination, multiple discrete, irregularly
shaped, brownish-black macules with streaky ends, measuring
2—6 mm in diameter, and resembling lentigines, were observed
on the left gluteal region (Figure 1). Other mucocutaneous
sites were not involved.
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The patient stated that there had been no changes in the
color or texture of the lesions from their initial appearance
to the time of the current assessment. The macules were
non-blanching upon pressure and remained unaffected when
attempts were made to remove them using alcohol, soap, or
water. Dermoscopic examination demonstrated irregular,
superficial light-brown amorphous pigmentation accompanied
by linear streaks and focal dark-brown dots, consistent with
pigment deposition limited to the stratum corneum (Figure
2). No insect was identified at the time of presentation. The
lesions resolved spontancously within one week without any
intervention. Given the patient’s history, clinical presentation,

e o

Figure 1. Multiple discrete, irregularly shaped brownish-black macules
with streaky ends, measuring 2-6 mm in diameter, resembling lentigines
were observed on the left gluteal region

dermoscopic features, and self-limiting course, a presumptive
diagnosis of Cydnidae (burrowing bug) pigmentation was
made.

Discussion

Cydnidae, also known as burrowing bugs, belong to the
order Hemiptera and are characterized by morphological
adaptations that facilitate digging. These insects burrow into
the soil to feed on plants and are therefore encountered less
frequently.! The odorous secretion released from specialized
glands serves as a defense mechanism; however, upon
contact with human skin, it can induce pigmented macules.
Patients, particularly during the rainy season, present with the
sudden onset of asymptomatic pigmented spots.>* The lesions
typically resolve spontaneously within 1-2 weeks without
the need for treatment.* Similar to other arthropod-induced
pigmentation, these lesions predominantly affect acral areas;
however, rare non-acral involvement, such as the abdomen,
back, and chest, has been described in isolated reports.>* Our
case differs from previously published cases in demonstrating
isolated gluteal involvement following seaside exposure,
further expanding the anatomical spectrum of this condition.
Lesions range from oval to irregular in shape, measuring
from pinpoint to a few millimeters in diameter. They may
appear as isolated spots or grouped formations with streaky,
tapering ends, and usually develop within minutes of contact
with the insect’s fluid following accidental crushing. They
closely resemble lentigines, particularly on exposed areas.*
Acral melanoma, melanocytic nevi, petechiae, and exogenous
pigmentation from chemical exposure can be excluded based
on the patient’s history.’

Figure 2. Dermoscopic examination showing (a) superficial structureless brown pigmentation with irregular linear streaks and (b) irregular, superficially
located light brown amorphous pigmentation with focal dark brown dots (polarized, 10x)

Turkish Journal of Dermatology | Volume 20 | Issue 1 | March 2026 -




Sagcan Tercan et al. Cydnidae (Burrowing Bug) Pigmentation

In the present case, the diagnosis was based on clinical
morphology, dermoscopic features, and spontaneous resolution,
as no insect specimen was available for identification. This
represents a limitation; however, the characteristic presentation
and clinical course strongly support the diagnosis.

Awareness of this rare and benign condition is crucial to avoid
unnecessary biopsies, laboratory investigations, and patient
anxiety, particularly when lesions occur at atypical sites.°

ConcLusIioN

This case report emphasizes that pigmentation caused by
Cydnidae (burrowing bugs) may present in non-acral regions,
warrants consideration in the differential diagnosis, and
necessitates dermoscopic assessment.

Footnotes
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Case Report

Missed Pathology Follow-Up Leading to Delayed Melanoma
Diagnosis

@ Handan Merve Erol Mart, @ Muhammet Talha Sarag, ® Bengii Nisa Akay
Department of Dermatology, Ankara University Faculty of Medicine, Ankara, Tiirkiye

Missed pathology follow-up is a preventable cause of delayed melanoma diagnosis and can be compounded by cognitive biases. We report two cases in
which failure to review pathology results led to delayed recognition of nodular melanoma. Both cases highlight the interplay between system failures and
anchoring bias. Strengthening result verification processes, incorporating electronic alerts for unreviewed reports indicating malignancy, and promoting

patient access to results are essential to preventing similar diagnostic delays.

Keywords: Delayed diagnosis, malignant melanoma, metastasis, vitiligo-like depigmentation

INTRODUCTION

Cognitive errors remain an important contributor to delayed
melanoma diagnosis. Failure to verify or follow-up on
pathology results, combined with anchoring to benign
or trauma-related explanations, can delay recognition of
malignancy. We present two cases illustrating unfavourable
outcomes resulting from missed pathology follow-up for
nodular melanoma.

The authors obtained consent from all patients for
the publication of recognizable photographs, with the
understanding that these photographs may be publicly
available.

Case REPoRT

Case 1: A 72-year-old man underwent excision of a nodular
subcutaneous lesion on his left shoulder in 2020. Pathology
was reported as nodular melanoma (Breslow thickness
5.5 mm, Clark level IV, 10 mitoses/mm? and ulceration),
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corresponding to pT4b disease. Neither regression nor
evidence of lymphovascular or perineural invasion was
identified. Immunohistochemical (IHC) analysis showed
diffuse positivity for S-100 and HMB-45. The Ki-67
proliferation index was elevated, but the patient never received
the report. He remained asymptomatic for five years until he
presented with newly developed vitiligo-like depigmented
macules on his face and an approximately 5-cm firm mass
in his left axilla (Figure la). Positron emission tomography/
computed tomography (PET/CT) demonstrated metabolically
active metastatic involvement of the left axillary lymph
nodes, without evidence of distant metastasis. The patient
underwent surgical excision of the involved nodal mass and
was subsequently referred for oncologic management and
close multidisciplinary follow-up.

Case 2: A 29-year-old man presented in 2023 with a bleeding
lesion on his right forearm following minor trauma. It was
clinically interpreted as a pyogenic granuloma by a plastic
surgeon and was completely excised. Pathology was reported
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as nodular malignant melanoma (Breslow thickness 5 mm;
Clark level IV; 5 mitoses/mm?; no ulceration; no regression;
no evidence of lymphovascular or perineural invasion),
corresponding to pT4a disease. IHC analysis demonstrated
strong diffuse positivity for HMB-45, SOX10, and PRAME.
The Ki-67 proliferation index was 20%. It was uploaded to
the national e-health system but never reviewed by either
the clinician or the patient. Two years later, halo nevi and
patchy beard leukotrichia developed, prompting dermatologic
reassessment (Figure 1b). Review of the national health
records at that time revealed the prior malignant pathology.
PET/CT showed no metastatic disease; therefore, no additional
treatment was administered. The patient has been followed
at 3-month intervals for one year, with no evidence of local
recurrence, regional or distant metastases, or a new primary
melanoma.

Discussion

Both cases highlight critical diagnostic vulnerabilities
arising from failures in pathology follow-up and cognitive
biases. In the first case, the unreviewed melanoma report
is a classic example of a high-impact error at the system—
communication interface in which the absence of structured
verification ultimately delayed oncologic evaluation and may
have influenced prognosis. In the second case, specifically
anchoring bias, the premature acceptance of a trauma-related
benign explanation hindered reconsideration of melanoma

and demonstrated how immune-mediated depigmentation can
serve as a delayed but crucial clinical clue to an overlooked
melanoma diagnosis.'”

A shared underlying issue in both cases was the absence
of direct, mandatory communication and confirmation of
pathology results. Complete reliance on electronic systems,
without concurrent clinician and patient verification, allowed
critical malignant diagnoses to go unnoticed. Cognitive
contributors included premature closure and failure to consider
alternative diagnoses once an initially benign interpretation
was accepted.

To prevent recurrence of similar structured
communication and verification pathways must be
prioritized.** The proposed patient safety interventions can be
operationalized within three complementary domains. First,
closed-loop verification systems should require the responsible
clinician to acknowledge pathology reports and to document
appropriate follow-up actions (e.g., referral, repeat excision,
or surveillance). Second, high-risk results, such as malignant
melanoma, should be automatically triaged and escalated
within electronic health record systems, triggering alerts
to clinicians and designated oversight teams when reports
remain unreviewed. Third, patient-facing access to pathology
results through national e-health platforms, combined with
targeted patient education on the importance of result review
and follow-up, may provide an additional safeguard against
missed diagnoses.

errors,

Figure 1. Clinical presentations of the patients. (a) Vitiligo-like depigmented macules on the face of Case 1, five years after excision of a nodular
melanoma on the left shoulder. (b) Patchy beard leukotrichia in Case 2, two years after excision of a forearm lesion initially misdiagnosed as pyogenic

granuloma
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CoNcLUSION

These cases exemplify how overlooked diagnostic data and
anchoring bias can delay melanoma recognition. Reinforcing
communication loops among pathologists, clinicians, and
patients is essential to prevent the recurrence of such errors and
to enhance patient safety. Strengthening national digital health
infrastructures with automated alert systems for unreviewed
malignant reports, mandatory acknowledgment mechanisms,
and seamless interoperability between pathology and clinical
databases can minimize communication gaps and ensure
timely diagnostic follow-up.
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Case Report

Benign Melanosis of the Nipple and Areola During Pregnancy:
A Case Report
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Benign melanosis of the nipple and areola is a rare pigmentary disorder that may clinically mimic malignant melanoma and pigmented Paget’s disease,
particularly during pregnancy. We report a 30-year-old woman at 28 weeks’ gestation who presented with bilaterally asymmetric, heterogeneously
hyperpigmented macules on the nipples and areolae. Dermoscopy revealed a prominent and regular pigment network with heterogeneous light- and dark-
brown coloration. Multiple punch biopsies were performed to exclude melanoma in situ. Histopathological examination showed irregular acanthosis and
increased basal layer pigmentation without melanocytic atypia. Immunohistochemical staining demonstrated scattered MART-1— and HMB-45—positive
melanocytes without an increase in number, supporting the diagnosis of benign melanosis of the nipple and areola. The coexistence of vitiligo represents
a rare and noteworthy feature of this case. This report emphasizes the importance of histopathological evaluation in differentiating benign melanosis from

malignant pigmented lesions in pregnant patients.

Keywords: Benign melanosis of the nipple and areola, pregnancy, vitiligo, melanoma in situ, dermoscopic features, areolar pigmentation

INTRODUCTION

Benign melanosis of the nipple and areola is a rare pigmentary
disorder characterized by increased basal layer pigmentation
without significant melanocytic proliferation.! Most reported
cases occur in women of reproductive age, including pregnant
patients.'” These observations suggest that hormonal changes
during pregnancy may play a role in the development of
this entity. Due to its irregular borders, asymmetry, and
heterogeneous hyperpigmentation, benign melanosis of the
nipple and areola may clinically mimic malignant melanoma
of the nipple. Therefore, dermoscopic and histopathological
evaluations are essential for accurate differentiation.? In this
report, we present a case of benign melanosis of the nipple
and areola that developed during pregnancy, with the aim
of contributing to the limited literature on this uncommon
condition.
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Case REPORT

A 30-year-old woman at 28 weeks’ gestation presented with
dark discoloration of both nipples that had developed during
the third trimester. Seventeen years earlier, she developed
hypopigmented areas on the chin, right areola, and lumbar
region; at that time she was diagnosed with vitiligo and
treated with topical pimecrolimus. The newly developed
hyperpigmentation predominantly appeared on the previously
depigmented areolar regions. Dermatological examination
revealed asymmetrical, irregularly bordered macules with
heterogeneous hyperpigmentation in light- and dark-brown
tones on both areolas, more pronounced on the right (Figure 1).

Dermoscopy revealed a prominent and regular pigment
network with heterogeneous light- and dark-brown coloration
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(Figure 2). Considering the differential diagnosis between
melanoma in situ and benign melanosis of the nipple and
areola, multiple punch biopsies (4 mm) were obtained from
clinically and dermoscopically heterogeneous areas, including
three from the right areola and one from the left areola, to
adequately assess asymmetric, heterogeneous pigmentation.
Histopathological demonstrated  irregular
acanthosis, confluence of the lower ends of the rete ridges,
and irregular brown pigmentation of the basal layer (Figure
3). Immunohistochemical staining revealed scattered MART-
1— and HMB-45-positive melanocytes in the basal layer,
without clustering or a significant increase in number (Figure
4). No cytologic atypia, mitotic activity, or pagetoid spread
were observed. Fine superficial hyperkeratosis was present.
Additional findings included Ki-67 positivity limited to the
basal epidermal layer, cytokeratin 5/6 positivity in surface
epithelial cells, sparse cytokeratin 7 positivity, and negative
pl6 staining. Overall, these findings were consistent with
benign melanosis of the nipple and areola; melanoma in situ

evaluation

Figure 1. Asymmetric, irregularly bordered, heterogeneously
hyperpigmented macules, light to dark brown in color are observed on
the areola

Figure 2. Dermoscopic image showing a prominent and regular pigment
network with heterogeneous light and dark brown coloration

was excluded. The patient was placed under clinical follow-
up.

Written informed consent was obtained from the patient
for publication of clinical data and images. According to
institutional regulations, ethical committee approval was not
required for this single case report.

Discussion

Approximately 20 cases of benign melanosis of the nipple
and areola have been reported in the literature to date. The
largest case series reported by Isbary et al.® included five
patients identified at a single center over a 26-month period,
suggesting that this condition may be underrecognized
rather than truly rare. Most reported cases involve women of
reproductive age and pregnant patients; moreover, a case of

[
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Figure 3. Histologic sections of the skin biopsy show irregular acanthosis
in the epidermis, confluence of the lower ends of the rete ridges, and
increased brown pigmentation in the basal layer (arrows), (hematoxylin
and eosin stain, x40)
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Figure 4. MART-1 staining demonstrates scattered melanocytes in the

basal layer without a noticeable increase in number (arrows), (MART-1
immunostaining, x100)
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benign melanosis of the nipple and areola has been described
in a 7-year-old girl with early thelarche. Taken together, these
observations support a potential role for hormonal stimulation
in the pathogenesis of this entity.'

Benign melanosis of the nipple and areola is frequently
confused clinically with malignant melanoma and pigmented
Paget’s disease. The absence of an atypical pigment network
and blue-white veil, features typical of melanoma, and the lack
of perifocal erythema, commonly associated with pigmented
Paget’s disease, may aid dermoscopic distinction.” Because
benign melanosis of the nipple and areola may closely
resemble melanoma in sifu on dermoscopic examination,
histopathological confirmation remains essential. In the
present case, the absence of melanocytic atypia and the lack
of a significant increase in MART-1- and HMB-45—positive
melanocytes ruled out melanoma in situ.

Additionally, the patient’s history of vitiligo and the
development of pigmented islands within previously
depigmented areolar areas are noteworthy. Only three cases of
coexistence of vitiligo and benign melanosis of the nipple and
areola during pregnancy have been reported in the literature.>*
This rare coexistence represents a distinctive feature of the
present case and suggests that pregnancy-related hormonal
alterations may induce localized pigmentary changes in
patients with vitiligo, thereby contributing to the development
of benign melanosis of the nipple and areola.

ConcLusIoN

In conclusion, benign melanosis of the nipple and areola
may clinically mimic malignant pigmented lesions, posing a
diagnostic challenge. The limited number of reported cases
contributes to its perceived rarity in the literature. Given
the scarcity of experience and available data, particularly
regarding its coexistence with vitiligo, we present this case
to expand the current body of knowledge and emphasize the
importance of accurate clinicopathological correlation.

Footnotes

Informed Consent: Written informed consent was obtained
from the patient for publication of clinical data and images.
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Letter to the Editor

lllegal and Original Toxin Discrimination with the Help of Wood’s
Light
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Dear Editor,

In recent years, the field of aesthetic medicine has experienced
a significant increase in demand for minimally invasive
cosmetic procedures. Botulinum toxin injections have
become particularly prominent due to their effectiveness in
treating dynamic wrinkles, hyperhidrosis, and neuromuscular
conditions. However, parallel to this rise, there has been a
concerning increase in illegally imported and unapproved
toxin-containing products. These counterfeit formulations,
often produced without standardized manufacturing protocols
or adequate oversight, pose serious risks to patient safety and
clinical practice.

One of the main drivers of illegal toxin use is financial
motivation. Because licensed botulinum toxin products
are costly and strictly regulated, smuggled products are
sometimes used to reduce expenses. These toxins are often
processed from unauthorized raw materials and distributed
without quality control, making dose standardization and
safety monitoring impossible. This increases the risk of
adverse events, including botulism, a rare but potentially life-
threatening condition.! Recent real-world data further highlight
this risk, as a 2024 report from the United States documented
multiple cases of serious illness following administration of
presumed counterfeit botulinum toxin in nonmedical settings.>
Consequently, distinguishing authentic toxin products from
counterfeit ones has become a critical clinical responsibility.
Among toxins used illicitly, abobotulinumtoxinA is one of
the most frequently counterfeited formulations. Counterfeit
packaging and vial designs often closely resemble genuine
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products, making visual differentiation challenging even
for experienced clinicians. Therefore, practical methods to
support authenticity verification are needed.

In this context, Wood’s light examination represents a simple
and accessible tool. Wood’s light emits long-wave ultraviolet
radiation at approximately 365 nm and is widely used in
dermatology for diagnostic purposes. When Wood’s light is
applied to toxin packaging, a key distinguishing feature can
be observed: authentic abobotulinumtoxinA products display
a bright, reflective hologram, whereas counterfeit products
lack this fluorescence (Figure 1).

In the present study, 156 abobotulinumtoxinA vials were
examined, comprising 78 authentic and 78 counterfeit vials.
All vials were independently assessed under Wood’s light, and
findings were consistent across assessments. Original products
uniformly demonstrated a bright holographic reflection,
whereas none of the counterfeit vials exhibited fluorescence,
indicating reproducible differentiation between original and
counterfeit products.

Wood’s light is readily available in most dermatology and
aesthetic clinics, and the examination requires only a few
seconds. Incorporation of this step into routine practice may
strengthen product authentication, reduce complications, and
enhance patient confidence.

Manufacturer documentation supports hologram-based
security features as authenticity markers. Official prescribing
information for abobotulinumtoxinA (DYSPORT®) states
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that the outer carton contains a unique hologram and advises
clinicians not to use the product if the hologram is absent.?
Similarly, FDA-approved labeling for onabotulinumtoxinA
(BOTOX®) specifies a holographic film on the vial label as an
anti-counterfeiting measure.* These features are manufacturer-
defined and brand-specific rather than universal. Hologram
technology is widely used as a high-security anti-counterfeiting
method in banknotes, official documents, and luxury
goods. Nevertheless, Wood’s light examination should be
considered a supportive screening tool rather than a definitive
validation method. False-negative results may occur because
of packaging damage or lighting conditions, whereas false-
positive results are theoretically possible if counterfeit products
imitate holographic elements. A limitation of this evaluation
is its focus on a single formulation. AbobotulinumtoxinA
was selected because it is the botulinum toxin product most
commonly counterfeited, both globally and in our country.
Broader generalization to other formulations should be

Figure 1. Image of the original and illegal product under Wood light. Note
the shining hologram on the original product on the left

approached with caution. Clinicians also bear ethical and
legal responsibility for obtaining toxin products exclusively
from authorized supply chains. In many countries, including
ours, distribution is regulated through traceability systems
such as global location number—based identification. Products
obtained outside these systems pose legal, professional, and
patient-safety risks and should be reported to the relevant
authorities or the manufacturers.

Differentiation between original and counterfeit botulinum
toxin products is amedical necessity. Wood’s lamp examination
is a fast, inexpensive, and practical adjunctive method that
can enhance clinical safety when used in conjunction with
regulatory compliance and manufacturer verification.
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