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ABSTRACT

Ex vivo Fluorescence Confocal Microscopy (FCM) is an innovative imaging tool that can be
used intraoperatively to obtain real-time images of untreated excised tissue with almost
histologic resolution. Since inflammatory diseases often share overlapping clinical features,
histopathology evaluation is required for dubious cases, delaying definitive diagnoses, and
therefore therapy.

This study identifies key-features at ex vivo FCM for differential diagnoses of cutaneous
inflammatory diseases, in particular psoriasis, eczema, lichen planus and discoid lupus
erythematosus. Retrospective ex vivo FCM and histological evaluations with relevant
diagnoses were correlated with prospectively reported histopathologic diagnoses, to evaluate
agreement and the level of expertise required for correct diagnoses.

We demonstrated that ex-vivo FCM enabled the distinction of the main inflammatory features
in most cases, providing a substantial concordance to histopathologic diagnoses. Moreover,
ex vivo FCM and histological evaluations reached a substantial agreement with
histopathologic diagnoses both for all raters, and for each operator. After a yet to be defined
learning curve, these preliminary results suggest that dermatologists may be able to
satisfactorily interpret ex vivo FCM images for correct real time diagnoses.

Despite some limitations mainly related to the equipment of FCM with a single objective
lens, our study suggests that ex vivo FCM seems a promising tool in assisting diagnoses of
cutaneous inflammatory lesions, with a level of accuracy quite close to that offered by
histopathology. This is the first study to investigate ex vivo FCM application in cutaneous

inflammatory lesions, and to evaluate the diagnostic capability of this technology.
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INTRODUCTION

Ex-vivo fluorescence confocal microscopy (FCM) is an emerging diagnostic tool, which
enables real time images with nuclear level resolution of fresh tissue excisions. Vertical
section images of the whole tissue biopsy, labelled with fluorescent dye, can be obtained,
whilst the integrity of the biopsy is maintained. These images are comparable to frozen
section and routine histopathology and can be analysed directly in the operating room [1]. As
the ex-vivo FCM imaging process does not alter the examined tissue, the same specimen can
be used for histopathological and immunohistochemical examinations.

Ex-vivo FCM has been successfully applied to surgical skin specimens to analyse a wide
range of neoplastic and non-neoplastic lesions, as well as to define surgical margins during
intraoperative evaluation [1-10], but with a few studies showing its value in other solid organ
cancers [11, 12]. However, ex-vivo FCM has never been applied to cutaneous inflammatory
diseases, one of the most common motives for dermatological visits and biopsies.
Inflammatory diseases often present in many forms, from occasional rashes accompanied by
skin itching and redness, to chronic conditions such as psoriasis, eczema, lichen planus and
discoid lupus erythematosus (LED). Within each of these pathologies there are some similar
clinical and histopathological appearances and etiologies, which have been widely studied
and characterized [13-19].

Since inflammatory diseases share multiple and overlapping clinical features, differential
diagnoses for the dermatologist can be complicated [20, 21]. Therefore, in dubious cases,
evaluation at histopathology for certain diagnoses is the current gold standard. However, time
is required between biopsy and diagnosis, prior to which treatment cannot be initiated. Ex-
vivo FCM may provide real time indications for differential diagnosis, enabling anticipated

diagnosis.
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The aim of the current study was to verify the capability to identify histopathologic key-
features for the diagnosis of inflammatory skin diseases on pseudo-histopathologic images
generated by FCM. Features and diagnoses were correlated with histopathology to estimate
agreement. As a second objective, the level of expertise required for correct diagnoses was
assessed.

METHODS

Study population

From June 2016 to May 2017, 147 cutaneous lesions, obtained from the Dermatology Unit of
Modena (Italy), were examined with ex-vivo FCM (VivaScope® 2500 ex-vivo; Mavig,
Munich, Germany). For the current study, inflammatory lesions referred to biopsy for
diagnosis were selected. Further exclusion criteria included lesions with aspecific diagnoses
at histology, < 2 identified lesions per inflammatory disease type and lesions with low quality
ex-vivo FCM images. A total of 20 lesions LED. The study was approved by the Ethics
Committee for Policlinico of Modena (protocol number 4267/2015) and written informed
consent was obtained from each patient within the European project "Diagnoptics™ (CIP-PSP
programme, number 621066).

Specimen evaluations

Common histopathological features for inflammatory diseases [14, 17] were hypothetically
selected according to potential visibility at routine haematoxylin and eosin (H&E)-stained
histopathology for each inflammatory disease type by an expert dermatologist with
experience in dermatopathology (G.P.) and a board-certified dermatopathologist (A.M.C.).
These parameters were defined and are outlined in Table 1.

All selected ex-vivo FCM images and histological slides were stored in a dedicated database.
The images were randomly displayed to each of the three professionals: 1 dermatopathologist

(AMC), 1 general pathologist (LR) and 1 dermatologist with experience in confocal
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microscopy and dermatopathology (CR). All professionals were blinded to histopathologic
diagnoses, and were asked to retrospectively identify the presence or absence of defined
parameters first on ex-vivo FCM images. Diagnoses for the 20 ex-vivo FCM images were
made (ex-vivo FCM diagnoses).

The same experts were subsequently presented with randomly displayed histological slides of
the same 20 lesions and asked to identify the presence or absence of the same defined
parameters for an eventual diagnosis (histological evaluation). All examinations were
performed independently. Lesions were grouped according to official prospective diagnoses
at histopathology (histopathological diagnoses).

Specimens and staining procedure

Specimens were freshly excised from inflammatory lesions. Lesion biopsies, taken with a 6-8
mm biopsy punch (Kai Medical, Japan), were vertically sectioned in order to correlate results
with histopathological diagnoses; the biopsies were divided, and half was stained for ex-vivo
FCM imaging and the other half was placed in formalin in a biopsy container (Biopsafe,
Thermalyne®). During the staining process the tissue samples were completely immersed for
30 seconds in 10% citric acid (Sigma-Aldrich®), washed in physiological saline solution, then
soaked for 30 seconds in acridine orange solution (0.6 mM; Sigma-Aldrich®) and washed
again in physiological saline solution. The sample was placed on absorbent paper prior to
being compressed between two glass slides, in order to obtain tissue flatting and avoid border
flipping, and sealed with silicon glue. They were then positioned onto the stage of the FCM.
Instrument

The ex-vivo FCM Vivascope 2500® (Lucid Inc; Rochester NY, USA) has 3 lasers, which
enables tissue examination in reflectance (830 nm) and/or fluorescence (488 nm and 658 nm)
modalities. In our study, both reflectance (830nm) and fluorescence (488 nm only) modes

were acquired consecutively for each tissue examination. For ex-vivo FCM diagnoses images
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acquired in the fluorescence mode were utilized only. Other technical parameters of the ex-
vivo FCM include a maximum examination depth of 200 um, a vertical resolution of up to 4
um, a magnification of 550%, a maximum scan size of 32 x 24 mm (single field of view 550
um x 550 pum, and a mosaic style reconstruction of the tissue composed of 2860 images
(square shaped images of 1024 x 1024 pixels). The laser filter has a 38x, 0.85 numerical
aperture water immersion objective lens. The software VivaScan® (Version 11, Mavig
GmbH, Munich, Germany) enables the reconstruction of the images from the probes, with the
VivaBlock® tool (acquisition of multiple images in the X/Y directions within a single plane at
a fixed depth) and the VivaStack® tool (permits a survey of multiple frames along the Z axis,
visualizing deeper tissue). In this study, the staining and imaging processes were completed
within 10 minutes. Following the acquisition of ex-vivo FCM images, stained samples were
also formalin fixed and both stained and unstained samples were sent for histopathological
examination

Statistical analysis

The Cohen's kappa (k) statistic has been used to measure the agreement between
histopathology features identified at ex-vivo FCM and histopathology. Moreover, k was also
calculated in the evaluation of the agreement between the final operator diagnosis and
histopathological diagnosis. We evaluated inter-observer agreement for both histological and
ex-vivo FCM diagnoses. We selected « statistic as the measure of agreement because our
variable of interest is binary [22].

Kappa is a measure of the level of agreement, indicating a less than chance (k < 0), slight (x =
0.01 to 0.20), fair (x = 0.21 to 0.40), moderate (x = 0.41 to 0.60), substantial (x = 0.61 to
0.80), almost perfect (k = 0.81 to 0.99) and perfect (x = 1) agreement. P indicates the level of

agreement between the two methodologies. A P<0.05 was considered significant.
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RESULTS

Psoriasis

Standard features associated with correct psoriasis diagnoses at histology include
psoriasiform hyperplasia, parakeratosis, dilated capillaries, perivascular and interstitial
inflammatory infiltrate, subcorneal/intracorneal pustules and hypogranulosis (Fig. 1A-E). As
shown in Figure 1F, ex-vivo FCM mosaics presented a psoriasiform hyperplasia characterized
by thin, elongated rete ridges of nearly equal lengths of keratinocytes with highly fluorescent
nucleus. When ex-vivo FCM images were digitally zoomed, the presence of parakeratosis,
consisting in hyper-reflective nuclei in the superficial stratum corneum (Fig 1G) was
appreciable. Furthermore, dilated capillaries were recognized in papillary dermis near the
lower limit of the epidermis as dark tortuous vessels surrounded by flat nuclei (Fig. 1H). As a
further diagnostic clue, in the upper dermis a dense amount of hyper-reflective small round
nuclei was observed among dermal fibers and surrounding the vessels, which corresponds to
a perivascular and interstitial infiltrate of lymphocytes, as revealed by H&E staining (Fig. 11).
Interestingly, the presence of bilobate or trilobated hyper-reflective nuclei in the upper layers
of the epidermis (spinous layer and/or stratum corneum) was detected, resembling neutrophils
nuclei (Munro's microabscesses). In particular, such nuclei were surrounded by black empty
spaces, which might correspond to sub-corneal or intra-corneal pustules (Fig. 1L). Other
important evidence for the diagnosis of psoriasis is hypogranulosis, which was only indirectly
detectable by accurately focusing on the upper part of the epidermis; cells resembled the
basal epithelial layer due to an incomplete shape modification of epithelial cells towards a
flattening appearance, typical of corneal epidermal scales.

The agreement between the identification of these features at ex-vivo FCM and histological
evaluation was almost perfect for the inflammatory infiltrate (x =0.84), substantial for

psoriasiform hyperplasia, parakeratosis and dilated vessels (x = 0.72, 0.67 and 0.61
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respectively) and only fair for subcorneal pustules (x = 0.36), as shown in Table 1. The
percentage of correct diagnoses of psoriasis for all raters in FCM evaluation and histological
evaluation with respect to histopathological diagnoses were both 90.5% (Table S1). The
diagnosis of psoriasis had the highest reliability of all the 4 types of lesions.

Eczema

At histology, H&E staining shows eczema specific features: irregular hyperplasia, hyper-
orthokeratosis, spread inflammatory infiltrate and spongiosis (Fig. 2A-D). As reported in
Figure 2E, the ex-vivo FCM image enables the identification of the presence of hyperplasia,
corresponding to a thick layer of hyper reflecting keratinocytes, characterized by irregular
ridges, due to inflammatory injury followed by epidermal proliferation. In digitally zoomed
images, hyper-orthokeratosis, recognizable as a nuclei-free, thick corneal stratum laying on
the epidermis surface, was clearly detectable (Fig. 2F). A further feature shown in Figure 2G
included superficial perivascular mild inflammatory infiltrate, which resulted to be
characterized by the presence of bright small round and well defined nuclei. Another
diagnostic signature might be given by the presence of spongiosis, characterized by the
presence of intraepidermal and intercellular edema at histology, whereas at ex-vivo FCM
images evidenced widened intercellular black spaces among adjacent keratinocytes (Fig. 2H).
The concordance existing between ex-vivo FCM eczema features and corresponding
histological evaluation was detected in Table 1. The agreement for irregular hyperplasia and
hyper-ortokeratosis was moderate (k = 0.48 and 0.52 respectively), for inflammatory
infiltrate was almost perfect (k = 0.84) while for spongiosis is less than chance (k = -0.08).
The percentage of correct diagnoses for eczema in ex-vivo FCM and histological evaluation
vs histopathological diagnoses were 66.7% and 76.2% respectively for all raters (Table S1),

and was the least reliable diagnosis of the 4 types of lesions included in the current study.
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Lichen planus

From a histological point of view, lichen planus images show a dense band-like cellular
infiltrate spread throughout the superficial dermis, irregular epidermal hyperplasia with a
sawtooth appearance, compact orthokeratosis and a hypergranulosis (Fig. 3A-D)

Ex-vivo FCM images showed a dense superficial infiltrate immediately underlying the
epidermal surface and parallel to it, identifiable as a diffuse compact band of highly
fluorescent small spots, spread throughout the superficial dermis (Fig. 3E). In Figure 3F the
digitally zoomed images revealed the presence of irregular jagged epidermal hyperplasia with
sawtooth appearance in which hyper reflective keratinocytes are arranged in a layer with a
denticular profile. The stratum corneum appeared thickened and compacted without nuclei, a
typical feature of compact orthokeratosis (Fig. 3G). Moreover, hypergranulosis, which
implies an increased thickness of the stratum granulosum with cells containing granules, was
recognized as groups of cells with hypofluorescent big nuclei surrounded by small granules,
hardly recognizable in ex-vivo FCM images (Fig. 3H).

Table 1 showed the agreement of these features between ex-vivo FCM and histological
evaluation. In particular the concordance was moderate for compact orthokeratosis (k = 0.52),
substantial for sawtooth epidermal hyperplasia (x = 0.62), almost perfect for lichenoid
infiltrate (x = 0.89) and slight for hypergranulosis (k = 0.05). For all raters the percentage of
correct diagnoses between ex-vivo FCM and histological evaluation of lichen planus
compared to histopathologic diagnoses were both 83% (Table S1), with a high diagnostic

reliability.
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LED

Histological evaluation of LED is mostly characterized by deep periadnexal and perivascular
inflammatory infiltrate that has the tendency to accumulate around the pilosebaceous follicles
and sebaceous glands (Fig. 4A-B). Other features are thinned epidermis (Fig. 4C),
orthokeratosis and basal cell vacuolization (Fig. 4D).

As reported in Figures 4E and F, ex-vivo FCM images showed the presence of a deep
inflammatory infiltrate, with hyperfluorescent small dense dots with a characteristic
periadnexal and perivascular localization. Thinned epidermis and orthokeratosis were evident
in Figure 4G as a slim band of highly fluorescent keratinocytes with a thick corneal stratum
standing above. Furthermore, interface reaction, taking shape by a dark vacuolar change
throughout the Dermo-Epidermis Junction (DEJ), is well appreciable (Fig. 4H).

A clear agreement between ex-vivo FCM features and the corresponding histological
evaluation was shown in Table 1. The concordance was less than chance for orthokeratosis (k
= -0.02), moderate for discontinued DEJ/vacuolization (x = 0.47) and substantial for
perivascular inflammatory infiltrate (k = 0.68) and thin epidermis (k = 0.63). The percentage
of correct diagnoses for LE in ex-vivo FCM and histological evaluation vs histopathologic
diagnoses reached 83% and 100% respectively (Table S1), suggesting a high reliability at ex-

vivo FCM and a perfect diagnosis at histological evaluation.

For each of the 3 participating operators, the agreement between diagnoses at ex-vivo FCM
and histology was estimated, based on official histopathological diagnoses (the current gold
standard). Diagnoses were perfectly matched between the acridine orange stained and
unstained portions of biopsies. The dermatopathologist obtained a perfect agreement at

histopathology evaluation (x = 1) and a substantial agreement at ex-vivo FCM images (x =
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0.79). The experienced dermatologist and general pathologist both obtained a substantial
agreement at histological and ex-vivo FCM analyses (k =0.71 and k =0.72, and k =0.64 and «

=0.65, respectively).

DISCUSSION

Ex-vivo FCM is an emerging diagnostic tool that allows intraoperative real-time analysis of
tissue specimens. Images of thick sections of freshly excised tissue can be acquired after
fluorescent dye labelling. In the current study, acridine orange was selected because it has
been proven to only stain DNA, providing a strong contrast between nuclear morphology and
the surrounding background [23-24], without altering tissue morphology [1]. To date, ex-vivo
FCM has been evaluated for its correlation with the histopathology in healthy skin [24], its
application in diagnosis of basal cell carcinoma [4, 7, 9, 25, 26, 27], squamous cell carcinoma
[28, 29], rare malignant adnexal tumours, such as the eccrine syringomatous carcinoma [30],
and conjunctival lesion evaluation in ophthalmology [31], for assessment of tumour margins
on fresh tissue excisions in Mohs surgery. Other application was the differential diagnosis of
melanocytic lesions from healthy skin [10, 32, 33]. Interestingly, ex-vivo FCM was found
effective in prompt evaluations of solid organ tumors, extending its possible application to
the general surgical oncology [11,12].

The aim of this study was to analyse ex-vivo FCM images of cutaneous inflammatory lesions
and to evaluate/measure their correlation with the corresponding histopathological specimens.
Among inflammatory diseases, our study focused on psoriasis, eczema, lichen planus and
LED.

We demonstrated that the application of ex-vivo FCM enabled differential diagnosis of 4 of
the main inflammatory diseases in most cases, providing a substantial agreement to

histopathological diagnoses for all four inflammatory diseases investigated.
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In ex-vivo FCM images of psoriasis, the most easily identifiable, but not disease specific
feature, was the presence of inflammatory infiltrate. Psoriasiform hyperplasia, parakeratosis,
and dilated vessels were well distinguishable, while subcorneal pustules were the most
difficult feature to recognize.

When diagnosing eczema, again the non-disease specific feature of inflammatory infiltrate
was well assessable, while irregular hyperplasia and hyper-orthokeratosis were moderately in
agreement with histological evaluation. Spongiosis revealed to be very difficult to identify in
ex-vivo FCM.

In lichen planus lesions, the most easily recognizable specific feature was lichenoid infiltrate,
and decreasingly identifiable were sawtooth epidermal hyperplasia and compact
orthokeratosis. For lichen planus, hypergranulosis was revealed to be difficult to identify at
ex-vivo FCM.

In LED, perivascular inflammatory infiltrate and thin epidermis were easily recognizable at
ex-vivo FCM, whereas discontinued DEJ showed only a moderate agreement. Orthokeratosis
resulted to be unidentifiable in ex-vivo FCM.

According to Hartmann et al., ex-vivo FCM has some technical limitations. Sectioning of the
tissue is performed manually, and can be irregular, depending upon the skill of the operator.
Further, the horizontal pressure applied on the slide may be uneven, with some parts of the
sample not adhering to the object slide and thus resulting in poor quality scanned images with
blurred or missing parts [33]. In this study, 33% of inflammatory lesions with specific >2
histopathology diagnoses/lesion type were excluded due to poor image quality. In the current
study, some features associated, such as spongiosis, subcorneal pustoles and hypergranulosis
were difficult to visualise and obtained a lower agreement than more general morphological
features with histological image identification. This could derive to the use of fresh tissue,

and some features, such as spongiosis and subcorneal pustoles, enhanced by histopathology
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process artifacts, may result less easily visible. Further, the presence of a single objective lens
limited detailed images to digital zooming only. The use of higher magnification objectives
could improve image resolution, enabling better visualization of details of cell morphology.
Despite these limits, the percentages of correct diagnoses reported in ex-vivo FCM evaluation
were encouraging when compared to the gold standard histopathology evaluation, both for all
raters and for the individual operators. Given these considerations, our study suggests that ex-
vivo FCM seems a promising tool in assisting in cutaneous inflammatory lesions diagnoses,
with a level of accuracy quite close to that offered by histopathology.

The secondary aim of the study was to estimate the level of expertise required for correct
diagnoses at ex-vivo FCM. According to the double-blinded study design, the diagnoses at ex-
vivo FCM and histological evaluation by the 3 operators with different levels of experience
were evaluated. As expected, a dedicated board certified dermatopathologist was found to be
more likely to find a higher agreement in ex-vivo FCM analyses, compared to a dermatologist
and a general histopathologist. However, the capabilities of the dermatologist and of the
general histopathologist were the same for ex-vivo FCM and histological evaluations
compared to histopathological diagnoses. An overall substantial agreement was established
between all the raters for all diagnoses.

These observations suggest that correct diagnoses with ex-vivo FCM may be achievable by
dermatology professionals following a learning curve, which is yet to be defined. Moreover,
the installation of image sharing technologies could provide real-time, intra-operative
consultation with an experienced specialist or dermatopathologist for dubious diagnoses,
especially useful during the learning curve. Histopathological diagnosis represents the
diagnostic gold standard to ascertain the nature of clinically dubious inflammatory lesions.

Nevertheless, histopathology requires time-consuming procedures to process samples and
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diagnosis is delayed. The quick feasibility of ex-vivo FCM examination may enable a more
timely patient therapy management.

However, this study is primarily limited by the small sample size and outcomes should be
interpreted with caution. The current study cannot support the introduction of this technology
into daily practice, as it is too small to prove sensitivity, specificity, and predictive values.
Larger studies are required to confirm the ex-vivo FCM features for evaluation of each
inflammatory lesion type for correlation with histopathology. Furthermore, the technical
addition to ex-vivo FCM of higher magnification objectives and a more efficient procedure
for tissue flattening should improve image quality and resolution and the ability to identify
morphological details, such as subcellular structures, thereby further enhancing the potential
diagnostic reliability of ex-vivo FCM and its correlation with histopathology.

In this preliminary study, ex-vivo FCM seems to be a promising tool in offering real-time
differential diagnoses of cutaneous inflammatory diseases, but correct interpretation of ex-
vivo FCM images seems to require a high level of specific expertise, comparable to
histopathology. Further studies are needed to evaluate the learning curve required for correct

ex-vivo FCM image interpretation.
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Table 1. Ex-vivo FCM features of inflammatory lesions

Lesion frequencies, k and significance compared to histopathological evaluations for all
raters are illustrated. The features are typical of psoriasis®, eczema?, lichen planus® and LED*.
*P<0.05, ***P<0.001.

All raters Histological evaluation
Ex-vivo FCM evaluation No Yes K - value Level of agreement

Parakeratosis No 27 / 0.67%** Substantial
Yes 3 23
No 33 7

Hyper-orthokeratosis 2 0.52%** Moderate
Yes 6 14
No 33 7

Compact orthokeratosis 3 0.52%** Moderate
Yes 6 14
N 57 1

Orthokeratosis * © -0.02 Less than chance
Yes 2

Psoriasiform hyperplasia No 33 2 0.72%** Substantial
Yes 6 19
No 36 9

ia 2 A8 ¥ Moderat

Irregular hyperplasia Yes 4 11 0.48 oderate

Sawtooth epidermal hyperplasia 3 No >0 4 0.62*** Substantial
Yes 1 9

Thin epidermis * No 22 2 0.63%** Substantial
Yes 2 4

Subcorneal pustules ' No 44 > 0.36* Fair
Yes 6 5

Spongiosis 2 No 48 9 -0.08 Less than chance
Yes 3 0
No 43 15

Hypergranulosis 3 0.05 Slight
Yes 1 1
N 49 5

Discontinued DEJ/vacuolization # ° 0.47%** Moderate
Yes 2
N 40 6

Dilated vessels " ° 0.61%** Substantial
Yes 3 11
No 15 3

Inflammatory infiltrate ' 2 0.84%*x* Almost perfect
Yes 1 41
No 48 0

Lichenoid infiltrate 3 0.89*** Almost perfect
Yes 2 10

Perivascular inflammatory infiltrate N 57 2

4 y © 0.68*** Substantial
Yes 2
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FIGURE LEGENDS

Figure 1.

Psoriasis. Histological images (A-E) and ex-vivo FCM correlates acquired in fluorescence
mode (488 nm) (F-L). Initial images (A, F) show psoriasiform hyperplasia. Zoomed images
reveal parakeratosis (B, G), dilated vessels (C, H), inflammatory infiltrate (D, 1), the presence
of cells suggestive of neutrophils within the subcorneal pustules (E, L), as indicated by

arrowheads. Scale bar = 50 um.

Figure 2.

Eczema. Histological (A-D) and ex-vivo FCM corresponding images acquired in fluorescence
mode (488 nm) (E-H). Initial images evidence irregular hyperplasia (A, E). Zoomed images
show hyper-orthokeratosis (B, F), inflammatory infiltrate (C, G) and spongiosis (D, H).

These features are indicated by the arrowheads. Scale bar = 50 um.

Figure 3.

Lichen planus. Histological images (A-D) and ex-vivo FCM correlates acquired in
fluorescence mode (488 nm) (E-H). Initial images show lichenoid infiltrate (A, E). Features
highlight with zooming include the sawtooth epidermal hyperplasia (B e F), compact

orthokeratosis (C, G), hypergranulosis (D, H) as indicated by arrowheads. Scale bar = 50 um.

Figure 4.
LED. Histological images (A-D) and ex-vivo FCM correlates acquired in fluorescence mode
(488 nm) (E-H). Initial images reveal inflammatory infiltrate with periadnexal and

perivascular distribution (A, E). Zoomed images show deep inflammatory infiltrate around
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the pilosebaceous follicles and sebaceous glands (yellow arrowheads) (B, F), thinned
epidermis (yellow arrowheads) (C, G), orthokeratosis (red arrowheads) and basal cell

vacuolization (yellow arrowheads) (D, H). Scale bar = 50 um.
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