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Abstract: Confocal laser scanning microscopy (CLSM) has been introduced in clinical settings as
a tool enabling a quasi-histologic view of a given tissue, without performing a biopsy. It has been
applied to many fields of medicine mainly to the skin and to the analysis of skin cancers for both
in vivo and ex vivo CLSM. In vivo CLSM involves reflectance mode, which is based on refractive
index of cell structures serving as endogenous chromophores, reaching a depth of exploration of
200 pum. It has been proven to increase the diagnostic accuracy of skin cancers, both melanoma and
non-melanoma. While histopathologic examination is the gold standard for diagnosis, in vivo CLSM
alone and in addition to dermoscopy, contributes to the reduction of the number of excised lesions to
exclude a melanoma, and to improve margin recognition in lentigo maligna, enabling tissue sparing
for excisions. Ex vivo CLSM can be performed in reflectance and fluorescent mode. Fluorescence
confocal microscopy is applied for “real-time” pathological examination of freshly excised specimens
for diagnostic purposes and for the evaluation of margin clearance after excision in Mohs surgery.
Further prospective interventional studies using CLSM might contribute to increase the knowledge
about its application, reproducing real-life settings.

Keywords: skin cancer; in vivo confocal microscopy; ex vivo confocal microscopy; melanoma; basal
cell carcinoma

1. Introduction

In the last few decades, confocal laser scanning microscopy (CLSM), also known as
confocal microscopy, has been used in clinical practice as a tool enabling a quasi-histologic
resolution of a given tissue in a few minutes. CLSM has been employed in different fields
of medicine, such as dermatology, as a non-invasive technique to visualize different skin
layers at a high-resolution and it has been proven as an add-tool for the identification
of skin cancers, though histopathology represents the gold standard for diagnosing skin
tumors [1-3].

The technique, involving light collection from the “in focus” plane through a pinhole,
was firstly described by Marvin Minsky in 1955, but it was in 1990s that Rajadhyaksha et al.
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first conceived reflectance confocal microscopy (RCM) as a device in skin imaging, thanks
to progressive advances in instrument development [4,5].

Confocal microscopes can be used with two different modalities: in vivo and ex vivo.

The first one is applied for in vivo exploration of tissues that can be reached directly
such as the eyes, skin and mucosae or indirectly, through endomicroscopy, such as gas-
trointestinal and genitourinary tract, for lung and in intraoperative brain tumor imaging
with the aim of a diagnosis with a quasi-histological resolution without any biopsy [6,7].

In vivo CLSM involves reflectance mode (reflectance confocal microscopy, RCM),
exploiting backscattered light from cell structures, which is based on refractive index of cell
structures and organelles, with keratin, melanin and collagen showing higher refractive
indices compared to water, therefore serving as “endogenous chromophores” [5].

Ex vivo CLSM can be performed in reflectance and fluorescent mode. Fluorescence
confocal microscopy (FCM) is usually employed, enabling the visualization of cellular
details through fluorescent agents to produce image contrast. FCM is applied for “real-
time” pathological examination of freshly excised specimens for diagnostic purposes and
for the evaluation of margin clearance after excision [7-10].

The aim of this review is to present current clinical applications of CLSM, both in vivo
and ex vivo, focusing mainly on skin applications.

2. In Vivo Confocal Laser Scanning Microscopy

RCM represents a non-invasive imaging technique permitting the observation at a
quasi-histological resolution of a given tissue, in vivo, therefore avoiding a biopsy. When
applied to the skin, RCM enables the exploration of different layers including epidermis,
dermo-epidermal junction (DEJ) and upper dermis, reaching up to 200 um of depth,
therefore impairing both the visualization of the deepest part of dermis and the evaluation
of the thickness of lesions [6,7]. However, despite this limitation, the high-resolution and
the visualization of gray-scale horizontal images of cells and nuclear structures at epidermal
level, collagen, and circulating blood cells at dermal layer, enable the identification of clues
for diagnosis of different skin conditions. Among these, an increased diagnostic accuracy
of melanocytic and nonmelanocytic skin lesions has been described, as well as an improved
recognition of variations related to pigmentary disorders, inflammatory skin diseases and
skin aging features [11].

Technically, in vivo RCM has a lateral resolution of 0.5-1 um and an axial of 3—4 pm.
A schematic representation of optical principals of CLSM is reported in Figure 1.

The acquisition of images with in vivo CLSM can be performed with skin-contact
devices, the wide-probe (Vivascope 1500®, MAVIG GmbH, Munich, Germany) and the
handheld RCM (Vivascope 3000®, MAVIG GmbH, Munich, Germany). The first one allows
the collection of mosaics (Vivablock) at three different layers including epidermis, DE]
and dermis, overlapping with the dermoscopic image through the Vivacam® (MAVIG
GmbH, Munich, Germany), with a maximum size of 8§ x 8 mm, while the latter permits the
evaluation of difficult-to-access areas of the head such as the nose, the eyelids and ears,
the scalp and mucosae such as the nose, ears, eyelids, scalp and mucosae [12-14]. Main
applications of in vivo CLSM are summarized in Table 1.

2.1. Diagnostic Accuracy of Skin Cancers

RCM has been proven to increase diagnostic accuracy and improve the early identifi-
cation of skin cancers and differentiation of equivocal melanocytic and non-melanocytic
lesions [15-19]. However, histopathology is considered the gold standard for the diagnosis
of skin cancers.

Abbreviations: CLSM, confocal laser scanning microscopy; BCC, basal cell carcinoma;
SCC, squamous cell carcinoma; LM /MM, lentigo maligna/lentigo maligna melanoma.
# through endomicroscopy.

The improved diagnostic accuracy related to RCM has an impact in the reduction
of the number of lesions excised to exclude a melanoma, the number needed to excise
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(NNE). Accordingly, the NNE with dermoscopy has been estimated between 8.7 and 29.4
with dermoscopy and between 2.4 and 6.8 after RCM analysis [3,20,21]. Going into details
of diagnostic accuracy obtained with RCM, a recent meta-analysis highlighted a pooled
sensitivity of 92% and a 70% specificity of RCM for melanoma diagnosis on a total of
7352 lesions [22]. Similar results were obtained using a combined approach of dermoscopy
and RCM in a subset of at-risk patients showing multiple atypical nevi [23].
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Figure 1. Schematic representation of optical principles of confocal laser scanning microscopy.

Variations of specificity were observed, showing an increased specificity for studies
including consecutive lesions, and a lower specificity for prospective interventional stud-
ies. Interestingly, RCM specificity for malignant melanoma was found to be superior to
dermoscopy, reaching 56% vs. 38%, respectively [22]. A Cochrane meta-analysis focusing
on keratinocytic skin cancers, revealed a sensitivity of 94-95% and a specificity of 85-95%
for RCM diagnosis of basal cell carcinoma (BCC) in patients showing equivocal lesions,
while the sensitivity seems to be lower when including any suspicious lesion (sensitivity
76-95; specificity 95%) [18].

Interestingly, the diagnostic accuracy of RCM is lower as compared to that obtained
when clinical, dermoscopic and RCM data are available [24]. However, this trend has been
shown also with histopathology [25]. Moreover, the accuracy of diagnosis has been related
to the experience of RCM readers. In recent prospective study, involving 1279 consecutive
equivocal skin lesions sent for RCM consultation, experienced RCM readers reached a 95%
sensitivity and 83.9% specificity [3]. A reduced sensitivity and specificity for recent RCM
users in the diagnosis of malignant versus benign lesions was observed (mean sensitivity
88.9%; mean specificity 79.3%) [26].

However, when defining four main RCM features for the identification for skin cancers,
with two melanoma-specific key features (atypical cells and DE] disarray), one for BCC
(basaloid cords/islands), and one for SCC (keratinocyte disarray), recent RCM users
reached an overall sensitivity for the diagnosis of skin cancer of 91%, higher for melanoma
(93%) and BCC (92%), and lower for SCC (67%), and an overall specificity of 57% [1].
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In daily practice, some indications have been described as highly amenable for in vivo
RCM such as flat pigmented lesions on sun-damaged skin and non-pigmented lesions of
the face. On the contrary, nodular and/or hyperkeratotic lesions should be analyzed with
caution, as well as conditions with discrepancy between clinic and dermoscopic appearance
and RCM features [27,28].

2.2. Main In Vivo CLSM Diagnostic Clues in Skin Cancers

The incidence of skin cancers is rising throughout the world, with cutaneous melanoma
being associated with 90% mortality related to skin malignancies. Melanoma prognosis is
dependent on Breslow index, with increased thickness being associated with worse out-
comes and lower survival rates [29]. Thus, an early diagnosis, supported by non-invasive
skin imaging techniques, has a pivotal role [13,30-32].

As previously mentioned, two melanoma-specific RCM key-features, represented
by “atypical cells” and “dermal-epidermal junction disarray”, have been described [1].
These features are basically shared by all melanoma type included lentigo maligna/lentigo
maligna melanoma (LM/LMM), superficial spreading (SSM) and nodular melanoma (NM).

LM and LMM are mainly located on the face and other photo-exposed skin sites. RCM
contributes to LM/LMM diagnosis through the identification of a disarranged epidermis
and atypical cells (cells with atypia in terms of shape and size) at epidermal layer or
infiltrating the hair follicle and a meshwork pattern with melanocytes aggregates (nests)
at the DEJ [33]. In addition, the “medusahead-like” feature, showing elongated buddings
bulging from the hair follicle and filled with atypical cells (with dendritic or pleomorphic
appearance), represents another important diagnostic clue for LM/LMM [34], as well
as folliculotropism [35]. Interestingly, the identification of melanocytic nests with RCM,
contribute to the differential diagnosis with other pigmented macules of the face [36].

To date, superficial spreading melanoma (SSM) represents the most common form
of melanoma in Caucasians while NM is less represented [37,38]. RCM variations corre-
sponding to changes in each skin layer can be observed and a melanoma classification
according to RCM features, corresponding to different molecular alterations, has been
established [39,40].

The prevalence of atypical cells with dendritic shape (above all in “solar” melanoma
which develops in patients with low nevus count and sun-damaged skin) is observed
in type 1 melanoma [14,39], while roundish cells (above all in melanomas in subjects
with numerous nevi and a history of intermittent sun exposure), as well as non-edged
papillae at DE] [39,41], are typical of type 2 (Figure 2a,b). With increasing thickness of
SSM, and also in some NMs, an increased degree of disarrangement within epidermis, cell
pleomorphism, and melanocytic nests, organized in a cerebriform fashion, progressively
infiltrating dermal papillae can be also observed (type 3) [39,42] (Figure 2¢,d). An additional
feature of thick melanomas is represented by dark areas with irregular contours and sharp
borders, containing amorphous material, corresponding to ulceration [43]. Furthermore, a
combination of atypical cells with dendritic and roundish appearance has been described
in type 4 melanomas [39].

Interestingly, RCM characteristics of melanoma metastasis have been described and
they have been found to correlate with dermotropic and epidermotropic diagnoses with
histopathology [44].

Non-melanoma skin cancers (NMSCs), including BCC and actinic keratosis/squamous
cell carcinoma (AK/SCC), are the most common malignancy in populations with fair skin
and intermittent or chronic exposure to UV radiation [45].

BCC is the most frequent skin tumor, characterized by local invasion, while about
20% is represented by SCC, with a worst prognosis related to the risk of potential metas-
tatization [13]. BCC is typified by basaloid cords and or tumor islands with RCM [1].
Tumor islands are composed by highly packed cells with high refractivity and polarization,
surrounded by clefting, corresponding to dark spaces around tumor nests [46] (Figure
3a,b). Other peculiar findings in BCCs are abundant inflammatory infiltrate (visible as
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bright cells with irregular contours and without nucleus, also known as melanophages)
distributed inside and outside the tumor islands, increased number of dilated blood ves-
sels [47]. Furthermore, different features can be observed in BCC depending on the degree
of pigmentation. Pigmented BCC may show dendritic cells, corresponding to melanocytes
inside the tumor island [48,49], while non-pigmented BCC is characterized by dark silhou-
ettes, defined as areas with hyporeflectivity, corresponding to basaloid islands, outlined by
bright collagen bundles in the surrounding dermis [48,50]. The “epidermal shadowing”
corresponds to large dark featureless areas creating a disruption of the epidermis in rela-
tion to clefting of the underlying tumor nests [46]. Additionally, RCM contributes to the
recognition of criteria corresponding to different BCC subtypes [51], with an impact on
treatment choice.

Figure 2. (a) Dermoscopy of a melanoma in situ. (b) In vivo reflectance confocal microscopy showing several pagetoid
cells (yellow stars) at the epidermal level and atypical cells at dermo-epidermal junction (yellow arrows). Scale bar 200 um.
(c) Dermoscopy of a melanoma, 5.3 mm Breslow thickness. (d) In vivo reflectance confocal microscopy showing atypical
melanocytes (white arrows), predominantly organized in nests and cerebriform nests (white star). Scale bar 200 um.
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Figure 3. (a) Dermoscopy of a nodular basal cell carcinoma. (b) In vivo reflectance confocal microscopy showing tumor
islands with palisading (blue arrows) and peripheral clefting in horizontal section. Scale bar 200 um. (c) High-resolution
fluorescence confocal microscopy image showing basaloid islands (blue arrows) with peripheral palisading and clefting
that corresponded to the ones seen on hematoxylin & eosin digitally stained (d). Scale bar 200 pm.

AK/SCC are typified by disarranged or mildly atypical honeycomb pattern, with
RCM [1]. Furthermore, in AK, nuclear retention, corresponding to parakeratosis in histol-
ogy, is visualized as a dark round structure located in the middle of corneocytes. At the
superficial dermis bundles of lace-like collagen can be observed [52]. Interestingly, RCM
enables AK grading, depending on the amount of keratinocytic atypia, showing good
interobserver correlation between RCM and histopathology, with consequent advantages
in the choice of the best treatment and to monitor the response to AK therapy [53-55].

An increased keratinocyte atypia and architectural disorder are observed in SCC, as
compared to AK. With RCM, Bowen disease, or in situ SCC, it shows atypical honeycomb
pattern, disruption of the stratum corneum, S-shaped blood vessels, and targetoid cells
while invasive SCC is characterized by dark areas with sharp and irregular contours,
filled with amorphous material, corresponding to ulceration, architectural disarrangement,
round or polygonal cells with speckled appearance and dark nucleus in epidermis and
irregular dilated vessels [56-58]. Currently, in doubtful cases, the differential diagnosis
between AK and SCC requires a skin biopsy.
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2.3. Pre-Surgical Mapping

While an accurate analysis of melanocytic lesions encompasses the use of the wide-
probe in order to explore the entire lesion, the handheld RCM device [59,60] is employed not
only for diagnostic purposes in difficult-to-reach areas, but also for pre-surgical mapping
of LM/LMM borders [61].

Indeed, the management of LM/LMM may be challenging for ill-defined margins,
possible subclinical spread, and common localization of these lesions on areas with an
aesthetic impact, such as the face. Therefore, the possibility to non-invasively explore and
mapping lesions before surgery represents an advantage in terms of healthy tissue sparing,
thus reducing the number of skin biopsies and in order to plan an adequate treatment of
LM/LMM and counsel patients appropriately.

The most recent techniques for non-invasive pre-surgical mapping are the Radial
Videomosaicking RCM [62] and the smart approach [33]. The first one consists of confocal
exploration from the center of the lesion, going radially to the periphery, using adhesive
paper rings for the definition of the margins while the latter employs small skin cuts are
used for the same purpose, proceeding radially outward the identified segment by 2 mm
intervals until an RCM-negative margin is observed [33,62]. A prospective study involving
72 patients performed a comparison of the subclinical extension of LM /LMM identified
through RCM and histopathology, revealing an overall agreement of 85.9% between RCM
margin assessment and final histopathology [63].

Studies including a lower number of cases have investigated the role of RCM for
margins evaluation in BCCs [64,65].

2.4. Other Applications of In Vivo CLSM

In vivo CLSM can be employed for identification of specific clues and monitoring the
effects of treatment in inflammatory/autoimmune/infectious skin diseases, such as psoria-
sis, skin aging and hydration, together with results of rejuvenation and scar treatments,
skin pigmentation and related disorders, such as melasma and vitiligo [66-74].

Psoriasis is characterized by scales and vessels, both visible with RCM, with scales cor-
responding to hyperkeratosis, associated with an increased epidermal thickness (>60-80 pum),
measured through the number of stacks from the top of the stratum corneum to the first
cellulated epidermal layer [75].

The exploration with RCM at epidermal level enables the visualization of a regu-
lar /irregular honeycombed pattern or eventual pigmentation corresponding to mottled pig-
mentation while at DEJ/superficial dermis blood vessels and collagen can be observed [61].
Interestingly, variation in pigmentation and collagen remodeling, have been described after
laser and rejuvenation treatments [68,70,74,76-80].

RCM has been used to study acne skin and different features corresponding to comedo,
papules and pustules have been reported. Additionally, RCM has been applied to treatment
monitoring, showing the reduction of both inflammatory and hyperkeratotic features with
RCM [72,73,81].

2.5. Conclusions

In vivo CLSM enables the visualization with a cellular resolution of the skin. This
technique has proven to increase the diagnostic accuracy of skin cancers in different clinical
settings, therefore reducing the amount of unnecessary excisions, with higher levels of
sensitivity and specificity for expert RCM readers as compared to novel users. However,
the identification of four main skin cancer features enabled the increase in sensitivity for
recent users. Similarly to histopathology, when employed with clinical and dermoscopic
data, RCM has shown an improved diagnostic accuracy. Nevertheless, the high resolution
of this non-invasive diagnostic technique is limited to a depth of up to 200 um, therefore
impairing the visualization of deeper layer of the dermis. However, data coming from
further prospective interventional studies using in vivo CLSM might contribute to increase
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the knowledge about its application, integrating clinical and dermoscopic information,
reproducing real-life setting.

Moreover, RCM can be applied to other fields of Dermatology as well as to other fields
of Medicine.

3. Ex Vivo Confocal Laser Scanning Microscopy

Ex vivo CLSM applied to skin analysis has been available on the market since 2013,
so it is a relatively new and not fully explored imaging technique, allowing a real-time
microscopic examination of freshly excised unfixed tissue, exploring structures and cells at
a near histologic resolution. The analyzed specimen is optically sliced, scanned by a point
source of light (laser) and, through a pinhole rejecting out of focus light, a thin section of
tissue is obtained and displayed on a monitor [7,82].

To date, the only commercially available device is VivaScope 2500 (MAVIG GMBH,
Munich, Germany), a new version of VivaScope 2000. Ex vivo CLSM works in two different
modalities: the reflectance mode (830 nm laser wavelength), mainly employed for in vivo
settings and the fluorescence mode (488 or 658 nm laser wavelength), usually employed
for ex vivo examination [7,83].

Using reflectance mode, no staining is required, because the contrast is related to the
different refractive index of cellular structures (i.e., melanin, keratin), similarly to in vivo
RCM [83,84].

In 2001, Rajadhyaksha et al. reported the first pictures obtained from BCC excised
during Mohs micrographic surgery, highlighting the necessity to improve the quality of
images through a staining technique to enhance the contrast [8].

Fluorochromes in ex vivo CLSM act like dyes in histopathology, enabling the identifi-
cation of cell and tissue structures, depending on the wavelength of the exciting light as
well as the features of the target tissue [85]. Among these agents, acridine orange is the
most largely used, followed by methylene or toluidine or Nile blue, fluorescein or Patent
blue V [82].

Acridine orange has been introduced as a nuclear contrast agent, able to bind nuclear
DNA, offering the best contrast into epithelial tissues without affecting subsequent frozen
sections and formalin-fixed histopathology quality. Bini et al. [86] compared three different
concentrations of acridine orange (0.1, 0.3 and 0.6 mM), reaching the optimum at 0.6 mM
for 20 s, to enhance the contrast, minimizing artifacts in the dermis.

The specimen can be observed entirely “en face” to assess the horizontal extension,
or transversally, as for conventional histology; the examination of large lesions is possible
because the instrument can show wide mosaics reaching up to 20 x 20 mm [87]. The tissue
sample is embedded between two glass slides fixed together with silicon glue, enabling
both sides examination. Aqueous gel or silicone can be applied in order to aid the contact
of the external part of the sample and the glass slide. Furthermore, obtaining a flattened
sample, by means of a “tissue press”, is important to avoid potential artifacts resulting from
an irregular contact between the surface of the specimen and the glass slide that may be
related to irregular cutting. When put on the microscope stage, each specimen is scanned
along the x-axis and the y-axis using a diode laser illumination. A two-dimensional, high-
resolution sequence of horizontal images of 750 x 750 um of the different tissue layers up
to a thickness of 200 um is acquired and stitched together into a mosaic. The lateral and
axial spatial resolutions are 1 pm and 3 um, respectively. Since the microscope is confocal,
only the in-focus plane can be visualized and it has to be adjusted moving the objective
lens [82].

The displayed image depends on the conversion of the reflectant/fluorescent signal
from nuclei of cells by a software. In reflectance mode, gray-scale images are visualized,
showing dark hypo-reflective structures and bright hyper-reflective structures, overlapping
to in vivo RCM appearance. On the other hand, with fluorescence contrast, non-fluorescent
structures appear dark, as compared to the white fluorescent ones. In particular, cellular
nuclei stained with acridine orange appear white, therefore enabling a better visualization
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of keratinocytes, hair follicle epithelium, fibroblasts, sebaceous and eccrine glands and
tumor cells. Consequently, the brightness of images is directly related to the amount of
nuclei in the tissue, with bright images obtained in lymph nodes or in tumors, and a dark
background in hypocellular samples such as in fibrous or in adipose tissue showing a
low-to-absent fluorescent signal. Despite the limitation due to the low fluorescent signal,
ex vivo CLSM enables the study of muscles and adipose tissue, with the combination of
both reflectance and fluorescence modes [7,88].

Gareau et al. reported the digital purple and pink stain of confocal mosaics in order to
simulate pathology images appearance, in order to improve the recognition of structures,
adapting FCM images to those of hematoxylin and eosin (H&E) stain [89]. When nuclei are
stained with acridine orange, they are imaged in exogenous fluorescent mode while cell
cytoplasm and dermis are visualized through reflectance contrast. After that, fluorescence
mosaics can be digitally stained purple (mimicking hematoxilin), whereas reflectance
mosaics can be digitally stained pink (mimicking eosin). The final result is a mosaic similar
to histology [86,89,90]. Overall, different image visualizations are available including
separate or combined reflectance/fluorescence and Hé&E-like modes.

The most employed application of FCM is the intraoperative assessment of tumor
margins during Mohs surgery for the removal of BCC [91-93]. However, FCM use has
been extended to other skin tumors, such as SCC and melanoma [82], healthy skin [94],
nails and hair diseases [95,96], diagnosis of skin infections (viral and superficial/deep
fungal infections) [97], mucosa diseases [95,98], inflammatory disease [99] and aesthetic
medicine [100-102]. Main applications of ex vivo CLSM are summarized in Table 1.

3.1. Main Ex Vivo CLSM Clues of Skin Cancer and Inflammatory Skin Diseases

As previously mentioned, the most employed application of FCM is represented by
margin definition of BCCs during Mohs surgery.

Ex vivo CLSM allows a quick evaluation of surgical skin samples, directly in the surgi-
cal room. Therefore, this technique represents a potential replacement of intraoperative
histology for tumor margins assessment on frozen tissues during Mohs surgery. Mosaics
are generally created and interpreted in 10 min, while the preparation of cryopreserved
sections for histopathologic examination may require 20 to 45 min per excision, becoming
time and cost consuming during daily clinical practice [7,8].

One of the limitations of ex vivo CLSM seems to be related to the poor ability to
differentiate cytological and architectural details. Accordingly, a specific staining cannot
distinguish between different cell types, although the use of fluorescent-labelled specific
antibodies may overcome this problem [103-105].

Similarly to RCM, FCM shows areas of high fluorescence organized to form struc-
tures/aggregates in contrast with the surrounding hyporeflective stroma or cells agglomer-
ate, corresponding to tumor islands, with peripheral palisading, in BCCs. These structures
are surrounded by hypofluorescent dark-appearing space, corresponding to clefting which
is typical of superficial and nodular BCCs and less demarcated in infiltrative ones [83,106].

Additionally, other BCC features are represented by nuclear pleomorphism visualized
as a variation of nuclear shape and/or increased nucleus/cytoplasm ratio and modified
stroma surrounding the BCC nests, showing a dark background with fluorescent dots and
filaments that correspond to fibroblasts, collagen fibers, and inflammatory infiltrate [83,106].
Bennassar et al. reported that FCM had an overall sensitivity of 88% and specificity of 99%
in detecting residual BCC, on a sample of 69 BCCs [106]. Similar results were obtained in a
prospective study by Longo et al. on a sample of 753 BCCs [107].

FCM enables the identification of different features in diverse BCC subtypes, with
proliferation of atypical basaloid cells forming an axis parallel to the epidermal surface
and cleft-like spaces typically described in superficial BCCs and nodules with peripheral
palisading and clefting in nodular BCCs (Figure 3c,d). Infiltrative BCC is the most chal-
lenging subtype, formed by columns and cords of basaloid cells mixed with a collagenic
stroma [83,84,108].
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FCM has also been applied to margin assessment in SCC [109,110]. A total of 41
out of 43 margins in 13 SCC were positive in both FCM and histopathology, therefore
providing a good correlation between the two evaluations. In detail, confocal criteria for
the diagnosis and evaluation of the degree of differentiation have been described, such as
well-defined tumor silhouette, presence of numerous low fluorescent keratin pearls, keratin
formation corresponding to fluorescent scales in well differentiated SCC and marked
nuclear pleomorphism in poorly differentiated tumors [109].

Interestingly, a recent experience of margin assessment in LM/LMM with ex vivo
CLSM has been reported in the literature, demonstrating a good rate of correct margins
identification for LM/LMM (95.2%). In this study, the authors combined in vivo preopera-
tive analysis an ex vivo one, a promising approach for mucosal melanoma, LM and LMM,
especially when aesthetically or functional relevant areas are involved, in order to avoid
staged excision [87].

A preliminary study on inflammatory skin diseases with FCM was performed by
Bertoni et al. with the aim to verify the correspondence between histologic images and
confocal ones. Despite limitations related to manual sectioning of the specimen, this study
showed an encouraging percentage of correct diagnosis. Psoriasis, in particular had the
highest reliability (90.5%), while eczema showed the least reliability [99]. Recently, Mentzel
et al. showed that skin features such as epidermal alterations, including hyperkeratosis,
parakeratosis and spongiosis, as well as variations at dermal level, like fibrosis or vascular
variations can be clearly visualized with ex vivo CLSM [111].

The future purpose of ex vivo CLSM is to fill the time frame that separates the biopsy
from diagnosis and therefore from therapy [99].

3.2. Applications in Organs Other than the Skin

The first study applying ex vivo FCM on different surgical specimens other than skin,
was published by Ragazzi et al. in the 2014. In this pilot study the principal aim was to
generate images from the tissue explored, to compare them with the histological ones [89].

Krishnamurthy et al. and Ragazzi et al. evaluated and reviewed the application of
ex vivo CLSM for breast, genitourinary tract, gastrointestinal tract and liver, thyroid and
parathyroid, lymph nodes and larynx and lungs [7,88,112].

Additionally, a promising, simple and quick (less than 5 min for specimen) application
is represented by prostate cancer. Prostatic acinar adenocarcinoma is typified with FCM by
nuclear atypia, irregular morphology of the glands, prominent nucleolus and absence of
basal cell layers [113,114].

A substantial level of agreement between FCM and histology has been proven on 89
specimens collected from 13 patients undergoing radical laparoscopic prostatectomy for
malignancy, with FCM showing a sensitivity of 83.3%, a specificity reaching 93.5% and 91%
diagnostic accuracy, as compared to conventional histology [113].

3.3. Conclusions

Ex vivo CLSM offers a real-time examination of the excised tissue in reflectance
and fluorescence modes, enabling also the application of fluorescent-labelled antibodies.
Reflectance and fluorescence ex vivo CLSM, along with H&E-like digital staining images,
show to be promising in different clinical fields, especially skin pathology.

In conclusion, ex vivo CLSM is a novel imaging diagnostic tool enabling the analysis
of tissue sample of a diameter of 2 cm. Thin sections of surgical samples are not required
for the examination. Currently, the main clinical application is represented by skin tumor
margin assessment in BCC and promising results have been obtained in the analysis of
prostate cancer. Additionally, ex vivo CLSM features of cancers such as SCC, LM and others
as well as skin inflammatory disorders have been preliminary explored, thus representing
potential fields of application in the future.

However, the use of ex vivo CLSM is limited by the high cost of the tool as well
as by the learning curve for the image readers. However, ex vivo CLSM has proven to
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be a reliable and reproducible technique as compared to histopathology, especially in
dermatologic and urologic applications.

Table 1. Main applications of in vivo and ex vivo confocal laser scanning microscopy.

In Vivo CLSM
Specific applications for the skin: Principal references:
. Melanocytic an(?l non—melar.wcytic lesions [1,5,11,12,16,18-20,22,39,46]
Skin diagnosis and monitoring
Pre-surgical mapping [33,60,62—64]
Diagnosis and monitoring of
inflammatory /autoimmune/infectious [66-68,72,75]
and pigmentary skin disorders
Aging and related applications [69,74-76]
Hair and nails
Mucosae and conjunctiva
Eyes
Genitourinary tract #
Gastrointestinal tract #
Lung #
Brain #
Ex vivo CLSM
Main application for the skin: Principal references:
BCC diagnosis and margin definition [9,83,84,92,93,108]
. Other applications:
Skin SCC and LM/LMM diagnosis and
. o [87,109]
margin definition
Inflammatory/ guto.immune /infectious [97,99,111]
skin diseases
Aging and related applications [100,102]
Nail
Mucosae
Prostate and other parts of the genitourinary tract
Breast
Thyroid and parathyroid
Larynx and lung
Lymph nodes

Gastrointestinal tract and liver
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