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Abstract: Line-field confocal optical coherence tomography (LC-OCT) can help the clinical diagnosis
of skin diseases. The present study aimed to evaluate the sensitivity, specificity, and diagnostic
accuracy of LC-OCT for the diagnosis of the most frequent non-melanoma skin cancers (NMSCs), i.e.,
basal cell carcinoma (BCC) and squamous cell carcinoma (SCC). Comparing LC-OCT diagnostic per-
formances with those of dermoscopy, histopathological examination was used as a gold standard. For
every study endpoint, the diagnostic ability of LC-OCT revealed superiority over the dermoscopic ex-
amination. In particular, a significant increase in specificity was observed. Sensitivity, specificity, and
diagnostic accuracy of dermoscopy and LC-OCT for the diagnosis of malignancy were, respectively,
0.97 (CI10.94-0.99), 0.43 (CI 0.36-0.51), and 0.77 (CI 0.72-0.81) for dermoscopy and 0.99 (CI 0.97-1.00),
0.90 (CI 0.84-0.94), and 0.96 (CI 0.93-0.97) for LC-OCT. The positive predictive value (PPV) resulted
in 0.74 (CI 0.69-0.78) for dermoscopy and 0.94 (CI 0.91-0.97) for LC-OCT, and the negative predictive
value (NPV) was 0.89 (CI 0.81-0.95) for dermoscopy and 0.98 (CI 0.95-1.00) for LC-OCT. Finally,
our real-life study showed a potentially important role of LC-OCT in the non-invasive diagnosis of
NMSCs, especially BCC. The real-time imaging technique could spare unnecessary biopsies with an
increased sensitivity, a much higher specificity, and better accuracy than clinical assessment with
dermoscopy alone.

Keywords: LC-OCT; optical coherence tomography; basal cell carcinoma; squamous cell carcinoma;

non-melanoma skin cancer; sensitivity; specificity; accuracy; imaging

1. Introduction

Line-field confocal optical coherence tomography (LC-OCT) is a real-time imaging
technique. By combining the advantages of reflectance confocal microscopy (RCM) and
optical coherence tomography (OCT) in terms of penetration, spatial resolution, and image
orientation, it overcomes their respective limits [1]. LC-OCT images are produced by calcu-
lating the time of flight and amplitude of light backscattered from the tissue microstructures
at up to ~500 um depth [2,3]. The device reaches an isotropic resolution of ~1 pum thanks
to the use of a supercontinuum laser source as a broadband source providing cellular
axial resolution and high numerical aperture objectives in each arm of the interferometer
to achieve a high lateral resolution. The LC-OCT device is capable of acquiring vertical
section images, horizontal section images, as well as three-dimensional (3D) images with
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cellular resolution. In addition to in-depth images, it provides a dermoscopic color surface
image of the skin. This image is acquired in real-time and in parallel to LC-OCT images,
and it guides the skin surface exploration. Images are acquired with a handheld probe
placed in contact with the skin, using a drop of paraffin oil between the skin and the tip
of the probe to prevent parasitic reflections. Since it has been shown that the device can
be helpful in the clinical diagnosis of different neoplastic [4-9], inflammatory [10,11], and
infectious [12-16] skin diseases, LC-OCT has recently been gaining attention. Particularly,
it appeared to be very effective in the identification of basal cell carcinoma (BCC) [17-19].
LC-OCT can even differentiate histologic subtypes of BCC and monitor non-invasive treat-
ments [20,21]. Moreover, this in vivo diagnostic technique has demonstrated its usefulness
in differentiating actinic keratosis (AK) from squamous cell carcinoma (SCC) [22-25]. The
relevance of LC-OCT for the diagnosis of skin tumors has been illustrated by numerous
descriptive studies [26]. The aim of the present one was to evaluate in a real-life setting the
sensitivity, specificity, accuracy, positive predictive value (PPV), and negative predictive
value (NPV) of the optical imaging device compared to dermoscopy for the diagnosis of
the most frequent non-melanoma skin cancers (NMSCs), including BCC and SCC.

2. Materials and Methods

A prospective observational, monocentric study was performed. We examined the
database of the LC-OCT device (DeepLive, Damae, France) of the Dermatology Department
of the University Hospital of Siena. Data deidentification was performed before use, and
the study was conducted as stated by the Declaration of Helsinki. It included all cutaneous
lesions observed from 1 September 2020 to 3 February 2023 in the University Hospital of
Siena with uncertain clinical and dermoscopic diagnoses of possible malignant skin tumors.
Lesions on the eyelid margin, internal cantus of the eye, and upper eyelid were excluded
because LC-OCT could damage the retina.

The LC-OCT examination was an adjunctive diagnostic tool that helped the decision
of excising or following up on a lesion. Dermoscopic and LC-OCT diagnoses were prospec-
tively entered into the LC-OCT software during the examination. The software had three
fields named, respectively, “dermoscopic diagnosis”, “LC-OCT diagnosis”, and “patient
management”, which should be filled for each lesion during the examination and which
were taken into account for the present analysis. LC-OCT images and dermoscopic images
were acquired by an expert in skin imaging, and diagnoses were given by a skin imaging
expert dermatologist with more than 10 years of experience in dermoscopy and OCT (E.C.).
Dermoscopic images were acquired with VivaCam D200 (VivaScope GmbH, Munich, Ger-
many) at 15x magnification, and dermoscopic diagnoses were performed using both this
videodermatoscope and the Dermlite DL200 Hybrid handheld dermatoscope (Dermlite,
Aliso Viejo, CA, USA).

We analyzed only lesions suspicious of NMSCs (i.e., BCC, Bowen’s disease, and

”ou

SCC) or their possible imitators, including “AK”, “intradermal nevus (IN)”, “seborrheic
keratosis (SK)”, “sebaceous hyperplasia (SH)”, “inflammatory lesion (IL)”, and “other”
at dermoscopic and/or LC-OCT examination. Melanocytic lesions (different from IN)
and basosquamous cell carcinomas were excluded. In LC-OCT, the presence of tumor
lobules was the main diagnostic feature of BCC [17]. The lesions suspicious for malignant
skin tumors under dermoscopy were surgically removed (if confirmed by LC-OCT) or
biopsied (if not confirmed by LC-OCT) for histological diagnosis. Lesions considered
malignant at LC-OCT but not under dermoscopy were biopsied. Lesions considered
benign at dermoscopy and/or LC-OCT were followed up for at least one year to exclude
malignancy. Dermoscopic diagnoses also included clinical evaluation.

There were four study endpoints. Considering the group of lesions with histological
diagnosis based on complete surgical excision, the first endpoint was to compare parameters
such as sensitivity, specificity, accuracy, PPV, and NPV of dermoscopy versus those of LC-
OCT in distinguishing BCC from its imitators (Bowen’s disease and SCC included). The
second endpoint evaluated the same five parameters of the two non-invasive imaging
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techniques in terms of the ability to differentiate malignant (i.e., skin carcinomas including
BCC, Bowen’s disease, and SCC and AKs) from benign (IN, SK, SH, IL, and “other”)
lesions. AKs were considered to be in the malignant lesion group because they require
treatment. We also evaluated the diagnostic ability of LC-OCT and dermoscopy for BCC
(third endpoint) and malignant tumors (fourth endpoint) by analyzing both skin lesions
that had a histological examination of a complete excision or skin biopsy and those that had
a follow-up of more than one year. The exact 95% confidence interval (CI) was calculated
for sensitivity, specificity, accuracy, PPV, and NPV of each endpoint.

3. Results

A total of 1481 skin lesions imaged with LC-OCT were analyzed. Three-hundred and
sixty lesions suspicious of skin malignancy were surgically removed and had histopatho-
logic diagnoses (Table 1).

In addition to the lesions that were not in differential diagnosis with skin cancers, we
excluded 23 nevi, 15 melanomas, and 7 basosquamous cell carcinomas. We performed
a sub-analysis of the remaining 312 lesions according to the different diagnoses such as
BCC (152), AK (20), Bowen's disease (14), SCC (22), IN (4), SK (14), SH (1), IL (15), and
“other” (70). Then, 636 lesions with follow-up or skin biopsy were present in the database.
Excluding the lesions that were not in differential diagnosis with skin cancers, 51 nevi, and
1 basosquamous cell carcinoma, 154 out of 636 lesions were selected. Therefore, a total
of 466 lesions with both histopathology (312 completely excised and 149 biopsied) and
follow-up (five cases) were analyzed (Table 2).

Table 1. Confusion matrix of the 360 completely excised and histologically confirmed lesions:
dermoscopy vs. histology (a.) and line-field confocal optical coherence tomography (LC-OCT) vs.
histology (b.).

HISTOLOGY
: DIAGNOSIS BCC AK BD SCC BQ ID KS SH 1IL (0] L N M TOTAL
BCC 141 0 5 0 5 1 1 1 3 15 2 1 0 175
AK 3 14 1 1 1 0 0 0 1 0 0 0 21
BD 0 1 4 1 1 0 0 0 1 0 0 0 0 8
SCC 4 4 3 18 0 0 1 0 0 4 0 0 0 34
BQ 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ID 0 0 0 0 0 1 0 0 0 0 0 1 0 2
DERMOSCOPY KS 2 0 1 1 0 0 8 0 0 5 0 0 0 17
SH 0 0 0 0 0 0 0 0 0 1 0 0 0 1
IL 0 0 0 0 0 0 0 0 4 3 0 0 0 7
(0] 2 0 0 1 0 0 3 0 7 41 0 0 0 54
L 0 0 0 0 0 0 0 0 0 0 1 0 0 1
N 0 0 0 0 0 2 1 0 0 0 0 18 1 22
M 0 1 0 0 0 0 0 0 0 0 0 3 14 18
TOTAL 152 20 14 22 7 4 14 1 15 70 3 23 15 360
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Table 1. Cont.

HISTOLOGY
b DIAGNOSIS BCC AK BD SCC BQ ID KS SH 1IL (0] L N M TOTAL
BCC 148 0 3 0 3 0 1 1 3 6 1 0 0 166
AK 1 16 2 1 0 0 0 0 1 0 0 0 21
BD 0 1 5 0 2 0 0 0 1 0 0 0 0 9
SCC 2 2 4 19 0 0 1 0 0 3 0 0 0 31
BQ 0 0 0 0 1 0 0 0 0 0 0 0 0 1
ID 0 0 0 0 0 1 0 0 0 0 0 1 0 2
LC-OCT KS 0 0 0 1 0 0 10 0 0 4 0 0 1 16
SH 0 0 0 0 0 0 0 0 0 1 0 0 0 1
IL 0 0 0 0 0 0 0 0 5 3 0 0 0 8
(0] 1 0 0 1 1 0 2 0 6 49 1 0 1 62
L 0 0 0 0 0 0 0 0 0 1 1 0 0 2
N 0 0 0 0 0 3 0 0 0 1 0 20 1 25
M 0 1 0 0 0 0 0 0 0 1 0 2 12 16
TOTAL 152 20 14 22 7 4 14 1 15 70 3 23 15 360
BCC, basal cell carcinoma; AK, actinic keratosis; BD, Bowen'’s disease; SCC, squamous cell carcinoma; ID,
intradermal nevus; KS seborrheic keratosis; SH, sebaceous hyperplasia; IL, inflammatory lesion; O, other; L,
lentigo; N, nevus; and M, melanoma.
Table 2. Confusion matrix of the 466 histopathologically diagnosed or followed-up lesions: der-
moscopy vs. histology and follow-up (a.) and line-field confocal optical coherence tomography
(LC-OCT) vs. histology and follow-up (b.).
HISTOLOGY and FOLLOW-UP
2 DIAGNOSIS BCC AK BD SCC ID KS SH IL (0] TOTAL
BCC 200 17 5 0 7 3 5 25 49 311
AK 6 14 1 1 0 0 0 0 1 23
BD 0 1 4 1 0 0 0 1 0 7
SCC 4 6 3 18 0 2 0 1 5 39
ID 0 0 0 0 1 0 0 0 0 1
KS 3 0 1 1 0 8 0 0 5 18
DERMOSCOPY SH 0 0 0 0 0 0 0 0 1 1
IL 0 0 0 0 0 0 0 4 3 7
(0) 2 0 0 1 0 3 0 7 41 54
L 0 0 0 0 0 0 0 0 0 0
N 1 0 0 0 2 1 0 0 4
M 0 1 0 0 0 0 0 0 0 1
TOTAL 216 39 14 22 10 17 5 38 105 466
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Table 2. Cont.
HISTOLOGY and FOLLOW-UP
b DIAGNOSIS BCC AK BD SCC ID KS SH IL (0) TOTAL
BCC 212 0 3 0 0 1 1 3 6 226
AK 1 35 2 1 0 0 0 0 1 40
BD 0 1 5 0 0 0 0 1 0 7
SCC 2 2 4 19 0 1 0 0 3 31
ID 0 0 0 0 7 0 0 0 0 7
KS 0 0 0 1 0 13 0 0 4 18
LC-OCT SH 0 0 0 0 0 0 4 0 1 5
IL 0 0 0 0 0 0 0 28 3 31
(0] 1 0 0 1 0 2 0 6 84 94
L 0 0 0 0 0 0 0 0 1
N 0 0 0 0 3 0 0 0 1 4
M 0 1 0 0 0 0 0 0 1
TOTAL 216 39 14 22 10 17 5 38 105 466

BCC, basal cell carcinoma; AK, actinic keratosis; BD, Bowen’s disease; SCC, squamous cell carcinoma; ID,
intradermal nevus; KS seborrheic keratosis; SH, sebaceous hyperplasia; IL, inflammatory lesion; O, other; L,
lentigo; N, nevus; and M, melanoma.

3.1. First Endpoint: BCC vs. Imitators Considering Completely Excised and Histopathologically
Confirmed Lesions

Considering the 152 completely excised and histologically confirmed BCCs, LC-OCT
was able to identify 148 of them (Figures 1 and 2), while dermoscopy identified only 141.

Figure 1. Histologically diagnosed nodular basal cell carcinoma (BCC) with non-specific clinical
(a) and dermoscopic (b) examination but highly suspected in line-field confocal optical coherence
tomography (LC-OCT) (c). It was a small pink papule on the right nasal ala (a) that showed a homoge-
neous pinkish pigmentation with some short fine telangiectasias (b) in dermoscopy. The presence of
hypo-reflective roundish lobules (white arrows), clefting (white asterisk), and hyperreflective stroma
(yellow arrow) in LC-OCT supported the hypothesis of BCC.
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Figure 2. Nodular basal cell carcinoma (BCC) on histopathology, with non-specific clinical (a) and
dermoscopic (b) examination but highly suspected in line-field confocal optical coherence tomography
(LC-OCT) (c). It was a small whitish papule of the right inferior palpebra (a) that, under dermoscopy,
displayed a homogeneous white pigmentation and branched vessels (b). The presence of hypo-
reflective roundish lobules (white arrows), clefting (white asterisk), hyperreflective stroma (yellow
arrow), and highly hypo-reflective areas corresponding to dilated vessels (red asterisk) in LC-OCT
corroborated the hypothesis of BCC.

On the other hand, considering the 159 completely excised and histopathologically di-
agnosed non-BCC lesions, dermoscopy recognized 90 of them and LC-OCT 106. Moreover,
dermoscopy was not able to identify 11 BCCs and misdiagnosed 31 BCCs, while LC-OCT
exhibited a smaller margin of error by missing 4 BCCs and 17 BCC imitators (Figures 3 and 4).

Figure 3. Suspected basal cell carcinoma (BCC) on clinical (a) and dermoscopic (b) examination;
line-field confocal optical coherence tomography (LC-OCT) (c) supported the diagnosis of BCC. It
was a pink papule of the left breast (a) that, under dermoscopy, appeared as a pinkish homogeneous
pigmentation with central micro-ulceration (b). LC-OCT showed hypo-reflective roundish lobules
(white arrow), clefting (white asterisk), and hyperreflective stroma (yellow arrow) (c). However,
histopathology revealed the presence of an eccrine poroma.



Curr. Oncol. 2023, 30

8859

Figure 4. Suspected basal cell carcinoma (BCC) under clinical examination (a), dermoscopy (b),
and line-field confocal optical coherence tomography (LC-OCT) (c). It was a dyschromic macule
of the left frontotemporal region (a) that, in dermoscopy, showed shiny white streaks and short
fine telangiectasias (b). In LC-OCT, hypo-reflective roundish lobules (white arrow), clefting (white
asterisk), hyperreflective stroma (yellow arrow), and highly hypo-reflective areas corresponding to
dilated vessels (red asterisk) were observed (c). However, the histologic examination revealed the
existence of a trichoblastoma.

From these data, LC-OCT showed higher sensitivity (0.98, CI 0.95-1.00), specificity
(0.94, C10.91-0.97), and accuracy (0.96, CI 0.94-0.98) than dermoscopy, which had a sen-
sitivity of 0.93 (CI 0.88-0.96), a specificity of 0.56 (CI 0.49-0.62), and an accuracy of 0.73
(CI0.69-0.77). In addition, LC-OCT had a PPV of 0.94 (CI 0.90-0.97) and an NPV of 0.98
(CI 0.96-1.00), while dermoscopy had a lower PPV (0.64, CI 0.59-0.70) and NPV (0.90,
CI 0.83-0.94).

3.2. Second Endpoint: Malignant vs. Benign Considering Completely Excised and
Histopathologically Confirmed Lesions

We examined the same group of lesions for the malignant (BCC, Bowen’s disease,
SCC, and AK) vs. benign (IN, SK, SH, IL, and “other”) diagnosis. Of 208 malignant lesions
completely excised and histologically diagnosed, 201 were correctly diagnosed as malignant
by dermoscopy and 205 by LC-OCT. In comparison, 76 lesions were correctly identified as
benign by dermoscopy and 86 by LC-OCT. A total of 7 malignant and 28 benign lesions
at histology were misdiagnosed by dermoscopy. LC-OCT failed to recognize 3 malignant
and 18 benign lesions. The sensitivity of dermoscopy was high (0.97, CI 0.93-0.99), but
that of LC-OCT was higher (0.99, CI 0.96-1.00). The specificity was 0.73 (CI 0.64-0.81)
for dermoscopy and 0.83 (CI 0.74-0.89) for LC-OCT. Accuracy was 0.89 (CI 0.85-0.92) for
dermoscopy and 0.93 (CI 0.90-0.96) for LC-OCT. The PPV (0.92, CI 0.88-0.95) and NPV
(0.97, C10.91-0.99) of LC-OCT were higher than dermoscopy (PPV of 0.88, CI 0.83-0.92 and
NPV of 0.92, CI 0.83-0.97).

3.3. Third Endpoint: BCC vs. Imitators Considering All Histopathologically Confirmed and
Follow-Up Lesions

Analyzing all the histopathologically diagnosed and the follow-up lesions (total num-
ber of 466), we observed that LC-OCT diagnosed 212 lesions as BCCs and 236 as BCC imita-
tors, while it could not identify 4 BCCs and 14 non-BCCs. Nonetheless, dermoscopy could
only recognize 200 BCCs and 139 imitators and missed the identification of 16 BCCs and
111 non-BCCs. It appeared that the specificity of LC-OCT was far higher (0.94, CI1 0.91-0.97)
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than that of dermoscopy (0.56, CI 0.49-0.62); the sensitivity was 0.98 (CI 0.95-1.00) for LC-
OCT and 0.93 (CI 0.88-0.96) for dermoscopy, and accuracy came out as 0.96 (CI 0.94-0.98)
for LC-OCT and 0.73 (CI 0.69-0.77) for dermoscopy. Similar to the first endpoint, LC-OCT
showed a PPV of 0.94 (CI 0.90-0.97) and an NPV of 0.98 (CI 0.96-1.00), while dermoscopy
had a PPV of 0.64 (CI, 0.59-0.70) and an NPV of 0.90 (CI 0.84-0.94).

3.4. Fourth Endpoint: Malignant vs. Benign Considering All Histopathologically Confirmed and
Follow-Up Lesions

The last sub-analysis was performed considering both histopathologically confirmed
and follow-up lesions and the diagnostic ability of LC-OCT and dermoscopy in differen-
tiating the most frequent NMSCs (BCC, Bowen’s disease, and SCC), including AK, from
benign lesions. The overall performances of dermoscopy and LC-OCT showed that the
optical imaging device correctly identified 288 malignant and 157 benign lesions but missed
18 benign and 3 malignant ones. Dermoscopy only diagnosed 282 malignant and 76 benign
lesions and failed to identify 99 benign and 9 malignant ones. Also in that case, the speci-
ficity was higher for LC-OCT (0.90, CI 0.84-0.94) than for dermoscopy (0.43, CI 0.36-0.51);
the sensitivity was 0.99 (CI 0.97-1.00) for LC-OCT and 0.97 (CI 0.94-0.99) for dermoscopy,
and accuracy appeared as 0.96 (CI 0.93-0.97) in LC-OCT and 0.77 (CI 0.73-0.81) in der-
moscopy. PPV was 0.94 (CI 0.91-0.97) for LC-OCT and 0.74 (CI 0.69-0.78) for dermoscopy,
and NPV was 0.98 (CI 0.95-1.00) for LC-OCT and 0.89 (CI 0.81-0.95) for dermoscopy.

4. Discussion

LC-OCT had a higher diagnostic ability than dermoscopy in differentiating BCCs from
its imitators and skin carcinomas from benign skin lesions. We found a higher sensitiv-
ity, specificity, and diagnostic accuracy of LC-OCT than dermoscopy, both considering
completely excised lesions alone and the full analysis with biopsied and follow-up cases.
The latter analysis, performed on a larger series (466 vs. 312 cases), enhanced the higher
diagnostic ability of LC-OCT than dermoscopy.

Regarding the ability to distinguish BCC from its imitators, LC-OCT supported the
hypothesis of BCC when suspected by clinical examination and /or dermoscopy in most
cases. Considering both histopathologically confirmed and follow-up lesions, the sensitivity
of LC-OCT was 0.98 (CI 0.95-1.00), and that of dermoscopy was 0.93 (CI 0.88-0.96). LC-
OCT highly increased diagnostic confidence by highlighting the presence of BCC when
not highly clinically suspected, as shown in Figures 1 and 2. Moreover, this new non-
invasive imaging technique helped the exclusion of the presence of BCCs. Dermoscopy
had 111 false positive BCCs, and LC-OCT identified 85 non-BCC lesions (confirmed by
histopathology after being biopsied) among these cases suspected of being BCCs based
on dermoscopic examination. These data explained the higher specificity of LC-OCT
than dermoscopy, especially when we considered the analysis of all the excised, biopsied,
and follow-up cases (specificity of 0.94, CI 0.91-0.97 for LC-OCT vs. specificity of 0.56,
CI 0.49-0.62 for dermoscopy). Although all of these 85 skin lesions were biopsied according
to our conventional approach, their biopsies could have been spared by relying on LC-
OCT examination. There were few false-positive cases diagnosed as BCCs by LC-OCT
that corresponded to three Bowen’s diseases, an SK, an SH, three ILs, an eccrine poroma
(Figure 3), a trichoblastoma (Figure 4), a sebaceoma, a trichilemmoma, and two cases of
healthy skin. These data revealed the superiority of NPV (0,97, CI 0.91-0.99 in LC-OCT
and 0.92, CI 0.83-0.97 in dermoscopy) over PPV (0.92, CI 0.88-0.95 in LC-OCT and 0.88,
CI0.83-0.92 in dermoscopy) for both diagnostic tools. LC-OCT was better at ruling out the
presence of a BCC than at specifically diagnosing it, and its performance was superior to
dermoscopy.

Concerning the diagnosis of skin malignancy (i.e., 216 BCCs, 14 Bowen’s diseases,
22 SCCs, and 39 AKSs) vs. benignity (IN, SK, SH, IL, and “other”), similar results were
obtained. Considering all histopathologically confirmed and follow-up lesions, LC-OCT
showed higher sensitivity (0.99, CI 0.97-1.00) and higher specificity (0.90, CI 0.84-0.94)
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than dermoscopy, which presented 0.97 (CI 0.94-0.99) for sensitivity and 0.43 (CI 0.36-0.51)
for specificity. The data were mainly driven by the high number of BCCs (216 histologi-
cally confirmed), which are the most common skin carcinomas, as demonstrated by our
series. Interestingly, LC-OCT identified as benign five lesions that were suspicious for
being SCCs at dermoscopy. These data revealed a higher specificity of LC-OCT when
distinguishing NMSCs from benign lesions. A higher NPV (0.98, CI 0.95-1.00) of LC-OCT
than dermoscopy (0.89, CI 0.81-0.95) confirmed the previous results. The improved ability
to identify malignant lesions (true positive cases) with LC-OCT was demonstrated by the
difference between the PPV of LC-OCT (0.94, CI 0.91-0.97) and that of dermoscopy (0.74,
CI10.69-0.78).

LC-OCT is a second-level examination performed on lesions selected by clinical and
dermoscopic examination. It is not used as a screening tool due to its longer examination
time (a few minutes) compared to dermoscopy (a few seconds). In LC-OCT, single ker-
atinocytes inside the epidermis are well visible and can be identified by the presence of
their nuclei, which are seen as central roundish hypo-reflective areas with the surrounding
medium-reflective cytoplasm. In normal skin, the peripheral contours of keratinocytes are
visible on horizontal sections and not on vertical sections. In the case of AK and SCC, their
irregularity in shape and size is mainly perceived by the irregularity of their nuclei [24].
However, single cells of BCC are not always visible because they can be crowded and
form the so-called “millefeuille pattern” that corresponds to the dense cellularity within
the basaloid tumor island, composed of basaloid cells, immune cells, apoptotic bodies,
and mitotic figures. The pattern appears like horizontal lines determined by the medium
reflection of the cytoplasm of the cells (gray laminated structures) separated by dark holes
corresponding to cell nuclei [20]. Although peripheral palisading of BCC is less visible than
in histopathology and RCM and cannot be selected as a distinctive LC-OCT criterion for
BCC diagnosis, with LC-OCT, we can appreciate cells piled one on the other at the periph-
ery of the tumor islands with flat dark overlapped nuclei that have the same orientation.
The millefeuille pattern is relevant to differentiate BCC from other entities characterized
by dermal lobules, such as SH (characteristic lobules with granular-lobular pattern), IN
(characteristic lobules with wave-like pattern), melanoma (characteristic lobules with atyp-
ical melanocytic cells), and cutaneous vascular lesions (characteristic lobules with dark
vascular lacunae) [26].

The majority of the cases of our study were included in a similar work of our group
that evaluated the diagnostic accuracy of LC-OCT for the diagnosis of skin carcinomas in
one year of clinical activity [19]. The study mainly focused on BCCs; only 22 histologically
diagnosed SCCs or Bowen's diseases were analyzed. Considering both histopathologically
diagnosed and follow-up cases and the ability to identify skin cancers, the authors reported
a significant increase in specificity, from 0.64 (CI 0.55-0.72) for dermoscopy to 0.89 (CI
0.82-0.93) for LC-OCT. The sensitivity was similar for the two non-invasive techniques
(0.95, CI 0.89-0.98 for dermoscopy and 0.95, CI 0.90-0.99 for LC-OCT). These data were
predominantly determined by the 79 histologically confirmed BCCs and were similar to
those of the present study. The sensitivity values were the same, while the specificity
increased in the current study. This trend is possibly explained by an increasing learning
curve in the interpretation of LC-OCT images thanks to a longer period of use of the device.
In our experience, the diagnosis of BCC seems to be quite easy under LC-OCT due to the
peculiar aspect of the tumor islands characterized by hypo-reflective lobules with internal
millefeuille patterns surrounded by clefting and hyperreflective stroma [20] that can be
recognized in a few weeks of activity, whereas SCC and Bowen’s disease require longer
expertise with the ability to identify atypical keratinocytes and the interruption of the
dermal-epidermal junction [24,25]. The LC-OCT device is provided by a dermatoscopic
probe that facilitates the identification of a lesion to be examined, giving a real-time corre-
spondence between dermoscopy and LC-OCT images. An Artificial Intelligence (AI)--based
prototype software was developed to identify BCC lobules in LC-OCT. It is reasonable
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that this tool can improve the LC-OCT diagnosis of BCC and that a similar one can be
developed for the identification of SCC and Bowen’s disease.

The main limitation of the two studies of our group was that all diagnoses were
performed by a single skin imaging expert (E.C.). Moreover, dermoscopic and LC-OCT
diagnoses were based on the investigator’s experience and not on precisely defined diag-
nostic criteria. Defining diagnostic algorithms for the future LC-OCT diagnosis of skin
tumors could provide more reliable and comparable results. NMSCs different from BCC,
Bowen’s disease, and SCC were excluded due to the lack of established LC-OCT diagnostic
criteria. Only a few reports about LC-OCT findings of rarer NMSCs are available [5,7,8].
There was a low number of Bowen's diseases and SCCs in comparison with BCCs because
their prevalence is lower, their acquisition with LC-OCT is not always possible due to
hyperkeratosis, and their LC-OCT diagnostic criteria are less defined [24,25]. Melanocytic
lesions different from IN were also excluded because of the lack of LC-OCT criteria. The
dermoscopic criteria of melanocytic lesions greatly improved the clinical examination, but
to date, the literature about the LC-OCT of those entities is scarce [4,26].

To complete our study, we performed an additional analysis, including AKs in the
group of benign lesions since they do not require surgical management. The endpoints
were the same. Considering all the histopathologically confirmed and follow-up lesions,
the ability of LC-OCT to differentiate malignant from benign (including AK) lesions had
a sensitivity of 0.97 (CI 0.94-0.99), specificity of 0.90 (CI 0.85-0.94), and accuracy of 0.91
(CI 0.91-0.96). Dermoscopy showed lower performances with a sensitivity of 0.93 (CI
0.89-0.96), specificity of 0.43 (CI 0.36-0.49), and accuracy of 0.70 (CI 0.66-0.74). Although
specificity remained unaltered, both sensitivity and diagnostic accuracy were lower when
considering AK as a benign lesion with 0.97 vs. 0.99 (sensitivity) and 0.94 vs. 0.96 (accuracy)
for LC-OCT and 0.93 vs. 0.97 (sensitivity) and 0.70 vs. 0.77 (accuracy) for dermoscopy.

Our patient cohort was preselected since every patient with a lesion suspicious of
skin cancer was referred by a dermatologist. The eyelid margin, internal cantus of the
eye, and upper eyelid were excluded from this study. In the literature, we could find
only another prospective real-life study on the diagnostic accuracy of LC-OCT for skin
tumors [25]. The study observed a significantly increased diagnostic accuracy of LC-OCT
compared to dermoscopy. Nevertheless, while the sensitivity of LC-OCT (0.98) was higher
than dermoscopy (0.90), the specificity of LC-OCT (0.80) compared to dermoscopy (0.86)
was lower. The authors also analyzed the diagnoses from the point of view of confidence
in making them and found that 70% of LC-OCT diagnoses were provided with high
confidence compared to 48% of high-confidence dermoscopic diagnoses. In that case, the
results significantly increased the LC-OCT performances (100% of sensitivity and 97% of
specificity).

5. Conclusions

In conclusion, we could assert that LC-OCT had a higher specificity than dermoscopy
for the differential diagnosis between BCC and its imitators but also between the most
frequent NMSCs (i.e., BCC, Bowen’s disease, and SCC) and benign lesions. LC-OCT was
better at excluding malignity than giving a precise diagnosis. The diagnostic accuracy was
also higher for LC-OCT than for dermoscopy, especially when considering all types of
NMSCs together, while the sensitivity only slightly increased in LC-OCT. Further studies
with different databases are needed to confirm our findings.

Author Contributions: Conceptualization, E.C. and C.D.; methodology, E.C.; software, E.C.; valida-
tion, E.C.; formal analysis, E.C. and C.D.; investigation, E.C. and C.D.; resources, E.C.; data curation,
E.C. and C.D.; writing—original draft preparation, C.D.; writing—review and editing, C.D., J.L.P,,
LC, LT, PR,MS,]JP-A, ] M. and E.C. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.



Curr. Oncol. 2023, 30 8863

Institutional Review Board Statement: Ethical review and approval were waived for this study be-
cause it was an observational study that did not change our clinical practice. Skin lesion management
was performed according to our clinical practice, independently from the study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

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

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Dubois, A.; Levecq, O.; Azimani, H.; Siret, D.; Barut, A.; Suppa, M.; del Marmol, V.; Malvehy, J.; Cinotti, E.; Rubegni, P.; et al.
Line-field confocal optical coherence tomography for high-resolution noninvasive imaging of skin tumors. J. Biomed. Opt. 2018,
23, 106007. [CrossRef] [PubMed]

Ruini, C.; Schuh, S.; Sattler, E.; Welzel, ]. Line-field confocal optical coherence tomography—Practical applications in dermatology
and comparison with established imaging methods. Ski. Res. Technol. 2021, 27, 340-352. [CrossRef] [PubMed]

Cinotti, E.; Bertello, M.; Cartocci, A.; Fiorani, D.; Tognetti, L.; Solmi, V.; Cappilli, S.; Peris, K.; Perrot, J.L.; Suppa, M.; et al.
Comparison of reflectance confocal microscopy and line-field optical coherence tomography for the identification of keratinocyte
skin tumors. Ski. Res. Technol. 2023, 29, €13215. [CrossRef] [PubMed]

Schuh, S.; Ruini, C.; Perwein, M.K.E.; Daxenberger, E.; Gust, C.; Sattler, E.C.; Welzel, J. Line-Field Confocal Optical Coherence
Tomography: A New Tool for the Differentiation between Nevi and Melanomas? Cancers 2022, 14, 1140. [CrossRef] [PubMed]
Di Stefani, A.; Fionda, B.; Cappilli, S.; Tagliaferri, L.; Peris, K. Extramammary Paget disease imaged by LC-OCT and treated with
radiotherapy. Int. . Dermatol. 2023, 62, e503-e505. [CrossRef]

Miyachi, K.; Murakami, Y.; Inoue, Y.; Yoshioka, H.; Hirose, O.; Yamada, T.; Hasegawa, S.; Arima, M.; Iwata, Y.; Sugiura, K,;
et al. UVA causes dysfunction of ETBR and BMPR2 in vascular endothelial cells, resulting in structural abnormalities of the skin
capillaries. . Dermatol. Sci. 2022, 105, 121-129. [CrossRef]

Tognetti, L.; Carraro, A.; Lamberti, A.; Cinotti, E.; Suppa, M.; Perrot, ].L.; Rubegni, P. Kaposi sarcoma of the glans: New findings
by line field confocal optical coherence tomography examination. Ski. Res. Technol. 2021, 27, 285-287. [CrossRef]

Soglia, S.; Pérez-Anker, J.; Fraghi, A.; Ariasi, C.; La Rosa, G.; Lenoir, C.; Suppa, M.; Calzavara-Pinton, P.G.; Venturini, M. Line-field
confocal optical coherence tomography and reflectance confocal microscopy of Merkel cell carcinoma. J. Eur. Acad. Dermatol.
Venereol. 2023, 37, e1223-e1225. [CrossRef]

Lacarrubba, F.; Verzi, A.E.; Puglisi, D.F; Broggi, G.; Caltabiano, R.; Micali, G. Line-field confocal optical coherence tomography of
xanthogranuloma: Correlation with vertical and horizontal histopathology. J. Cutan. Pathol. 2021, 48, 1208-1211. [CrossRef]
Verzi, A.; Broggi, G.; Micali, G.; Sorci, F; Caltabiano, R.; Lacarrubba, F. Line-field confocal optical coherence tomography of
psoriasis, eczema, and lichen planus: A case series with histopathological correlation. J. Eur. Acad. Dermatol. Venereol. 2022, 36,
1884-1889. [CrossRef]

Tognetti, L.; Cinotti, E.; Suppa, M.; Guazzo, R.; Habougit, C.; Santi, F; Diet, G.; Fontaine, M.; Berot, V.; Monnier, J.; et al. Line field
confocal optical coherence tomography: An adjunctive tool in the diagnosis of autoimmune bullous diseases. J. Biophotonics 2021,
14, €202000449. [CrossRef] [PubMed]

Orsini, C.; Taddeucci, P; Bertello, M.; Cinotti, E.; Cortonesi, G.; Rubegni, P.; Russo, F. Line-field confocal optical coherence
tomography for the diagnosis of nodular scabies mimicking breast cancer skin metastasis. Int. J. Dermatol. 2023, 62, e195-e196.
[CrossRef] [PubMed]

Lacarrubba, E; Verzi, A.E.; Puglisi, D.F.; Micali, G. Line-field confocal optical coherence tomography: A novel, non-invasive
imaging technique for a rapid, in-vivo diagnosis of herpes infection of the skin. J. Eur. Acad. Dermatol. Venereol. 2021, 35,
e404—e406. [CrossRef] [PubMed]

Verzi, A.; Micali, G.; Lacarrubba, F. Line-field confocal optical coherence tomography in molluscum contagiosum: A case series. J.
Eur. Acad. Dermatol. Venereol. 2021, 35, €934—€936. [CrossRef] [PubMed]

Cappilli, S.; Bocchino, E.; Cornacchia, L.; Peris, K.; Di Stefani, A. Sharpen your sight: Trombiculosis under the dermatoscope with
LC-OCT new insights. Dermatol. Ther. 2022, 35, €15951. [CrossRef]

Donelli, C.; Rubegni, P.; Tognetti, L.; Lacarrubba, F.; DI Stefani, A.; Cappilli, S.; Suppa, M.; Perrot, J.-L.; Cinotti, E. Inflammatory
and infectious skin diseases in line-field confocal optical coherence tomography: State of the art. Ital. |. Dermatol. Venerol. 2023,
158, 190-196. [CrossRef]

Ruini, C.; Schuh, S.; Gust, C.; Kendziora, B.; Frommbherz, L.; French, L.E.; Hartmann, D.; Welzel, J.; Sattler, E. Line-field optical
coherence tomography: In vivo diagnosis of basal cell carcinoma subtypes compared with histopathology. Clin. Exp. Dermatol.
2021, 46, 1471-1481. [CrossRef]

Gust, C.; Schuh, S.; Welzel, ].; Daxenberger, F.; Hartmann, D.; French, L.E.; Ruini, C.; Sattler, E.C. Line-Field Confocal Optical
Coherence Tomography Increases the Diagnostic Accuracy and Confidence for Basal Cell Carcinoma in Equivocal Lesions: A
Prospective Study. Cancers 2022, 14, 1082. [CrossRef]


https://doi.org/10.1117/1.JBO.23.10.106007
https://www.ncbi.nlm.nih.gov/pubmed/30353716
https://doi.org/10.1111/srt.12949
https://www.ncbi.nlm.nih.gov/pubmed/33085784
https://doi.org/10.1111/srt.13215
https://www.ncbi.nlm.nih.gov/pubmed/36424847
https://doi.org/10.3390/cancers14051140
https://www.ncbi.nlm.nih.gov/pubmed/35267448
https://doi.org/10.1111/ijd.16664
https://doi.org/10.1016/j.jdermsci.2022.01.007
https://doi.org/10.1111/srt.12938
https://doi.org/10.1111/jdv.19211
https://doi.org/10.1111/cup.14067
https://doi.org/10.1111/jdv.18293
https://doi.org/10.1002/jbio.202000449
https://www.ncbi.nlm.nih.gov/pubmed/33583143
https://doi.org/10.1111/ijd.16457
https://www.ncbi.nlm.nih.gov/pubmed/36250785
https://doi.org/10.1111/jdv.17182
https://www.ncbi.nlm.nih.gov/pubmed/33594718
https://doi.org/10.1111/jdv.17594
https://www.ncbi.nlm.nih.gov/pubmed/34374136
https://doi.org/10.1111/dth.15951
https://doi.org/10.23736/S2784-8671.23.07607-7
https://doi.org/10.1111/ced.14762
https://doi.org/10.3390/cancers14041082

Curr. Oncol. 2023, 30 8864

19.

20.

21.

22.

23.

24.

25.

26.

Cinotti, E.; Brunetti, T.; Cartocci, A.; Tognetti, L.; Suppa, M.; Malvehy, J.; Perez-Anker, J.; Puig, S.; Perrot, ]J.L.; Rubegni, P.
Diagnostic Accuracy of Line-Field Confocal Optical Coherence Tomography for the Diagnosis of Skin Carcinomas. Diagnostics
2023, 13, 361. [CrossRef]

Suppa, M.; Fontaine, M.; Dejonckheere, G.; Cinotti, E.; Yélamos, O.; Diet, G.; Tognetti, L.; Miyamoto, M.; Orte Cano, C.; Perez-
Anker, J.; et al. Line-field confocal optical coherence tomography of basal cell carcinoma: A descriptive study. J. Eur. Acad.
Dermatol. Venereol. 2021, 35, 1099-1110. [CrossRef]

Verzi, A.E.; Micali, G.; Lacarrubba, F. Line-Field Confocal Optical Coherence Tomography May Enhance Monitoring of Superficial
Basal Cell Carcinoma Treated with Imiquimod 5% Cream: A Pilot Study. Cancers 2021, 13, 4913. [CrossRef]

Ruini, C.; Schuh, S.; Gust, C.; Hartmann, D.; French, L.E.; Sattler, E.C.; Welzel, J. In-Vivo LC-OCT Evaluation of the Downward
Proliferation Pattern of Keratinocytes in Actinic Keratosis in Comparison with Histology: First Impressions from a Pilot Study.
Cancers 2021, 13, 2856. [CrossRef] [PubMed]

Dejonckheere, G.; Suppa, M.; del Marmol, V.; Meyer, T.; Stockfleth, E. The actinic dysplasia syndrome—Diagnostic approaches
defining a new concept in field carcinogenesis with multiple cSCC. J. Eur. Acad. Dermatol. Venereol. 2019, 33 (Suppl. S8), 16-20.
[CrossRef] [PubMed]

Cinotti, E.; Tognetti, L.; Cartocci, A.; Lamberti, A.; Gherbassi, S.; Cano, C.O.; Lenoir, C.; Dejonckheere, G.; Diet, G.; Fontaine, M.;
et al. Line-field confocal optical coherence tomography for actinic keratosis and squamous cell carcinoma: A descriptive study.
Clin. Exp. Dermatol. 2021, 46, 1530-1541. [CrossRef] [PubMed]

Ruini, C.; Schuh, S.; Gust, C.; Kendziora, B.; Frommbherz, L.; French, L.E.; Hartmann, D.; Welzel, J.; Sattler, E.C. Line-field confocal
optical coherence tomography for the in vivo real-time diagnosis of different stages of keratinocyte skin cancer: A preliminary
study. J. Eur. Acad. Dermatol. Venereol. 2021, 35, 2388-2397. [CrossRef] [PubMed]

Suppa, M.; Palmisano, G.; Tognetti, L.; Lenoir, C.; Cappilli, S.; Fontaine, M.; Cano, C.O.; Diet, G.; Perez-Anker, J.; Schuh, S.; et al.
Line-field confocal optical coherence tomography in melanocytic and non-melanocytic skin tumors. Ital. Dermatol. Venereol. 2023,
158, 180-189. [CrossRef] [PubMed]

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


https://doi.org/10.3390/diagnostics13030361
https://doi.org/10.1111/jdv.17078
https://doi.org/10.3390/cancers13194913
https://doi.org/10.3390/cancers13122856
https://www.ncbi.nlm.nih.gov/pubmed/34201052
https://doi.org/10.1111/jdv.15949
https://www.ncbi.nlm.nih.gov/pubmed/31833608
https://doi.org/10.1111/ced.14801
https://www.ncbi.nlm.nih.gov/pubmed/34115900
https://doi.org/10.1111/jdv.17603
https://www.ncbi.nlm.nih.gov/pubmed/34415646
https://doi.org/10.23736/S2784-8671.23.07639-9
https://www.ncbi.nlm.nih.gov/pubmed/37278496

	Introduction 
	Materials and Methods 
	Results 
	First Endpoint: BCC vs. Imitators Considering Completely Excised and Histopathologically Confirmed Lesions 
	Second Endpoint: Malignant vs. Benign Considering Completely Excised and Histopathologically Confirmed Lesions 
	Third Endpoint: BCC vs. Imitators Considering All Histopathologically Confirmed and Follow-Up Lesions 
	Fourth Endpoint: Malignant vs. Benign Considering All Histopathologically Confirmed and Follow-Up Lesions 

	Discussion 
	Conclusions 
	References

