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Abstract

Background The treatment of keratinocyte cancers (KC) strictly depends on their differentiation and invasiveness. Non-
invasive diagnostic techniques can support the diagnosis in real time, avoiding unnecessary biopsies. This study aimed to
preliminarily define main imaging criteria and histological correlations of actinic keratosis (AK), Bowen’s disease (BD) and
squamous cell carcinoma (SCC) using the novel device line-field confocal optical coherence tomography (LC-OCT).
Methods Dermoscopy and LC-OCT images of 73 histopathologically confirmed lesions (46 AKs, 11 BD and 16 SCCs)
were included in the study. Exemplary lesions (10 AKs, 5 BD and 5 SCCs) were additionally investigated with optical
coherence tomography and reflectance confocal microscopy.

Results Most common LC-OCT findings of KC in the descriptive statistics were hyperkeratosis/parakeratosis, disrup-
tion of stratum corneum, broadened epidermis, basal and suprabasal keratinocyte atypia, dilated vessels/neoangiogene-
sis and elastosis/collagen alterations. In the univariate multinomial logistic regression, a preserved DEJ was less
common in SCC compared with AK and BD, BD displayed marked keratinocyte atypia involving all epidermal layers
(bowenoid pattern), while SCC showed ulceration, increased epidermal thickness, keratin plugs, acantholysis, not visi-
ble/interrupted DEJ and epidermal bright particles. LC-OCT increased the diagnostic confidence by 24.7% compared
with dermoscopy alone.

Conclusions Our study describes for the first time specific LC-OCT features of different stages of KC and their
histopathological correlates, focusing on keratinocyte morphology and architecture of the epidermis and DEJ. LC-OCT
may open new scenarios in the bedside diagnosis, treatment planning and follow-up of KC.
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Introduction

Keratinocyte skin cancer (KC), from its early stages of actinic
keratosis (AK) and Bowen’s disease (BD) to invasive squamous
cell carcinoma (SCC), belongs to the most common tumours in
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elderly patients, related to chronic solar damage or immunosup-
pression.’

In order to prevent the transformation from subclinical ker-
atinocyte dysplasia to invasive SCC and to lower the social and
economic burden of the disease, early detection and treatment
are essential.”

The diagnosis of KC is based on clinical and dermoscopical
examination, eventually followed by a biopsy.! Dermoscopy has
a good reported sensitivity and specificity in diagnosing and
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grading KC, although significantly higher for AKs (51.2%—98%;
95%) rather than SCCs (55%—79%; 84%—-87%) and mainly cal-
culated in the context of retrospective studies, so that further
prospective studies are needed.” ™! Non-invasive diagnostic meth-
ods such as reflectance confocal microscopy (RCM) and optical
coherence tomography (OCT) have been widely used in the diag-
nosis of AKs'> ¢, while few articles analysed the sensitivity and
specificity of such tools for invasive SCCs.'*'” RCM, which dis-
plays horizontal sections, allows a detection of characteristic AK
patterns with high resolution'®'®; however, its low penetration
depth (up to 200-250 pm) can be a limit in evaluating the DEJ
and the infiltration of the dermis in thick lesions. On the contrary,
OCT does not permit a clear evaluation of cellular morphology in
its vertical sections but is able to detect invasive lesions thanks to
its higher penetration depth (up to 1.5 mm), and can display even
their vascularity in dynamic mode."

The new device line-field confocal OCT (LC-OCT) creates
scans at higher resolution than conventional OCT, while reach-
ing a higher detection depth compared to RCM, and can poten-
tially be used for a non-invasive diagnosis of KC and several
other skin diseases.'>*°?” To date, no systematic studies on this
topic have been published, so that we aimed to define main LC-
OCT criteria for the diagnosis of KC, based on the histological
criteria and the ones already described for similar diagnostic
techniques. In addition, we preliminarily compared LC-OCT
images with OCT and RCM to exemplarily point out the differ-
ences, strengths and limitations of the methods.

Materials and methods

Clinical, dermoscopic (FotoFinder GmbH, Germany and
DermoGenius-DermoScan GmbH, Germany) and LC-OCT
images of suspected KC were prospectively collected and analysed
at the University of Munich and Augsburg. Cases were analysed
by three imaging experts blinded to the histological diagnosis in a
consensus, with an almost perfect agreement. In discordant cases,
three more experts were involved for consensus. Only histopatho-
logically confirmed lesions with a complete image set were
included in the analysis. LC-OCT features were defined based on
main histological parameters and the nomenclature chosen based
on the current histology, OCT and RCM terminology. We chose
not to define a novel terminology because LC-OCT allows a very
intuitive comparison with the corresponding histological features
because of its cellular resolution and visualization of vertical slices.
Following criteria were investigated: epidermal thickness in pm
(obtained with ten repeated measurements taken every 120 pm
on the vertical image of the 1.2 mm long LC-OCT field of view in
the centre of the lesion using the incorporated software tool),
ulceration, disruption of stratum corneum (SC), hyperkeratosis,
compact parakeratosis, scales, keratin plugs, thinning of the epi-
dermis, broadened/acanthotic epidermis, suprabasal and basal
atypical keratinocytes, bowenoid pattern, acantholysis, pyknotic
cells, atypical honeycombed pattern, bright particles in the
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epidermis, dendritic cells, flattened rete ridges, well-defined
dermo-epidermal junction (DEJ), not visible/interrupted DE],
dilated vessels/neoangiogenesis, glomerular vessels, bright particles
in the dermis and elastosis/collagen alterations. Keratinocytes
were defined as atypical when visually markedly differing from
each other in size, shape and contours compared with healthy
skin. We defined the thickened, acanthotic epidermis with round-
ish (‘bowenoid’) contours built by enlarged atypical keratinocytes
in all epidermal layers as ‘bowenoid pattern’.

The level of diagnostic confidence was defined on a three-
point scale from 0% to 100% as follows: high (>70%), average
(51%—-69%) and poor (<50%). LC-OCT images were acquired
with a prototype device (DAMAE Medical, Paris), a class 1
supercontinuum laser with a central wavelength of 800 nm,
with three imaging modalities: vertical and horizontal
(1.2 x 0.5 mm?) and 3D (1.2 x 0.5 x 0.5 mm°’). Instrument
and acquisition procedures were described elsewhere.*!*® Exem-
plary lesions (10 AKs, 5 BD and 5 SCCs) were imaged with a
conventional OCT (VivoSight, Michelson-Diagnostics, UK) and
RCM (VivaScope 1500-3000, Mavig, Germany) device.

Statistical analysis

For descriptive statistics, mean values with 95% confidence inter-
val were calculated for numeric data, while absolute numbers with
percentage portion were given for nominal data. To evaluate the
discriminant value of LC-OCT features for the distinction
between AK, BD and SCC, univariate multinomial logistic regres-
sions were performed for each individual feature. Odds ratios
(OR) with corresponding P-values representing the effect of one
feature on the likelihood of a diagnosis being made were calcu-
lated for: (1) AK vs. BD and (2) BD vs. SCC (3) AK vs. SCC.

We additionally included all predictors that showed a signifi-
cant OR in a multivariable multinomial logistic regression analy-
sis, as done by Peppelman et al.* to estimate the correct
classification rate that is reached by using all information con-
tained in the predictors showing significance in the univariate
multinomial logistic regression analyses. We excluded the results
of this analysis from our results because of overfitting.

P-values of less than 0.05 were considered statistically signifi-
cant. All statistical analyses were conducted using R (version
3.6.0, 2019, R Foundation for Statistical Computing).

All patients provided their written informed consent. The
study was approved by the local ethics committee (No. 17-699).

Results

Population

123 lesions suspicious for KC were recruited prospectively of
which 73 cases were enrolled after histopathologic confirmation
(belonging to 25 females, 48 males, mean age 74.8 years, CI 72.7—
76.9). Remaining cases were excluded due to missing histopatho-
logical confirmation of the diagnosis as gold standard. Forty-six
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AKs (10 hypertrophic, 5 atrophic, 3 bowenoid), 11 BD and 16 inva-
sive SCCs were analysed. Most common lesion site was the head
and neck area (52.1% face, 28.8% scalp), followed by upper limbs
(9.6%), lower limbs (5.5%), trunk (2.7%) and genital area (1.4%).

Diagnostic confidence

Our diagnostic confidence with LC-OCT was high in 74% and
average in 26% of the cases; with dermoscopy, it was high in
49.3% and average in 49.3%. We therefore estimated an
improvement of 24.7% compared with clinical examination and
dermoscopy alone.

Morphological features

The descriptive statistics and the univariate multinomial logistic
regressions of the dermoscopic features are available in Tables S1
and S2.

Main LC-OCT features of AKs
reported in the descriptive statistics were (Tables 1 and 2)

in vertical mode as

(Figures 1 and 2, S1): hyperkeratosis with compact paraker-
atosis (95.7% and 67.1%, respectively), scales (67.4%), broad-
ened acanthotic epidermis (68.2%) and keratinocyte atypia
(95.5%). It was not always possible to exactly distinguish
between basal and suprabasal layers. The DEJ was preserved
in 82.6%. The dermis showed dilated vessels/neoangiogenesis
(59.5%) and elastosis/collagen alterations (56.1%). BD was
characterized by a marked keratinocyte atypia involving all
epidermal layers (100%) but with a well-defined DE] (80%)
(Figures 1 and 3, S2). In 7 AKs and 2 BD, some parts of the
DEJ were not visible.

In invasive SCC, hyperkeratosis (100%), ulceration (68.8%)
and disruption of SC (100%), a marked keratinocyte atypia
(100%) in a broadened epidermis (93.8%) was found, with an

Table 1 Descriptive statistics of LC-OCT features of actinic keratosis, Bowen’s disease and squamous cell carcinoma evaluated in the

study with their relative and absolute frequencies

Actinic keratosis

Bowen’s disease Invasive squamous

cell carcinoma

Features All subtypes
Mean 95% CI Mean
Epidermal thickness 155.8 134.0,177.5 126.2
% n %
Epidermis
Ulceration 23.9 17/71 6.8
Disruption of stratum corneum 82.2 60/73 7.7
Hyperkeratosis 97.3 71/73 95.7
Compact parakeratosis 83.6 61/73 67.1
Scales 78.1 57/73 67.4
Keratin plugs 50.7 37/73 39.1
Thinning of the epidermis 28.2 20/71 40.9
Broadened/acanthotic epidermis 78.9 56/71 68.2
Suprabasal atypical keratinocytes 71.2 52/73 54.3
Basal atypical keratinocytes 94.5 69/71 95.5
Bowenoid pattern 27.8 20/72 15.2
Acantholysis 232 16/69 15.9
Pyknotic cells 431 31/72 32.6
Atypical honeycombed pattern 97.2 70/72 95.7
Bright particles in the epidermis 31-4 22/70 25.0
Dendritic cells 5.7 4/70 4.5
Flattened rete ridges 56.5 39/69 65.1
Dermo-epidermal junction
Well defined 68.1 49/72 82.6
Not visible/interrupted 28.8 21/73 15.2
Dermis
Dilated vessels/neoangiogenesis 65.2 43/66 59.5
Glomerular vessels 13.6 9/66 9.5
Bright particles in the dermis 18.8 13/69 11.4
Elastosis/collagen alterations 61.9 39/63 56.1

95% ClI Mean 95% ClI Mean 95% CI
102.9, 149.5 168.5 107.1,229.8 232.0 182.3, 281.7
n % n % n
3/44 27.3 3/11 68.8 11/16
33/46 100.0 11/11 100.0 16/16
44/46 100.0 11/11 100 16/16
35/46 100.0 11/11 93.8 15/16
31/46 90.9 10/11 100.0 16/16
18/46 54.5 6/11 81.2 13/16
18/44 18.2 2/11 0.0 0/16
30/44 100.0 11/11 93.8 15/16
25/46 100.0 11/11 100.0 16/16
42/44 100.0 11/11 100.0 16/16
7/46 90.0 9/10 25.0 4/16
7/44 20.0 2/10 46.7 7115
15/46 20.0 5/10 68.8 11/16
44/46 100.0 10/10 100.0 16/16
11/44 10.0 110 62.5 10/16
2/44 20.0 2/10 0 0/16
28/43 5.5 6/11 33.3 5/15
38/46 80.0 8/10 18.8 3/16
7/46 36.4 411 81.2 13/16
25/42 70.0 710 78.6 11/14
4/42 20.0 2/10 21.4 3/14
5/44 20.0 2/10 40.0 6/15
23/41 70.0 710 75.0 912

Cl, confidence interval; %, per cent (relative frequency); n, number (absolute frequency).
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Table 2 Univariate multinomial logistic regression reporting odds

ratios (OR) and P-values of main analysed LC-OCT parameters

Feature LC-OCT

Epidermal thickness

Ulceration

Disruption of stratum corneum

Hyperkeratosis

Compact parakeratosis

Scales

Keratin plugs

Thinning of the epidermis

Broadened/acanthotic epidermis

Suprabasal atypical keratinocytes

Basal atypical keratinocytes

Bowenoid pattern

Acantholysis

Pyknotic cells

Atypical honeycombed pattern

Bright particles in the epidermis

Dendritic cells
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Subtype OR

21 1.01

31 1.01

32 1.01

21 5.12

31 30.06
32 5.87

21 5548.60
31 9400.90
3|2 15.70
21 978.45
3|1 896.47
312 12.36
21 2212.53
3|1 4.72

32 0.00

2/1 4.80

3|1 8192.20
32 1509.60
21 1.87

31 6.74

32 3.61

21 0.32

31 0.00

32 0.00

211 5689.80
31 7.00

32 0.00

21 12044.20
31 20060.40
32 12.60
211 923.79
31 867.28
32 12.87
21 50.14
31 1.86

32 0.04

21 1.32

31 4.63

32 3.50

21 2.08

31 4.55

312 2.20

21 1687.40
31 3545.80
32 12.4

21 0.33

31 5.00

32 15.00
21 5.250
31 0.00

32 0.00

P
0.13

P < 0.001***
0.10
0.07050

P < 0.001***
P < 0.05*
0.81

0.81

0.98

0.88

0.85

0.98

0.76

0.15

0.84

0.15

0.78

0.81

0.36

P <0.01**
0.15

0.18

0.80

0.85

0.80

0.07

0.99

0.79

0.80

0.99

0.87

0.84

0.99

P < 0.0071%**
0.38

P < 0.05%*
0.75

P < 0.05*
0.18

0.30

P < 0.05*
0.34

0.90

0.91

0.98

0.32

P <0.01%*
P < 0.05*
0.12

0.88

0.84

Table 2 Continued

Feature LC-OCT Subtype OR P
Flattened rete ridges 21 0.64 0.52

31 0.27 P < 0.05*

312 0.42 0.28
Well-defined DEJ 21 0.84 0.85

3|1 0.049 P < 0.001%***

312 0.058 P < 0.01%*
Not visible/interrupted DEJ 21 3.18 0.12

31 9.28 P < 0.001%%**

32 2.92 0.19
Dilated vessels/neoangiogenesis 2|1 1.59 0.54

31 249 0.21

32 1.57 0.63
Glomerular vessels 21 2.38 0.36

31 2.59 0.26

32 1.09 0.93
Bright particles in the dermis 2|1 1.95 0.47

31 5.20 P < 0.05*

32 2.67 0.30
Elastosis/collagen alterations 21 1.83 0.43

311 2.35 0.25

32 1.29 0.79

Nomenclature: 1 = actinic keratosis, 2 = Bowen disease, 3 = squamous cell
carcinoma. Abbreviations: DEJ, dermo-epidermal junction; OR, odds ratio;
Significance levels: *P < 0.05, **P < 0.01, ***P < 0.001.

either interrupted or non-visible DEJ (81.2%). (Figures 1 and
4). Dilated vessels/neoangiogenesis (78.6%) and collagen alter-
ations (75%) were noticed.

In horizontal sections, SC was disrupted in 71.7% of AKs and
100% of SCCs; an atypical honeycombed pattern as described in
RCM "* was found in 95.7% of AKs and 100% of SCCs, pyknotic
(broken) cells in 32.6% AKs, 68.8% SCCs. Collagen alterations
and dilated vessels/neoangiogenesis were seen in all types of
lesions; in 90% of BD, glomerular vessels (the typical tortuous,
dilated vessels inside the dermal papillae) were displayed (Fig-
ure 3).

Mean epidermal thickness was 126.2 pm in AKs, 168.5 pm in
BDs and 232 pum in SCCs (Table 1).

Univariate multinomial logistic regression models were per-
formed to identify the main LC-OCT patterns allowing the dis-
tinction between different entities (AK, BD and SCC).
Following features were helpful in distinguishing SCCs com-
pared to AKs: increased epidermal thickness (P < 0.001), ulcera-
tion (P <0.001), keratin plugs (P < 0.001), acantholysis
(P < 0.05), bright particles in the epidermis (P < 0.01), flattened
rete ridges (P < 0.05), not visible/interrupted DEJ (P < 0.001)
and bright particles in the dermis (P < 0.05). Ulceration
(P < 0.05) and bright particles in the epidermis (P < 0.05)
could analogously help differentiate a SCC from a BD, while the
OR for BD well-defined DEJ (P < 0.01) and bowenoid pattern
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(b) §

(c) =

Figure 1 Different stages of keratinocyte skin cancer in LC-OCT, vertical mode: (a) AK of the face, (b) BD of the back, (c) SCC of the
scalp. Hyperkeratosis and parakeratosis (star), atypical keratinocytes (bracket) are seen in all lesions; the DEJ (arrow) is preserved in (a)
and (b), but not in (c), where strands of atypical keratinocytes infiltrating the dermis are seen (bracket) together with a thick, hyperkeratotic
crust (triangle). AK, actinic keratosis; BD, Bowen disease; DEJ, dermo-epidermal junction; LC-OCT, line-field confocal optical coherence

tomography; SCC, squamous cell carcinoma.

(P < 0.01) was significantly higher for BD compared to SCC.
The bowenoid pattern was the distinguishing feature of BD
compared to AKs (P < 0.001).

Discussion
Differentiating stages of field cancerization noninvasively in real
time is of outmost importance in the clinical practice since it
allows an efficient therapy planning.

A dermoscopical ‘progression model’ was developed by
Zalaudek
(‘strawberry pattern’) as typical for early AKs, and a red starburst

et al., who described a red pseudonetwork
pattern and vyellow-white scales as a sign of transition to
intraepidermal carcinoma. In BD, increasing neovascularization
is seen as clustered glomerular vessels, while scales tend to
become thicker and centrally coalesce. Advanced SCCs are char-
acterized by irregular vessels, increased keratinization and ulcer-
ation.” Our findings were in line with the common literature on
the topic: glomerular vessels were the most significant finding in
dermoscopy of BD, while starburst pattern, scales and ulceration

were seen in SCCs.
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Conventional OCT, which provides vertical images intuitively
comparable to histological sections and LC-OCT vertical mode,
is able to detect common features of KC such as hyperkeratosis,
epidermal disruption and loss of the DEJ. However, hyperker-
atosis affects the imaging of underlying structures and an exact
discrimination of the invasiveness is not always possible.'****~>>
In their systematic review, Friis'® described most common OCT
features of AKs: disruption of layers, white streaks and dots and
thickened epidermis. Schuh and Welzel demonstrated on a very
large sample that AKs can be easily differentiated from normal
skin and BCCs thanks to the decreased local signal intensity, as
well as thicker SC and epidermis, finding moreover very good cor-
relations between OCT and histopathological thickness of the skin
layers.*® In a paper focused on differentiation of non-melanoma
skin cancers (NMSC), Batz et al. associated multifocal acanthosis
to Bowen’s disease and SCC, with SCC additionally showing
hyperreflective nests and non-compressible dark borders.>* No
systematic study on OCT-guided diagnosis of SCC was published.
Yet high-definition OCT (not commercially available anymore)
was also used by Boone et al. for the in vivo discrimination of
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Figure 2 Atrophic AK of the face: H&E stained histology (100x) (a), LC-OCT in vertical mode (b) Note hyperkeratosis/parakeratosis (star),
atypical keratinocytes (bracket) with preserved DEJ and flattened rete ridges (arrow), solar elastosis (triangle). AK, actinic keratosis; DEJ,
dermo-epidermal junction; H&E, haematoxylin—eosin; LC-OCT, line-field confocal optical coherence tomography.

sun-damaged skin, AKs and SCCs based on the analysis of cellu-
lar, 3D microarchitectural structures and tissue scattering.35

In this article, we focused on LC-OCT features of AK, BD and
SCC, in order to correlate the presence of specific descriptors
with the stage of KC.

Hyperkeratosis was visible as a hyperreflective multilayer of
polygonal cells with sometimes remaining nuclei (parakeratosis).
Atypical keratinocytes were polygonal structures with a dark
cytoplasm and bright contours, enlarged in comparison with
those in healthy epidermis and with inhomogeneous size and
shape. The cellular layering was intuitively comparable with the
corresponding histological sections. However, it was not always
easy to systematically differentiate basal and suprabasal ker-
atinocyte atypia; to this regard, we noticed that the differences
were easier detectable with higher grades of dysplasia (BD,
SCC). Acantholysis was seen as darker spaces between the epi-
dermal keratinocytes. Also, fragmented (pycnotic) keratinocytes
could be detected.

The epidermal thickness systematically and significantly
increased with the progression to invasive SCC.

In the dermis, increased vascularization and collagen fibre dis-
arrangement, corresponding to elastosis (collagen reaction),
were seen in all types of lesions in both vertical and horizontal
sections. Small bright particles, probably corresponding to
inflammatory infiltrates, could be visualized in both the epider-
mal and dermal layers.

We could visualize AKs and their main histopathological cor-
relates with LC-OCT; the device also seemed to be potentially
useful in AK subtyping. Although we only analysed a very small
sample of AK subtypes (10 hypertrophic, 5 atrophic and 3 bowe-
noid), we were able to preliminarily observe the characteristic
flattening of the rete in hypertrophic AKs, a thinned epidermis
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in atrophic AKs and the typical full thickness keratinocyte dys-
plasia with roundish contours in bowenoid AKs. In early AKs,
the dermoscopic structureless red areas interrupted by follicular
openings were associated with dilated and tortuous hyporeflec-
tive vessels in the superficial dermis and hyperreflective, follicu-
lar hyperkeratosis. A larger, systematic study on AKs subtyping
should be performed to further investigate this interesting topic.

In BD, the enlarged atypical keratinocytes built a thickened,
acanthotic epidermis with roundish (‘bowenoid’) contours of
the enlarged atypical keratinocytes in all epidermal layers, which
we defined as bowenoid pattern. This was the main feature to
distinguish BD from AKs and SCCs.

In BDs and AKs, the DEJ was well preserved, seen as a darker
band separating the basal keratinocytes from the bright dermal
collagen; however, in 7 AKs and 2 BD, some parts of the DEJ
were not visible, due to the increased thickness of the stratum
corneum, pointing towards the limited penetration depth of LC-
OCT, which does not always allow a complete examination of
the epidermis and DEJ in thick hyperkeratotic lesions. Possible
strategies to partially overcome this limit may be, as in conven-
tional OCT and RCM, focusing on the lesion borders and/or
removing thick hyperkeratotic crusts, thus with the risk of bleed-
ing and inflammation impeaching the examination.

Squamous cell carcinomas are invasive, keratinizing tumours,
composed of large keratinocytes displaying different grades of
atypia, arising from the epidermis and extending into the der-
mis. In LC-OCT, disarranged masses of large polygonal cells
with irregular contours could be seen; roundish bright homoge-
neous structures corresponding to horn pearls were visible.
When visible, the dermis was infiltrated by tumour strands and
masses, with increased and irregular vascularization (dilated
and  bright bundles

vessels/neoangiogenesis) collagen
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Figure 3 BD of the back: LC-OCT in horizontal mode at the epidermis (a) and junctional (b) level, vertical mode (c) and H&E stained
histology (40x) (d). Atypical keratinocytes (bracket), hyperkeratosis with parakeratosis (asterisk), preserved DEJ (arrow), dilated vessels
(circle) are seen. BD, Bowen disease; DEJ, dermo-epidermal junction; H&E, haematoxylin—eosin; LC-OCT, line-field confocal optical

coherence tomography.

(elastosis/collagen alterations). In the descriptive statistics, these
findings were more common in SCCs compared with AKs and
BDs, although the model did not reach a statistical significance
probably due to the small sample size.

If we take into account RCM, Peppelman and colleagues
found architectural disarray in the stratum granulosum-—spino-
sum and nest-like structures in the dermis as predictors of SCC
compared to AK, based on 30 lesions.?>*® Manfredini et al.
listed erosion, architectural disarrangement and speckled nucle-
ated cells in the dermis as the most common SCC features; but-
tonhole vessels were mostly found in in situ SCCs, while
irregularly dilated vessels could be detected in invasive SCCs."”
In horizontal LC-OCT images, which are intuitively comparable
to RCM ones, we could describe an atypical honeycombed pat-
tern constituted of dark polygonal cells in different sizes and
shapes in all lesions; the grade of atypia increased from AK to
SCC. Pyknotic cells were also visible. Collagen alterations/elasto-
sis were seen, but we did not find any predominant vascular
morphology.

A supplementary point was to evaluate whether specific
LC-OCT descriptors were significantly associated with differ-
ent stages of keratinocyte cancer. In fact, recognizing the
invasiveness of the tumour is necessary for the therapeutic
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planning, since most AKs and BDs do not require a surgical
approach. We therefore included all predictors that showed
a significant odds ratio, in a multivariate multinomial logis-
tic regression with bidirectional elimination based on previ-
ous studies about other diagnostic techniques,” and
extrapolated dermoscopic and LC-OCT characteristics that
can be useful in the correct classification of different sub-
types of KC. In fact, a few patterns immediately help recog-
nize different KC types. For example, a continuous DEJ is a
typical feature of AK and BD, but cannot be seen in SCC,
where an interrupted DEJ, marked collagen alterations and
bright (inflammatory) particles in the dermis are prevalent.
Even different types of AKs can be better recognized com-
pared with dermoscopy: flattened rete ridges are typical for
hypertrophic AKs, while a thinned epidermis was found in
atrophic AKs. The model was conceived to calculate the cor-
rect classification rate of LC-OCT for AK, BD and SCC,
which was 100%. However, due to overfitting, we based the
interpretation of our results and discussion on the univariate
multinomial logistic regressions. These results should be con-
sidered as preliminary and serve as a hint for future studies
on larger samples, including more BD and SCCs compared

with AKs.
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Figure 4 SCC of the scalp in vertical LC-OCT (a, b), OCT (c) and RCM (d). We see the following: a thick hyperkeratotic crust (asterisk),
ulceration/blood crust (circle), atypical keratinocytes (bracket) with loss of the DEJ (arrow), dilated vessels (triangle), marked architectural
disarrangement and elastosis (rhombus) also at the periphery of the lesion. DEJ, dermo-epidermal junction; H&E, haematoxylin—eosin;
LC-OCT, line-field confocal optical coherence tomography; OCT, optical coherence tomography; RCM, reflectance confocal microscopy;

SCC, squamous cell carcinoma.

Advantages and limitations of LC-OCT compared with other
diagnostic techniques should be briefly discussed. The scanning
camera allows the direct navigation of the examined area, as in
conventional OCT and RCM 1500®. The unique combination
of vertical and horizontal images at nearly cellular resolution
makes histopathological correlations easier and reduces diagnos-
tic pitfalls. The limited resolution compared with RCM does not
impeach the evaluation of the keratinocyte atypia, but might
complicate the differential diagnosis with melanocytic lesions.
Offering less penetration depth than conventional OCT, LC-
OCT can miss the deeper epidermal layers in the presence of
massive hyperkeratosis, so that some thick early lesions might be
misevaluated. Only conventional OCT offers a dynamic mode
for blood flow.

Conclusions

We believe that the integration of clinical, dermoscopic and
imaging data improves the therapeutic planning and follow-
up of KC. In our experience, LC-OCT recognizes main fea-
tures (keratinocyte morphology, architecture and DEJ struc-
ture) and allows the diagnosis of different stages of KC with
intuitive and reliable histopathological correlations. Our find-
ings open new scenarios in the non-invasive characterization
of field cancerization. Further studies are needed to correlate

JEADV 2021

the LC-OCT images to other histologic AK classifications
such as PRO (a model focused on different stages of down-

ward extension of basal keratinocytes ‘protruding’ into the

papillary dermis)*”*® and to standardize imaging algorithms

for AKs, BD and SCCs.
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Supporting information
Additional Supporting Information may be found in the online

version of this article:

Figure S1. Hypertrophic AK of the scalp: in vertical LC-OCT
(a) and H&E stained histology (40x): hyperkeratosis/paraker-

atosis (star) together with atypical keratinocytes (bracket) are

seen, while the DE] is preserved (arrow); solar elastosis is present

(triangle).
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Figure S2. Detail of the cellular morphology of a clear cell BD in
LC-OCT in horizontal mode (a) and H&E stained histology
(100x) (b). Hyperkeratosis with parakeratosis (star) and large
atypical keratinocytes (bracket) are seen.

noma evaluated in the study with their relative and absolute
frequencies.

Table S2. Univariate multinomial logistic regression reporting
odds ratios (OR) and P-values of main analysed dermoscopic

patterns.
Table S1. Descriptive statistics of dermoscopic features of
actinic keratosis, Bowen’s disease, and squamous cell carci-
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