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1 | INTRODUCTION

Basal cell carcinoma (BCC) is the most common cancer in Caucasians.

The nodular BCC (nBCC) is the most common histopathological
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3 | Gregor B. E. Jemec'?

Abstract

The subtype of basal cell carcinoma (BCC) influences the choice of treatment. Optical
coherence tomography (OCT) is a non-invasive imaging tool, and a recent develop-
ment of an angiographic version of OCT has extended the application of OCT to image
the cutaneous microvasculature (so-called dynamic OCT, D-OCT). This study explores
D-OCT'’s ability to differentiate the common BCC subtypes by microvascular and
structural imaging. Eighty-one patients with 98 BCC lesions, consisting of three sub-
types: 27 superficial BCC (sBCC), 55 nodular BCC (nBCC) and 16 infiltrative BCC
(iBCC) were D-OCT scanned at three European dermatology centres. Blinded evalua-
tions of microvascular and structural features were performed, followed by extensive
statistical analysis of risk ratio (RR) and multiple correspondence analysis. nBCC le-
sions displayed most characteristic structural and vascular features. Serpiginous ves-
sels, branching vessels, vessels creating a circumscribed figure and sharply demarcated
hyporeflective ovoid structures in the dermis were all associated with a higher risk of
the subtype being nBCC. The presence of highly present lines and dark peripheral
borders at the margin of ovoid structures was negatively associated with iBCC. Lastly,
the finding of hyporeflective ovoid structures protruding from epidermis correlated
with sBCC. We identified various microvascular and structural D-OCT features that
may aid non-invasive identification of BCC subtypes. This would allow clinicians to
individualize and optimize BCC treatment as well as aid follow-up of non-surgical

treatment.
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subtype, but an increase in the proportion of superficial BCC (sBCC)
and infiltrating BCC (iBCC) has been reported.m Within recent years,
several non-surgical treatments have been established for treat-

ment of BCC.2%! The histopathological subtype of BCC is, however,
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correlated with treatment outcome! and recommended treatment
options therefore differ. Subtype, treatment efficacy and cosmetic
outcome are important deciding factors for choosing the optimal care.
The advent of non-invasive treatments as an alternative to surgical ex-
cision makes demands on the diagnostic methods. In spite of their in-
vasive nature and possible lacking representativity,[sl biopsies remain
the gold standard for diagnosis of BCC; however, an optimal diagnostic
tool would allow for accurate diagnosis and differentiation between
specific skin cancer subtypes without leaving procedural scars. Non-
invasive imaging techniques may provide a technologic solution to this
diagnostic challenge.

Optical coherence tomography (OCT) is a non-invasive imaging
method based on interferometry. It provides real-time images of the
skin to a depth of 500-1500 um with a resolution of <3-7.5 um (sys-
tem dependent).[él Several morphologic OCT characteristics of BCC
have been defined and evaluated,”*®) and OCT improves the diag-
nostic specificity for BCC.2**>! Although many studies have looked
at OCT diagnosis of BCC,[**?? only few have explored the ability of
OCT to discriminate between different BCC subtypes, possibly due to
limited penetration depth of some OCT devices.[1023-2%]

Based on conventional grey-scale OCT imaging, it has been
speculated that an improved imaging of the vascular pattern may
increase the diagnostic accuracy for BCC and its subtypes.!*%24
Recent development of angiography-enabled OCT extends the ap-
plications of OCT from pure structural imaging to functional imaging
of blood flow."?®! The commercially available form, named Dynamic
OCT (D-OCT; a variation in speckle variance OCT), enables in vivo
imaging of skin microvasculature and has been validated for imaging
of cutaneous blood flow.?”! Initial reports on the potential utility
of D-OCT for diagnosing different skin lesions, including skin can-
cer, have been published.[28'34] This study explores D-OCT's ability
to differentiate specific BCC subtypes based on microvascular and

structural imaging.

2 | MATERIALS AND METHODS

Patients with primary BCC lesions referred for treatment at one of the
three European clinical dermatology centres (ROS, MOD, AUG) and
scanned with D-OCT from 21 August 2014 to 31 October 2016 were
studied. Lesions were excluded if the pathology report did not include
information about the histopathological subtype. The institutional re-
view board of each centre approved the study (5J-408), and all patients
provided written informed consent in accordance with the principles
of the Declaration of Helsinki. Patients were aged >18 years, and all
lesions were D-OCT imaged prior to treatment. The subtypes found
were as follows: sBCC, nBCC and iBCC. The subtype group of iBCC
included both sclerosing and non-sclerosing variants. In four lesions,
the pathology report showed BCC with pigmented characteristics. In

351 and

this study, we considered pigmentation as a secondary change
these four lesions were therefore classified according to their primary
histological subtype (nBCC = 2; sBCC = 1, iBCC = 1). The BCC lesions

were histopathologically subtyped from specimens acquired by either
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2-3 mm punch biopsy, shave/curettage biopsy (full lesion removed by

curettage) or full surgical excision.

2.1 | Dynamic OCT—Image acquisition

All of the D-OCT images were acquired using a commercially available
multibeam, Fourier domain OCT scanner (VivoSight Dx; Michelson
Diagnostics, Kent, UK) with a centre wavelength of 1305 nm, optical
resolution: <7.5 pm lateral; <5 pm axial, A-Line rate: 20 kHz and a scan
area: 6 mm x 6 mm. The in vivo imaging depth is 1000-1500 pm (tis-
sue dependent) for structural OCT images and usually at least 500 pm
for microcirculation images of the skin. The D-OCT images are pre-
sented in a cross-sectional and an en-face view. The blood flow data
are acquired simultaneously with the structural OCT grey-scale data
and displayed as an overlay in red colour. The technical specifications
behind acquiring in vivo D-OCT images of the microcirculation have
previously been described.?® Each BCC lesion was OCT scanned
using a multislice modality of 120 B-scans (in the x-y plane) to form
a 3D image block. A full scan took 30 seconds. No coupling medium
was used, and the skin surface was not prepared prior to scanning.
Images were obtained by placing the hand-held probe directly on the
skin using a fitted plastic spacer for stability and carefully avoiding
compression of the skin.

2.2 | Dynamic OCT — Analysis of
microvasculature images

To evaluate the vascular features in the D-OCT images, we applied
the terminology and guidelines described in the paper by Ulrich
et al®® some of which include identifying prominent vascular shapes
and evaluating the D-OCT images at three predefined skin depths of

150, 300 and 500 pm. As described in previous publications,[31’37]

we
used specialized software (Michelson Diagnostics and University of
Modena and Reggio Emilia, Modena, Italy) that detects the skin sur-
face and allows the images to be viewed at desired depths below
the skin surface. This “Fitted en-face” manoeuvre was performed as
postprocessing and takes a maximum of ten seconds. For the pur-
pose of this study, “Fitted en-face” D-OCT still-images from the three
predefined image depths (150, 300 and 500 pm) were prepared and
randomized, creating a D-OCT en-face study set of 294 images. Two
of the authors (LT, NDC) performed blinded evaluations of the rand-
omized study set assessing:

(@) The presence of each vascular shape (Dots; Blobs; Coils; Lines;
Curves; Serpiginous)

(b) The presence of specific vascular characteristics:

(i) Branching vessels, ordinal scale:

e No branching

e Slightly present (1-5 arborizing vessels)

e Highly present (25 arborizing vessels)

(i) Vessels creating a circumscribed figure (CircumscribedAreas)
(iii) Vascular flare: a smudge red vascular appearance[38] (Flare)

(c) The vascular pattern (no pattern, mottle, mesh, cloud, chaos).
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The observers collaborated on the evaluations, analysing and dis-
cussing the images jointly. Disagreements were settled by one of the
senior authors (GJ, GP).

2.3 | Structural OCT — Analysis of structural images

For each BCC lesion, cross-sectional structural OCT scans (image
“stacks” of 120 OCT images) were exported (TIFF format) creating
a randomized study set of 98 structural OCT scans. Two observers
(JO and LT) performed blinded evaluations using ImageJ (imagej.nih.
hiv/ij/). We evaluated selected criteria in keeping with common OCT
features previously described in studies of OCT of BCC.["%122324 The

included structural OCT criteria were as follows:

(a) Sharply demarcated hyporeflective ovoid structures located within
the dermis (DemarcatedOvoid).

(b) Hyporeflective ovoid structures protruding from the epidermis
(ProtrudingOvoid).

(c) Dark peripheral border at the margin of hyporeflective ovoid struc-
tures (DPB).

(d) Areflective cystic areas (ACS).

(e) Focal thinning of epidermis in relation to hyporeflective structures
(FT).

(f).Fine hyper-reflective lines between adjacent nests (FHL).

Furthermore, the sizes of the hyporeflective structures (a) and (b)

were estimated:

e Small: <350 pm.
e Large: >350 pm.

In both the vascular and structural evaluations, the observers were
blinded to histopathological BCC subtype, clinical appearance and loca-
tion of the BCC lesions.

2.4 | Statistics

2.4.1 | Analysis of the blinded observer evaluations

Prior to conducting any analyses, a statistical analysis plan was writ-
ten (published online, http://www.parkerinst.dk/) and included pre-
defined hypotheses. The patient and lesion characteristics were
presented using descriptive statistics. The primary analyses consisted
of investigating if there was an association with the BCC subtype and
the microvascular or structural features. The outcome was coded as
presence or non-presence of a specific BCC subtype, and the model
was repeated for each of the three BCC subtypes.

It was necessary to simplify the originally planned models be-
cause many combinations of the covariates did not exist in the data.
We calculated risk ratios and P-values based on chi-square tests.
Stratified analyses were conducted at each depth for the microvas-
cular features. As it was expected that 300 pm provided the best
circumstances for image interpretation, analyses for this skin depth
were considered primary. No correction for multiple testing was
performed.

The robustness of our analyses was tested with several sensitivity
analyses based on fixed and mixed effects logistic regression adjusting
for age, gender and body location (sun exposed/relatively sun unex-

posed) as fixed factors, and patient as random factor.

2.4.2 | Multiple correspondence analysis

Exploratory analysis using multiple correspondence analysis (MCA)B?

was used to investigate the relationships between the different mi-
crovascular and structural features. The microvascular variables were
analysed for each skin depth. All the structural and microvascular fea-
tures were included with the levels, present and not present, except
for vascular pattern. Diagnosis was included as supplementary variable.

All calculations were carried out in the statistical program R (ver-

sion 3.3.3)[4°] using the packages Ime4™Y and FactoMinerR.[?

3 | RESULTS

Of 118 potentially eligible patients, we included a total of 81 patients

with 98 BCC lesions. Patient characteristics are seen in Figure 1. The

Referred to the clinical
dermatology centres (n =118
patients with 146 lesions)

Excluded (n = 37 patients with 48
lesions)

+ Not meeting inclusion criteria (n = 37)
+ Other reasons (n = 0)

Enrolled in the study (n=
81 patients with 98
lesions)

Variable (n=281)
Gender, n females (%) 35 (43%)
Age, mean (SD) 67.0 (14.8)
Number of lesions
1, n (%) 68 (84%)
2, n (%) 11 (14%)
3,n (%) 0 (0%)
4,n (%) 2 (2%)
Diagnosis
sBCC, n (%) 18 (22%)
nBCC, n (%) 42 (52%)
iBCC, n (%) 15 (19%)
Combined, n (%) 6 (7%)
Centre
ROS, n (%) 22 (27%)
MOD, n (%) 37 (46%)
AUG, n (%) 22 (27%)

FIGURE 1 Top: flow chart showing referred, excluded and
included patients. Bottom: figure showing patient characteristics.
BCC, basal cell carcinoma; iBCC, infiltrative BCC; nBCC, nodular
BCC; n, number; SD, standard deviation; sBCC, superficial BCC. The
“Combined” group under diagnosis means that there was more than
one lesion type on the same patient
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TABLE 1 Frequency of microvascular and structural OCT features of BCC, skin depth of 300 pm

Microvascular features (at 300 um)
Dots (0-2), median (IQR)
0: Not present (<3), n
1: Slightly present (23 to <10), n
2: Highly present (210), n
Blobs (0-2), median (IQR)
0: Not present (<3), n
1: Slightly present (23 to <10), n
2: Highly present (210), n
Coils (0-2), median (IQR)
0: Not present (<3), n
1: Slightly present (23 to <10), n
2: Highly present (210), n
Lines (0-2), median (IQR)
0: Not present (<3), n
1: Slightly present (23 to <10), n
2: Highly present (210), n
Curves (0-2), median (IQR)
0: Not present (<3), n
1: Slightly present (23 to <10), n
2: Highly present (210), n
Serpiginous (0-2), median (IQR)
0: Not present (<3), n
1: Slightly present (23 to <10), n
2: Highly present (210), n
Arborizing (0-2), median (IQR)
0: None, n
1: Slightly present (21 to <5), n
2: Highly present (25), n
CircumscribedAreas, n
Flare, n
The vascular pattern
No pattern, n
Mottle, n
Mesh, n
Cloud, n
Chaos, n
Structural features
DemarcatedOvoid
0: Not present, n
1: Primarily small, n
2: Primarily mixed, n
3: Primarily large, n
ProtrudingOvoid
0: Not present, n

Superficial BCC

(I'=27)

2.0(2.0; 2.0)
0 (0%)
1(4%)

26 (96%)

0.0 (0.0; 0.0)

21 (78%)

4 (15%)
2 (7%)

0.0 (0.0; 0.0)

22 (81%)

4 (15%)
1(4%)

1.0 (1.0; 2.0)
2 (7%)

15 (56%)

10 (37%)

1.0(1.0; 1.0)
6 (22%)

15 (56%)
6(22%)

0.0 (0.0; 0.0)

24 (89%)
3(11%)

0 (0%)

0.0 (0.0; 0.0)

21 (78%)
5(19%)
1(4%)

2 (7%)

13 (48%)

0 (0%)
25 (93%)
2 (7%)
0 (0%)
0 (0%)

17 (63%)
4 (15%)
1(4%)
5(19%)

5(19%)

Nodular BCC
(I'=55)

2.0(2.0; 2.0)
0 (0%)
5(9%)
50 (91%)
0.0 (0.0; 0.0)
42 (76%)
12 (22%)

1(2%)
0.0(0.0; 1.0)
34 (62%)
18 (33%)

3(5%)
1.0(1.0; 2.0)

4(7%)

31 (56%)
20 (36%)
1.0(1.0; 2.0)

8 (15%)
30 (55%)
17 (31%)
0.0(0.0; 1.0)
30 (55%)
16 (29%)

9 (16%)
1.0(0.0; 1.0)
25 (45%)
18 (33%)
12 (22%)
13 (24%)
17 (31%)

1(2%)
43 (78%)
9 (16%)
0 (0%)
2 (4%)

13 (24%)
29 (53%)
4 (7%)

9 (16%)

26 (47%)
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Infiltrative BCC
(I=16)

2.0(2.0; 2.0)

0 (0%)

1 (6%)

15 (94%)
0.0 (0.0; 0.0)
13 (81%)

3(19%)

0 (0%)
0.0(0.0; 1.0)
10 (63%)

6 (38%)

0 (0%)
1.0(1.0; 1.0)
3(19%)

11 (69%)

2 (13%)
1.0(1.0; 1.3)

2 (13%)
10 (63%)

4(25%)
0.5(0.0; 1.0)

8 (50%)

6 (38%)

2 (13%)
0.0(0.0; 1.0)

9 (56%)

4 (25%)

3(19%)

3(19%)

4(25%)

0 (0%)
15 (94%)
1(6%)
0 (0%)
0 (0%)

5(31%)
5(31%)
1 (6%)

5(31%)

7 (44%)

(Continues)
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TABLE 1 (Continued)

Superficial BCC

(I=27)

1: Primarily small, n 13 (48%)

2: Primarily mixed, n 1 (4%)

3: Primarily large, n 8 (30%)
DPB 20 (74%)
ACS, n 8 (30%)
FT,n 11 (41%)
FHL, n 2 (7%)

Nodular BCC Infiltrative BCC
(I=55) (I=16)
15 (27%) 5 (31%)
0(0%) 0(0%)
14 (25%) 4 (25%)
39 (71%) 7 (44%)
25 (45%) 7 (44%)
40 (73%) 6 (38%)
8 (15%) 2 (13%)

BCC, basal cell carcinoma; DEJ, dermo-epidermal junction; iBCC, infiltrative BCC; IQR, Interquartile range; nBCC, nodular BCC; OCT, optical coherence
tomography; I, number of lesions; sBCC; superficial BCC; DemarcatedOvoid, sharply demarcated hyporeflective ovoid structures located within the dermis;
ProtrudingOvoid, hyporeflective ovoid structures protruding from the epidermis; DPB, dark peripheral border at the margin of hyporeflective ovoid struc-
tures; ACS, areflective cystic areas; FT, focal thinning of epidermis in relation to hyporeflective structures; FHL, fine hyper-reflective lines between adjacent

nests.

frequencies of the BCC subtypes were as follows: sBCC 28% (27 of
98), nBCC 56% (55 of 98) and iBCC 16% (16 of 98). The majority of
sBCC lesions (74%) was located on relatively sun-unexposed body
sites, while nBCC (60%) and iBCC (88%) were primarily located on
sun-exposed areas. 76% of the lesions were sampled by full surgical
excision, 8% by curettage/shave biopsy and 16% by 2 or 3 mm punch
biopsy. Frequency of microvascular and structural OCT features of
BCC subtypes at a skin depth of 300 um is presented in Table 1. The
frequency of microvascular OCT features of BCC subtypes at the re-
maining skin depths 150 and 500 um is presented as in Tables S1 and
S2.

3.1 | Microvascular D-OCT features

An overview of the estimates for the association between the BCC
subtypes and microvascular and structural features at skin depths 150,
300 and 500 pm is presented as in Tables S3-S5. Looking at the sim-
ple vascular shapes (Dots, Blobs, Coils, Lines, Curves, Serpiginous), we
only found significant associations with the BCC subtypes for serpigi-
nous vessels and vascular lines. The risk of the subtype being nBCC
was higher when serpiginous vessels were present at 300 and 500 pm
(RR500 um = 144, 95% Cl [1.08, 2.01], P =.043; RR,,, um = 1.59, 95%
Cl[1.16, 2.17], P = .014). The lowest frequency of serpiginous vessels
was found in sBCC (11%), and the risk of the subtype being sBCC was
reduced by 78% (RR;,, um = 0-22,95% Cl [0.07,0.66], P = .001) by the
presence of serpiginous vessels. At a skin depth of 300 pm, the risk of
iBCC, when observing highly present vascular lines (210 linear vessels),
was significantly reduced, compared to the reference level (“Not pre-
sent”) (RR,q, un = 0.19,95% ClI [0.04, 0.96]). When comparing all three
groups of presences (not, slightly, highly), the effect was, however,
not significant (P = .098). Similar results were seen at a skin depth of
500 pm where the risk of iBCC was reduced by 68% by the presence
of vascular lines, compared to the absence of lines (RRgq, um = 0.38,
95% Cl [0.16, 0.90], P =.031). At a skin depth of 150 pm, the only
prominent finding was a reduced risk of observing sBCC in the pres-
ence of vascular curves (RR = 0.41, 95% ClI [0.20, 0.82], P = .008).

Looking at the specific vascular figures, seeing branching vessels
at 300 pum significantly increased the risk of the subtype being nBCC
(RR500 um = 1.53, 95% CI [1.08, 2.18], P =.016), with 55% of nBCC
lesions at this depth displaying some degree of branching/arborizing
vessels. Furthermore, identification of branching vessels at 300 pm
was associated with a reduced risk of observing sBCC (RR300 un = 0.37,
95% CI [0.16, 0.83], P =.008). Significant RRs for branching/arboriz-
ing vessels were found neither at skin depth 150 um nor at 500 pm.
An increased risk of the subtype being nBCC was associated with
the identification of vessels creating a circumscribed figure at depth
500 pm (RRsq, um = 1.59,95% Cl [1.15,2.20], P = .043). Looking at the
frequencies (Table S2), 18% of nBCC displayed this feature at 500 pm,
compared to 4% and 6% for sBCC and iBCC, respectively. No signifi-
cant RRs for CircumscribedAreas were found for any of the subtypes
at depth 150 or 300 pm. Likewise, no significant RRs were found
when identifying the feature, vascular flare for any of the subtypes
at any depth. Lastly, we only found significant RRs for the vascular
pattern, mottle. At a skin depth of 300 pm, the likelihood of nBCC was
significantly reduced when mottling was seen (RR;,, um = 0.65, 95%
Cl [0.47, 0.90], P = .043). None of the other vascular patterns (mesh,
cloud or chaos) differed significantly at any depth.

3.2 | Structural OCT features

An overview of the estimates for the association between the BCC
subtypes and structural features is seen in supplementary table S4.
The blinded evaluations showed that the risk of observing nBCC was
significantly higher when identifying DemarcatedOvoid (RR = 1.79,
95% ClI [1.13, 2.86], P =.005), and the risk of observing sBCC was
only a third compared to the risk of the other subtypes when this
structure was present (RR =0.33, 95% CI [0.17, 0.63], P =.001).
These demarcated structures appeared in 76% of the nBCC lesions
compared to 37% and 69% in sBCC and iBCC, respectively. The size
of DemarcatedOvoid in the nBCC lesions was primarily small in 53%
of the cases, and the risk of nBCC when finding a small size of ovoid

structures was also significantly increased (RR = 2.05, 95% ClI [1.29,



3.27], P = .006). An increased risk of the subtype being nBCC was also
found with FT (RR = 1.92, 95% Cl [1.24, 2.97], P = .001).

In 81% of the sBCC lesions, we identified ProtrudingOvoid and the
risk of observing sBCC, when finding this feature, was significantly in-
creased (RR = 2.79, 95% CI [1.15, 6.73], P = .011). In 48% of the sBCC
lesions, these protruding structures appeared primarily small and the
association was statistically significant (RR = 2.99,95% CI [1.19, 7.51],
P =.029). Regarding the feature DPB, we found that the risk of the
subtype being iBCC was reduced by 62% when identifying this feature
(RR=0.38, 95% CI [0.15, 0.92], P =.028). None of the RRs for the
features ACS or FHL were found to be significant.

Looking at the robustness of the estimates for the association be-
tween the BCC subtypes and microvascular/structural features, the
sensitivity analysis (logistic regression and mixed effects logistic re-
gression with patient as random factor) adjusting for age, gender and
location generally supported our findings (Tables S5-S7). In all cases,
the sensitivity analysis showed the same tendencies as the initial
analysis, and the significant findings, described in the sections above,
were in most cases also significant in the sensitivity analysis. Overall,
adjusting for age and location (sun exposed vs sun unexposed) led to
most of the non-significant results in the sensitivity analysis in all of
the BCC subtypes.

3.3 | Combining microvascular and structural
features

The MCA showed that at a skin depth 300 pm, for the microvascu-
lar variables, the first two dimensions accounted for around 32% of
the variability. The variables, Lines and Pattern were, however, re-
moved because of too few observations. In the refitted MCA (Figure
S1, MCA at 300 pm), the two-first dimensions accounted for around
37% of the variability, with the first dimension being highly depend-
ent on the categories NoDemarcatedOvoid, NoProtrudingOvoid,
Serpiginous and CircumscribedAreas, and the second dimension
being highly dependent on NoCurves, Coils, CircumscribedAreas
and NoCoils. The plot indicates that Branching was associated with
Serpiginous, and that NoProtrudingOvoid was associated with ACS,
FHL, FT and DemarcatedOvoid. As hypothesized, FT was associated
with DemarcatedOvoid, and the subtype nBCC. When only consid-
ering the first dimension, CircumscribedAreas and Branching were
associated with DemarcatedOvoid and the subtype nBCC, and Flare
was associated with ProtrudingOvoid and subtype sBCC. Surprisingly,
ProtrudingOvoid and NoDPB seemed to be associated. At 150 pm,
the variables, Pattern, Flare, CircumscribedAreas and Coils were re-
moved, and at 500 pm, the variables, Dots, Pattern and Blobs were
removed (Figure S1, MCA 150 and 500). To a large degree, these plots
showed the same associations as the MCA at depth 300 pm.

4 | DISCUSSION

Angiogenesis is important to the growth and metastasis of many
cancers, including NMSC.143 Typically, angiogenesis is required
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for tumors to grow beyond 1-2 mm in size because of increased
metabolic demands.*# Vascular alterations therefore often become
characteristic signatures of skin tumors.

Our findings indicate that the presence of serpiginous vessels at a
skin depth of 300 and 500 pm increased the risk of observing nBCC.
Furthermore, the identification of branching vessels at 300 um was
associated with a higher risk of the subtype being nBCC (Figure 2). In

dermoscopy, the features branching/arborizing and serpiginous/ser-
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pentine vessels are described as closely related to NMSC, ! which was

also found in our MCA (Figure S1). Branching/arborizing vessels are

C[45,46]

often described as the dermoscopic hallmark of nBC and have

also previously been identified in nBCC using en-face mode OCT (HD-
ocCT).?I The finding that branching/arborizing vessels in D-OCT were

associated with a lower risk of observing the subtype sBCC (300 pm

depth) is also supported by previous dermoscopy studies.[46*”]

We found linear vessels at a skin depth of 500 pm to be associated
with a lower risk of observing iBCC. At this depth, vascular lines were
present in 93% of sBCC, 82% of nBCC and 62% of iBCC (Figure 3). In
dermoscopy, short fine telangiectasia has been described as a feature
of sBCC;W] however, the association of lines with a reduced risk of
iBCC has to our knowledge not previously been reported. This may be

due to the more limited imaging depth of dermoscopy only reaching

FIGURE 2 lllustration of the clinical, microvascular and structural
features of a nodular basal cell carcinoma (nBCC). A, Clinical image
of the nBCC lesion located on the preauricular area. B, Microvascular
en-face D-OCT image (size: 6 mm x 6 mm; skin depth 500 pm) of the
same nBCC lesion as in (A). The asterisks mark CircumscribedAreas.
The arrows mark examples of serpiginous vessels. Furthermore,
branching/arborizing vessels are richly present. The thick black
arrow marks a hair casting a shadow. C, Structural, cross-sectional
OCT image (image size: 6 mm x 2 mm; imaging depth: 800 um) of
the nBCC lesion. The white asterisks mark hyporeflective ovoid
structures corresponding to tumor nests; thin arrows mark dark
peripheral borders at the margin of a hyporeflective ovoid structure;
the thick white arrows mark the dermo-epidermal junction; the black
asterisk marks focal thinning of epidermis; the thick black arrow
marks a hair casting a shadow
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the superficial dermis, whereas D-OCT usually allows vascular imaging
of the mid-dermis. At the superficial skin depth of 150 pm, we found
a negative association between the presence of vascular curves and
sBCC, possibly because angiogenesis represents a step in the develop-

ment of more aggressive phenotypes.”sl

sBCC, being a non-aggressive
subtype, may therefore displays a generally lower vessel count com-
pared to the other subtypes and this may in turn explain why there are
fewer visible vascular curves in the superficial parts of the sBCC. This
connection between microvessel count and BCC aggressiveness has

previously been reported./*8!

FIGURE 3 lllustration of the clinical, dermoscopic, microvascular
and structural features of a superficial basal cell carcinoma (sBCC)
(row (A)) and an infiltrative BCC (iBCC) (row (B)). A1, Clinical image
of the sBCC lesion located on the chest. The white circle marks

the exact area of the OCT scan. B1, Clinical image of the iBCC
lesion located on the scalp. A2, Dermoscopic image (Handyscope®
FotoFinder Systems GmbH, Bad Birnbach, Germany) of the sBCC
lesion. B2, Dermoscopic image (DermLite Photo 3Gen® LLC, San
Juan Capistrano, CA, USA) of the iBCC lesion. A3, Microvascular
D-OCT en-face image (size: 6 mm x 6 mm,; skin depth 300 pm) of
the sBCC lesion. The white arrows mark examples of vascular lines
that are richly present. The black arrows mark vascular dots. The
whole image has a predominantly mottle pattern. B3, Microvascular
D-OCT en-face image (size: 6 mm x 6 mm; skin depth 300 pm) of the
iBCC lesion. The white arrows mark examples of vascular lines that
are sparsely present. The black arrows mark examples of serpiginous
vessels. Branching/arborizing vessels are also sparsely present. A4,
Structural, cross-sectional OCT image (image size: 6 mm x 2 mm;
imaging depth: 1100 pm) of the sBCC lesion. The white aligned
asterisks mark the hyporeflective ovoid structure protruding from
epidermis, corresponding to tumor nests; thin arrows mark the

dark peripheral border at the margin of the hyporeflective ovoid
protruding nest—notice the so-called “window effect,” marked by
the white triangle, which allows for an increase in imaging depth
right below the tumor nest; the thick arrows mark the intact dermo-
epidermal junction to the right in the image; the white square
marks surface hyperkeratosis. B4, Structural, cross-sectional OCT
image (image size: 6 mm x 2 mm; imaging depth: 1300 pm) of the
iBCC lesion. The thick arrows mark the intact dermo-epidermal
junction; the white asterisks mark the multiple sharply demarcated
hyporeflective ovoid structures in dermis, corresponding to tumor
nests. The tumor nests are separated by hyper-reflecting lines of
stroma

We found the identification of vessels creating a circumscribed fig-
ure to be significantly associated with a higher risk of observing nBCC
at a skin depth of 500 pm. Also, our MCA analysis showed associa-
tions between CircumscribedAreas, branching, DemarcatedOvoid and
nBCC. This finding corresponds well with previous reports that primar-
ily non-superficial BCCs display branching vessels coursing around and
towards tumor nests;®®! that angiogenesis is particularly evident at the
boundary line between tumor and stromal®® and that the expression
of vascular endothelial growth factor (VEGF) in BCC lesions is predom-
inantly localized at the invading margin.[‘m

Based on the findings of a previous study using SlAscopy on
NMSC, we had hypothesized that Flare, described as a smudge red
appearance, was associated with sBCC.1%8! Although sBCC lesions in
our study generally displayed the highest presence of Flare at all skin
depths, we could not confirm this association in the primary statistical
analysis. The MCA, however, showed an association between Flare,
ProtrudingOvoid and sBCC, which corresponds well with the SIAscopy
findings. Another hypothesis was the notion that a chaotic vascular
pattern, characterized by disorder, would be associated with the
iBCC subtype. We, however, found the chaotic pattern approximately
equally distributed between all three subtypes (25%-37% at depth
500 pm). A recent D-OCT study on squamous cell carcinoma (SCC)
spectrum lesions showed that chaos was the predominant pattern in



invasive SCC lesions (45.8%-62.5% at depth 500 pm).[49] Studies on
angiogenesis in NMSC lesions have found that tumor cells of BCC
tend to show weak VEGF expression, whereas SCC displays more in-
tense and widespread staining.[43] The D-OCT findings may thus indi-
cate that the chaotic pattern can be a feature in differentiating BCC
and SCC lesions using D-OCT.

As hypothesized and previously reported in OCT studies,
DemarcatedOvoid structures located within the dermis were posi-

tively associated with the subtype nBccld (

illustrated in Figure 2 and
Table S4) and ProtrudingOvoid from epidermis was positively associ-
ated with sBCC[%?4 (jllustrated in Figure 3 and Table S4).

One structural feature was associated with iBCC. We found that
while DPB were equally present in sBCC and nBCC (74% and 71%,
respectively), this characteristic was only present in 44% of the iBCC
lesions and was significantly negatively associated with iBCC (illus-
trated in Figure 3). Previous OCT studies generally support the finding
of a reduced presence of DPB in iBCC. von Braunmuihl and colleagues
found that DPB was one of the most frequent features in nBCC (94%
[16 of 17]), but also identified that this feature was less frequently
observed in sclerosing BCC than in the other subtypes (40% [2 of
5]).[25] Cheng and colleagues defined this feature as solely visible at
the inferior margin and found clefting (variety of DPB) to be one of
the most useful positive predictors for sBCC (79% [69 of 87]).24 This
group also found that clefting was less frequently observed in iBCC
(29% [four of 14]). The histological correlate of the in vivo DPB in OCT
images has been widely discussed. It has been suggested that this fea-

ture stems from peritumoral mucin;®% from peritumoral oedemal'?

or
cellular peripheral palisading of BCC cells (accumulation of elongated
nuclei orientated in the same axis).l”? It might be that the OCT finding
is associated with all three suggestions; however, in the histological
literature, the absence of peripheral palisading and retraction is often
described in iBCC subtypesm] and has generally been associated with

(48] Regardless of the origin of this

more aggressive BCC subtypes.
feature, DPB in OCT images seems to be an important in vivo OCT
characteristic for differentiating iBCC aggressive subtypes from sBCC

and nBCC.

5 | CONCLUSION

We identified various microvascular and structural D-OCT features
that may aid non-invasive identification of BCC subtypes. This would
allow clinicians to individualize and optimize BCC treatment as well as

aid follow-up of non-surgical treatment.

5.1 | Limitations

The technical limitations of D-OCT have previously been de-

27311 We found some associations between microvascular

scribed.!
features and BCC subtypes that were only significant at 500 pm.
However, in some cases, D-OCT images at 500 pm can be challenging
because of deteriorated signal/noise ratio at deeper skin levels. In this

study, we did not rate the image quality and so we cannot report how
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many of the D-OCT images were not optimal for evaluation. Despite
this, the significant findings at 500 pm show that the microvascular
features remain important to evaluate at this skin depth. Even though
we included 98 lesions and the distribution of the BCC lesions sub-
types corresponded to the distribution in the general population,[”
we still only included a total of 16 iBCC cases. This is a small sample
and increases the risk of error. Another limitation of our study is the
sampling methods used. In 75% of the lesions (74 of 98), the histologi-
cal diagnosis was based on full excision of the lesions; however, the
remaining cases were sampled by either curettage/shave biopsy or
punch biopsy. This can potentially have resulted in sampling errors,
as the OCT field of view (6 mm x 6 mm) is larger than the area of the
punch biopsy and the curettage/shave biopsy may have missed im-

portant parts of the lesions. We acknowledge this limitation.
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Figure S1 Exploratory multiple correspondence analysis (MCA) fac-
tor maps used to investigate the relationships between the different
microvascular and structural features at a skin depth of 150, 300 and
500 pm. In short, features that are positioned closely and laterally
indicate association; features positioned centrally have very little in-
fluence on the analysis. “CircumscribedAreas”: vessels creating a cir-
cumscribed figure; “Flare”: vascular flare; “DemarcatedOvoid”: sharply
demarcated hyporeflective ovoid structures located within the der-
mis; “ProtrudingOvoid”: hyporeflective ovoid structures protruding
from epidermis; “DPB": dark peripheral border at the margin of hy-
poreflective ovoid structures; “ACS”: areflective cystic areas; “FT":
focal thinning of epidermis in relation to hyporeflective structures;
“FHL": fine hyper-reflective lines between adjacent nests; “No” in

front of an abbreviation means no presence of the specific structure.

Table S1 Lesion characteristics and frequency of microvascular fea-
tures of BCC at 150 pm.

Table S2 Frequency of microvascular features of BCC at 500 pm.
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Table S3 Crude estimates for the association between the type of
BCC and microvascular features or structural features of BCC at
150 pm.

Table S4 Estimates for the association between the type of BCC and
microvascular features or structural features of BCC at a skin depth
of 300 pm.

Table S5 Estimates for the association between the type of BCC and
microvascular features of BCC at 500 pm.

Table S6 Association between the type of BCC and microvascular

features or structural features of BCC, for superficial BCC.

Table S7 Association between the type of BCC and microvascular
features or structural features of BCC, for nodular BCC.
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