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Abstract
Background Previous studies have shown that actinic keratoses (AKs) and basal cell carcinomas (BCCs) can be diag-

nosed by optical coherence tomography (OCT) based on morphological characteristics. There is a lack of systematic

studies that give standardized information on signal intensity and layer thickness of AKs and BCCs.

Objective The aim of this study was to find out if AKs and BCCs can be objectively diagnosed through standardized

measurement of signal intensity and layer thickness and to use OCT as a non-invasive objective method for the diagno-

sis and evaluation of AKs and BCCs. Additionally, tumour and skin layer thickness were investigated in correlation with

histology.

Methods In this experimental study, 301 lesions (188 BCCs and 113 AKs) of 125 patients were clinically as well as

dermoscopically diagnosed and investigated with OCT before therapy. Normal perilesional skin served as control.

Results It is possible to differentiate BCCs and AKs from normal skin in OCT due to the decrease of local signal inten-

sity in affected skin layers in relation to adjacent healthy skin. In AKs, a strong thickness increase of the stratum corneum

and epidermis compared to normal skin were observed. For the distinction between AKs and BCCs, a drop of signal

intensity in the dermis of AKs towards BCCs and a thicker epidermis of AKs in contrast to BCCs were registered. All

results are statistically highly significant (P < 0.0001). Besides, a strong correlation of tumour and skin layer thickness of

BCCs and AKs in OCT with histology was found.

Conclusion Through standardized measurement of signal intensity and layer thickness, BCCs and AKs can be objec-

tively diagnosed and distinguished from each other with OCT. This will further improve the use of OCT as a non-invasive

objective method for the diagnosis and treatment monitoring of these diseases.
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Introduction
Nowadays, non-melanoma skin cancer (NMSC) like actinic

keratosis (AKs) and basal cell carcinomas (BCCs) are usually

diagnosed clinically with a sensitivity of 56–90% and specificity

of 75–90%.1 However, superficial BCCs are not easy to diagnose

because they can be mistaken for psoriatic plaques or Bowen’s

disease.2 The accuracy of diagnosing a BCC can be improved

from 65.8% with physical examination to 76.2% by using

dermoscopy and to 87.4% if optical coherence tomography

(OCT) is used additionally.3

Prior studies already defined morphologic criteria for the

diagnosis of BCCs and AKs in OCT.4–6 Due to developments of

the high-definition OCT (HD-OCT), more structural details are

known to identify even subtypes of BCCs, and to discriminate

AKs from SCCs and normal skin.7–10 Typically, there is no regu-

lar layering of the skin, especially of the often thickened epider-

mis (in AKs and BCCs).11 BCCs present as ovoid dark structures

surrounded by fibrous stroma in the dermis.4,8,9,12 AKs show

hyperreflective flakes and streaks in the upper epidermis, andaBoth authors act as senior authors.

                                                                     

                          



dark bands in the thickened stratum corneum and epidermis.6,13

But, despite all these efforts,5,14 the differentiation between BCCs

and AKs and other skin diseases remains difficult in some cases.

This is why more objective non-invasive measurements of the

skin like Gao et al.15 are needed.

Thus, the aim of this study was to objectively diagnose and

discriminate AKs and BCCs through standardized measurement

of signal intensity and layer thickness using OCT.

Methods

Patients and study performance
One hundred and twenty-five patients (51 female, 74 male,

median age 70.5, range 39–95 years) with 301 lesions (113 AKs

and 188 BCCs) were recruited in an experimental study.

Approvement was obtained by the Ethical Committee of the

Ludwig-Maximilian University (Project number 221–11) and by

the ethic vote of the University of L€ubeck (1997). The study was

conducted from September 2011 to March 2014 at the Depart-

ment of Dermatology and Allergology of the General Hospital in

Augsburg. The principles of the declaration of Helsinki and

international guidelines concerning human studies were adhered

to at any time.

Inclusion criteria were age over 18 years, good quality OCT

images, unequivocal clinical and dermoscopic diagnosis of AKs/

BCCs and unaffected perilesional skin as a control site. After

written informed consent, the patients were clinically and der-

moscopically examined and the diagnosis was established. The

NMSC was photographed with a Panasonic Lumix DMC-TZ8.

Every lesion and normal perilesional skin as a control were

measured with OCT before therapy. If the NMSC was larger

than 6 mm, the middle of the lesion was scanned. One hundred

and twenty lesions (97 BCCs, 23 AKs) were surgically removed

and histopathologically confirmed by a certified dermatopathol-

ogist. One hundred and eighty-one (91 BCCs, 90 AKs) skin

changes received topical treatment.

Optical coherence tomography
The OCT (VivoSight�; Michelson Diagnostics, Kent, UK) scans

an area of 6 9 6 mm2, reaching a penetration depth of 1.5

to 2 mm with <7.5 lm as a lateral and 5–10 lm as an axial reso-

lution.16 This multibeam swept source Fourier domain OCT

uses an on Michelson interferometry based laser (HSL 2000;

Santec Corporation, Komaki, Japan) with a wavelength of

1305 nm.12,16 Neither oil nor ultrasonic gel are needed.

Image analysis
Only OCT images of clinically and dermoscopically unequivocal

or histopathologically confirmed lesions were taken in vivo, in

real-time as sequences of video material, and were saved for the

analysis with the software Image J as single images. In order not

to influence the signal intensity measurements, the raw images

were analysed, with no image adjustments or enhancements

applied beforehand.

The mean OCT signal intensity in each image was measured

at the same depths (BCC tumour/adjacent dermis) for each

lesion, by use of the Image J polygon and histogram tools. These

tools allow the user to manually select an arbitrarily shaped

polygon region of the image, which is then automatically pro-

cessed to provide statistics of all of the enclosed pixels, including

the mean grey level. A typical selected region approximately

0.8 mm 9 0.2 mm in extent contained over 12 000 image pix-

els. This method provides a good estimate of the mean signal

intensity in the selected region, which is not sensitive to speckle

noise or minor local variations in intensity.

With Image J, the thickness of BCC tumours, the stratum cor-

neum, the epidermis in AKs and the epidermis above BCCs were

measured. The epidermis ranges from the skin surface reflection

to the first signal intensity reduction, the dermal-epidermal junc-

tion (Fig. 1c).17 The stratum corneum can be observed in normal

skin as a small band beneath the strong reflection (Fig. 1c).

Thickness measurements in the OCT image and in histology were

carried out from the top of the skin surface to the bottom of the

tumour margin. The NMSC affected mainly the head and neck

(103 AKs, 94 BCCs), trunk (3 AKs, 73 BCCs) and extremities (7

AKs, 21 BCCs), but not palmoplantar skin.

Statistical analysis
The data were collected with Microsoft� Excel� for Mac 2011

and statistical calculations were conducted using IBM� SPSS�

Statistics software for Mac (SPSS 21.0, IBM Corp., Armonk, NY,

USA). A summary of the OCT results on NMSC is shown in

Table 1. With normally distributed data, paired sample t-tests

were used for intraindividual comparisons of BCCs/AKs and

healthy skin. When the data failed the normality test (like Kol-

mogorov–Smirnov Test or modified by Lilliefors), a Wilcoxon

test was done. The Mann–Whitney U-Test for independent sam-

ples was used for an interindividual comparison of AKs with

BCCs. Spearman’s correlation coefficients (r) were calculated to

correlate OCT with histology. A P-value below 0.05 was consid-

ered as statistically significant.

Results

Signal intensity of BCCs and AKs as well as skin layer
thickness of AKs compared to perilesional normal skin
visualized by OCT
From 188 BCCs, the mean signal intensity of the BCC, the epi-

dermis above the BCC as well as of the dermis beneath the BCC

was determined in comparison to the perilesional normal skin

layer. Attributable to the BCC, there is a decrease in the local

signal intensity in all affected skin layers in relation to adjacent

healthy skin (Fig. 1a). Descriptive analysis for BCCs and AKs

can be seen in Table 2a.
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Significant differences between the signal intensity of the epi-

dermis above the BCC, the BCC itself, as well as below the BCC

and normal skin were observed (P = 0.000).

One hundred and thirteen AKs were measured concerning

mean thickness and signal intensity of the stratum corneum and

of the epidermis, and the signal intensity of the dermis each time

compared to perilesional healthy skin. A decline of signal inten-

sity in afflicted skin layers as compared with adjacent normal

skin is visible (Fig. 1b). But, a strong increase in the thickness of

the stratum corneum and epidermis towards healthy skin can be

registered (Fig. 1c).
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Figure 1 (a) Signal intensity of BCCs and (b) AKs as well as (c) skin layer thickness of AKs compared to perilesional normal skin (PNSk)
visualized by OCT; Distinction between AKs and BCCs illustrated by OCT through (d) epidermis thickness and (e) signal intensity
measurement.

Table 1 Summary of the OCT results on NMSC concerning signal
intensity (SI) and layer thickness (T); the symbol before the slash
refers to the first tumour entity and the symbol after the slash to
the second tumour entity or PNSk

SI Sc SI Epi SI Derm T Sc T Epi

AK/PNSk -/o –/o –/o ++/o ++/o

BCC/PNSk -/o -/o -/o

AK/BCC –/- ++/-

++ very high, + high, o normal, - low, – very low
Epi, epidermis; Derm, dermis; PNSk, perilesional normal skin; Sc, stratum
corneum.
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Statistically significant distinctions were found between AKs

and normal skin regarding the thickness of the stratum cor-

neum, the epidermis and all three cases of signal intensity com-

parisons (P = 0.000).

Distinction between AKs and BCCs in OCT
The mean signal intensity of BCCs is brighter compared to the

mean signal intensity of the dermis of AKs (Fig. 1e). AKs show a

higher mean epidermis thickness in comparison to the epidermis

above BCCs (Fig. 1d).

Therefore, AKs can be significantly discriminated from BCCs

through epidermis thickness and signal intensity in the OCT

(both P = 0.000 see Table 2b).

Comparisons of OCT with histology
The histologically confirmed subgroup of 88 patients (32 female,

56 male, median age of 70.45, range 39–95) with 97 BCCs and

23 AKs provides the same results as the entire group (Table 2c

and d). Table 3a shows the strong correlation of tumour and

skin layer thickness measurement of BCCs and AKs using OCT

with histology. With three BCCs, no histological measurements

were possible, leaving 94 BCCs for correlation, including BCCs

larger than the 2 mm penetration of OCT (Table 3b). When

comparing the signal intensities of histological BCC subtypes,

superficial BCCs showed higher mean signal intensity (87.5)

than BCCs of sclerosing (59.4) or nodular subtype (57.7).

Discussion
Our intention was to diagnose and differentiate BCCs and AKs

based on quantifiable objective parameters, e.g. the signal inten-

sity of BCCs is low compared to adjacent healthy skin. Even,

Greaves et al.18,19 report that the mean grey value is a quantita-

tive method of characterizing tissue due to the correlation of

mean grey values with fibrosis, which was proven by histology

and other ex vivo analysis. Furthermore, we detected that AKs

have a statistically lower signal intensity in all examined skin lay-

Table 2 Statistical analysis of (a) BCCs and AKs in comparison to perilesional normal skin measured by OCT; (b) the differentiation
between BCCs and AKs measured by OCT; (c) signal intensity and skin layer thickness of the histologically confirmed subgroup in con-
trast to normal skin, (d) the distinction between histologically confirmed AKs and BCCs

(a) Signal intensity Thickness

Mean PNSk Mean SD PNSk SD P-value Mean PNSk Mean SD PNSk SD P-value

AK Sc 207.4 131.2 21.8 23.5 <0.0001 0.017 0.193 0.006 0.119 <0.0001

Epi 154.2 111.2 15.8 20.7 <0.0001 0.089 0.355 0.025 0.181 <0.0001

Derm 70.9 42.9 23.9 18.2 <0.0001

BCC EpiaBCC 155.5 129.5 15.0 19.1 <0.0001

BCC 103.4 71.5 18.9 21.0 <0.0001

DermbBCC 45.7 31.2 14.7 14.5 <0.0001

(b) Signal intensity of BCC/dermis of AK Epidermis thickness

Mean SD P-value Mean SD P-value

BCC 71.5 21.0 <0.0001 0.065 0.015 <0.0001

AK 42.9 18.2 0.355 0.181

(c) Signal intensity Thickness

Mean PNSk Mean SD PNSk SD P-value Mean PNSk Mean SD PNSk SD P-value

AK Sc 206.5 124.6 21.5 23.9 <0.0001 0.018 0.201 0.007 0.112 <0.0001

Epi 153.8 105.1 15.7 20.3 <0.0001 0.086 0.397 0.018 0.172 <0.0001

Derm 59.0 35.6 16.8 11.8 <0.0001

BCC EpiaBCC 153.3 126.8 14.5 19.2 <0.0001

BCC 100.2 66.9 20.4 21.8 <0.0001

DermbBCC 44.4 29.7 14.4 13.7 <0.0001

(d) Signal intensity of BCC/dermis of AK Epidermis thickness

Mean SD P-value Mean SD P-value

BCC 66.9 21.8 <0.0001 0.068 0.015 <0.0001

AK 35.6 11.8 0.397 0.172

DermbBCC, dermis beneath BCC; Derm, dermis; EpiaBCC, epidermis above BCC; Epi, epidermis; PNSk, perilesional normal skin; Sc, stratum corneum; SD,
standard deviation; signal intensity in greyscale (0 = black, 255 = white), thickness in mm, P-value in bold letters.
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ers than perilesional normal skin despite the findings in Barton

et al.6 Therein, a severely thickened stratum corneum was stated

as a typical characteristic for AKs in OCT, which we can con-

firm, besides a strong increase in the epidermal thickness in AKs

towards healthy skin.6 Since AKs and BCCs can often not be dis-

criminated from each other, a difference in the signal intensity

as well as in the epidermal thickness was found.5,14 Further stud-

ies could rule out differential diagnoses by signal intensity mea-

surement.

As only 120 lesions were confirmed histologically, which

showed the same results as the whole group, there is no

absolute certainty that the other 181 lesions are correctly

identified. Due to the maximum penetration of 2 mm in

OCT, tumours >2 mm could not be completely measured.

Moreover, tumours with less than 1 mm thickness in OCT

correlated well with histology. This is of high clinical rele-

vance, because the cut-off for good treatment effects with

imiquimod and photodynamic therapy is 1 mm.20 Differ-

ences in the signal intensity and layer thickness regarding

the whole lesion are possible due to the choice of single

images and because of interobserver variability. However, the

control group is dependent on each patient and there is no

normal healthy skin as a reference in general.

Conclusively, our results show that signal intensity and layer

thickness are diagnostically useful and valid parameters, which

might serve to further improve sensitivity and specificity of OCT

diagnosis purely on image morphology. Therefore, these image

analysis tools should be added to the software on commercially

available OCT equipment.
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