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Abstract

The aim of this study was to assess the value of high-resolution ultrasonic quantita-

tive parameters of shear wave elastography (SWE) in basal cell carcinoma (BCC). A

total of 86 cases of BCCwere enrolled as the case group, and 38 other similar skin pig-

mented lesionswere randomly selectedas the control group.Usingpathological results

as the gold standard, the diagnostic test method was used to evaluate the ability of

high-frequency ultrasonic elastography to diagnose BCC, and the 2D ultrasonographic

features, blood flow image characteristics, and SWE of BCCwere summarized.
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1 INTRODUCTION

The global incidence of skin cancer has been steadily increasing in

recent years. Its main risk factors are long-term day-light exposure to

ultraviolet radiation, exposure to chemical carcinogens, radiation, and

so on.1 From2015 to 2017, the average annual growth rate of the total

number of patients with skin cancer was 14.67% in China. The Guang-

dong Province has the largest number of skin cancer patients, where

the main occupation is farming.2 Approximately one-fifth of the pop-

ulation in Belgium had skin cancer in 2014.3 Skin cancer is a serious

malignancy, and a global public health problem.

Basal cell carcinoma (BCC), squamous cell carcinoma, and

melanoma are the most common types of skin cancer, among which

BCChas the highest incidence.4 BCC is themost difficult to distinguish

from seborrheic keratosis and pigmented nevus because of their

similar clinical manifestation. The examination of skin lesions depends

upon the clinician’s experience of visual observation or simple der-

moscopy, which is only on the longitudinal level.5,6 Even experienced

clinicians find it difficult to distinguish BCC from seborrheic keratosis

and pigmented nevus, especially early BCC.

The recent developments in high-resolution ultrasound (HRUS)

havemade skin ultrasound examination possible.1,7–9 Mandava et al.10

superficial skin lesions are very small, HRUS is the non-invasive test

because which can effective resolution of the skin and the surround-
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ing tissues, is the noninvasive test that can be used to evaluate

superficial skin lesions because they are very small. They imaged skin

lesions by 2D ultrasonography, but it is not easy for some atypical

cases or young sonologists. Shear wave elastography (SWE) has been

shown to be a powerful tool to estimate tissue stiffness.11–15 There are

numerous reports on the application of SWE in skin diseases.16–19 The

major type of BCC is solid cases, which involve palisade-like arrange-

ment, so the texture is hard. The SWE has solidity measured values,

which can help to identify useful imaging evidence for the differential

diagnosis of BCC, in order to increase the reliability of the diagnosis

and treatment.

2 MATERIALS AND METHODS

2.1 Design

This retrospective analysis was performed at the Zhongshan Hospital

of Traditional Chinese Medicine between January 2018 and Decem-

ber 2020. A total of 124 patients (54 males and 70 females, mean

age 55.2±23.4 years), including 86 BCC cases and 38 controls (29

cases with seborrheic keratosis and 9 cases with pigmented nevus),

were included in the study. Cutaneous lesions with surface scab were

excluded from the study. This study was approved by the Ethics
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F IGURE 1 2D, Doppler, and SWE images of BCC

F IGURE 2 2D, Doppler, and SWE images of seborrheic keratosis

F IGURE 3 2D, Doppler, and SWE images of pigmented nevus

Commission of our hospital. All patients gave informed consent before

examination.

2.2 Ultrasonic imaging data acquisition

SWE was performed with an Apollo 500 ultrasound system (Canon,

Japan), using a 15MHz linear transducer (L10-15). In every participant,

a thick coupling agent was placed between the transducer and the skin

to improve docking. First, a thick coupling agent and vertical probewas

placed toperform routine2Dultrasonic imaging,wherein the structure

of the epidermis, dermis, subcutaneous adipose layer, and surrounding

soft tissue of the skin were clearly displayed, and the size, shape, inter-

nal echo, and the depth of the skin layer of the space-occupying lesion

were observed. Next, the perfusion information was assessed by color

Doppler ultrasound. Finally, all participants underwent a standardized

protocol (placed the lesion at a same depth of about 10 mm for 3–5 s)

that consistedof high-resolutionultrasonic imaging andSWE.After the

image was stabilized and frozen, region of interest, which included as

many lesion areas as possible, was selected, circular or elliptical, and

Young’s modulus was automatically measured three times by the soft-

ware, and themeanof the threevalues calculatedwasused for analysis.

2.3 Statistical analysis

Continuous variables were presented as mean ± standard deviation.

All reported p-values were two-sided. A p-value < 0.05 was consid-

ered to be statistically significant. Statistical analysis was performed

using SPSS version 22.0 (IBM Corp, Armonk, NY, USA). Compar-

isons between the BCC and control groups were made with one-way

ANOVA.

3 RESULTS

3.1 Pathological types of skin lesions and
high-frequency ultrasonic imaging

A total of 124 patients, with 86 BCC cases and 38 controls (29 cases

with seborrheic keratosis and 9 cases with pigmented nevus), were
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TABLE 1 Pathological types of skin lesions and ultrasonic imaging

n 2D

Color Doppler (blood

flow signals)

SWE(mean± standard

deviation)

BCC 86 Heterogeneous, Gravel calcifications

Skin thickening, roughness, varying

degrees of epidermal defects

More, dispersed 36.7±5.2 KPA

Seborrheic keratosis 29 Only present in the epidermis, no

obvious changes in the dermis

Dendritic 19.6± 4.8 KPA

Pigmented nevus 9 Slightly higher than BBC, thicken of

epidermis

Poor 23.6± 4.7 KPA

included in this study. BCCshowedoval-shaped lesions,with skin thick-

ening, roughness, or varying degrees of epidermal defects. Color blood

flow signals are rich, and the blood vessels are dense and circuitous.

Seborrheic keratosis showed cauliflower-like appearance in the refer-

ence group, and the lesions were only present in the epidermis, with

no obvious changes in the dermis. Most of the color blood flow sig-

nals were abundant, but the blood flow was dendritic. The local defect

appeared in the posterior dermis of seborrheic keratosis, but the edge

was regular. The echo of pigmented nevus was slightly higher than that

of BBC. Therewas little thicken in the anterior epidermis of pigmented

nevus, and the blood flow signal was generally poor in lesion. 2D, color

Doppler, and elastography images of BCC, seborrheic keratosis, and

pigmented nevus are shown in Figures 1–3, Table 1. The mean Young’s

modulus of BCC, seborrheic keratosis, and pigmented nevus were 36.7

±5.2 KPA, 19.6± 4.8 KPA, and 23.6± 4.7 KPA, respectively. There was

significant difference in the mean value of Young’s modulus between

BCC and controls (p< 0.05, F= 129.482).

Ultrasonic graphic in theBCCand control groups is shown inTable 1.

Scatter plot of Young’s modulus in the BCC and control groups is

shown in Figure 4.

3.2 Mean Young’s modulus ROC curve, and
diagnostic threshold of BCC and control group

Using pathological results as the gold standard, the diagnostic thresh-

old of Young’s modulus was obtained by ROC curve. The area under

the ROC curve was 0.939, and the corresponding sensitivity and speci-

ficity were obtained (Figure 5). When the maximum area under ROC

F IGURE 4 Scatter plot of 124 cases and its boundary value
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F IGURE 5 ROC curve for skin space-occupying lesions

curve was 0.939, the mean value of Young’s modulus was 30.2 Kpa

(BCCwas>30.2Kpa and control groupwas<30.2Kpa). Thediagnostic

sensitivity and specificity were 97.37% and 96.51%.

4 DISCUSSION

The development of HRUS makes it possible to examine the skin by

ultrasound, and the images of interest can be moved back with ultra-

sound pad or coated with a thick coupling agent to improve the near

field resolution, and to clearly distinguish the epidermis and dermis

of the skin.8,10 Higher resolution is ideal for displaying the border and

surrounding tissue of the lesion. In order to achieve high resolution and

good reproducibility of elastography, we placed a thick coupling agent

in front of the lesion, and the lesion was located about 10mm in depth.

Color Doppler ultrasound can be used to evaluate the perfusion of

the lesions, but themeasurement of some superficial lesions is not ade-

quately sensitive, as well as the blood supply cross-section of BCC and

seborrheic keratosis. In 2002, elastography was proposed as a new

technique for assessing tissue stiffness, and has been used in the diag-

nosis of liver, breast, testis, and thyroid lesions.11–15 SWE can be used

to measure the value of tissue elasticity and the absolute value of

Young’s modulus, through the quantitative analysis system. The larger

the value, the harder is the lesion in the skin.16–19 In this study, SWE

was used to measure the absolute value of Young’s modulus of skin

lesions. No artificial pressure was needed in this process, so the influ-

ence of human factors was effectively avoided, especially in superfi-

cial skin lesions.Malignant lesions typically occur on the head and face,

especially around the nasal alar. A certain thickness of coupling agent

is placed in front of the lesion. The operation has good repeatability.

In this study, higher resolution is ideal for displaying the border and

surrounding tissue of the lesion, which help to locate the layer. Color

Doppler ultrasound is not adequately sensitive and specific. The ROC

curve was used to obtain the optimal diagnostic threshold of Young’s

modulus and the corresponding sensitivity and specificity. The diag-

nostic threshold was > 30.2 KPA for BBC and <30.2 KPA for benign

lesions. The diagnostic sensitivity and specificity were 97.37% and

96.51%, respectively. Although the specificity was not 100%, but com-

bined with the 2D morphology and blood perfusion information, the

nature of the lesion could be accurately diagnosed, and the diagnostic

accuracy reached 100%. Since the number of cases and disease types

in this studywere not comprehensive, and only consisted of seborrheic
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keratosis and pigmented nevus, which were difficult to diagnose from

BCC, more comprehensive data will be collected and analyzed in the

future.

In summary, the size, shape, internal echo, depth, and perfusion of

the skin space-occupying lesions were clearly assessed by HRUS, and

the hardness of the lesions wasmeasured by SWE.With the accumula-

tion of clinical experience, HRUS elastographywill be beneficial for the

clinical diagnosis and treatment of skin space-occupying lesions.

5 CONCLUSION

High-frequency ultrasonic elastography has high differential diagnosis

ability for BCC, which will help diagnosis BCC from seborrheic kerato-

sis and pigmented nevus because of their similar clinical manifestation,

especially early BCC.
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