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Abstract

Aim: While histology remains the “gold standard” for cutaneous tumoral pathology, high-frequency ultrasound (HFUS) was shown to play a
significant role in the non-invasive, pre-therapeutic assessment of skin tumors. The aim of our study was to determine whether there is a
significant correlation between the ultrasound (US) and histological measurements of basal cell carcinoma (BCC) tumor depth. Materials
and Methods: The present study retrospectively analyzed clinical, dermoscopy, HFUS and histological examinations of 90 patients (52 men
and 38 women) with histologically confirmed BCC, with focus on tumor depth index (DI). Results: On clinical examination, 54 lesions were
nodular (32 presented ulcerations) and 36 superficial lesions. Dermoscopy showed suggestive signs of BCC, most frequently “in focus” arborising
superficial vessels (n=81), blue-grey ovoid nests (n=48) and specks of brown pigment (n=7). HFUS revealed well-defined (n=88) or poorly
defined (n=2) hypoechoic, vascularized lesions, with inhomogeneous structure (n=90) and characteristic hyperechoic dots (n=36). A strong
correlation (Pearson’s r=0.92) between the HFUS (mean measured US depth = 1.33 mm) and histological (mean measured histological depth =
1.47 mm) DI of the investigated skin lesions was found, although significant differences (p<0.001 - t-test for paired samples) between the
two measurements were observed. Conclusions: HFUS provides reliable information about BCC depth of invasion that cannot be otherwise
obtained prior to surgery. In this manner, it completes the preclinical evaluation and can have an impact on the choice of the optimal therapeutic

method.
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=& Introduction

Of all skin malignancies, basal cell carcinoma (BCC)
has the highest incidence rate worldwide. These tumors
are considered semi-malignant tumors, with predilection
for the head and neck region, and, while they used to be
known as tumors of the elderly, nowadays an increasing
incidence in younger subjects is found [1-5]. Chronic
ultraviolet-rays exposure is the most important factor
involved in the development of BCCs [2, 6] and for this
reason these tumors are being commonly seen in sun-
exposed areas [1, 7]. Other well-known risk factors for
BCC development are fair skin, exposure to radiation or
chemical substances (e.g., arsenic), immunosuppressant
and genetic factors (e.g., Gorlin—Goltz syndrome) [3, 8, 9].

Current guidelines for cutaneous skin malignancies
consider the histological analysis as the “gold standard”
for diagnosis [1, 2, 10]; however, high-frequency ultrasound
(HFUS) was also shown to play a significant role in the
non-invasive assessment of cutaneous tumoral pathology
prior to treatment [11-13]. While it does not replace the
histological diagnosis, it does provide real-time complementary
data regarding tumor morphology and vascularization,
which adds additional value to the clinical diagnosis and
may orient the therapeutical approach.

HFUS is used in dermatology as an important tool for
the preoperative assessment of cutaneous lesions as well
as for oncological follow-up and identification of recurrences
[4, 14, 15]. Regarding BCCs, gray scale HFUS provides
significant data regarding lesion morphology, contour,
structure, relationship to adjacent structures such as bone,
cartilage, or muscle, as well as information regarding
dimension, lateral and depth extension, one of the most
important measurements being the tumor depth index (DI)
[4, 16-19]. Color flow map and pulse mode on Doppler
examination provide important data related to the tumor
blood supply, more precisely branching of vessels, blood
flow model, blood velocity, number of vascular pedicles, etc.
[4, 16, 20]. Furthermore, qualitative, and semi-quantitative
elastography measurements can assess the stiffness of the
lesions; a common malignancy trade seen in cutaneous
tumoral pathology is the increased rigidity of the lesions
when compared to the surrounding non-tumoral tissue
[21-23].

Although BCCs rarely metastasize (0.0028-0.55%)
[24-26], they show a locally destructive pattern, hence
recent Guidelines recommend dividing BCCs into low and
high-risk groups [12, 22] or “easy-to-treat” and “difficult-
to-treat” groups [1], orienting treatment options. Therapeutic
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options vary from surgical excision to photodynamic
therapy, topical treatment, electro-dissection, cryotherapy,
laser ablation, radiotherapy, or combined therapies [1,
27-30]. It is however mandatory to keep in mind that the
histological assessment of the tumor and surgical margins
is not possible when using treatment options that destroy
the tissue.

The importance of tumor depth measurement lies in
patient’s management, in particular in the choice of treatment.
Nonsurgical therapy may be considered in low-risk BCCs.
For example, tumors with depth <2 mm can be treated using
photodynamic therapy instead of surgical excision, thus
having a better aesthetical outcome and minimal loss of
healthy tissue [31]. Regarding the HFUS measurement,
various authors used different probe frequencies. HFUS
implies the use of high-frequency probes up to 100 MHz
[31, 32]. Frequencies greater than 15 MHz enabled the
differentiation of skin layers [33—35]. Frequency of 20 MHz
to 25 MHz visualize the epidermis and dermis, thus having
the highest resolution for observing surface structures
(such as superficial tumors), while frequencies between
50 MHz and 100 MHz are limited to the epidermis, because
of their reduced penetration [33, 36, 37]. In terms of
probe choice for tumor thickness measurement, researchers
proposed different frequencies. Using a compact linear 15—
7 MHz probe, Bobadilla ef al. obtained a good correlation
[intraclass correlation coefficient (ICC) 0.9] between
ultrasound (US) and histological depth measurements of
BCC [38]. When Khlebnikova et al. compared a 30 MHz
probe to a 75 MHz probe, they found that the 75 MHz
probe had a greater correlation between sonographic and
histological depth measurements (»=0.870) than the 30 MHz
probe (r=0.290) when measuring BCC with thickness smaller
than 1 mm and had a better correlation with the 30 MHz
probe while measuring tumors greater that 1 mm (»=0.951)
[16]. Even medium frequency probes can be used in tumor
depth measurements. Researchers such as Kucinskiené et al.
and Kaikaris et al. used a 14 MHz probe for thickness
measurements and obtained better results in measurement
of thicker lesions (>2 mm in the Kaikaris ez al. study and
>]1 mm in Kucinskiené et al. study) when compared to
thinner ones [32, 39]. As a response to the discrepancies
in literature, we propose an evaluation on the usefulness
of an 18 MHz probe.

Aim
The aim of this study was to compare US examination
of BCC to histopathology, focusing on the measurement

of tumor DI, to determine whether US measurement is
similar to the histological one.

& Materials and Methods

The present study is analytical, retrospective, observational
and longitudinal. Data was collected after receiving approval
from the research Ethics Committee of the Tuliu Hatieganu
University of Medicine and Pharmacy, Cluj-Napoca, Romania
(No. 564/03.12.2019). All patients participating in the study
have given their written informed consent.

The dataset consists of 90 consecutive cases diagnosed

with BCC in the Department of Pathology, Emergency
County Hospital, Cluj-Napoca, between January 2016 and
December 2018, that had HFUS prior to surgery. Cases with
US suspected BCC that were not histologically confirmed
were excluded from the study. Cases with histologically
confirmed BCC but without US examination prior to surgery
were also excluded from the present study.

Multimodal HFUS (gray scale, fine flow color Doppler
and strain elastography) was performed using a high-
resolution lineal electronic probe at the frequency of 18 MHz
probe (HI-Vision Noblus US system, Hitachi, L64 probe).
All HFUS examinations were performed by the same
physician with eight years’ experience in skin US.

Gray scale examination was performed using the
superficial preset which enables the visualization of
superficial structures (scanning mode: HdTHI-R — high
definition). The tumor depth measurements were performed
in longitudinal and transverse sections, starting from the
granular layer (just beneath the hyperechoic band of the
stratum cornosum) to the deepest border. An increased
amount of gel was used for optimal acoustic coupling.
The highest of all values of tumor depth measurements was
retained. Fine flow color Doppler (L64 probe) was used
to qualitatively assess tumor vascularization. For strain
elastography, a layer of about 5 mm of gel was used on the
lesion and a light pressure. The algorithm automatically
eliminates the frames with artifacts and makes possible
an accurate interpretation on tissue hardness of a lesion,
in the case of images obtained in stable compression. The
system assists the operator by providing a real-time indicator
of the compression. The elastographic image uses the
following colormap: blue for hard tissue and red for soft
tissue. Malignant tissues were considered to have increased
rigidity (hard tissue — blue) when compared to the surrounding
dermis or hypodermis (elastic, soft tissue — green, red)
according to the already published data [4]. Following
US examination, all patients underwent surgical excision
with adequate safety margins in local anesthesia.

A pathologist, using routine Hematoxylin—Eosin (HE)
staining, analyzed the pathological specimens. Histological
data, such as DI (Breslow), level of anatomical invasion
(Clark), surgical margins status, tumor stage and tumor type
were collected. The DI was measured from the granular
layer of the epidermis to the deepest part of the tumor.
The presence of microcalcifications, clusters of apoptotic
bodies and keratin globules were also assessed. Slides
were examined using Leica DM 1000 optical microscopes
and measurements and pictures were obtained using Leica
ICC50 camera and Leica LAS EZ software. The pathologist
was blinded to the US report.

Statistical analysis

The statistical analysis regarding the correlation
between the US and the histological DI was conducted
using Pearson’s correlation coefficient. A paired
Student’s #-test has also been used, to verify whether the
values of the ultrasonographic DI and those of the
histological DI differ significantly. Analyses have been
performed using Microsoft Excel. The level of statistical
significance has been chosen at a=0.05.
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= Results

The 90 BCC cases included consisted of 52 men and
38 women with mean age of 68+10.45 years. Clinical
examination showed 54 exophytic, nodular lesions (32 with
ulcerations and crusts) and 36 superficial, plane lesions.
Seven of the nodular lesions presented superficial pigment,
which made the differential diagnosis with melanoma
challenging.

Dermoscopy showcased “in focus™ arborising superficial
vessels in 81 of the examined lesions, blue-grey ovoid
nests in 48 of the examined lesions and specks of brown
and pigment in seven lesions.

Multimodal HFUS evaluation of the lesions revealed
various aspects regarding morphology, vascularization,
and rigidity. Most lesions (r=54) involved the epidermis,
superficial or deep dermis, some of them (#=2) imprinting

the hypodermis. Grey scale examination of tumor morphology
shows hypoechoic, inhomogeneous structure (#=90), with
well (n=88) or poorly defined margins (n=2).

Nineteen lesions displayed hypoechoic/anechoic areas
corresponding histologically to nodulocystic or adenoid
variants of nodular BCC (Table 1). Other lesions (n=4)
presented hyperechoic structures (keratinization areas)
corresponding histologically to nodular BCC keratotic
variant (Table 1). The BCCs with hyperechoic US spots
(n=36) had a histological correspondent in microcalcifi-
cations (n=30), clusters of apoptotic bodies (n=2) or keratin
globules (n=4) (Figure 1), seen with routine HE staining.
The histological examination of the lesions revealed the
following subtypes: superficial (n=24), nodular (n=57, of
which 11 nodulocystic variant, eight adenoid variant and
four keratotic variant), pigmented (#=7) and infiltrating
(n=2) (Table 1).

Table 1 — Comparison between HFUS and histological examinations depending on histological subtype

HFUS hyperechoic spots Average DI [mm] SD
BCC histological Histology _ .
subtype e K B HFUS Histology HFUS Histology
Nodular 34 22 1.529 1.648 0.485 0.469
Nodulocystic 11 5 1 1.787 2.027 0.588 0.69
Adenoid 8 2 1 1.452 1.62 0.471 0.401
Keratotic 4 4 1.81 2.053 0.652 0.826
Superficial 24 0.621 0.632 0.246 0.248
Pigmented 7 1 1.157 1.586 0.481 0.489
Infiltrating 2 3.102 3.286 0.45 0.203

AB: Clusters of apoptotic bodies; BCC: Basal cell carcinoma; DI: Depth index; HFUS: High-frequency ultrasound; K: Keratin globules; MC:

Microcalcifications; n: No. of cases; SD: Standard deviation.

Figure 1 — (a) BCC: clinical aspect showing a nodular, exophytic tumor with central ulceration and hemorrhagic crusts
located at facial level; (b) Gray scale US: well-defined, exophytic, oval-shaped lesion located in the dermis; notice the
hypoechoic inhomogeneous structure, corresponding to the histological nodular BCC type with cystic differentiation
(central hypoechoic space) and characteristic hyperechoic spots; the DI was 5.5 mm; (c¢) Color Doppler US: increased
blood flow within the lesion, displaying an arborizing pattern and two vascular pedicles; (d) Strain elastography: increased
rigidity of the lesion, suggesting malignant lesion; (e) Histology: macro- and micronodular infiltrate of basaloid cells with
palisade arrangement and fibrous stroma containing inflammatory cells; the DI (Breslow) was 5.4 mm; the tumor was a
nodular-type BCC (nodulocystic variant); (f and g) Histology of different cases with microcalcifications corresponding to
the US-identified hyperechoic spots within the tumor (f) and keratin formation (g). HE staining: (e) x100; (f and g) x400.
BCC: Basal cell carcinoma; DI: Depth index; HE: Hematoxylin—Eosin; US: Ultrasound.
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Color Doppler showed an increased blood supply, at
the bottom of the lesions, with two (n=74) or three (n=16)
vascular pedicles. Qualitative elastography revealed increased
rigidity in all tumoral lesions (blue) when compared to the
surrounding tissue (red, green) represented by dermis or
hypodermis by using the color scale from real-time tissue
elastography mode (Figure 1). We interpreted increased
rigidity (blue) compared to surrounding tissue (dermis,

1.8 -
1.6 1

-ty
=1

Lol
» N B
—

Tumor depth (mm)
e o
o ©

e o
N &

(=]

Histological Ultrasonographic

Figure 2 — Tumor depth measurement Quality Bar
Graphic.

= Discussions

Cutaneous neoplasms represent a major challenge for
dermatologist. US is an important non-invasive imaging
technique that completes and improves the diagnostic
accuracy in dermatological tumoral lesions such as BCC, by
providing detailed information about tumor vascularization,
elasticity and morphology that can be suggestive for certain
histological subtypes. Although ultrasonography is being
used in the dermatological filed for years, the use of high-
frequency probes (15-75 MHz) has considerably improved
the correlation between US and histology.

The image accuracy depends on the probe frequency
and on the operator skills. Regarding the probe frequency
various authors using different frequencies (14 MHz to
75 MHz) reported a good correlation between sonographic
and histological measurements of skin tumors (tumor
thickness, depth of invasion). Khlebnikova et al. obtained
a higher correlation between the sonographic and histological
depth measurements of BCC thinner than 1 mm when
using a 75 MHz probe (r=0.870) when compared to the
30 MHz probe (r=0.290), and a better correlation for the
30 MHz (=0.951) probe on thicker tumors (>1 mm) [16].
Using a 14 MHz transducer, Kucinskiené et al. reports a
better correlation between the histological and sonographic
DI for thicker lesions in comparison with thinner ones
(<1 mm) [32]. Ballester-Sanchez et al. used an 18 MHz
transducer and describes more accurate HFUS measurements
in shallow depth (p=0.05007 >0.05) [40]. In our study,
we evaluated 90 cases of BCCs using an 18 MHz transducer
and we showed the presence of a strong correlation
between the ultrasonographic and histological tumor
depth measurements (Pearson’s 7=0.92). Therefore, it is
noticeable that results can vary depending on the transducer
used for the examination of the lesions. Although the higher
the frequency, the better the sonographic accuracy, literature
data [11, 32, 40] and our data suggests that accurate

hypodermis —red and green) as an argument of malignancy [4].
Although significant differences (p<0.001 — z-test for
paired samples) were found between tumor thickness
measured by HFUS (mean measured ultrasonographic
depth = 1.33 mm) and by histology (mean measured DI =
1.47 mm) (Figure 2), a strong correlation was found (Pearson’s
r=0.92) between ultrasonographic measurements and
histological findings quantified by the DI (Figure 3).
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Figure 3 — Correlation between the ultrasonographic
and histological tumor thickness index.

measurements of cutaneous tumors can be obtained while
using probes with frequencies higher or equal to 14 MHz.

Small differences in reported data of various authors
can also be explained by operator skills [41-43], certain
artefacts (inflammatory infiltrate, solar elastosis, sebaceous
gland hyperplasia), as well as anatomical particularities [4].
In our study, the good correlation coefficient (Pearson’s
r=0.92) can be explained by the fact that all patients were
evaluated by the same experienced sonographer using an
appropriate amount of gel.

In the most recent World Health Organization (WHO)
Classification of skin tumors, size and invasiveness plays
an important role in determining tumor stage and grading,
thus making this index crucial in the management of
BCCs [44]. In this context, the practical benefit of having
an accurate sonographic DI, can guide and optimize the
choice of treatment in an individualized manner, to reduce
recurrence rates. Furthermore, in selected cases of BCCs,
having a DI <2 mm, the therapeutic approach can also be
limited to photodynamic therapy for instance, sparing an
invasive surgical procedure [28, 45—47].

Wortsman et al. showed that hyperechoic spots are
a common sonographic finding in BCCs and are likely
pathognomonic for this skin neoplasm [48]. Those findings
were also described by other authors [49, 50] and are
consistent with our results where we observed hyperechoic
spots in all the examined lesions, which were histologically
confirmed as calcifications, keratinization, or clusters of
apoptotic bodies.

Because of its high accuracy, HFUS can non-invasively
identify important histological parameters prior to therapy,
thus contributing to identifying the optimal choice of therapy
for our patients. Although histology brings detailed
information about any tumors’ vascularization and stroma,
especially using special staining and immunohistochemistry
[51, 52], HFUS can offer clinicians pre-treatment real-
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time information regarding vascularization and stiffness
degree of the tumoral pathology, by doppler US and elasto-
graphy [4, 53], in this manner being a real biomicroscope
with histological precision. As a result of our findings along
with recent literature data [4, 18, 32, 53], we strongly
recommend the implementation of sonography as an
important diagnostic and follow-up tool for dermatologists.

Study limitations

One of the limitations of our study was constituted by
the small number of patients who fitted the inclusion criteria,
a reason for this might be the fact that in our hospital there
are few dermatologists with experience in HFUS, therefore
not all clinically suspected tumors undergo HFUS examination.
Another limitation was the fact that the ultrasonographic
and the histological assessments are operator-dependent,
which can lead to minor measurement errors. The fact that
not all BCC subtypes were present in our study represents
another limitation. Of all 10 histological subtypes of BCC,
only four were encountered in our study. Also, our study
only assesses the measurement of tumor depth and does
not appraise or statistically analyses the US prediction of
BCC histological subtype. Our study did not appraise the
reproducibility of these assessments to see interobserver
variability.

& Conclusions

Our study shows a strong correlation between HFUS
and histological measurements of BCC thickness in our
cases, therefore clinicians may use HFUS as a non-invasive,
pre-therapeutic investigation tool of these skin tumors
to establish the best therapeutic choice for their patients
(surgery vs. local therapies) and achieve the best oncological
and aesthetic outcome, sparing patients from unnecessary
invasive procedures.

Conflict of interests
The authors declare that they have no conflict of
interests.

Acknowledgments

This paper was published under the frame of European
Social Fund, Human Capital Operational Programme 2014—
2020, Project No. POCU/380/6/13/125171.

References

[1] Peris K, Fargnoli MC, Garbe C, Kaufmann R, Bastholt L,
Seguin NB, Bataille V, Marmol VD, Dummer R, Harwood CA,
Hauschild A, Holler C, Haedersdal M, Malvehy J, Middleton MR,
Morton CA, Nagore E, Stratigos AJ, Szeimies RM, Tagliaferri L,
Trakatelli M, Zalaudek |, Eggermont A, Grob JJ; European
Dermatology Forum (EDF), the European Association of
Dermato-Oncology (EADO) and the European Organization
for Research and Treatment of Cancer (EORTC). Diagnosis
and treatment of basal cell carcinoma: European consensus-
based interdisciplinary guidelines. Eur J Cancer, 2019, 118:
10-34. https://doi.org/10.1016/j.ejca.2019.06.003 PMID: 31288208

[2] Trakatelli M, Morton C, Nagore E, Ulrich C, Del Marmol V,
Peris K, Basset-Seguin N; BCC Subcommittee of the Guidelines
Committee of the European Dermatology Forum. Update of the
European guidelines for basal cell carcinoma management.
Eur J Dermatol, 2014, 24(3):312-329. https://doi.org/10.1684/
€jd.2014.2271 PMID: 24723647

[3] Marzuka AG, Book SE. Basal cell carcinoma: pathogenesis,
epidemiology, clinical features, diagnosis, histopathology, and

management. Yale J Biol Med, 2015, 88(2):167—179. PMID:
26029015 PMCID: PMC4445438

[4] Wortsman X, Carrefio L, Morales C. Skin cancer: the primary
tumors. In: Wortsman X (ed). Dermatologic ultrasound with
clinical and histologic correlations. Springer, New York, NY,
USA, 2013, 249-282. https://doi.org/10.1007/978-1-4614-71
84-4 9 https://link.springer.com/book/10.1007%2F978-1-46
14-7184-4

[5] Christenson LJ, Borrowman TA, Vachon CM, Tollefson MM,
Otley CC, Weaver AL, Roenigk RK. Incidence of basal cell and
squamous cell carcinomas in a population younger than 40
years. JAMA, 2005, 294(6):681-690. https://doi.org/10.1001/
jama.294.6.681 PMID: 16091570

[6] Calonje E. Chapter 24: Tumors of the surface epithelium. In:
Calonje E, Brenn T, Lazar A, Billings SD (eds). McKee's
pathology of the skin with clinical correlations. 5" edition,
Elsevier Ltd., Edinburgh, UK, 2020, 11157-11234. https://www.
worldcat.org/title/mckees-pathology-of-the-skin-with-clinical-
correlations/oclc/1085350565

[7] Ratner D, Peacocke M, Zhang H, Ping XL, Tsou HC. UV-
specific p53 and PTCH mutations in sporadic basal cell carcinoma
of sun-exposed skin. J Am Acad Dermatol, 2001, 44(2):293—
297. https://doi.org/10.1067/m;jd.2001.112361 PMID: 11174390

[8] Euvrard S, Kanitakis J, Claudy A. Skin cancers after organ
transplantation. N Engl J Med, 2003, 348(17):1681-1691.
https://doi.org/10.1056/NEJMra022137 PMID: 12711744

[9] Lo Muzio L. Nevoid basal cell carcinoma syndrome (Gorlin
syndrome). Orphanet J Rare Dis, 2008, 3:32. https://doi.org/
10.1186/1750-1172-3-32 PMID: 19032739 PMCID: PMC2607262

[10] Work Group; Invited Reviewers; Kim JYS, Kozlow JH, Mittal B,
Moyer J, Olencki T, Rodgers P. Guidelines of care for the
management of basal cell carcinoma. J Am Acad Dermatol,
2018, 78(3):540-559. https://doi.org/10.1016/j.jaad.2017.10.
006 PMID: 29331385

[11] Polanska A, Danczak-Pazdrowska A, Jatowska M, Zaba R,
Adamski Z. Current applications of high-frequency ultrasono-
graphy in dermatology. Postepy Dermatol Alergol, 2017, 34(6):
535-542. https://doi.org/10.5114/ada.2017.72457 PMID: 29422817
PMCID: PMC5799756

[12] Pitat P, Borzecki A, Jazienicki M, Gerkowicz A, Krasowska D.
High-frequency ultrasound in the diagnosis of selected non-
melanoma skin nodular lesions. Postepy Dermatol Alergol,
2019, 36(5):572-580. https://doi.org/10.5114/ada.2019.89505
PMID: 31839774 PMCID: PMC6906959

[13] Hernandez-lbafiez C, Blazquez-Sanchez N, Aguilar-Bernier M,
Funez-Liébana R, Rivas-Ruiz F, de Troya-Martin M. Usefulness
of high-frequency ultrasound in the classification of histologic
subtypes of primary basal cell carcinoma. Actas Dermosifiliogr,
2017, 108(1):42-51. https://doi.org/10.1016/j.ad.2016.08.002
PMID: 27720188

[14] Wortsman X, Alfageme F, Roustan G, Arias-Santiago S,
Martorell A, Catalano O, Scotto di Santolo M, Zarchi K, Bouer M,
Gonzalez C, Bard R, Mandava A, Gaitini D. Guidelines for
performing dermatologic ultrasound examinations by the
DERMUS Group. J Ultrasound Med, 2016, 35(3):577-580.
https://doi.org/10.7863/ultra.15.06046 PMID: 26887446

[15] Wang SQ, Liu J, Zhu QL, Zhao CY, Qu T, Li F, Wortsman X,
Jin HZ. High-frequency ultrasound features of basal cell carcinoma
and its association with histological recurrence risk. Chin Med
J (Engl), 2019, 132(17):2021-2026. https://doi.org/10.1097/
CM9.0000000000000369 PMID: 31460903 PMCID: PMC6793778

[16] Khiebnikova A, Molochkov V, Selezneva E, Belova L,
Bezugly A, Sedova T, Molochkov A. Basal cell carcinoma
invasion depth determined with 30 and 75 MHz high-frequency
ultrasound and histopathology — a comparative study. Med
Ultrason, 2020, 22(1):31-36. https://doi.org/10.11152/mu-2233
PMID: 32096785

[17] Petrella LI, de Azevedo Valle H, Issa PR, Martins CJ,
Machado JC, Pereira WCA. Statistical analysis of high frequency
ultrasonic backscattered signals from basal cell carcinomas.
Ultrasound Med Biol, 2012, 38(10):1811-1819. https://doi.org/
10.1016/j.ultrasmedbio.2012.06.001 PMID: 22920547

[18] Marmur ES, Berkowitz EZ, Fuchs BS, Singer GK, Yoo JY.
Use of high-frequency, high-resolution ultrasound before Mohs
surgery. Dermatol Surg, 2010, 36(6):841-847. https://doi.org/
10.1111/j.1524-4725.2010.01558.x PMID: 20618368

[19] Barcaui EO, Carvalho ACP, Lopes FPPL, Pifieiro-Maceira J,
Barcaui CB. High frequency ultrasound with color Doppler in




550

Raluca-Maria Bungardean et al.

dermatology. An Bras Dermatol, 2016, 91(3):262-273. https:/
doi.org/10.1590/abd1806-4841.20164446 PMID: 27438191
PMCID: PMC4938268

[20] Dill-Muller D, Maschke J. Ultrasonography in dermatology.
J Dtsch Dermatol Ges, 2007, 5(8):689—707. https://doi.org/
10.1111/j.1610-0387.2007.06453.x PMID: 17659044

[21] Alfageme Roldan F. Elastography in dermatology. Actas
Dermosifiliogr, 2016, 107(8):652—660. https://doi.org/10.1016/
j-ad.2016.05.004 PMID: 27352999

[22] Piotrzkowska-Wroblewska H, Litniewski J, Szymanska E,
Nowicki A. Quantitative sonography of basal cell carcinoma.
Ultrasound Med Biol, 2015, 41(3):748—759. https://doi.org/
10.1016/j.ultrasmedbio.2014.11.016 PMID: 25638309

[23] Dedong HM, Abbott S, Zelesco M, Kennedy BF, Ziman MR,
Wood FM. The validity and reliability of using ultrasound
elastography to measure cutaneous stiffness, a systematic
review. Int J Burns Trauma, 2017, 7(7):124-141. PMID:
29348976 PMCID: PMC5768929

[24] Nongrum HB, Bhuyan D, Royte V, Dkhar H. Metastatic basal
cell carcinoma to the lungs: case report and review of literature.
Indian Dermatol Online J, 2014, 5(Suppl 1):S26-S29. https://
doi.org/10.4103/2229-5178.144520 PMID: 25506559 PMCID:
PMC4252946

[25] lonescu DN, Arida M, Jukic DM. Metastatic basal cell carcinoma:
four case reports, review of literature, and immunohistochemical
evaluation. Arch Pathol Lab Med, 2006, 130(1):45-51. https://
doi.org/10.5858/2006-130-45-MBCCFC PMID: 16390237

[26] von Domarus H, Stevens PJ. Metastatic basal cell carcinoma.
Report of five cases and review of 170 cases in the literature.
J Am Acad Dermatol, 1984, 10(6):1043—1060. https://doi.org/
10.1016/s0190-9622(84)80334-5 PMID: 6736323

[27] Kokoszka A, Scheinfeld N. Evidence-based review of the use
of cryosurgery in treatment of basal cell carcinoma. Dermatol
Surg, 2003, 29(6):566-571. PMID: 12786697

[28] Basset-Seguin N, Ibbotson SH, Emtestam L, Tarstedt M,
Morton C, Maroti M, Calzavara-Pinton P, Varma S, Roelandts R,
Wolf P. Topical methyl aminolaevulinate photodynamic therapy
versus cryotherapy for superficial basal cell carcinoma: a 5
year randomized trial. Eur J Dermatol, 2008, 18(5):547-553.
https://doi.org/10.1684/ejd.2008.0472 PMID: 18693158

[29] Dinnes J, Bamber J, Chuchu N, Bayliss SE, Takwoingi Y,
Davenport C, Godfrey K, O’Sullivan C, Matin RN, Deeks JJ,
Williams HC; Cochrane Skin Cancer Diagnostic Test Accuracy
Group. High-frequency ultrasound for diagnosing skin cancer
in adults. Cochrane Database Syst Rev, 2018, 12(12):CD013188.
https://doi.org/10.1002/14651858.CD013188 PMID: 30521683
PMCID: PMC6516989

[30] Work Group; Invited Reviewers; Kim JYS, Kozlow JH, Mittal B,
Moyer J, Olenecki T, Rodgers P. Guidelines of care for the
management of cutaneous squamous cell carcinoma. J Am
Acad Dermatol, 2018, 78(3):560-578. https://doi.org/10.1016/
j-jaad.2017.10.007 PMID: 29331386 PMCID: PMC6652228

[31] Wong TH, Morton CA, Collier N, Haylett A, Ibbotson S,
McKenna KE, Mallipeddi R, Moseley H, Seukeran DC,
Rhodes LE, Ward KA, Mohd Mustapa MF, Exton LS. British
Association of Dermatologists and British Photodermatology
Group guidelines for topical photodynamic therapy 2018. Br
J Dermatol, 2019, 180(4):730-739. https://doi.org/10.1111/
bjd.17309 PMID: 30506819

[32] Kuc€inskiené V, Samuléniené D, Gineikiené A, Raisutis R,
Kazys R, Valiukeviciené S. Preoperative assessment of skin
tumor thickness and structure using 14-MHz ultrasound.
Medicina, 2014, 50(3):150—155. https://doi.org/10.1016/j.medici.
2014.08.002 https://www.sciencedirect.com/science/article/
pii/fS1010660X14000512?via%3Dihub

[33] Kleinerman R, Whang TB, Bard RL, Marmur ES. Ultrasound in
dermatology: principles and applications. J Am Acad Dermatol,
2012, 67(3):478-487. https://doi.org/10.1016/j.jaad.2011.12.
016 PMID: 22285673

[34] Lucas VS, Burk RS, Creehan S, Grap MJ. Utility of high-
frequency ultrasound: moving beyond the surface to detect
changes in skin integrity. Plast Surg Nurs, 2014, 34(1):34—
38. https://doi.org/10.1097/PSN.0000000000000031 PMID:
24583666 PMCID: PMC4027962

[35] Fornage BD, McGavran MH, Duvic M, Waldron CA. Imaging
of the skin with 20-MHz US. Radiology, 1993, 189(1):69-76.
https://doi.org/10.1148/radiology.189.1.8372222 https://pubs.
rsna.org/doi/10.1148/radiology.189.1.8372222

[36] Rallan D, Harland CC. Ultrasound in dermatology — basic
principles and applications. Clin Exp Dermatol, 2003, 28(6):
632-638. https://doi.org/10.1046/j.1365-2230.2003.01405.x
PMID: 14616832

[37] Rallan D, Harland CC. Skin imaging: is it clinically useful? Clin
Exp Dermatol, 2004, 29(5):453—-459. https://doi.org/10.1111/
j-1365-2230.2004.01602.x PMID: 15347322

[38] Bobadilla F, Wortsman X, Mufioz C, Segovia L, Espinoza M,
Jemec GBE. Pre-surgical high resolution ultrasound of facial
basal cell carcinoma: correlation with histology. Cancer Imaging,
2008, 8(1):163-172. https://doi.org/10.1102/1470-7330.2008.
0026 PMID: 18812268 PMCID: PMC2556504

[39] Kaikaris V, SamsanaviCius D, Kestutis Maslauskas, Rimdeika R,
Valiukeviciené S, Makstiené J, Pundzius J. Measurement of
melanoma thickness — comparison of two methods: ultrasound
versus morphology. J Plast Reconstr Aesthet Surg, 2011, 64(6):
796-802. https://doi.org/10.1016/j.bjps.2010.10.008 PMID:
21123126

[40] Ballester-Sanchez R, Pons-Llanas O, Llavador-Ros M, Botella-
Estrada R, Ballester-Cufiat A, Tormo-Mico A, Javier Celada-
Alvarez F, Rodriguez-Villalba S, Santos-Ortega M, Ballester-
Pallarés F, Perez-Calatayud J. Depth determination of skin
cancers treated with superficial brachytherapy: ultrasound vs.
histopathology. J Contemp Brachytherapy, 2015, 6(4):356—-361.
https://doi.org/10.5114/icb.2014.47860 PMID: 25834579 PMCID:
PMC4300362

[41] Wortsman X, Alfageme F, Roustan G, Arias-Santiago S,
Martorell A, Catalano O, di Santolo MS, Zarchi K, Bouer M,
Gonzalez C, Bard R, Mandava A, Crisan M, Crisan D, Gaitini D.
Proposal for an assessment training program in dermatologic
ultrasound by the DERMUS Group. J Ultrasound Med, 2016,
35(11):2305-2309. https://doi.org/10.7863/ultra.15.10068 PMID:
27629760

[42] Checa A. Ultrasonography, an operator-dependent modality
versus dual-energy computed tomography (DECT) in the
detection of chondrocalcinosis: with regard to Tanikawa et al.’s
study. J Orthop Surg Res, 2018, 13(1):255. https://doi.org/
10.1186/s13018-018-0953-4 PMID: 30326939 PMCID: PMC
6192358

[43] Stasi G, Ruoti EM. A critical evaluation in the delivery of the
ultrasound practice: the point of view of the radiologist. Ital J
Med, 2015, 9(1):5-10. https://doi.org/10.4081/itjm.2015.502
https://www.italjmed.org/index.php/ijm/article/view/itjm.2015.
502

[44] Scolyer R. Keratinocytic/epidermal tumors. In: Elder DE, Massi S,
Scolyer RA, Willemze R (eds). World Health Organization
(WHO) Classification of skin tumours. 4" edition, vol. 11,
International Agency for Research on Cancer (IARC) Press,
Lyon, France, 2018, 23-35. https://publications.iarc.fr/Book-And-
Report-Series/\Who-Classification-Of-Tumours/\WHO-Classification-
Of-Skin-Tumours-2018

[45] Fernandez-Guarino M, Harto A, Pérez-Garcia B, Royuela A,
Jaén P. Six years of experience in photodynamic therapy for
basal cell carcinoma: results and fluorescence diagnosis from
191 lesions. J Skin Cancer, 2014, 2014:849248. https://doi.org/
10.1155/2014/849248 PMID: 25302123 PMCID: PMC
4180200

[46] Roozeboom MH, Aardoom MA, Nelemans PJ, Thissen MR,
Kelleners-Smeets NW, Kuijpers DI, Mosterd K. Fractionated
5-aminolevulinic acid photodynamic therapy after partial debulking
versus surgical excision for nodular basal cell carcinoma:
a randomized controlled trial with at least 5-year follow-up.
J Am Acad Dermatol, 2013, 69(2):280-287. https://doi.org/
10.1016/j.jaad.2013.02.014 PMID: 23566914

[47] Schleier P, Berndt A, Kolossa S, Zenk W, Hyckel P, Schultze-
Mosgau S. Comparison of aminolevulinic acid (ALA)-thermogel-
PDT with methyl-ALA-thermogel-PDT in basal cell carcinoma.
Photodiagnosis Photodyn Ther, 2007, 4(3):197—-201. https://
doi.org/10.1016/j.pdpdt.2007.04.004 PMID: 25047438

[48] Wortsman X, Vergara P, Castro A, Saavedra D, Bobadilla F,
Sazunic |, Zemelman V, Wortsman J. Ultrasound as predictor
of histologic subtypes linked to recurrence in basal cell
carcinoma of the skin. J Eur Acad Dermatol Venereol, 2015,
29(4):702—707. https://doi.org/10.1111/jdv.12660  PMID:
25200424

[49] Wysong A, Aasi SZ, Tang JY. Update on metastatic basal cell
carcinoma: a summary of published cases from 1981 through




High-frequency ultrasound: an essential non-invasive tool for the pre-therapeutic assessment of basal cell carcinoma 551
2011. JAMA Dermatol, 2013, 149(5):615-616. https://doi.org/  [52] Plesea |E, Stoiculescu A, Serbanescu M, Alexandru DO,

10.1001/jamadermatol.2013.3064 PMID: 23677097 Man M, Pop OT, Plesea RM. Correlations between intratumoral
[50] Uhara H, Hayashi K, Koga H, Saida T. Multiple hypersono- vascular network and tumoral architecture in prostatic adeno-
graphic spots in basal cell carcinoma. Dermatol Surg, 2007, carcinoma. Rom J Morphol Embryol, 2013, 54(2):299-308.
33(10):1215-1219. https://doi.org/10.1111/j.1524-4725.2007. PMID: 23771073
33256.x PMID: 17903154 [53] Botar-Jid CM, Cosgarea R, Bolboaca SD, Senila SC, Lenghel LM,
[51] Stoiculescu A, Plesea IE, Pop OT, Alexandru DO, Man M, Rogojan L, Dudea SM. Assessment of cutaneous melanoma
Serbanescu M, Plesea RM. Correlations between intratumoral by use of very-high-frequency ultrasound and real-time elasto-
interstitial fibrillary network and tumoral architecture in prostatic graphy. Am J Roentgenol, 2016, 206(4):699—-704. https://doi.
adenocarcinoma. Rom J Morphol Embryol, 2012, 53(4):941— org/10.2214/AJR.15.15182 PMID: 26866335

950. PMID: 23303017

Corresponding author

Mircea-Sebastian Serbanescu, Lecturer, MD, PhD, Department of Medical Informatics and Biostatistics, University of
Medicine and Pharmacy of Craiova, 2 Petru Rares Street, 200349 Craiova, Dolj County, Romania; Phone +40745—
766 610, e-mail: mircea_serbanescu@yahoo.com

Received: July 15, 2021

Accepted: January 10, 2022




