Original paper

Evaluation of the clinical usefulness of high-frequency
ultrasonography in pre-operative evaluation of cutaneous
melanoma - a prospective study

Pawet Pitat?, Adam Borzecki?, Mieczystaw Jazienicki®, Agnieszka Gerkowicz!, Franciszek Szubstarski*,

Dorota Krasowska'

!Chair and Department of Dermatology, Venereology and Pediatric Dermatology, Medical University of Lublin, Lublin, Poland

2Non-Public Health Care Center Med-Laser, Lublin, Poland

3Department of Surgical Oncology, 1* Independent Public Clinical Hospital, Lublin, Poland
“Department of Cancer Pathology, St. John of Dukla Lublin Region Cancer Center, Lublin, Poland

Abstract

Adv Dermatol Allergol 2020; XXXVII (2): 207-213
DOI: https://doi.org/10.5114/ada.2018.79939

Introduction: There are many papers in the available literature on the pre-operative evaluation of malignant mela-
noma (MM) using a 20 MHz probe. In many Western European countries, this examination is standard in the
diagnosis of such lesions in terms of the resection margin. However, few papers describe and compare the results
of melanoma thickness measurements using 20 and 50 MHz frequency probes.

Aim: The aim of the study was to evaluate the thickness of melanoma using 20 and 50 MHz probes. In addition,
the obtained values were evaluated in comparison to the thickness values obtained in the histopathological ex-
amination.

Material and methods: Melanoma malignum was confirmed histopathologically in 19 out of 72 patients. Then only
those 19 patients were enrolled in the study.

Results: A correlation was demonstrated between the thickness of the melanoma measured with the 20 and
50 MHz probes, expressed in mm, and the thickness obtained in the histopathological examination expressed in
millimeters (Breslow’s scale). It was 0.759 (p < 0.001) and 0.734 (p < 0.001), respectively. The average thickness of
melanomas obtained in ultrasound examination was identical for both probes and was 0.74 mm.

Conclusions: It seems that both types of probes can be used to assess melanoma thickness. The demonstrated
correlation of high-frequency ultrasonography (HFUS) thickness with Breslow’s scale indicates that the HFUS evalu-
ation can be used in determination of melanoma resection margins as a repeatable, painless, non-invasive test.
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Introduction

Early diagnosis and implementation of appropriate
therapy is of great importance in improving the prog-
nosis of patients with malignant melanoma (MM). The
procedure of choice is surgical removal and histopatho-
logical examination with regard to specific parameters
[1]. One of them is Breslow’s scale developed by Alexan-
der Breslow in 1970. Thickness of the melanoma along
with the number of mitoses and presence or absence of
ulceration shows the greatest correlation with the degree
of 5-year survival [2]. So far, individual studies have ad-
dressed the issue of pre-operative melanoma evaluation
using ultrasonography, high-frequency ultrasonography
(HFUS) and optical coherence tomography (OCT) [3-12].

In the sonographic image, melanomas look like homo-
geneous, flat or elliptic structures in the subcuticular
region, with clearly marked borders. However, inflamma-
tory infiltration in the lower part of the lesion may falsely
overestimate the thickness of MM. Unfortunately, cur-
rently the HFUS examination does not allow pigmented
lesions to be distinguished from cutaneous melanoma.
Dermoscopy is still the gold standard in the detection
of early forms of cutaneous melanoma. The MM sono-
graphic examination seems to be helpful in pre-operative
evaluation of melanoma due to the appropriate selec-
tion of resection margins [3]. This is also important with
respect to lymphatic vessels and lymph flow. Too wide
resection margins may prevent the sentinel node from
being properly identified during further diagnostics, es-

Address for correspondence: Pawet Pitat MD, PhD, Chair and Department of Dermatology, Venereology and Pediatric Dermatology,
Medical University of Lublin, 13 Radziwittowska St, 20-080 Lublin, Poland, phone: +48 607 760 179, e-mail: pawelpilatl@gmail.com

Received: 27.08.2018, accepted: 8.10.2018.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).

License (http://creativecommons.org/licenses/by-nc-sa/4.0/)

Advances in Dermatology and Allergology 2, April / 2020

207



Pawet Pitat, Adam Borzecki, Mieczystaw Jazienicki, Agnieszka Gerkowicz, Franciszek Szubstarski, Dorota Krasowska

pecially in the case of MM over 1.0 mm thick. Disruption
of lymph flow from the tumor area, created during tumor
excision, prevents proper detection of the sentinel node
during lymphoscintigraphy. In turn, a too narrow margin
may result in an unlawful resection of the lesion. The
20 MHz probe is the most commonly used in the pre-op-
erative evaluation of melanoma. Probes with a frequency
of 30, 75 and 100 MHz were used in single studies [3].

Aim

The aim of the study was to assess the usefulness of
high-frequency sonographic examination using 20 and
50 MHz probes in pre-operative melanoma evaluation.
A further aim was to compare the thickness obtained in
ultrasound measurements and that obtained in histo-
pathological examination.

Material and methods
Patients

Seventy-two patients with suspected malignant le-
sions were qualified for the study from April 2015 until
December 2016. Two patients did not agree to continue
the study. The other patients received information and
gave their informed consent to participate in the study.
The study was approved by the local bioethics commis-
sion (no. IWL/237/7123/2016).

Research methodology

In all patients, the study was carried out according
to one schedule:
¢ Clinical and dermoscopic evaluation of skin lesion.
* Ultrasound examination.
* Surgical removal.
* Histopathological examination.

Clinical and dermatoscopic evaluation

Initially, each pigmented lesion was evaluated mac-
roscopically, and photographic documentation was also
made. Then a dermatoscopic examination was carried
out using a DERMLITE DL3 hand dermatoscope, provid-
ing 10x magnification and photographic documentation.

Ultrasound examination

Pigmented lesions and normal skin (approximately
3 cm from the lesion) were evaluated with a DermaScan
C ultrasound machine produced by the Danish company
Cortex Technology ApS using two ultrasound probes with
a frequency of 20 MHz (resolution 60 to 200 um and
23 mm of penetration) and 50 MHz (resolution 60 um
and 3 mm of penetration). Equipment named Derma-
Scan Cis on the FDA list as a medical device in the regu-
latory class 11721 CFR 892.1560 (510 (k) No. (K983945). It
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provides real-time tissue scanning with a frequency of
6-8 frames per second.

Ultrasonography was performed after previous ap-
plication of a standard sonography gel on the lesion.
Demineralized water along with the appropriate film
provided by the manufacturer were located between the
probe and the examined lesion. During the examination,
the probe was directed perpendicularly to the surface of
the skin and lesions. This aimed to determine the shape
of the lesion and its thickness between the lower limit of
the entrance echo and the deepest lower margin (Figures
1and 2). Ultrasonography of normal skin, approximately
3 cm from the lesion, was also performed in each patient.

Histopathological examination

All cancer lesions were surgically removed with an
appropriate margin, appropriate for the type of lesion.
According to the current guidelines applicable in Poland
for patients suspected to have malignant melanoma,
excision of lesions should take place with a margin of
1-3 mm. Than after the histopathological examination
and the final thickness is obtained, re-excision with the
appropriate margin is performed (Table 1) [13]. The re-
moved lesions were subjected to histopathological ex-
amination and were evaluated taking into account, inter
alia, Breslow’s and Clark’s scales and the number of mi-
toses. The pathomorphologist was not informed about
the thickness of the removed lesion obtained in the so-
nographic examination.

Results

In the examined group of 72 patients, 19 patients
were finally diagnosed with cutaneous melanoma. In
the further part of the study, 19 patients with cutane-
ous melanoma, including 13 women and 6 men, were in-
cluded in the study group. The mean age of the patients
was 57 years (median: 58 years). The youngest respon-
dent was 26 years old, while the oldest was 85 years old.
The standard deviation indicates that age differences
were greater among women than men (Table 2). Of the
19 malignant lesions, 4 nodular melanomas (NM) and
8 superficial spreading melanomas (SSM) were identi-
fied, of which 2 were nevi, 6 malignant lentigines and
1 melanoma in regression.

The average thickness of the tumor on Breslow’s
scale was 0.56 +0.47 mm (Table 3). On Clark’s scale,
9 patients had grade | infiltration, grade Il was found
in 7 patients, and there was one case each with grade
I, IV-and V infiltration (Table 4). The average thickness
of cancer lesions for 20 and 50 MHz ultrasound probes
was the same and was 0.74 mm. The number of le-
sions assessed as thicker than 1 mm with the 20 MHz
probe was the same as in the case of the 50 MHz probe
(n = 4). Also the number of lesions evaluated in the study

Advances in Dermatology and Allergology 2, April / 2020



Evaluation of the clinical usefulness of high-frequency ultrasonography in pre-operative evaluation of cutaneous melanoma —

a prospective study

as less than or equal to 1 mm was the same in the case of
both probes (n = 15). The correlation between the thick-
ness on Breslow’s scale and the thickness measured by
ultrasound scanning at 20 MHz and 50 MHz was statis-
tically significant and was 0.759 and 0.734, respectively
(p < 0.01) (Table 5). The correlation between the thickness
on Clark’s scale and the thickness measured with the

20 MHz and 50 MHz ultrasound was statistically significant
(p < 0.05). The linear regression between Breslow’s scale
and the 50 MHz probe was 0.575, and that between Bre-
slow’s scale and the 20 MHz probe was 0.512 (Figure 3).
There were no statistically significant differences in mea-
surements with 20 and 50 MHz probes.

Ultrasonography — histopathology correlation

In the case of 11 lesions of the melanoma type, the
thickness obtained in HFUS was higher than that obtained
in histopathological examination (HP), and in the case of
4 lesions, the thickness in HFUS was lower than that ob-
tained in HP In the case of 4 melanomas, identical results
were obtained in the histopathological examination and in
the HFUS for a margin of < 0.05 mm, of which in the case
of one lesion, the result was identical in the study using
a 20 MHz probe and the result was overestimated in rela-
tion to histopathology using the 50 MHz probe.
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Figure 1. Comparison of images of cutaneous melanoma on
the left calf in a 35-year-old woman. A — Histopathological
image, B — HFUS 20 MHz, C — HFUS 50 MHz

Table 1. Surgical margin recommendations for primary
cutaneous melanoma according to American Academy of
Dermatology [19]

Tumor thickness  Clinically measured surgical margin [cm]

In situ 0.5-1.0
<1.00 1
1.01-2.00 1-2
>2.01 2

Three of the 4 underestimated lesions were TINOMO
melanomas and were also classified in the same manner
in the 20 and 50 MHz HFUS. One underestimated lesion
of 2.00 mm thickness in the histopathological examina-
tion was also assigned to the correct group. Despite the
underestimation of this melanoma thickness in USG, the
obtained value was close enough to the actual thickness
to allow it to be included in the correct group accord-
ing to Breslow’s scale. Thicknesses of 1.94 and 1.89 mm
were obtained in the HFUS examination for the 20 and
50 MHz probes, respectively. One of the lesions removed
from the skin of the back was 2.4 and 2.1 mm thick,
respectively, for 20 and 50 MHz US, and in histopatho-
logical examination the thickness of that melanoma was
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determined to be 0.8 mm with a present inflammatory
infiltrate.

In the case of 4 lesions with a thickness overestimat-
ed in the histopathological description, a large inflam-
matory infiltration was noted, for 2 lesions the infiltra-
tion was moderate, for 4 small, and in 1 melanoma it
was within the complex nevus. Six of the 10 lesions were
located within the torso. The above factors may have
contributed to the overestimation of the thickness in the
sonographic examination.

Discussion

The 20 MHz high frequency probe is a good tool for
pre-operative evaluation of melanoma lesions. The re-
search carried out so far, as well as the results presented
above, seem to confirm this thesis [3]. This is particularly
interesting because up to now the 20 MHz probe has
been recommended in the evaluation of nodular lesions
due to the resolution and depth of measurement it offers
(resolution 60 to 150-200 microns, depth of 14 mm to
23 mm). In turn, the 50 MHz probe was preferred for
thin, superficial, subcuticular lesions (resolution 30 to
60 microns, 3 mm penetration). The limitation of the
sonographic examination is the inability to accurately
and unambiguously distinguish inflammatory infiltrate
located in the lower pole of the lesion, which is visible
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Figure 2. Comparison of images of cutaneous melanoma
on the left arm in a 61-year-old woman. A — Histopathologi-
cal image, B — HFUS 20 MHz, C — HFUS 50 MHz

as a hypoechoic structure which may affect the obtained
results [14].

The results of examinations (n = 22) performed in
the years 1989-2009 using probes with the frequency
7.5-100 MHz were analyzed in the study of Jasaitiene
et al. [3]. The largest number of examinations was car-
ried out using a 20 MHz probe (n = 17). In each of the
analyzed studies, a positive correlation was found (r =
0.76 to 0.99) between the thickness of the melanoma
obtained in the HFUS examination expressed in mm and
the thickness obtained in the HP test also expressed in
mm, whose value depended on the frequency of the ap-
plied probe. Analyzing the collected data, the authors
determined the correlation between MM measurements
obtained in the histopathological and sonographic exam-
ination as good or excellent for probes above 20 MHz for
MM with a thickness below 1.0 mm, which agrees with
the data obtained in our study. It cannot be excluded
that the observed overestimation of the thickness of the
lesion in the HFUS examination compared to the histo-
pathological examination could be due to the presence
of inflammatory infiltration, which in the sonographic
examination is hardly visible and distinguishing it from
tumor tissue is difficult and sometimes even impossible.

In our study, in the case of 4 lesions with overesti-
mated thickness in the histopathological description,
a large inflammatory infiltration was noted, for 2 infil-
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Table 2. Occurrence of melanoma due to sex and age

Table 5. Analysis of ultrasonographic data

Sex N % Mean age Standard deviation
Male 13 68.4 55.31 16.73
Female 6 31.6 58.50 10.17

In total 19 100.0

Descriptive statistics Age [years]

Descriptive statistics

Thickness in USG

Thickness in USG

N 19

Mean 58.31
Median 58.00
Standard deviation 14.75
Minimum 26.00
Maximum 85.00

Table 3. Breslow's scale

Descriptive statistics

Breslow’s scale [mm]

N

19

Mean

0.56

Median

0.40

Standard deviation

0.47

Minimum

0.1

Maximum

2.00

Breslow’s scale

%

Grade | (< 0.75 mm)

73.7

Grade Il (0.76-1.50 mm)
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Grade Il (1.51-2.25 mm)

53

Grade IV (2.26-3.00 mm)

Grade V (> 3.01 mm)

In total

100.0

Table 4. Clark's level

Clark’s staging

%

Level |

47.4

Level Il

N | o |2

36.8

Level Il

53

Level IV

53

Level V

53

In total

19

100.0

Mitosis

%

0/10

15

78.9

1/10

10.5

2/10

53

5/10

53

In total

19

100.0
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20 MHz [mm] 50 MHz [mm]
N 19.00 19.00
Mean 0.74 0.74
Median 0.47 0.58
Standard deviation 0.61 0.56
Minimum 0.00 0.00
Maximum 2.40 2.10
Thickness USG 20 MHz USG 50 MHz

N % N %

<1mm 15 78.9 15 78.9
>1mm 4 211 4 211
In total 19 100.0 19 100.0
usG Breslow’s scale

Rho P-value
20 MHz 0.759 < 0.001
50 MHz 0.734 < 0.001

tration was moderate, for 4 small and 1 melanoma was
within the compound nevus. Additionally, the differences
observed in the study may be affected by the shrinkage
of the preparation after placing it in the formalin solu-
tion used for transport, as well as subjecting it to a treat-
ment aimed at its final placement in the paraffin block.
Blasco-Morente et al. demonstrated that the shrinkage
of the preparation is 9.5% for the thickness (p < 0.01) and
17.0% for the width (p < 0.01) and is the strongest for le-
sions cut out within the torso [15]. In our study, 6 out of
10 overestimated lesions were located within the torso.

Evaluation of melanoma thickness is particularly
important in both treatment and assessment of patient
prognosis. In the studies published so far, a correlation
between the thickness of melanoma measured by sonog-
raphy and that obtained in histopathological examina-
tion was found [10, 16-18]. The results of previous studies
carried out by the cited authors agree with the results
of our study and prove that pre-operative evaluation
of melanoma thickness is possible using either a 20 or
50 MHz probe. Moreover, the HFUS examination is stan-
dard in pre-operative evaluation of melanoma in Germa-
ny and France, especially in determination of resection
margins [12, 18, 19].

Despite numerous important data contributing to the
diagnostic test, high resolution ultrasound examination
is characterized by numerous limitations. First of all, the
lack of sufficiently good resolution and low image qual-
ity do not allow for its accurate interpretation. This pre-
vents the use of HFUS as a differential diagnostic tool.
Secondly, it is a subjective examination. It means that
the researcher requires specialist training in this field
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Figure 3. A — Bland-Altman plot showing the difference between the thickness of melanomas measured in mm on Bre-
slow’s scale and the 20 MHz probe. B — Bland-Altman plot showing the difference between the thickness of melanomas
measured in mm on Breslow’s scale and the 50 MHz probe. C — Linear relation between the 20 MHz probe and the thick-
ness expressed in mm on Breslow’s scale. D — Linear relation between the 50 MHz probe and the thickness expressed in

mm on Breslow’s scale

and starting the examination using HFUS should have
minimal experience acquired under the supervision of
a specialist.

Despite the development of numerous new imaging
methods, histopathological examination continues to be
the gold standard in MM assessment and allows one to
determine parameters such as the thickness according
to Breslow’s scale, infiltration on Clark’s scale, number
of mitoses in the field of view, presence of ulcer, inflam-
matory infiltration at the base, infiltration of blood and
lymph vessels. In addition, histopathology allows the
creation of specific staining, which further increases the
accuracy of the diagnosis [1].

Conclusions

No differences in determination of melanoma thick-
ness using 50 and 20 MHz probes were observed in our
study. Similar thickness values of cancer lesions were
obtained in both cases.

A statistically significant correlation was found be-
tween the thickness of melanoma obtained in the so-
nographic examination and Breslow’s scale using both
examined probes. This indicates that both probes can
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be used in the evaluation of MM. Melanoma thickness
above 1 mm has no effect on the effectiveness of its
thickness assessment with HFUS.

The HFUS examination is applicable only in the evalu-
ation of MM thickness. No other feature and parameter
can be determined using this method.

It seems necessary to develop standardization of the
method using HFUS in pre-operative evaluation of mela-
noma.
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