
applied  
sciences

Article

Evaluation of Depth of Invasion in Oral Squamous Cell
Carcinoma with Ultra-High Frequency Ultrasound: A
Preliminary Study

Rossana Izzetti 1,* , Marco Nisi 1, Stefano Gennai 1,* , Teresa Oranges 2, Laura Crocetti 3, Davide Caramella 3

and Filippo Graziani 1

����������
�������

Citation: Izzetti, R.; Nisi, M.; Gennai,

S.; Oranges, T.; Crocetti, L.; Caramella,

D.; Graziani, F. Evaluation of Depth

of Invasion in Oral Squamous Cell

Carcinoma with Ultra-High

Frequency Ultrasound: A Preliminary

Study. Appl. Sci. 2021, 11, 7647.

https://doi.org/10.3390/app11167647

Academic Editor: Gabriele Cervino

Received: 6 July 2021

Accepted: 16 August 2021

Published: 20 August 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Unit of Dentistry and Oral Surgery, Department of Surgical, Medical and Molecular Pathology and Critical
Care Medicine, University of Pisa, 56126 Pisa, Italy; marco.nisi@med.unipi.it (M.N.);
filippo.graziani@med.unipi.it (F.G.)

2 Unit of Dermatology, Department of Clinical and Experimental Medicine, University of Pisa, 56126 Pisa, Italy;
teresa.oranges@gmail.com

3 Diagnostic and Interventional Radiology, Department of Translational Research and of New Technologies in
Medicine and Surgery, University of Pisa, 56126 Pisa, Italy; laura.crocetti@med.unipi.it (L.C.);
davide.caramella@med.unipi.it (D.C.)

* Correspondence: rossana.izzetti@med.unipi.it (R.I.); stefano.gennai@med.unipi.it (S.G.)

Featured Application: In the present work, the application of ultra-high frequency ultrasonogra-
phy in the assessment of oral squamous cell carcinoma is explored, providing insights into the
potential role of the technique in the diagnosis, management, and follow-up of malignant lesions
of the oral cavity.

Abstract: Intraoral ultrasonography has been widely employed for the preoperative assessment
of tumor margins due to its capability to evaluate depth of invasion (DOI) and tumor thickness
(TT). Recently, a novel ultrasonographic technique, ultra-high frequency ultrasound (UHFUS) has
been increasingly applied to the study of oral lesions. This study evaluates the potential application
of intraoral UHFUS to assess DOI and TT parameters of oral squamous cell carcinoma (OSCC)
lesions. Patients clinically suspected of OSCC lesions were enrolled and underwent an intraoral
UHFUS examination preoperatively. The parameters of TT, DOI, echogenicity, and vascularization
were assessed. The parameters of TT and DOI as evaluated by means of UHFUS were compared
to histology, which was set as the benchmark. Ten patients in total were enrolled. UHFUS-based
DOI and TT measurements were found to positively correlate with histology (p < 0.05), although
UHFUS provided a slight overestimation of DOI. No differences were found in terms of echogenicity
or vascularization depending on the site of the lesion. According to these preliminary results,
UHFUS could support the preoperative assessment of TT and DOI, potentially enhancing the clinical
evaluation of OSCC.

Keywords: oral neoplasms; neoplasm invasiveness; neoplasm staging; squamous cell carcinoma of
head and neck; diagnostic imaging; ultrasonography; ultra-high frequency ultrasound

1. Introduction

Oral squamous cell carcinoma (OSCC) is the most frequently encountered neoplasm
of the oral cavity, accounting for 98% of all oral cancers [1]. OSCC predominantly af-
fects males in the 6th decade (male/female ratio: 2.22:1) and is most frequently localized
in the tongue [1]. Although some environmental factors, such as smoking and alco-
hol consumption, have been claimed to have a role in OSCC development, at present
the pathogenesis is unclear [2]. The prognosis is poor, with a survival rate of 57% at
5 years in patients >40 years of age, mostly due to late diagnosis when metastases have
already developed [2].
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Surgery is the treatment of choice, and obtaining clear resection margins (≥5 mm
for all T stages) is fundamental to achieve the locoregional control of the disease [3,4];
however, the assessment of the deep margins of the tumor is often difficult due to the
infiltrative nature of OSCC [5]. The application of diagnostic imaging techniques, in
particular intraoral ultrasonography (US), computed tomography (CT) and magnetic
resonance (MR), may support the assessment of tumor dimensions preoperatively. Intraoral
US has been reported to show good correlation with histopathology and good accuracy
compared to other diagnostic imaging techniques [4,6,7]. Specifically, intraoral US has been
employed for the evaluation of the parameters tumor thickness (TT) and depth of invasion
(DOI). TT is defined as the distance from the surface of the tumor to the point of deepest
invasion, while DOI is the distance from the adjacent epithelial surface to the deepest point
of invasion of the tumor [5].

Interestingly, DOI evaluation has been introduced in the 8th American Joint Committee
on Cancer- Union for International Cancer Control (AJCC-UICC) TNM staging system in
stages 1, 2, and 3 [8]. DOI seems to be a good predictor in terms of prognosis compared
to TT, as it may help to discriminate between superficial and deeply invasive tumors [8].
From this perspective, DOI may also be predictive of the presence of regional nodal
metastases [9,10]. Apart from the prognostic usefulness of DOI estimation, the possibility
to obtain information on the deeper invasion of the tumor may improve the surgical
planning of the resection and give an indication of prophylactic neck dissection in cases of
DOI ≥ 4 mm [6,11].

Recently, a novel ultrasonographic technique, ultra-high frequency ultrasound (UHFUS),
has been gaining increasing importance in several medical fields, due to the high resolution
provided by the use of frequencies >30 MHz, which makes it particularly suitable for the
investigation of superficial anatomy [12–14]. UHFUS was initially developed in the mid-
1990s for preclinical evaluation of small animal models, in particular for the assessment
of tumor behavior and pharmacology [12]. In the early 2000s, the technique entered the
clinical setting, especially for vascular and dermatological applications [13].

In oral medicine, the intraoral evaluation of oral mucosal lesions has become in-
creasingly applied, with promising results [15–19]. Moreover, UHFUS appears to show
high correspondence with histology [20–24]. At present, intraoral UHFUS has been pre-
dominantly employed for the characterization of oral lesions, including oral cancer [17],
although in the absence of a focused assessment of DOI and TT.

The aim of the present study was to evaluate the utility of UHFUS in the assessment
of OSCC and to compare DOI and TT values with histology.

2. Materials and Methods
2.1. Patients Flow

Patients referred to the Unit of Dentistry and Oral Surgery, University Hospital of Pisa
(Pisa, Italy) with a suspect of OSCC lesion were enrolled in the study between January and
November 2020. Inclusion criteria were (a) adults ≥ 18 years of age, (b) clinical diagnosis
of OSCC, (c) a lesion eligible for surgical treatment, and (d) acceptance to be included in
the study. Exclusion criteria were (a) any acute or chronic condition that would limit the
ability of the patient to participate in the study, (b) refusal to give informed consent, and (c)
histological diagnosis different from OSCC. The study protocol was approved by the local
ethics committee (CEAVNO, protocol no. 32822/18), and all subjects gave written consent
to undergo UHFUS examination. The study was conducted according to the principles
outlined in the Declaration of Helsinki on experimentation involving human subjects.

2.2. UHFUS Acquisition Protocol and Image Postprocessing

Intraoral UHFUS scans were performed with a standardized acquisition protocol
by two examiners using Vevo MD (VisualSonics, Toronto, ON, Canada) equipped with a
70 MHz probe. Training and calibration between the examiners were performed on patients
who were not part of the study to standardize UHFUS scan performance, image acquisition,
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and image interpretation prior to study beginning. Image analysis was conducted on
DICOM format images processed with Horos software (Version 3.3.6, Annapolis, MD, USA).
Data collection started when Cohen’s kappa value between examiners was >0.90.

A disposable sterile probe cover was employed for the management of cross-infections
in order to avoid the direct contact between the oral mucosa and the probe. Sterile ultra-
sound gel was employed as a couplant material to improve ultrasound beam transmission.

The standardized UHFUS acquisition was conducted by placing the probe perpendic-
ular to the mucosal surface with minimal pressure on the tumor.

B-mode axial and longitudinal acquisitions were performed using a standardized
preset. Scan depth and focus position were adjusted to optimize the scan, while other
parameters (gain, time gain compensation, dynamic range, mechanical index, and thermal
index) were kept constant throughout the UHFUS examination.

The parameters of TT, DOI, and echogenicity were measured on B-mode axial images.
Histology was set as benchmark for TT and DOI evaluation.

TT (expressed in mm) was measured as the distance between the lesion’s surface and
the deepest margin in the tissue. DOI (expressed in mm) was measured as the distance
between the normal mucosal surface and the deepest margin of the lesion in the tissue.

Echogenicity was evaluated through grey scale analysis of a selected region of interest
(ROI). The average grey level distribution value, minimum value, maximum value, and
standard deviation were retrieved and compared.

Color Doppler was employed for the assessment of vascularization, using a setting
scale of ±1.9 cm/s to detect blood vessels with a low flow rate. A qualitative analysis of
the degree of vascularization was performed by assigning each lesion a score from 1 to 3.
Score 1 corresponded to vascularization present in <30% of the lesion, with perilesional
pattern; score 2 indicated vascularization between 30% and 60% of the lesion, with predom-
inantly intralesional pattern; finally, score 3 indicated intense perilesional and intralesional
vascularization in >60% of the lesion, with the presence of aliasing phenomena.

2.3. Statistical Analysis

Data were analyzed using SPSS software (IBM) (Version 26.0, IBM Corp.; Armonk,
NY, USA). Pearson’s correlation and scatter plots were employed to assess the relationship
between UHFUS measurements and histology. The comparison between groups was
performed using the Mann–Whitney test. p-value significance was set at p < 0.05.

3. Results
3.1. Sample Characteristics

Ten patients in total were enrolled (6 females, 4 males, mean age 68.7, standard
deviation 10.2). Six patients were smokers, who smoked a mean of 18.3 cigarettes/day.
Three patients presented comorbidities, in particular two had a history of breast cancer
and one had HCV-related liver damage. In 6 patients, OSCC was localized in the tongue,
while in 2 patients the lesions occurred in the mandibular gingival mucosa, in 1 patient
in the buccal mucosa, and in 1 patient on the mouth floor. Four lesions presented with
endophytic growth, and six were exophytic lesions.

For endophytic lesions, the mean time for lesion development ranged between 3 and 8
months, with an average of 5.25 months (SD 2.22 months). Exophytic lesions development
ranged between 3 and 12 months, with an average of 7.33 months (SD 3.45 months).

In four patients the lesion was associated with an absence of pain or mild
pain (<4 as assessed by means of Visual Analogue Scale—VAS), while in 6 patients values >6
were registered. Overall, the mean VAS value was 5.1. VAS values were significantly lower
(p < 0.05) in patients who developed endophytic lesions (3.75 ± 3.10) compared to exo-
phytic lesions (6.33 ± 3.09).

In Table 1, the sample characteristics are summarized. In Figures 1–3, some of the
included cases are presented.
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Table 1. Sample characteristics. Acronyms: UHFUS = ultra-high frequency ultrasound; VAS = visual analogue scale.

Patient Characteristics Clinical Features of the Lesion UHFUS Examination

Patient Age Gender Smoking Habit
(Cigarettes/Day) Site of Lesion Presence of the

Lesion (Months)
Growth
Pattern VAS

Mean Grey
Value

Distribution

Standard
Deviation Min Max

1 83 F YES (10 cig/day) Tongue 8 Endophytic 8 71.97 18.03 26.00 183.00
2 75 F YES (15 cig/day) Gingiva 4 Endophytic 4 61.08 40.77 9.00 235.00
3 68 M YES (20 cig/day) Tongue 6 Endophytic 1 60.32 15.08 20.00 126.00
4 58 F NO Gingiva 3 Endophytic 2 85.48 20.13 44.00 176.00
5 75 F NO Buccal mucosa 5 Exophytic 9 53.69 27.03 10.00 222.00
6 70 M NO Tongue 6 Exophytic 6 43.97 13.32 13.00 121.00
7 59 M YES (25 cig/day) Tongue 3 Exophytic 9 35.27 18.36 5.00 155.00
8 60 F YES (20 cig/day) Tongue 6 Exophytic 8 83.35 37.78 22.00 192.00
9 83 M NO Mouth floor 12 Exophytic 6 63.49 20.87 25.00 220.00

10 56 F YES (20 cig/day) Tongue 12 Exophytic 0 90.76 33.99 20.00 227.00
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Figure 1. OSCC (oral squamous cell carcinoma) of the tongue margin in a 59-year-old male: (A) clinical aspect of the lesion,
which appears to be ulcerated; (B) B-mode UHFUS (ultra-high frequency ultrasound) examination, showing the presence of
an endophytic lesion, with unclear lateral margins and a mixed echogenic pattern; (C) color Doppler image, showing mild
(score 1) perilesional vascularization.
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Figure 2. OSCC of the buccal mucosa in a 58-year-old female: (A) clinical aspect of the lesion; (B) B-mode UHFUS (ultra-
high frequency ultrasound) examination, showing a hypoechoic exophytic lesion with irregular margins; the underlying
submucosa appears to be thinned; (C) color Doppler image, showing moderate (score 2) intralesional vascularization.

3.2. Histology

The OSCC lesions were well-differentiated (G1) in 4 patients, moderately differentiated
(G2) in 5 patients, and poorly differentiated (G3) in 1 patient. According to the pathological
TNM (pTNM), the pathological T categories included 2 Tis (20%), 3 T1 N0 M0 (30%),
3 T2 N0 M0 (30%), and 1 T2 N1 M0 (10%). Histological tumor sizes ranged from 0.5
to 25 mm and DOI ranged from 0.4 to 6 mm (mean 2.46 mm, SD 1.91 mm). TT ranged
from 3 to 20 mm (mean 9.15 mm, SD 5.89 mm). The average TT of exophytic lesions
was 5.28 ± 2.47 mm, while the TT of endophytic lesions was 2.55 ± 1.22 mm. The mean
DOI for exophytic lesions was 2.07 ± 1.29 mm, while for endophytic lesions the value
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was 2.05 ± 1.73 mm. In 8 cases, the tumor was found to infiltrate the lamina propria. No
evidence of distant metastases was found in any of the included patients.
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Figure 3. OSCC of the mouth floor in a 56-year-old female: (A) clinical aspects of the lesion; (B) B-mode UHFUS (ultra-
high frequency ultrasound) examination, showing a lobulated exophytic lesion with characteristics of hypoechogenicity
compared to the surrounding tissue; the lower margins appear blurred and the lesion seems partially extended to the
underlying submucosa; (C) color Doppler image, showing intense (score 3) intralesional and perilesional vascularization
with diffused aliasing phenomena.

3.3. UHFUS Examination

On UHFUS, the average TT of exophytic lesions was 5.17 ± 2.48 mm, while the
TT of endophytic lesions was 2.40 ± 1.40 mm. The mean DOI for exophytic lesions was
2.44 ± 1.57 mm, while for endophytic lesions the value was 1.92 ± 1.65 mm. TT and DOI as-
sessments by means of UHFUS were found to correlate with histology (R = 0.9835, p < 0.05
for TT, R = 0.9631, p < 0.05 for DOI) (Figure 4). TT was slightly underestimated on UHFUS
(mean difference 0.10 mm), while DOI was overestimated (mean difference 0.14 mm).
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Figure 4. Scatterplot showing the correlation between DOI (A) and TT (B) estimated by means of UHFUS and histology.
The dots represent individual patients and their combination of UHFUS and histology values of DOI and TT.
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3.4. Echogenicity

Mean values of echogenicity were slightly higher for exophytic lesions (69.71 ± 11.78)
compared to endophytic lesions (61.76 ± 19.97) in the absence of statistically significant
differences. No differences were found in terms of echogenicity depending on the site of
the lesion.

3.5. Vascularization

Vascularization scores significantly differed between exophytic and endophytic growth
pattern, with score 3 being more frequently assigned to the endophytic lesions (p < 0.05).
No differences were registered between exophytic and endophytic lesions depending on
the site.

4. Discussion

According to these preliminary results, preoperative evaluation of the TT and DOI pa-
rameters by means of UHFUS appeared to significantly correlate with histology. A minimal
and clinically acceptable overestimation was found for UHFUS DOI measurements, while
TT was underestimated by 0.1 mm. We might speculate that higher frequencies allowed
better visualization of tumor margins, providing reliable measurements of the lesions’
dimensions; however, it should be noted that histological TT measurements appeared to
be higher than the UHFUS measurements in the absence of statistically significant differ-
ences. Although the UHFUS scan was performed avoiding the compression of the lesion, it
cannot be excluded that minimal pressure was applied, resulting in reduced TT UHFUS
dimensions compared to histology.

Intraoral US is a well-established technique that has been previously described in the
literature, and US-based parameters are prognosticators in terms of oncological outcomes
during and after the management of oral cancer [4]. TT was the most frequently employed
US parameter for the assessment of the longitudinal extension in terms of the depths of oral
cavity tumors prior to the introduction of DOI as a T-category modifier [9,25]. Although
both TT and DOI appear strongly correlated with the risk of presence of nodal metastases,
albeit with different predictive cut-off limits, at present DOI is the parameter of choice due
to its higher reliability [7]. Nevertheless, combined TT and DOI evaluations can be useful
in terms of staging and prognosis, especially in small tumors where the issue of occult
metastases is extremely relevant.

Shintani et al. reported that US TT measurements showed strong correlations with
histology, especially in the assessment of tumors >10.0 mm [11]. Songra et al. [26] em-
ployed US both preoperatively and intraoperatively. While preoperative TT assessments
appeared to be reliable compared to histology, the intraoperative assessment of deep re-
section margins had moderate predictive value due to tissue compression. Moreover, US
measurements have been reported to have a predictive value for the development of nodal
metastases, potentially influencing the therapeutic approach [27,28]. Natori et al. [29]
evaluated TT and tumor margins to grade the malignancy of tongue tumors and set a
thickness of 8 mm as the cut-off point to predict the risk of developing neck metastases.
Brockoff et al. [30] reported that DOI was a relevant variable, especially in clinical T1
N0 disease, which could give indication of the performance of neck dissection. Finally,
Rocchetti et al. [31] found a significant correlation between DOI and histology, suggesting
a potential role in the assessment of the aggressiveness of the tumor, as well as supporting
the choice of the optimal treatment.

Overall, US was reported to be superior to CT and MR, especially in cases of thin
tumors with TT < 5 mm [5]; however, over- or under-estimation can occur due to the
presence of inflammation or to the pressure applied by the US probe [4]. Other factors
accountable for the discrepancy between US and histology measurements can be the
shrinkage of the resection specimen during formalin fixation and slicing errors from the
cutting plane during histological processing, which have been reported to range between
10 and 20% [32]. Nevertheless, the decrease in tumor size between post-excision and
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post-formalin fixation was reported to be around 4.7% in the absence of significance [32].
In our sample, a minimal discrepancy was observed between UHFUS and histological
measurements, which did not reach statistical significance. It could be hypothesized
that the increased conspicuity obtained by means of the higher frequencies employed
may have improved the preoperative assessment of OSCC lesions. Interestingly, UHFUS
measurements were relatively smaller than histology measurements when evaluating
the TT parameter. This fact could be related to the application of a slight pressure on
the tumor, which can occur during the UHFUS scan. The compression of the lesion
may cause an underestimation of the lesion dimensions, especially when evaluating TT;
however, we recognize that further evaluation is mandatory to further assess the reliability
of UHFUS measurements.

An initial characterization of OSCC lesions involved the evaluation of the UHFUS pa-
rameters of echogenicity and vascularization. Previous research evaluating the echogenicity
of both normal mucosa and oral lesions highlighted that the grey scale distribution varied
depending on the anatomical site and lesion typology [16,17]. In our sample, the mean grey
values of endophytic and exophytic lesions did not show significant difference. However, a
trend was observed for exophytic lesions to present higher mean grey values. Interestingly,
the localization did not influence the echogenicity of the lesion. The semiquantitative
score employed on the color Doppler UHFUS images highlighted the presence of more
intense vascularization in correspondence with endophytic lesions, suggesting that this
type of growth pattern could be associated with increased angiogenesis and inflammation.
However, further evaluation is needed to better correlate vascularization evaluated by
means of color Doppler and histology.

To the best of our knowledge, this is the first study to report the application of UHFUS
to the evaluation of OSCC, and in particular for TT and DOI estimation. Although a
good correlation between UHFUS measurements and histology was observed, the present
study has some limitations. First of all, the study was performed on a limited number
of subjects and mostly involved early-stage tumors of reduced dimensions. Secondly,
no comparison with conventional US was provided, as histology was set as benchmark.
Therefore, we recognize that the superiority of UHFUS compared to conventional US
is still to be demonstrated. Finally, the evaluation of echogenicity and vascularization
needs further correlation with histology and clinical parameters. Nevertheless, these
preliminary results suggest that UHFUS has the potential to become a valuable technique
for the evaluation of OSCC lesions, and give insight into its application in OSCC diagnostic
work-up and surgical management.
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