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Abstract: (1) Background: In oral cancer staging, ultrasonography (US), computed tomography
(CT), magnetic resonance imaging (MRI), and 2-deoxy-2-[fluorine-18]fluoro-D-glucose (FDG) with
positron emission tomography/computed tomography (PET/CT) are routinely used in clinical
practice. The present study is a retrospective examination of the diagnostic accuracy of cervical lymph
node metastasis using US, CT, MRI, and PET/CT, with histopathological diagnosis as a reference,
to compare the different diagnostic imaging modalities. (2) Methods: The participants included
16 patients with oral squamous cell carcinoma who underwent US-, CT-, MRI-, and PET/CT-based
preoperative diagnostic imaging and simultaneous primary lesion resection and neck dissection,
including 82 level regions and 424 lymph nodes. We compared the sensitivity, specificity, accuracy,
positive predictive value, and negative predictive value of each imaging modality based on the
imaging results and the pathology results of metastasis. (3) Results: Of the four diagnostic imaging
modalities, PET/CT exhibited the highest sensitivity but the lowest specificity and accuracy. US, CT,
and MRI had high specificities. Comparing each level region and lymph node showed that differences
were observed in PET/CT. (4) Conclusions: PET/CT to diagnose lymph node metastasis requires a
comprehensive evaluation because it produces more false positives than other diagnostic imaging
modalities. Using US, CT, and MRI, which have excellent spatial resolution, improves diagnostic
accuracy at the lymph node level.

Keywords: oral cancer; lymph node metastasis; multidetector computed tomography; magnetic
resonance imaging; PET-CT

1. Introduction

The head and neck region holds at least one-third of all lymph nodes in the entire
body [1]. It is common for oral squamous cell carcinoma (OSCC) to have cervical lymph
node metastasis, with even early-stage patients exhibiting lymph node metastasis at a
rate of approximately 23% [2]. Whether an OSCC patient has lymph node metastasis
is important in terms of their prognosis, and there is clinical significance to an accurate
preoperative diagnosis of whether there is lymph node metastasis. Reports encourage
aggressive neck dissection if the risk of late-onset lymph node metastasis exceeds 20% [3].
In recent years, the incorporation of depth of invasion into the T classification of primary
lesions in OSCC staging has been observed as being useful in predicting such risks. There
is some controversy over the use of prophylactic neck dissection [4-6], with no clear
conclusions reached, and use depends largely on each respective institution’s policies.

Biomedicines 2023, 11, 3119. https:/ /doi.org/10.3390 /biomedicines11123119

https:/ /www.mdpi.com/journal /biomedicines


https://doi.org/10.3390/biomedicines11123119
https://doi.org/10.3390/biomedicines11123119
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com
https://orcid.org/0000-0002-8421-0253
https://orcid.org/0000-0002-7341-4840
https://orcid.org/0000-0002-7156-1820
https://orcid.org/0000-0001-9036-1536
https://orcid.org/0000-0002-3896-9517
https://doi.org/10.3390/biomedicines11123119
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com/article/10.3390/biomedicines11123119?type=check_update&version=2

Biomedicines 2023, 11, 3119

20f15

In addition to palpation, methods used to diagnose lymph node metastasis also in-
clude diagnostic imaging modalities such as CT, MRI, US, and PET/CT. Many prior reports
have compared these different methods [7-20], and although the American Joint Committee
on Cancer/Union for International Cancer Control (AJCC/UICC) 8th edition also mentions
diagnostic imaging [21], the characteristics of each diagnostic imaging modality in preop-
erative evaluation remain inadequately studied, as do the approaches to compensate for
their weak points. There have been some meta-analyses published regarding the diagnostic
accuracy of each diagnostic imaging modality [7,8,10], but these were relatively crude
studies using individual patients or dissection sides. Therefore, no adequate study has been
conducted on each lymph node, which would be essential for any detailed comparison.
Clinicians may be interested in the diagnostic accuracy of each region, while radiologists
may focus on the diagnostic accuracy of individual lymph nodes. Comparing the diagnostic
accuracy of each lymph node not only addresses clinicians’ interests but is also considered
significant from a fundamental medical perspective. Furthermore, there is a paucity of
studies that have simultaneously investigated these two factors [22]. Moreover, remarkable
advances in diagnostic imaging equipment in recent years have enabled evaluations using
images with higher spatial resolution, tissue contrast and less noise than in past reports, and
it is now possible to image small lymph nodes that could not be imaged. This study aimed
to retrospectively compare the diagnostic accuracy of each diagnostic imaging modality.
We evaluated their diagnostic accuracy in relation to cervical lymph node metastasis in
preoperative diagnostic imaging for OSCC, level by level and lymph node by lymph node,
with histopathological diagnosis as the reference.

2. Materials and Methods
2.1. Patients

Sixteen patient participants who were diagnosed with OSCC in Niigata University
Medical & Dental Hospital between April 2016 and March 2021 underwent all the preoper-
ative imaging tests, US, CT, MRI, and PET/CT, and underwent primary lesion resection
and neck dissection, including 82 dissected level regions and 424 dissected lymph nodes.
Patients who had undergone preoperative chemotherapy or preoperative radiation therapy
were excluded, as were those in whom renal dysfunction or alike prohibited the use of
contrast-enhanced examination. In patients for whom multiple preoperative examinations
were performed, evaluation was conducted using the initial images.

The participants comprised nine men and seven women, with a mean age of 67.6 years
(age range, 23-87 years). The primary site was the tongue for nine patients, mandibular
gingiva for four patients, maxillary gingiva for two patients, and buccal mucosa for one
patient. Neck dissection was performed on the affected side only in 13 patients, with three
cases undergoing bilateral dissection. As a result, a total of 82 regions were covered: 19 re-
gions in level I, 18 in each of levels II to IV, and 9 in level V. For clinical N classification, nine
cases were N1, five were N2b, and two were N2c. The number of days from examination
to surgery was as follows: maximum 71 days, minimum 7 days, on average 31.5 days for
US; maximum 64 days, minimum 9 days, on average 32.4 days for CT, maximum 49 days,
minimum 8 days, on average 23.5 days for MR[; and maximum 51 days, minimum 5 days,
on average 25.6 days for PET/CT.

This study was approved by the Ethics Committee of Niigata University Medical
and Dental Hospital (No. 2021-0085), and informed consent was obtained as an opt-
out approach on our institutional website, on which information concerning the study
objectives and procedures was published, instead of using written informed consent.

2.2. Imaging Protocol

US was performed by a dental radiologist with at least 5 years of experience, using
the ultrasound diagnosis device HI VISION Preirus (Fujifilm Healthcare, Japan, Tokyo,
Japan) and an electronic linear probe (L64) at a frequency of 5 to 18 MHz to scan the left
and right cervical lymph nodes. Still images of lymph nodes that were reproducible at a
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short diameter of 3 mm or greater were preserved in the cross-section that had the greatest
size in transverse and longitudinal views. Doppler and strain elastography were also used
as needed.

CT images were taken using a 64-row multi-row detector CT (Ingenuity Elite; Philips
Medical Systems, Amsterdam, The Netherlands) for 12 patients and 320-row area detector
CT (Aquilion ONE, CANON Medical Systems, Otawara, Japan) for 4 patients. Tube voltage
was 120 kV with automatic adjustment of the tube current, with a slice thickness of 1 mm, a
slice interval of 1 mm, an FOV of 220 mm, and a pitch factor of 0.391 with the Ingenuity
Elite and 0.637 with the Aquilion ONE. Where metal restoration was found in the mouth,
contrast-enhanced imaging was followed through additional imaging with the gantry tilted
to be parallel to the inferior border of the mandible. Coronal multiplanar reconstructed
images at 2 mm intervals were created from the axial section images.

MRI was performed at 1.5 T (Excelart Vantage Titan, CANON Medical Systems) in
10 cases and 3.0 T (Discovery MR750w, GE Healthcare, Chicago, IL, USA) in 6 cases. Axial
and coronal fat-suppressed T2-weighted images and axial and coronal fat-suppressed
contrast-enhanced T1-weighted images were used, with a slice thickness of 5 mm and slice
gap of 0 mm with the 1.5 T device and a slice thickness of 5 mm and slice gap of 1 mm for
coronal sections. The 3.0 T device had a slice thickness of 5 mm and a slice gap of 1 mm
and a slice thickness of 4 mm and a slice gap of 1 mm for coronal sections.

PET/CT imaging was performed using Biograph mCT Flow (Siemens Healthineers,
Erlangen, Germany). Patients received 199.4-290.6 MBq of FDG after at least 6 h of
fasting, with blood glucose levels at or below 200 mg/dL. PET/CT imaging was initiated
at approximately 60 min after the radioisotope was administered. The voxel size was
4.07 mm x 4.07 mm X 2 mm.

2.3. Evaluation of Lymph Nodes

All levels of cervical lymph nodes were included: I to V. The positive diagnostic criteria
for metastasis were a comprehensive evaluation of the short diameter of the lymph node
(US: 8 mm or more at levels I and II, or 6 mm or more in other regions; CT and MRI: 10 mm
or more) [18,23], morphology (whether there is a hilum, including the long/short ratio), and
the internal condition (heterogeneity associated with keratinization or internal necrosis). In
addition to the above, US involved the evaluation of abnormalities or defects in the course
of blood vessels via Doppler, centered on the lymphatic portal area, or blood flow signals at
the margins, with evaluation of the hardness compared to the surrounding tissue in strain
elastography, which were judged comprehensively along with B-mode findings [20,21].
PET/CT included visual evaluation of whether there was FDG accumulation in the lymph
nodes as compared to the surrounding tissue; in cases of uncertainty, a decision was made
by consulting the SUVmax, which is the maximum value of the standardized uptake value
(SUV) within the region of interest (threshold value: 2.5) [13,22].

Two dental radiologists (15 years and 5 years of experience) independently evaluated
for lymph node metastasis in each cervical region. The evaluation was performed with each
of the diagnostic imaging modalities, with concealment of the patient’s basic information
and diagnostic results, among others. Where the two had different evaluations, a decision
was reached by consensus.

Lymph nodes that were resected and dissected from the neck dissection were fixed in
10% formalin solution and hematoxylin and eosin-stained using the usual method. An oral
pathologist conducted a histopathological evaluation for any metastasis.

The examination of lymph node by lymph node was performed by comparing and
matching size and morphology on images and in pathological specimens with reference to
intraoperative findings. The diagnostic accuracy of each diagnostic imaging modality was
found level by level and lymph node by lymph node.
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2.4. Statistical Analysis

A 2 x 2 table was created from the results of diagnostic imaging and the results of the
histopathological diagnosis regarding whether there was any metastasis, and the sensitivity,
specificity, accuracy, positive predictive value, and negative predictive value were found
for each diagnostic imaging modality. Accuracy, positive predictive value, and negative
predictive value are expressed as follows:

accuracy = TP + TN (1)
Y= TP+ FP+EN + IN

Abbreviations: TP—true-positive; FP—false-positive; FN—false-negative; TN—true-
negative.

TP
iti dicti lue = ——— 2
positive predictive value = z=—=5 2
TN
ti dicti lue = ————— 3
negative predictive value = &= 3)

Wilson’s score method was used for 95% confidence limits. McNemar’s test was used
to compare the diagnostic imaging modalities. The Kruskal-Wallis test and Mann-Whitney
U test were used for statistical examination of the period from the date of each imaging
examination until surgery. The level of statistically significant difference was set to p < 0.05.
All statistical analyses were performed using Statistical Package for the Social Sciences
(IBM Japan Inc., Tokyo, Japan).

3. Results

Of the 424 lymph nodes that were included, 22 were histopathologically positive
for metastasis. In terms of the level regions, out of 82 regions, 18 had lymph nodes
histopathologically positive for metastasis. This includes ten regions for level I, four
regions for level I, three regions for level III, and one region for level IV. In terms of neck
side, out of 19 neck sides, 11 were histopathologically positive for metastasis.

The number of lymph nodes deemed positive for metastasis was 13 with US, 14 with
CT, 12 with MRI, and 33 with PET/CT. Of these, 13 out of 13 with US, 14 out of 14 with CT,
12 out of 12 with MRI, and 30 out of 33 with PET/CT could be matched to dissected lymph
nodes. The three lymph nodes that could not be matched in PET/CT were all from samples
that were histopathologically negative for metastasis. Therefore, these three lymph nodes
were all treated as false positives. As a result, there were 11, 11, 9, and 14 true positives,
respectively, and 2, 3, 3, and 19 false positives, respectively.

With lymph nodes deemed negative for metastasis on imaging despite being histopatho-
logically positive for metastasis, it was possible to match four lymph nodes from US, five from
CT, four from MRI, and one from PET/CT. In turn, there were seven, six, nine, and seven
lymph nodes histopathologically positive for metastasis that could not be matched for reasons
such as an extremely small size of the lymph nodes or metastatic foci or multiple candidates,
and these were also treated as false negatives.

Although almost none of the lymph nodes that were negative for metastasis in both
imaging and pathology could be matched one-to-one with the images, all were treated as
true negatives because this followed the matching of the lymph nodes that were positive
for metastasis. Table 1 shows the results of the lymph node matching process. Three cases
diagnosed with or without metastasis by each modality are shown (Figures 1-3).

Table 2 shows the diagnostic accuracy of lymph node metastasis at the regional neck
level. For each level region, US had a sensitivity, specificity, accuracy, positive predictive
value, and negative predictive value of 50.0%, 96.9%, 86.6%, 81.8%, and 87.3%, respectively.
With CT, these were 55.6%, 95.3%, 86.6%, 76.9%, and 88.4%, respectively. With MRI, these
were 44.4%, 95.3%, 84.1%, 72.7%, and 85.9%, respectively. With PET/CT, these were 77.8%,
79.7%, 79.3%, 51.9%, and 92.7%, respectively.
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Table 1. Collation results with pathological specimen for each lymph node.
One-to-One Matched Lymph Nodes Unmatched Lymph Nodes
Imaging
Modality TP FP FN TN TP FP FN TN
usS 11 2 4 58 0 0 7 342
CT 11 3 5 72 0 0 6 327
MRI 9 3 4 46 0 0 9 353
PET/CT 14 16 1 45 0 3 7 338
Abbreviations: US-ultrasonography; CT-computed tomography; MRI-magnetic resonance imaging; PET/CT-
2-deoxy-2-[fluorine-18]fluoro-D-glucose with positron emission tomography/computed tomography; TP-true-
positive; FP—false positive; FN—false negative; TN-true negative.
Table 2. Comparison of diagnostic accuracy of lymph node metastasis at the regional neck level.
Imaging e o s
Modality TP FP FN TN Sensitivity Specificity Accuracy PPV NPV
50.0 96.9 86.6 81.8 87.3
Us ? 2 ? 62 (39.4-60.6) (90.5-99.0) (77.6-92.3) (72.1-88.7) (78.4-92.9)
55.6 95.3 86.6 76.9 88.4
T 10 3 8 61 (44.8-65.8) (88.4-98.2) (77.6-92.3) (66.7-84.7) (79.7-93.7)
444 95.3 84.1 72.7 85.9
MRI 8 3 10 61 (34.2-55.2) (88.4-98.2) (74.7-90.5) (62.2-81.2) (76.8-91.8)
77.8 79.7 79.3 51.9 92.7
PET/CT 14 13 4 21 (67.7-85.4) (69.7-87.0) (69.3-86.6) (41.2-62.3) (85.0-96.6)
Values in parentheses indicate 95% confidence limits. Abbreviations: US-ultrasonography; CT-computed
tomography; MRI-magnetic resonance imaging; PET /CT-2-deoxy-2-[fluorine-18]fluoro-D-glucose with positron
emission tomography/computed tomography; TP-true positive; FP-false positive; FN—false negative; TN—-true
negative; PPV-positive predictive value; NPV-negative predictive value.

Table 3 shows the diagnostic accuracy of lymph node metastasis on a lymph node
basis. For each lymph node, US had a sensitivity, specificity, accuracy, positive predictive
value, and negative predictive value of 50.0%, 99.5%, 96.9%, 84.6%, and 97.3%, respectively.
With CT, these were 50.0%, 99.3%, 96.7%, 78.6%, and 97.3%, respectively. With MRI, these
were 40.9%, 99.3%, 96.2%, 75.0%, and 96.8%, respectively. With PET/CT, these were 63.6%,
95.3%, 93.6%, 42.4%, and 98.0%, respectively.

Table 3. Comparison of diagnostic accuracy of lymph node metastasis on a lymph node basis.
Imaging - e
Modality TP FP FN TN Sensitivity Specificity Accuracy PPV NPV
50.0 99.5 96.9 84.6 97.3
Us 1 2 1 400 (45.3-54.7) (98.3-99.9) (94.8-98.2) (80.9-87.7) (95.3-98.5)
50.0 99.3 96.7 78.6 97.3
ct 1 3 1 399 (45.3-54.7) (97.9-99.7) (94.5-98.0) (74.4-82.2) (95.3-98.5)
40.9 99.3 96.2 75.0 96.8
MRI ? 3 13 399 (36.3-45.7) (97.9-99.7) (94.0-97.7) (70.7-78.9) (94.7-98.1)
63.6 95.3 93.6 42.4 98.0
PET/CT 14 19 8 383 (59.0-68.1) (92.8-96.9) (90.9-95.6) (37.8-47.2) (96.1-98.9)

Values in parentheses indicate 95% confidence limits. Abbreviations: US-ultrasonography; CT-computed
tomography; MRI-magnetic resonance imaging; PET /CT-2-deoxy-2-[fluorine-18]fluoro-D-glucose with positron
emission tomography/computed tomography; TP—true positive; FP-false positive; FN—false negative; TN—true
negative; PPV-positive predictive value; NPV-negative predictive value.

McNemar’s test showed that PET/CT had a statistically significant difference from
US, CT, and MRI (p < 0.05). No statistically significant differences were found among US,
CT, and MRI.
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The Kruskal-Wallis test showed no statistically significant differences between US, CT,
MRI, and PET/CT in terms of the time from examination to surgery. The Mann-Whitney U
test showed no statistically significant differences for any of the examinations (p < 0.05).

(b)

(d)

Figure 1. Cont.
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()

Figure 1. Woman in her 50s, right-side submandibular lymph node with right-side tongue squamous
cell carcinoma (histopathologically positive for metastasis). (a) B-mode ultrasonography (US) sagittal
section image; (b) Doppler US sagittal section image; (c) contrast-enhanced computed tomography
(CT) transverse image; (d) fat-suppressed T2-weighted transverse image; (e) 2-deoxy-2-[fluorine-
18]fluoro-D-glucose with positron emission tomography CT (18F-FDG PET/CT) transverse image;
(f) hematoxylin and eosin (H&E)-stained histopathology image. All diagnostic imaging modalities
were positive for metastasis. US shows a hypoechoic area (arrow) internally, with CT and magnetic
resonance imaging (MRI) showing a focal defect (arrow). Histopathology showed loss of lymph node
structure in the metastatic tumor region, with accumulation of an acidophilic mucus-like substance.

(a) (b)

Figure 2. Cont.
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(e) ()

Figure 2. Man in his 70s, right-side superior internal jugular lymph node with squamous cell carci-
noma of the right-side mandibular gingiva (histopathologically negative for metastasis). (a) B-mode
ultrasonography (US) transverse image; (b) Doppler US transverse image; (c) contrast-enhanced
computed tomography (CT) transverse image; (d) fat-suppressed T2-weighted transverse image; (e) 2-
deoxy-2-[fluorine-18]fluoro-D-glucose with positron emission tomography CT (18F-FDG PET/CT)
transverse image; (f) hematoxylin and eosin (H&E)-stained histopathology image. US, CT, and mag-
netic resonance imaging (MRI) were negative for metastasis (arrow); 18F-FDG PET/CT was positive
for metastasis considering the degree of fluorodeoxyglucose accumulation (arrow). Histopathology
showed follicular hyperplasia, but no tumor metastasis.
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(d)

()

Figure 3. Woman in her 50s, left-side submental lymph node with right-side tongue squamous cell
carcinoma (histopathologically positive for metastasis). (a) B-mode ultrasonography (US) coronal
section image; (b) B-mode US sagittal section image; (c¢) contrast-enhanced computed tomography



Biomedicines 2023, 11, 3119

10 of 15

(CT) transverse image; (d) fat-suppressed T2-weighted transverse image; (e) 2-deoxy-2-[fluorine-
18]fluoro-D-glucose with positron emission tomography CT (18F-FDG PET/CT) transverse image;
(f) hematoxylin and eosin (H&E-stained histopathology image. US, CT, and magnetic resonance
imaging (MRI) were negative for metastasis (arrow); 18F-FDG PET/CT was positive for metastasis
considering the degree of fluorodeoxyglucose accumulation (arrow). Histopathology showed a
metastasis with a diameter of 2 to 3 mm in the lymph node interior (arrow head).

4. Discussion

The present study used histopathological diagnosis as a reference to examine the
diagnostic accuracy of US, CT, MRI, and PET/CT on metastatic lymph nodes by level
region and by lymph node. We found that PET/CT exhibited high sensitivity but did not
always detect metastatic lymph nodes precisely.

There have been various reports on the diagnostic of lymph node metastasis, includ-
ing patient-based [7,8,12], left-/right-based [7,8,17], region-level-based [7-9,13,16,17,22],
and lymph node-based methods [12,14,15,18-20,22,24-27]. Lymph node-based methods
of study appear to be the most accurate techniques for evaluating the diagnostic accu-
racy of each diagnostic imaging modality. The limitations of spatial resolution of each
diagnostic imaging modality, however, make it virtually impossible to image all lymph
nodes. Additionally, one-to-one histopathological matching is essentially impossible. The
present study involved matching a limited number of lymph nodes that could be imaged
with pathological specimens to the extent possible using size, morphology, and internal
structure as references. Moreover, the large number of lymph nodes that could not be
matched was classified based on interpretation, as described above. Comparison of each
region level is a simple technique that is therapeutically useful from a dissection region-
based perspective. However, this is not a quantified method for measuring diagnostic
accuracy. These inaccuracies can result in false positives and negatives being mixed with
true positives from region to region. Although perfect accuracy is not achievable, the
present study was intended to be both region-level-based in terms of clinical usefulness
and lymph node-based in terms of diagnostic accuracy.

PET/CT exhibited the highest sensitivity and negative predictive value of the diag-
nostic imaging modalities studied here but also had the lowest specificity and accuracy
and the greatest number of false positives. Possible reasons for this include overly sensitive
detection, including not only metastatic tumor nodes but also histopathological changes
of non-metastatic tissue in lymph nodes, such as follicular hyperplasia, resulting in a
greater number of false positives (Figure 2) [28]. Conversely, there was also a patient in
whom only PET/CT was able to detect a lymph-node metastasis that the other diagnostic
imaging modalities missed, as well as a patient in whom high diagnostic accuracy was
observed (Figure 3). However, this patient had only a metastatic focus at approximately
2-3 mm, the false-positive tendency in which PET/CT over-detects accumulation of the
surrounding non-metastatic tissue consequently may have provided a true positive. Hence,
it was not suggested that PET/CT always exhibited higher diagnostic accuracy than other
diagnostic modalities.

The FDG used for PET/CT here was to image a reflection of glucose metabolism; phys-
iological accumulation is also known to happen in the tonsils, along with accumulation
in inflammatory lesions [28]. Various factors cause lymph nodes that have experienced
follicular hyperplasia to reactively enhance their glucose metabolism, increasing FDG
accumulation and hindering distinguishing metastatic tumors and follicular hyperplasia.
Reports evaluating lymph node metastasis via PET/CT have employed semi-quantitative
values such as SUVmax [22,24,25,29]. In the present study, an SUVmax of 2.5 or higher
was deemed positive for metastasis, considering that this threshold value is relatively com-
mon. Tumor cells comprise varying proportions of the interiors of lymph nodes that are
positive for metastasis; thus, measured values are not necessarily reflective of the glucose
metabolism of the tumor cells. Reportedly, there is also a correlation between the SUVmax
of a lymph node and the number of secondary follicles. Hence, FDG accumulation has
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been shown in non-metastatic lymph nodes [30]. Conversely, metastatic lymph nodes with
significant internal necrosis show no FDG accumulation in some instances [28]. Although
PET/CT allows for an objective evaluation using a semi-quantitative value, blindly ad-
dressing only the threshold value without evaluating the overall picture naturally leads
to misdiagnosis; thus, it should only be used as an aid. Several studies have proposed
different threshold values for each level region and for respective short diameters of the
lymph nodes [15], and it may be necessary to use different ones for different circumstances.
As already noted, PET/CT exhibited the highest negative predictive value of the diagnostic
imaging modalities considered here. The total absence of any FDG accumulation may
largely rule out not only tumor metastasis but also reactive changes such as follicular
hyperplasia. From this perspective, the absence of any FDG accumulation in regional
lymph nodes may be a very powerful criterion in determining whether neck dissection is
indicated [25].

PET/CT had a sensitivity of 77.8% when examined level region by level region, but a
difference was found at 63.6% when it was examined lymph node by lymph node. This
may be attributed to a lymph node exhibiting significant FDG accumulation observed
within a region, and this accumulation may have captured a non-metastatic reactive lymph
node in the same region and not necessarily a metastatic lymph node. This phenomenon is
likely to be encountered by many radiologists, and it is interesting in terms of diagnostic
radiology, but it seems to be overlooked because it does not affect treatment strategy in
many cases. Even if multiple enlarged lymph nodes are found within a region, it is difficult
to accurately diagnose on an individual basis. The criteria of assuming metastasis in a
region where groups of three or more borderline nodes are found has been proposed [31];
however, this requires revision in light of advances in instrument performance compared
to that in the 1990s when the report was published.

US, CT, and MRI, meanwhile, tended to have high specificity and accuracy despite
having a lower sensitivity than PET/CT. On both a level region basis and a lymph node
basis, accuracy exceeded 80% with US, CT, and MRI. Therefore, these methods have
sufficient diagnostic accuracy for use in preoperative diagnosis. US and CT exhibited
largely similar trends and exhibited high positive predictive values. US and CT have a
higher spatial resolution than PET/CT, enabling more accurate detection of morphological
changes and internal necrosis, which may have led to the high positive predictive values.

Considering lymph nodes compared to level region evaluations, MRI and PET/CT
provided slightly inferior results, whereas US and CT tended to be largely similar on
a lymph node basis. One study concluded that MRI has either equivalent or superior
diagnostic accuracy compared to CT [14]. As already noted, they have a large slice thickness
of 4-5 mm, and the limitation of spatial resolution may hinder the detection of small
metastatic lymph nodes. In recent years, studies have reported the use of devices that
improved spatial resolution in MRI and PET/CT, and further improvements to diagnostic
accuracy are expected in the future [32,33].

Some studies comparing diagnostic imaging and fine-needle aspiration cytology
(FNAC) have also been reported [34-36]. While the diagnostic accuracy is high, it is not
sufficient to replace diagnostic imaging. Although FNAC can aid in lymph node diagnosis,
it should be noted that its accuracy depends on the operator’s experience, and there is a
tendency for false negatives due to its technical nature.

The present results showed similar trends to past reporting, but imaging conditions,
including slice thickness, varied in every report. Therefore, simple comparisons based
solely on numerical values should be avoided when compared against past reports.

The diagnostic imaging modalities used in the present study showed a certain number
of false positives and false negatives. Especially, false negatives are expected in micrometas-
tases that do not meet the spatial resolution of the diagnostic imaging modalities. These
instances also occur when a judgment of metastasis cannot be reached, even if the tumor has
replaced most of the lymph node interior. This tendency was particularly prevalent outside
of PET/CT. Often, this trend is observed with poorly differentiated OSCC, which may
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potentially not be detected as a pathological change in a tumor node if not accompanied
by marked necrosis or keratinization. Moreover, metastatic lymph nodes smaller than the
spatial resolution cannot be detected to begin with; therefore, a certain number of false
negatives will be inevitable regardless of the diagnostic imaging modality used. Moreover,
the lymphatic network should be considered as a unit rather than as individual lymph
nodes. Even at a larger level, it has been difficult to detect lymph node metastases at short
diameters of less than 10 mm [22]. According to reports using immunostaining and other
methods, approximately 10% of cases were found to have micrometastases that could not
be detected through the use of conventional methods [37-40].

The results of this study have great implications for the daily clinical practice of
oral squamous cell carcinoma. PET/CT images glucose metabolism within lymph nodes,
whereas US, CT, and MRI image lymph nodes interior, and each has different characteristics.
In daily clinical practice, when it is difficult to diagnose the presence or absence of lymph
node metastasis, we advocate considering the findings of US, CT, and MRI, which have
the highest spatial resolution, in addition to PET/CT. In many facilities, as in this study,
the modality with the best spatial resolution is likely to be US or CT; however, US has the
disadvantages that diagnostic accuracy depends on the examiner, and the examination is
relatively time-consuming [41]. This point seems to depend on the human resources at each
facility. Although not used in this study, MRI diffusion-weighted imaging and apparent
diffusion coefficient may add new diagnostic criteria [42]. In recent years, research on
diagnosing lymph nodes using artificial intelligence and radiomics has been reported, and
this may be useful in diagnosing lymph node metastasis in the future [43,44].

The present study has several limitations. The first is the small sample size due
to the precondition of being a single-center study for comparison of diagnostic imaging
modalities common in the same subject. The second is the diversity of primary sites and
stages in the oral cavity and the time lag from examination to neck dissection, which may
have impacted the differences between the image and histopathological findings. Third,
because the primary lesions were in the oral cavity and significantly more lymph nodes
that were histopathologically positive for metastasis were found in level I, the diagnostic
criteria such as short diameter or morphology may have influenced the present results.
Fourth, the one-to-one correspondences in the comparisons with individual lymph nodes
are not 100% certain, as they were compared and matched based on size and morphology.
Fifth, because prevalence in the population is unknown, positive predictive value, negative
predictive value, and accuracy may be incorrect. Sixth, multiple lymph nodes from the
same person may not be independent samples, and lymph node-based analyses have minor
statistical concerns.

5. Conclusions

In diagnostic imaging of cervical lymph node metastasis in OSCC, PET/CT exhib-
ited the highest sensitivity but did not always detect metastatic lymph nodes precisely.
Therefore, comprehensive decisions need to be made in combination with other modalities.
Conversely, results suggested that US, CT, and MRI have higher diagnostic accuracy with
individual lymph nodes in the diagnostic modalities with improved spatial resolution.

Author Contributions: Conceptualization, M.T. and T.H.; methodology, T.H.; validation, T.H. and
J.-L.T.; formal analysis, M.T. and K.K,; investigation, M.T., Y.N., TH., M.Y,, S M. and ] .-i.T.; resources,
KK, MY, SM. and ] -i.T.; data curation, M.T., H.N., M.Y,, S M. and ] .-i.T.; writing—original draft
preparation, M.T.; writing—review and editing, T.H.; visualization, M.T. and T.H.; supervision, Y.N.,
T.H., KK, HN. and J.-i.T.; project administration, Y.N.; funding acquisition, T.H. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was supported by JSPS KAKENHI Grant Number 21K10064.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Niigata University Medical and Dental Hospital
(approval number 2021-0085).



Biomedicines 2023, 11, 3119 13 of 15

Informed Consent Statement: Informed consent was obtained in the form of an opt-out approach
on our institutional website, on which information about the study objectives and procedures was
published, instead of using written informed consent.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy.

Acknowledgments: We would like to express our deepest gratitude to all members of the Division
of Reconstructive Surgery for Oral and Maxillofacial Region, Oral and Maxillofacial Surgery, Oral
Pathology, Niigata University Graduate School of Medical and Dental Science and Department
of Radiology and Oral Pathology Section, Department of Clinical Technology, Division of Radiol-
ogy, Niigata University Medical and Dental Hospital, for their great guidance and cooperation in
this research.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Castelijns, J.A.; van den Brekel, M.W. Imaging of lymphadenopathy in the neck. Eur. Radiol. 2002, 12, 727-738. [CrossRef]
[PubMed]

Massey, C.; Dharmarajan, A.; Bannuru, R.R.; Rebeiz, E. Management of NO neck in early oral squamous cell carcinoma: A
systematic review and meta-analysis. Laryngoscope 2019, 129, E284-E298. [CrossRef] [PubMed]

Weiss, M.H.; Harrison, L.B.; Isaacs, R.S. Use of decision analysis in planning a management strategy for the stage NO neck. Arch.
Otolaryngol. Head Neck Surg. 1994, 120, 699-702. [CrossRef] [PubMed]

Kumar, A.; Ghai, S.; Mhaske, S.; Singh, R. Elective Neck Dissection Versus Therapeutic Neck Dissection in Clinically Node-
Negative Early Stage Oral Cancer: A Meta-Analysis of Randomized Controlled Trials. J. Maxillofac. Oral Surg. 2022, 21, 340-349.
[CrossRef]

Oh, L.J.; Phan, K; Kim, S.W.; Low, T.H.; Gupta, R.; Clark, J.R. Elective neck dissection versus observation for early-stage oral
squamous cell carcinoma: Systematic review and meta-analysis. Oral Oncol. 2020, 105, 104661. [CrossRef] [PubMed]

Cai, H.; Zhu, Y;; Wang, C.; Zhang, Y.; Hou, J. Neck nodal recurrence and survival of clinical T1-2 NO oral squamous cell carcinoma
in comparison of elective neck dissection versus observation: A meta-analysis. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2020,
129, 296-310. [CrossRef]

Kim, S.J.; Pak, K.; Kim, K. Diagnostic accuracy of F-18 FDG PET or PET/CT for detection of lymph node metastasis in clinically
node negative head and neck cancer patients; A systematic review and meta-analysis. Am. J. Otolaryngol. 2019, 40, 297-305.
[CrossRef]

Sun, R.; Tang, X.; Yang, Y.; Zhang, C. 8EDG-PET/CT for the detection of regional nodal metastasis in patients with head and
neck cancer: A meta-analysis. Oral Oncol. 2015, 51, 314-320. [CrossRef]

Roh, J.-L.; Park, ].P; Kim, J.S.; Lee, ].H.; Cho, K.-].; Choi, S.-H.; Nam, S.Y,; Kim, S.Y. 18F fluorodeoxyglucose PET/CT in head
and neck squamous cell carcinoma with negative neck palpation findings: A prospective study. Radiology 2014, 271, 153-161.
[CrossRef]

Liao, L.].; Lo, W.C.; Hsu, W.L.; Wang, C.T.; Lai, M.S. Detection of cervical lymph node metastasis in head and neck cancer patients
with clinically NO neck-a meta-analysis comparing different imaging modalities. BMC Cancer 2012, 12, 236. [CrossRef]
Matsubara, R.; Kawano, S.; Chikui, T.; Kiyosue, T.; Goto, Y.; Hirano, M.; Jinno, T.; Nagata, T.; Oobu, K.; Abe, K.; et al. Clinical
significance of combined assessment of the maximum standardized uptake value of F-18 FDG PET with nodal size in the diagnosis
of cervical lymph node metastasis of oral squamous cell carcinoma. Acad. Radiol. 2012, 19, 708-717. [CrossRef] [PubMed]

Seitz, O.; Chambron-Pinho, N.; Middendorp, M.; Sader, R.; Mack, M.; Vogl, TJ.; Bisdas, S. '8F-Fluorodeoxyglucose-PET/CT to
evaluate tumor, nodal disease, and gross tumor volume of oropharyngeal and oral cavity cancer: Comparison with MR imaging
and validation with surgical specimen. Neuroradiology 2009, 51, 677-686. [CrossRef] [PubMed]

Yoon, D.Y.; Hwang, H.S.; Chang, S.K.; Rho, Y.-S.; Ahn, H.Y.; Kim, ].H.; Lee, L]. CT, MR, US, '8F-FDG PET/CT, and their combined
use for the assessment of cervical lymph node metastases in squamous cell carcinoma of the head and neck. Eur. Radiol. 2009, 19,
634-642. [CrossRef] [PubMed]

Sumi, M.; Kimura, Y.; Sumi, T.; Nakamura, T. Diagnostic performance of MRI relative to CT for metastatic nodes of head and
neck squamous cell carcinomas. J. Magn. Reson. Imaging 2007, 26, 1626-1633. [CrossRef] [PubMed]

Murakami, R.; Uozumi, H.; Hirai, T.; Nishimura, R.; Shiraishi, S.; Ota, K.; Murakami, D.; Tomiguchi, S.; Oya, N.; Katsuragawa, S.;
et al. Impact of FDG-PET/CT imaging on nodal staging for head-and-neck squamous cell carcinoma. Int. J. Radiat. Oncol. Biol.
Phys. 2007, 68, 377-382. [CrossRef]

Ng, S.-H.; Yen, T.-C.; Chang, ].T.-C.; Chan, S.-C.; Ko, S.-F; Wang, H.-M.; Lee, L.-Y,; Kang, C.-J.; Wong, AM.-C.; Liao, C.-T.
Prospective study of ['8F]fluorodeoxyglucose positron emission tomography and computed tomography and magnetic resonance
imaging in oral cavity squamous cell carcinoma with palpably negative neck. J. Clin. Oncol. 2006, 24, 4371-4376. [CrossRef]


https://doi.org/10.1007/s003300101102
https://www.ncbi.nlm.nih.gov/pubmed/11960218
https://doi.org/10.1002/lary.27627
https://www.ncbi.nlm.nih.gov/pubmed/30570760
https://doi.org/10.1001/archotol.1994.01880310005001
https://www.ncbi.nlm.nih.gov/pubmed/8018319
https://doi.org/10.1007/s12663-021-01677-z
https://doi.org/10.1016/j.oraloncology.2020.104661
https://www.ncbi.nlm.nih.gov/pubmed/32244173
https://doi.org/10.1016/j.oooo.2019.10.012
https://doi.org/10.1016/j.amjoto.2018.10.013
https://doi.org/10.1016/j.oraloncology.2015.01.004
https://doi.org/10.1148/radiol.13131470
https://doi.org/10.1186/1471-2407-12-236
https://doi.org/10.1016/j.acra.2012.02.009
https://www.ncbi.nlm.nih.gov/pubmed/22484437
https://doi.org/10.1007/s00234-009-0586-8
https://www.ncbi.nlm.nih.gov/pubmed/19727695
https://doi.org/10.1007/s00330-008-1192-6
https://www.ncbi.nlm.nih.gov/pubmed/18843493
https://doi.org/10.1002/jmri.21187
https://www.ncbi.nlm.nih.gov/pubmed/17968896
https://doi.org/10.1016/j.ijrobp.2006.12.032
https://doi.org/10.1200/JCO.2006.05.7349

Biomedicines 2023, 11, 3119 14 of 15

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Schoder, H.; Carlson, D.L.; Kraus, D.H.; Stambuk, H.E.; Génen, M.; Erdi, Y.E.; Yeung, HW.D.; Huvos, A.G.; Shah, ].P,; Larson,
S.M.; et al. 8 F-FDG PET/CT for detecting nodal metastases in patients with oral cancer staged NO by clinical examination and
CT/MRL. ]. Nucl. Med. 2006, 47, 755-762.

Hayashi, T.; Ito, J.; Taira, S.; Katsura, K.; Shingaki, S.; Hoshina, H. The clinical significance of follow-up sonography in the
detection of cervical lymph node metastases in patients with stage I or Il squamous cell carcinoma of the tongue. Oral Surg. Oral
Med. Oral Pathol. Oral Radiol. Endodontol. 2003, 96, 112-117. [CrossRef]

Sumi, M.; Ohki, M.; Nakamura, T. Comparison of sonography and CT for differentiating benign from malignant cervical lymph
nodes in patients with squamous cell carcinoma of the head and neck. AJR Am. ]. Roentgenol. 2001, 176, 1019-1024. [CrossRef]
Stuckensen, T.; Kovacs, A.F; Adams, S.; Baum, R.P. Staging of the neck in patients with oral cavity squamous cell carcinomas: A
prospective comparison of PET, ultrasound, CT and MRI. J. Craniomaxillofac. Surg. 2000, 28, 319-324. [CrossRef]

Ridge, ].A.; Lydiatt, WM.; Patel, S.G.; Glastonbury, C.M.; Brandwein-Gensler, M.; Ghossein, R.A.; Shah, J.P. AJCC Cancer Staging
Manual, 8th ed.; Springer: New York, NY, USA, 2017; pp. 79-94.

Piao, Y.; Bold, B.; Tayier, A.; Ishida, R.; Omura, K.; Okada, N.; Shibuya, H. Evaluation of 18F-FDG PET/CT for diagnosing cervical
nodal metastases in patients with oral cavity or oropharynx carcinoma. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontol.
2009, 108, 933-938. [CrossRef] [PubMed]

van den Brekel, M.W,; Castelijns, ].A.; Snow, G.B. The size of lymph nodes in the neck on sonograms as a radiologic criterion for
metastasis: How reliable is it? AJNR Am. J. Neuroradiol. 1998, 19, 695-700. [PubMed]

Niu, L.; Zheng, D.; Wang, D.; Zhang, J.; Fei, J.; Guo, C. Accuracy of 18 F-FDG PET/CT in detection of neck metastases of oral
squamous cell carcinoma in patients without large palpable lymph nodes. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2020, 129,
418-426. [CrossRef] [PubMed]

Zhang, H.; Seikaly, H.; Biron, V.L.; Jeffery, C.C. Utility of PET-CT in detecting nodal metastasis in ¢NO early stage oral cavity
squamous cell carcinoma. Oral Oncol. 2018, 80, 89-92. [CrossRef]

Yonetsu, K.; Sumi, M.; Izumi, M.; Ohki, M.; Eida, S.; Nakamura, T. Contribution of doppler sonography blood flow information to
the diagnosis of metastatic cervical nodes in patients with head and neck cancer: Assessment in relation to anatomic levels of the
neck. AJNR Am. . Neuroradiol. 2001, 22, 163-169.

Steinkamp, H.J.; Mueffelmann, M.; Bock, J.C.; Thiel, T.; Kenzel, P; Felix, R. Differential diagnosis of lymph node lesions: A
semiquantitative approach with colour Doppler ultrasound. Br. J. Radiol. 1998, 71, 828-833. [CrossRef]

Gray, B.R.; Koontz, N.A. Normal patterns and pitfalls of FDG uptake in the head and neck. Semin. Ultrasound CT MRI 2019, 40,
367-375. [CrossRef]

Payabvash, S.; Meric, K.; Cayci, Z. Differentiation of benign from malignant cervical lymph nodes in patients with head and neck
cancer using PET/CT imaging. Clin. Imaging 2016, 40, 101-105. [CrossRef]

Nakagawa, T.; Yamada, M.; Suzuki, Y. 18F-FDG uptake in reactive neck lymph nodes of oral cancer: Relationship to lymphoid
follicles. J. Nucl. Med. 2008, 49, 1053-1059. [CrossRef]

Van den Brekel, M.W.M.; Stel, H.V,; Castelijns, ].A.; Nauta, ].J.; Van der Waal, I.; Valk, ].; Meyer, C.J.; Snow, G.B. Cervical lymph
node metastasis: Assessment of radiologic criteria. Radiology 1990, 177, 379-384. [CrossRef]

Kojima, I.; Takanami, K.; Ogawa, T.; Ishikawa, K.; Morishita, Y.; Ishii, R.; Ohkoshi, A.; Nakanome, A.; Odagiri, H.; likubo, M. High
diagnostic accuracy for lymph node metastasis of oral squamous cell carcinoma using PET/CT with a silicon photomultiplier.
Oral Radiol. 2022, 38, 540-549. [CrossRef] [PubMed]

Wang, Y.; Mao, M; Lj, J.; Feng, Z.; Qin, L.; Han, Z. Diagnostic value of magnetic resonance imaging in cervical lymph node
metastasis of oral squamous cell carcinoma. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2022, 133, 582-592. [CrossRef] [PubMed]
Horvath, A.; Prekopp, P,; Polony, G.; Székely, E.; Tamas, L.; Danos, K. Accuracy of the preoperative diagnostic workup in patients
with head and neck cancers undergoing neck dissection in terms of nodal metastases. Eur. Arch. Otorhinolaryngol. 2021, 278,
2041-2046. [CrossRef]

Souren, C.; Kloss-Brandstétter, A.; Stadler, A.; Kross, K.; Yamauchi, K.; Ketelsen, D.; Kessler, P.; Lethaus, B. Ultrasound-guided
fine-needle aspiration cytology as a diagnostic tool in comparison to ultrasound and MRI for staging in oral- and oropharyngeal
squamous cell tumors. J. Craniomaxillofac. Surg. 2016, 44, 197-201. [CrossRef] [PubMed]

Stoeckli, S.J.; Haerle, S.K.; Strobel, K.; Haile, S.R.; Hany, T.F,; Schuknecht, B. Initial staging of the neck in head and neck squamous
cell carcinoma: A comparison of CT, PET/CT, and ultrasound-guided fine-needle aspiration cytology. Head Neck 2012, 34, 469—-476.
[CrossRef]

Majumdar, K.S.; Rao, V.U.S,; Prasad, R.; Ramaswamy, V.; Sinha, P.; Subash, A. Incidence of micrometastasis and isolated tumour
cells in clinicopathologically node-negative head and neck squamous cell carcinoma. J. Maxillofac. Oral Surg. 2020, 19, 131-135.
[CrossRef]

Yamazaki, Y.; Chiba, I.; Hirai, A.; Satoh, C.; Sakakibara, N.; Notani, K.-I; lizuka, T.; Totsuka, Y. Clinical value of genetically
diagnosed lymph node micrometastasis for patients with oral squamous cell carcinoma. Head Neck 2005, 27, 676-681. [CrossRef]
Hamakawa, H.; Takemura, K.; Sumida, T.; Kayahara, H.; Tanioka, H.; Sogawa, K. Histological study on pN upgrading of oral
cancer. Virchows Arch. 2000, 437, 116-121. [CrossRef]

van den Brekel, M.W.; van der Waal, I.; Meijer, C.J.; Freeman, J.L.; Castelijns, J.A.; Snow, G.B. The incidence of micrometastases in
neck dissection specimens obtained from elective neck dissections. Laryngoscope 1996, 106, 987-991. [CrossRef]


https://doi.org/10.1016/S1079-2104(03)00259-2
https://doi.org/10.2214/ajr.176.4.1761019
https://doi.org/10.1054/jcms.2000.0172
https://doi.org/10.1016/j.tripleo.2009.07.054
https://www.ncbi.nlm.nih.gov/pubmed/19846326
https://www.ncbi.nlm.nih.gov/pubmed/9576657
https://doi.org/10.1016/j.oooo.2019.09.005
https://www.ncbi.nlm.nih.gov/pubmed/32057754
https://doi.org/10.1016/j.oraloncology.2018.04.003
https://doi.org/10.1259/bjr.71.848.9828794
https://doi.org/10.1053/j.sult.2019.07.001
https://doi.org/10.1016/j.clinimag.2015.09.001
https://doi.org/10.2967/jnumed.107.049718
https://doi.org/10.1148/radiology.177.2.2217772
https://doi.org/10.1007/s11282-022-00588-0
https://www.ncbi.nlm.nih.gov/pubmed/35061164
https://doi.org/10.1016/j.oooo.2021.10.024
https://www.ncbi.nlm.nih.gov/pubmed/34953758
https://doi.org/10.1007/s00405-020-06324-w
https://doi.org/10.1016/j.jcms.2015.11.003
https://www.ncbi.nlm.nih.gov/pubmed/26732639
https://doi.org/10.1002/hed.21764
https://doi.org/10.1007/s12663-019-01239-4
https://doi.org/10.1002/hed.20200
https://doi.org/10.1007/s004280000199
https://doi.org/10.1097/00005537-199608000-00014

Biomedicines 2023, 11, 3119 15 of 15

41.

42.

43.

44.

Loeffelbein, D.; Eiber, M.; Mayr, P.; Souvatzoglou, M.; Miicke, T.; von Bomhard, A.; Kesting, M.; Wolff, K.-D. Loco-regional
recurrence after surgical treatment of oral squamous cell carcinoma: Proposals for follow-up imaging based on literature, national
guidelines and institutional experience. J. Craniomaxillofac. Surg. 2015, 43, 1546-1552. [CrossRef]

Zhou, Y; Yu, T,; Rui, X,; Jin, T.; Huang, Z.; Huang, Z. Effectiveness of diffusion-weighted imaging in predicting cervical lymph
node metastasis in head and neck malignancies. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2021, 131, 122-129.e2. [CrossRef]
Jiang, S.; Locatello, L.G.; Maggiore, G.; Gallo, O. Radiomics-Based Analysis in the Prediction of Occult Lymph Node Metastases
in Patients with Oral Cancer: A Systematic Review. J. Clin. Med. 2023, 12, 4958. [CrossRef]

Xu, X.; Xi, L.; Wei, L.; Wu, L.; Xu, Y; Liu, B.; Li, B.; Liu, K,; Hou, G.; Lin, H.; et al. Deep learning assisted contrast-enhanced
CT-based diagnosis of cervical lymph node metastasis of oral cancer: A retrospective study of 1466 cases. Eur. Radiol. 2023, 33,
4303-4312. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jcms.2015.06.020
https://doi.org/10.1016/j.oooo.2020.06.025
https://doi.org/10.3390/jcm12154958
https://doi.org/10.1007/s00330-022-09355-5

	Introduction 
	Materials and Methods 
	Patients 
	Imaging Protocol 
	Evaluation of Lymph Nodes 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

