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Abstract. Tumour depth is an important prognostic factor in head and neck cancer and
has recently been included in the eighth edition of the Union for International
Cancer Control TNM classification of malignant tumours for oral squamous cell
carcinoma (OSCC). It is important to appraise the accuracy of depth assessments;
however, there is little current evidence in the literature. Accurate depth assessment
is particularly pertinent in cT1–T2N0 OSCC where it may influence neck
management. A retrospective study was performed at two tertiary referral centres, in
which surgically treated patients with cT1–T4N0 OSCC were audited. Preoperative
tumour depth assessments from multimodality radiological staging scans were
compared with the final histopathological depth. The predictive accuracy of
intraoral ultrasound (IOUS), computed tomography (CT), and magnetic resonance
imaging (MRI) for tumour depth was evaluated. Accuracy to within 3 mm of the
histopathological depth was seen in 56.7% of MRI scans and 57.1% of CT scans.
IOUS appeared to have superior prediction, with 78.2% of measurements within
3 mm. Over one third of CT and MRI imaging failed to detect a lesion; IOUS scans
detected the lesions in all of these case. In conclusion, the reliability of preoperative
imaging assessment of tumour depth should be considered when recommending
treatment.
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Fig. 1. Flow diagram of study inclusions and exclusions.
Tumour depth is a prognostic factor in
head and neck cancer, positively correlat-
ed with both the risk of occult nodal
disease and local recurrence1–3.
The International Consortium for Out-

come Research (ICOR) in head and neck
cancer investigated the predictive value of
depth of invasion3, and this led to the
inclusion of tumour depth as an indepen-
dent variable in the new Union for Inter-
national Cancer Control (UICC) staging
criteria (eighth edition of the TNM clas-
sification of malignant tumours, TNM81).
Although the importance of tumour

depth is widely recognized, there is no
consensus yet over the use of critical
tumour depth to recommend a change in
treatment. This debate has included cut-
off points ranging from 1.5 mm to 10 mm
to decide whether patients should be of-
fered elective neck surgery despite radio-
graphic N0 staging1–7.
Huang et al.8 showed tumour depth of

>4 mm to be statistically significant in
predicting occult neck metastases and ad-
vised elective treatment of the neck in
such cases. Furthermore, recent National
Comprehensive Cancer Network (NCCN)
guidelines have included the same cut-off
for consideration of elective neck dissec-
tion (END) in the cN0 neck9. However,
treatment recommendations based on pre-
operative tumour depth can only be effec-
tive if we have a reliable method of
assessing tumour dimensions preopera-
tively.
The purpose of this study was to deter-

mine whether current methods to assess
tumour depth preoperatively are accurate
when compared to postoperative histopa-
thology specimens, for patients with oral
squamous cell carcinoma (OSCC) and
clinically N0 necks.

Materials and methods

This multicentre retrospective study was
performed between 2014 and 2018 and
included patients seen at head and neck
multidisciplinary team (MDT) meetings,
who had oral cavity tumours staged N0 by
the nationally recommended staging im-
aging protocol2,10. Results from two cen-
tres (MDT1 and MDT2) were combined
for analysis; these were approved and
registered by the clinical effectiveness
units. The two centres, MDT1 and
MDT2, are both UK tertiary head and
neck oncology departments.
Patient information was anonymized

using the National Health Service (NHS)
trust identification number and patient
NHS numbers. Information was collected
on tumour site, date of diagnosis, TNM
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staging before and after treatment, treat-
ment received, tumour depth on pre-treat-
ment imaging, timing of the biopsy related
to pre-treatment imaging, tumour depth on
final histopathology, malignant recur-
rences, and any significant clinical out-
comes during the time period.
The primary sample drawn from the

MDT databases identified 5120 patients,
of whom 4857 were excluded as they were
not within the target population. Thirty-
nine patient cases were removed due to
insufficient documentation. Thirteen
patients were excluded as histopathology
showed tumours of the salivary glands,
and 26 patients were excluded as they
did not have surgical treatment and there-
fore did not have a postoperative histo-
pathological specimen for analysis
(Fig. 1).
The final sample consisted of 185

patients. Ten patients had undergone pre-
vious treatment for oral cavity tumours
and one for a tonsillar tumour. The
patients were followed up for a mean 26
months (range 1 month to 5 years).
Regarding the imaging and assessment

protocols at the two centres, both used
combinations of magnetic resonance im-
aging (MRI), ultrasound (US), computed
tomography (CT), incisional biopsy, and
ultrasound-guided fine needle aspiration
(USFNA). At MDT1, the oral cavity as-
sessment was performed by MRI head and
t al. Do we have a robust method for preoperati
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neck + intraoral US + incisional biopsy;
neck node assessment was performed by
MRI head and neck � USFNA if there
was a palpable lump; chest staging was
done by CT chest. At MDT2, the oral
cavity assessment was performed by
MRI or CT head and neck + incisional
biopsy; neck node assessment was per-
formed by MRI or CT head and
neck � USFNA if there was a palpable
lump; chest staging was done by CT chest.
The imaging protocol at the two MDT
centres differed slightly due to resource
availability. This provided the opportunity
to compare assessments of preoperative
tumour depth made from three different
imaging modalities.
The minimum requirement for oral cav-

ity assessment at these centres is either
MRI or CT, as per the British Association
of Head and Neck Oncologists (BAHNO)2

and National Institute for Health and Care
Excellence (NICE) guidelines10. In the
study sample, 12 patients did not receive
MRI and instead received CT with con-
trast. Reasons included claustrophobia,
implanted metalwork, and inability to re-
cline flat for the duration of the scan. Nine
patients received neither MRI nor CT,
only intraoral US (IOUS), mainly due to
contrast allergy.
Routine MRI sequences included T1,

STIR, T2, and axial T1-weighted
sequences pre- and post-contrast (the
ve tumour depth assessment for oral cavity
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post-contrast sequence included fat sup-
pression). Measurements were preferen-
tially done on coronal gadolinium-
enhanced T1-weighted images (3-mm
slice thickness). Multiple MRI scanners
were used at the two centres, primarily
3.0 T Philips (Philips Medical Systems,
Bothell, WA, USA). CT was performed
with Siemens scanners using contrast (Sie-
mens Healthcare, Erlangen, Germany). A
delay of 90 seconds with multiplanar
reformats with soft tissue window setting
and dedicated bone algorithm was used,
with maximum 1-mm slice thickness.
The radiological analysis of pre-treat-

ment tumour depth was drawn from pre-
treatment radiology reports. These were
finalized and validated at weekly head and
neck MDT meetings. In cases where tu-
mour depth was not specified in the
reports, one named head and neck radiol-
ogist at each centre provided a blinded
analysis. Radiological tumour depth as-
sessment on CT and MRI was performed
in the same fashion as described by Lam
et al.11. A horizontal line joining two
tumour mucosae junctions was drawn as
a reference line, and depth was measured
from this line to the point of maximal
tumour invasion. Tumour depth was mea-
sured perpendicular to the lateral aspect of
the oral tumour margin on both the con-
trast-enhanced CT or MRI and the T2/
STIR sequences.
Measurements from IOUS were per-

formed similarly, with a line drawn per-
pendicular to the mucosal surface,
measuring the deepest point of abnormali-
ty. No local anaesthetic was used for IOUS
and minimal pressure was applied. IOUS
was performed with a General Electric L8-
Please cite this article in press as: Cocker H, e
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Fig. 2. Histopathological tumour depths for the
18 hockey stick probe with a 5–9-MHz
frequency range and a 25-mm footprint
and ultrasound gel.
Histopathological analysis of tumour

depth of invasion was taken from the final
histopathology reports made by six named
head and neck pathologists. This was con-
sidered to be the ‘gold standard’ assess-
ment of depth of invasion for the purpose
of analysis.
Data were collected into a password-

protected Microsoft Excel spreadsheet
(2019). The multivariate analysis was
undertaken by a medical statistician
using R12.
Treatment and outcome data were also

analysed for this study, in order to contex-
tualize the accuracy of the imaging mo-
dalities in the assessment of tumour depth
of invasion. These measurements are used
to make important clinical decisions at
MDT meetings, so this highlights the im-
pact of making accurate measurements
from preoperative imaging.
The aim of this study was to establish

the accuracy of assessments of tumour
depth of invasion by comparing the pre-
treatment depths on imaging with the final
histopathological tumour depths.

Results

The histopathological tumour depths in
this sample did not show a normal distri-
bution (Fig. 2). Most tumours (76.2%) had
depths of <9 mm.
Overall, 162 MRI scans, 40 CT scans,

and 84 ultrasound scans were performed
and analysed for this sample.
In 35.8% of cases scanned with MRI, no

measurable lesion could be identified
t al. Do we have a robust method for preoperati
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 study sample (N = 185).
(mean depth 3.7 mm, range 0–23 mm),
of which 75.9% were T1 tumours. In
47.5% of tumours scanned with CT, a
measurable lesion could not be identified
(mean depth 6.6 mm, range 0–19 mm) of
which 57.9% were T1 tumours. Of those
cases scanned with IOUS, 7.1% failed to
identify the lesion, of which 50% were T1
tumours (mean depth 5.2 mm, range 0–
16 mm) (Table 1). Four MRI scans and
four CT scans failed to identify lesions
that were �10 mm in depth, which may
indicate that these images were subject to
substantial artefacts from dental restora-
tions.
A minority of scans were performed

prior to diagnostic biopsy (21.6% of
MRI, 27.5% of CT, and 23.8% of IOUS),
and a comparison of the accuracy was
made between scans performed before
and after biopsy (Table 1). An arbitrary
margin of 3 mm from the histopatholog-
ical measurement was applied as an ac-
ceptable level of variance from the ‘gold
standard’. No statistically significant dif-
ferences were found in this study between
scans done before and after biopsy, for any
of the three imaging modalities (MRI,
P = 0.36; CT, P = 0.35; US, P = 0.11).
Of the measurements made from scans

performed prior to biopsy (with visible
lesions), 60.9% overestimated the tumour
depth of invasion, and of those scans done
after biopsy, 53.7% overestimated tumour
depth of invasion.

MRI

The depth assessment was found to be
accurate to within �3 mm of the histo-
pathological depth in 55.8% of tumours
ve tumour depth assessment for oral cavity
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Table 1. Overall accuracy of each imaging modality, and relation to timing of biopsy.

Type of
scan

Number in
sample

Number (%) of scans
in sample with no
visible lesion

Number (%) done
before biopsy

Number (%) pre-biopsy scan
(with visible lesion) with accurate depth
assessment to within 3 mm
of histopathological depth

MRI 162 58 (35.8) 35 (21.6) 11 (31.4)
(P = 0.36)

CT 40 19 (47.5) 11 (27.5) 3 (27.3)
(P = 0.35)

US (intraoral) 84 6 (7.1) 20 (23.8) 15 (75)
(P = 0.11)

MRI, magnetic resonance imaging; CT, computed tomography; US, ultrasound.

Fig. 3. Scatter plot showing the accuracy of each imaging modality.
scanned with MRI, while one MRI scan
(1.0%) in this sample made an exact as-
sessment of the tumour thickness; 43.3%
of MRI scans were more than 3 mm vari-
ant from the histopathological depth
(Fig. 3). The total percentage of measure-
ments that were accurate or within 3 mm
was 56.7%. Of the MRI scans performed
prior to biopsy, 31.4% were accurate to
within 3 mm of the histopathological
depth (P = 0.36) (Table 1).

CT

One CT scan (4.8%) was exactly accurate
with the histopathological tumour depth.
Of the remaining CT scans, 52.4% were
within 3 mm of the histopathological
depth and 42.9% were more than 3 mm
variant from the histopathological depth
Please cite this article in press as: Cocker H, e
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(Fig. 3). The total percentage of measure-
ments that were accurate or within 3 mm
was 57.1%. Of the CT scans performed
prior to biopsy, 27.3% were accurate to
within 3 mm of the histopathological
depth (P = 0.35) (Table 1).

IOUS

Tumours scanned with IOUS were exactly
accurate with the true tumour depth in
11.5% of cases, and a further 66.7% were
within 3 mm of the true depth; 21.8% of
cases were more than 3 mm variant from
the histopathological depth (Fig. 3). The
total percentage of measurements that
were accurate or within 3 mm was
78.2%. Of the IOUS scans performed prior
to biopsy, 75% were accurate to within
t al. Do we have a robust method for preoperati
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3 mm of the histopathological depth
(P = 0.11) (Table 1).

Comparison of imaging modalities

Differences in accuracy between the im-
aging modalities were assessed for statis-
tical significance. This was done by
calculating the average difference be-
tween histopathological tumour depth
and radiological tumour depth for each
modality. The Student t-test was used
for this analysis. Scans in which lesions
could not be identified were excluded from
the evaluations of accuracy, as no com-
parison could be made with the histopa-
thology results.
No significant difference was found be-

tween CT and MRI (P = 0.06), or between
CT and IOUS (P = 0.47). The difference
ve tumour depth assessment for oral cavity
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Table 2. Tumour location and accuracy by modality.

Tumour site
Number US done
(with visible lesion)

Number (%) US
(with visible lesion)
accurate to
within 3 mma

Number MRI done
(with visible lesion)

Number (%) MRI
(with visible lesion)
accurate to
within 3 mma

Number CT
done (with
visible lesion)

Number (%) CT
(with visible lesion)
accurate to
within 3 mma

FOM 10 8 (80%) 7 4 (57.1%) 1 0 (0%)
Hard palate 5 4 (80%) 5 4 (60%) 1 1 (100%)
Buccal mucosa 11 9 (81.8%) 20 13 (65%) 3 2 (66.7%)
Tongue 47 38 (80.9%) 57 30 (52.6%) 8 4 (50%)
Gingival mucosa 5 2 (40%) 15 8 (53.3%) 8 5 (62.5%)

US, ultrasound; MRI, magnetic resonance imaging; CT, computed tomography; FOM, floor of the mouth.
a Includes exact cases and cases within 3 mm.
between MRI and IOUS was found to be
statistically significant (P < 0.001).
Variation in accuracy was seen by ana-

tomical site of the tumour (see Table 2). The
mostaccurate sitewas the hardpalate (mean
histopathological depth 3.9 mm, range 0–
16 mm), with accuracy to within 3 mm of
the histopathological depth for 100% of
tumours scanned with CT, 80% scanned
with IOUS, and 60% with MRI. The least
accurate site was floor of the mouth (mean
histopathological depth 3.9 mm, range 0–
14 mm), with 80% of IOUS measurements,
57.1% of MRI measurements, and 0% of
CT measurements found to be accurate to
within 3 mm of the histopathological depth.
Of course, it must be acknowledged that
some of the differences in accuracy of the
different imaging modalities reflect the in-
herent strengths and limitations of the in-
dividual techniques; for example CT
performs well for bony structure analysis,
as seen in the hard palate.
The statistical analysis of the results for

the anatomical sites did not reach statisti-
cal significance (Fisher’s exact test,
P = 0.34).
Please cite this article in press as: Cocker H, e
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Fig. 4. Grouped bar chart showing correct T st
Accuracy in T staging cases

Data were analysed to determine how
often each type of scan accurately deter-
mined the tumour T stage. Cases were
assessed for changes between pre-treat-
ment and the definitive T grade, and the
imaging techniques used in each case were
analysed (Fig. 4).
In order to reflect clinical practice, data

were further analysed to assess the effect
of the double or triple radiological staging
assessment that each case received. A
mosaic plot was created to depict this
(Fig. 5). This shows that 82% of T1
tumours and 65% of T4 tumours were
correctly staged, and 50% of T2 tumours
were correctly staged (Fig. 5).

Surgical management of the neck

Eighty-five patients (45.9%) underwent
clinical observation of the neck (mean
tumour depth 4.3 mm, range 0–19 mm).
The clinical observation protocol was as
per BAHNO guidelines2, with examina-
tion every 1–3 months in years 1 and 2,
t al. Do we have a robust method for preoperati
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aging in relation to each type of imaging.
every 3–6 months in years 3–5, and tai-
lored radiological investigations in re-
sponse to clinical suspicion. Neck node
recurrences were seen in 10 (11.8%) of
these patients (Table 3).
Seventy-five patients (40.5%) received

an END (mean tumour depth 9.9 mm, range
0–28 mm) of whom four (5.3%) developed
neck node recurrences (Table 3).
Nineteen patients (10.3%) underwent

sentinel node biopsy (SNB), of whom four
(21.1%) were positive (mean tumour
depth 3.7 mm, range 0–15 mm). One of
these patients (5.3%) developed neck node
recurrences (Table 3).
A further 80 patients (43.2%) would

have been eligible for SNB based on
2016 NICE guidance (cT1–T2N0, seventh
edition of the TNM classification)10. Of
these, 46 (57.5%) underwent clinical ob-
servation and four (8.7%) developed neck
node metastases. In this group, the mean
radiological depth was 8.9 mm (range 0–
27 mm) and the mean pathological depth
was 4.0 mm (range 0–15 mm). The
remaining 34 patients received an END
(mean tumour pathological depth 7.4 mm,
ve tumour depth assessment for oral cavity
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Table 3. Neck management, positive neck rate, and neck relapse rate.

Neck management
Mean pathological
tumour depth (mm) Node-positive neck rate (%) Neck relapse rate (%)

Elective neck dissection
(n = 75)

9.91 28
(n = 21)

5.3
(n = 4)

Clinical observation
(n = 85)

4.34 – 11.8
(n = 10)

Sentinel node biopsy
(n = 19)

3.71 21.1
(n = 4)

5.3
(n = 1)

Fig. 5. Mosaic plot comparing preoperative and postoperative T stages, combining all imaging modality types.
range 0–25.5 mm); two of these patients
(5.9%) developed neck node recurrences.
The difference between the mean path-

ological tumour depths of these two clini-
cal observation and END groups reached
statistical significance (P = 0.002).
Six patients (3.2%) received wide local

excision of the tumour followed by prima-
ry radiotherapy (mean tumour depth
7.0 mm, range 1.5–12 mm).

Discussion

The most striking finding of this study is
that despite following imaging guidelines,
the preoperative assessment of tumour
depth differed by over 3 mm from the
‘gold standard’ histopathological mea-
surement in 21.8% of IOUS, 43.3% of
MRI, and 42.9% of CT (Fig. 3). Resection
specimens can shrink due to factors like
Please cite this article in press as: Cocker H, e
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dehydration, and the magnitude varies
with stage and site13, but clearly there
are implications of using tumour depth
of invasion from preoperative scans to
decide treatment. Data on surgical man-
agement of the neck (above) and changes
to definitive staging (Fig. 5) shown in this
study may point towards patients being
over-treated and incurring additional mor-
bidity.
This retrospective audit gives a review

of the actual head and neck imaging pro-
tocol at two tertiary UK head and neck
cancer centres from 2014 to 2018. Due to
the retrospective design, this study was not
randomized, and the neck management
and outcome data need careful interpreta-
tion.
Surgical neck management in these cN0

cases would have been based on an arbi-
trary depth cut-off and would typically
t al. Do we have a robust method for preoperati
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have been multifactorial, taking into ac-
count surgical concerns such as neck ac-
cess for reconstruction, as well as patient
choice and performance status.
SNB at these centres was not used

routinely until after the 2016 NICE guide-
lines were published10; at first TNM7 was
adhered to, and currently TNM8 is fol-
lowed (for cT1–T2N0 cases only). Much
of the data were gathered prior to the work
of D’Cruz6, publication of the NICE 2016
guidelines10, and the UK SEND study14,
all of which recommend END to confer a
survival advantage. Had the study period
started after publication of TNM81, it is
possible that some cases may have been
managed differently. Certainly, for T3–
T4N0 cases, we strongly advocate END.
The results showed that IOUS currently

provides the most accurate preoperative
assessment of tumour depth, particularly
ve tumour depth assessment for oral cavity
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in thin tumours (<5 mm depth) and
tumours of the mobile tongue. This is in
keeping with the literature. A comparable
retrospective study by Shintani et al.15

found measurements of tumour depth
made preoperatively with IOUS to be
significantly correlated with histological
measurements (Pearson’s r = 0.988), and
to be superior to CT and MRI measure-
ments, but for sites limited to the tongue,
buccal mucosa, and floor of the mouth.
Yuen et al.16, in a study of 45 tongue
carcinomas, found that IOUS depth mea-
surements taken by the surgeon immedi-
ately prior to glossectomy were
significantly correlated with histopatho-
logical depth (P < 0.005).
The recent literature has stated that

standard MRI does not adequately predict
histopathological tumour depth, calling
for a re-evaluation of MRI in tumour
assessment17. The present study data
showed MRI to be most accurate for the
deepest tumours, again consistent with the
current literature, which has found preop-
erative MRI assessment to be most accu-
rate with tumours >5 mm in depth18,19.
It must be stated that the ability of

imaging to identify a measurable lesion
is vulnerable to artefacts. Metal artefacts,
such as dental amalgam, can obscure
structures and decrease the diagnostic val-
ue. Diagnostic value is also subject to
timing related to surgical intervention,
as biopsy or excision will cause inflam-
mation and can lead to discrepancies in
measurements. Biopsy prior to staging
scans is, however, common in the clinical
setting in order to avoid unnecessary irra-
diating imaging until the malignancy is
confirmed, although to preserve measure-
ment accuracy it is preferable to biopsy
after imaging. The study data did not show
that timing of biopsy related to imaging
altered the measurement accuracy (P =
0.39). It was also observed that 70% of
scans done prior to biopsy were for
tumours �10 mm depth, perhaps indicat-
ing that scans may be expedited for thinner
lesions with an uncertain diagnosis.
Despite varying numbers according to

the anatomical site, all sites were included
in the results. Given that there is no dif-
ference in staging based on site for oral
cavity tumours, we feel it remains impor-
tant to be able to assess depth of invasion
to make clinical decisions, and it may be
that different modalities work better for
different sites.
In the future, techniques such as optical

coherence tomography (OCT) could be
used to provide an ‘optical biopsy’20

and thereby prevent the potential for ra-
diographic artefacts caused by biopsy.
Please cite this article in press as: Cocker H, e
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However, the recent literature on OCT
for oral tissues indicates that this is not
yet reliable21.
In conclusion, current imaging proto-

cols may not provide robust and accurate
assessment of tumour depth in the oral
cavity. The most reliable method found in
this study was IOUS, and we recommend
greater uptake of this still novel technique
for staging of head and neck tumours.
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