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Abstract

Objectives To evaluate the prognostic value of preoperative radiological findings for nodal recurrence in clinically node-
negative (cNO) patients with oral tongue squamous cell carcinoma (SCC).

Methods The study population consisted of 52 patients with ¢T1-2NO oral tongue SCC classified according to the 7th
edition of the Union for International Cancer Control (UICC) staging system. The subjects had undergone preoperative
radiological examinations, including magnetic resonance imaging (MRI) and '®F-fluorodeoxyglucose (FDG)-positron emis-
sion tomography (PET)/computed tomography. All patients were treated with local resection and watchful waiting for neck
management. Using an unpaired 7 test, Pearson’s chi-squared test, and the Kaplan—-Meier method, the MRI-derived depth
of invasion (DOI), the standardized uptake value (SUV) on FDG-PET, and the T stage according to the 7th and 8th UICC
were assessed as prognostic factors.

Results The MRI-derived DOI was recorded as <5 mm in 24 patients and > 5 mm in 28 patients. During the follow-up period,
nine patients exhibited nodal recurrence, with the MRI-derived DOI being significantly higher in patients with positive than
in those with negative (p =0.011). The SUV was not significant. Five-year cumulative nodal recurrence probabilities were
4.5% for patients with an MRI-derived DOI <5 mm, while it was 32.1% for>5 mm (p =0.013). Although the T classifica-
tions were not significant, none of our patients whose T stage according to the 8th UICC was T1 suffered nodal recurrence.
Conclusions MRI-derived DOI can predict nodal recurrence, while preoperative information may assist in treatment plan-
ning for oral tongue SCC.

Keywords Depth of invasion - '*F-fluorodeoxyglucose-positron emission tomography - Magnetic resonance imaging -
Nodal recurrence - Oral tongue cancer
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Nodal recurrence is the most common cause of surgical

treatment failure in oral cancer. Performing elective neck
dissection (END) for cases with no clinical evidence of
lymph node metastasis in the neck (cNO) in early stage
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T1-T2 oral squamous cell carcinoma (SCC) has been the
subject of much debate, and continues to be controversial
[1-3]. Historically, a 20% probability of occult lymph node
metastases was considered the common threshold value for
performing END [4].

BE_fluorodeoxyglucose (FDG)-positron emission
tomography (PET)/ computed tomography (CT) fused
imaging and its quantitative parameter, the standardized
uptake value (SUV), have been widely used for decid-
ing on which treatment strategy to use in patients with

@ Springer


http://orcid.org/0000-0002-8432-7988
http://crossmark.crossref.org/dialog/?doi=10.1007/s11282-020-00505-3&domain=pdf

642

Oral Radiology (2021) 37:641-646

head-and-neck SCC [5-7]. The SUV of the primary tumor
has been suggested to be related to aggressive tumor char-
acteristics and poor clinical outcomes [8, 9]. Dual-phase
FDG-PET/CT imaging has been found to improve diagnos-
tic accuracy [10, 11]. However, many studies have found
an incidence of false-negative lesions with this method
[12, 13].

In the latest update (the 8th edition) of the Union for
International Cancer Control (UICC) staging system, which
was promulgated in 2017, the T category for oral cavity
cancer now incorporates the depth of invasion (DOI) and
no longer depends solely on greatest surface dimensions
[14-16]. Tumors are classified as less- (<5 mm), moder-
ately- (from > 5 to < 10 mm), and deeply invasive (> 10 mm).
The DOI has been considered to be a risk factor for local
recurrence and lymph node metastasis [16—-19]. Although
the DOI is defined by pathological findings after surgery,
recent studies have demonstrated the reliability of magnetic
resonance imaging (MRI)-derived DOI before surgery
[20-22]. As MRI can clearly depict the configurations of
the normal oral cavity and of oral cavity cancer, it is a useful
modality for preoperative evaluation. The purpose of this
study was to evaluate the prognostic value of preoperative
radiological findings for predicting recurrence patterns in
cNO patients with oral tongue SCC.

Material and methods
Patient characteristics

Between April 2007 and December 2015, 59 patients with
clinical TINO or T2NO oral tongue SCC evaluated with
dual-phase FDG-PET/CT imaging underwent curative sur-
gery. Our inclusion criteria were as follows: (1) histologi-
cally verified SCC of the oral tongue, (2) clinical TINO or
T2NO, (3) no previous malignancies, (4) no preoperative
chemotherapy or radiotherapy, (5) availability of preopera-
tive MRI within 1 month before surgery, and (6) availability
of dual-phase FDG-PET/CT imaging within 1 month before
surgery. We excluded four patients with a previous malig-
nancy, and three who had missing MRI data. The clinical
stage according to the 7th edition of the UICC staging sys-
tem was identified at a routine preoperative conference of
oral surgeons and radiologists who interpreted imaging data,
with 23 were staged as TINO and 29 as T2NO. The radiologi-
cal diagnosis of nodal involvement was based on accepted
morphologic criteria and FDG uptake [5, 6]. There were
33 males and 19 females (median age, 70 years; age range,
29-86 years). All patients underwent transoral partial glos-
sectomy alone as primary treatment and watchful waiting
for neck management.
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MRI

Preoperative MRI was performed on a 3 T superconduct-
ing imager (Philips Achieva 3.0 T TX, Philips Healthcare,
Best, the Netherlands). TSE sequences were used to obtain
T1IWI (500-600/9 [TR msec/TE msec]; axial), T2WI
(4000-5000/80; axial, coronal), STIR (5000/70/230 [TR
msec/TE msec/TI msec]; axial, coronal), and gadolinium
contrast-enhanced T1WI with fat suppression (axial, coro-
nal). The parameters used for all images were as follows:
220 mm FOV, 512 matrix, 4 mm thickness, and 0.4 mm
slice gap.

FDG-PET/CT imaging

FDG-PET/CT imaging was performed using a whole-body
three-dimensional (3D) PET/CT scanner (Gemini GXL;
Philips Medical Systems, Cleveland, OH, USA), which
permits the acquisition of coregistered CT and PET images
in the same session. The patients had fasted for more than
5 h before receiving the FDG injection and were confirmed
to have blood sugar levels of less than 120 mg/dl. To mini-
mize normal muscle uptake, patients laid in a quiet, dark
room. The scan was performed twice: an early whole-body
scan acquired at approximately 60 min after the intravenous
administration of 5-10 mCi (185-370 MBq) of FDG and
a delayed scan at approximately 120 min. Unenhanced CT
images (150 mA, 120 kV, 600 mm FOV, 512 matrix, and
5 mm thickness) were acquired. Attenuation correction
was performed on the CT transmission data, while PET
images were reconstructed using the line of response-row-
action maximum likelihood algorithm (LOR-RAMLA). The
parameters used for reconstruction of the images were as
follows: 576 mm FOV, 144 matrix, and 4 mm thickness.

Image interpretations

All images were transferred to a workstation (ViewR, ver-
sion 1.24.02; Yokogawa Medical Solutions Corporation,
Tokyo, Japan) by using the DICOM format. One of the
authors (R.M.) who had 24 years of experience in MRI diag-
noses of head-and-neck cancer analyzed the location and the
direction of tumor invasion and determined the MRI-derived
DOI based on both axial and coronal planes (Fig. 1) [21].
T staging was performed according to the 8th edition of
the UICC staging system. Two of the authors consensually
assessed tumor findings on early and delayed FDG-PET/
CT images. SUV is the ratio between the measured and
expected uptake if FDG was distributed evenly throughout
the body. Thus, SUV =FDG uptake in each voxel/(injected
dose/body weight). The maximum value of SUV (SUV_,)
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Fig. 1 Example of the measurement of depth of invasion (DOI) on
MRI. MRI sequences are chosen on a case-by-case basis: (a) axial
T1WI, (b) Coronal STIR. The reference line (oblique line) is deter-
mined as the line connecting the junctions of the tumor and the nor-
mal mucosa on both sides, depending on the location and the direc-
tion of tumor invasion. MRI-derived DOI (arrows) is measured by
drawing a perpendicular line from the reference line to the deepest
point of invasion. The protruding portion (arrowhead) is ignored

in the primary tumor was measured on early and delayed
images and recorded as E-SUV and D-SUYV, respectively.
For tumors which were not detected, we recorded the MRI-
derived DOI as 0 mm and SUV . as 1.

Follow-up evaluation

All patients were followed up to evaluate tumor control on
an outpatient basis at every 2—4 weeks during the first year
after surgery and at 1-6 month intervals thereafter. The
patients also underwent follow-up ultrasound, CT, and/or
MRI every 3—6 months. During the follow-up period, the
initial sites of recurrence were classified as local, nodal, and
distant. Patients with poor tumor control underwent salvage
surgery, radiotherapy, chemotherapy, and/or best supportive
care.

Statistical analyses

The difference between the E-SUV and the D-SUV for each
tumor was compared using a paired ¢ test. The relationships
between preoperative radiological findings (the MRI-derived
DOI, the E-SUV, and the D-SUV) and recurrence patterns
were evaluated using an unpaired ¢ test. Being prognostic
factors for nodal recurrence, the T classifications based on
the 7th and 8th editions of the UICC staging system, as well
as the MRI-derived DOIs, were assessed using a Pearson’s
chi-squared test. Cumulative probabilities of nodal recur-
rence according to MRI-derived DOIs were also calculated
using the Kaplan—Meier method and the log-rank test. All
statistical computations were performed using commercial
software (IBM SPSS Statistics, version 27, IBM Japan,
Tokyo). Probabilities of less than 0.05 were accepted as
significant.
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Fig.2 Relationship between the MRI-derived depth of invasion
(DOI) and the recurrence pattern. a Local recurrence and (b) Nodal
recurrence

Results

The mean (+ standard deviation) value of the MRI-
derived DOI was 5.0+ 3.1 mm. The MRI-derived DOI
was recorded as <5 mm, 5-10 mm, and > 10 mm in 24,
25, and 3 patients, respectively. Upon classification using
the 8th edition of the UICC staging system, 12 and 2
patients, respectively, were up-staged from T1 to T2 and
from T2 to T3, with 11, 39, and 2 tumors being staged
as T1, T2, and T3, respectively. The mean value of the
D-SUV (5.0+3.1) was significantly higher than that of the
E-SUV (4.2+2.5) (p <0.001). During the median follow-
up period of 42 months (range, 2—134 months), 6 and 9
patients, respectively, exhibited local and nodal recurrence
even in our cNO patients who had undergone preoperative
radiological examinations including both MRI and FDG-
PET/CT imaging. The local recurrences were observed a
maximum of 48 months (range, 2—48 months) after sur-
gery. The nodal recurrences appeared within 16 months
(range, 2—16 months). There were no patients with distant
recurrence. Of the 52 patients in this series, 5 succumbed
to primary (n=4) or intercurrent disease (n=1). The
5-year disease-free survival (DFS) and overall survival
(OS) rates were 64.7% and 88.7%, respectively, while the
5-year cumulative local recurrence and nodal recurrence
probabilities were 8.9% and 19.0%, respectively.

Figure 2 shows the relationship between the MRI-
derived DOI and recurrence patterns. For nodal recur-
rence, the mean value of the MRI-derived DOI was sig-
nificantly higher in patients with positive (7.3 +2.1 mm)
than in those with negative (4.5 +3.0 mm) (p=0.011). The
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Fig. 3 Relationship between the standardized uptake value on early
images (E-SUV) and the recurrence pattern. a Local recurrence and
(b) Nodal recurrence
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Fig.4 Relationship between the standardized uptake value on delayed
images (D-SUV) and the recurrence pattern. a Local recurrence and
(b) Nodal recurrence

E-SUV and the D-SUV were not significant (Figs. 3, 4).
No radiological findings predicted the local recurrence.
For nodal recurrence, the MRI-derived DOI classi-
fied the groups with significantly different risks, with the
incidence being 4.2% for patients with an MRI-derived
DOI<S5 mm and 28.6% for patients with values >5 mm
(p =0.020) (Table 1). Prognostic values were obtained
using the Kaplan—Meier method, with the 5-year cumula-
tive nodal recurrence probability being 4.5% for patients
with an MRI-derived DOI <5 mm and 32.1% for patients
with values>5 mm (p =0.013) (Fig. 5). Although the T
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Table 1 Nodal recurrence rates according to preoperative findings

Prognostic factors Category No. of patient Positive (%) P value

7th edition UICC T1 23 5(21.7) 0.452
T2 29 4(13.8)

8th edition UICC T1 11 0(0.0) 0.087
T2, T3 41 9 (22.0)

MRI-derived DOI <5mm 24 1(4.2) 0.020
>5mm 28 8 (28.6)

Total 52 9(17.3)

UICC the Union for International Cancer Control; DOI depth of inva-
sion

(%)
50 1 MRI-derived DOI
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Fig.5 Cumulative probabilities of nodal recurrence according to
MRI-derived depth of invasion (DOI)

classifications were not significant for predicting nodal
recurrence, none of our patients whose T stage according
to the 8th edition UICC was T1 suffered nodal recurrence
(Table 1).

Discussion

Preoperative information on nodal involvement strongly
influences the treatment and prognosis of oral tongue can-
cer. We evaluated the prognostic value of the preoperative
radiological findings for recurrence patterns in the said con-
dition. Of the 52 patients included in the study having cNO
oral tongue SCC, nine suffered nodal recurrence, and their
5-year cumulative nodal recurrence probability was 19.0%.
The MRI-derived DOI classified groups based on their sig-
nificantly different risks: the 5-year cumulative nodal recur-
rence probability was 4.5% for patients with an MRI-derived
DOI <5 mm and 32.1% for patients with values >5 mm
(p=0.013). When patients who possess an expected risk
of nodal involvement exceeding 20% undergo END, MRI-
derived DOI can provide the useful preoperative information
for deciding on which treatment strategy to use [4].
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In the 8th edition of the UICC staging system, the T
classification for oral cavity cancer incorporates the DOI
[14-16]. The DOI, which is originally defined by patho-
logical findings after surgery, is a risk factor for local recur-
rence and lymph node metastasis [16—19]. Recent stud-
ies have demonstrated the reliability of the MRI-derived
DOI as a preoperative parameter [20-22]. Mao et al. [20]
who evaluated patients not only with early but also with
advanced oral tongue SCC confirmed nodal metastasis based
on either pathological examination on immediate neck dis-
section or follow-up evaluation. In this study, we identified
nodal recurrence during the follow-up period. Our results
demonstrated the prognostic value of the MRI-derived
DOI for nodal recurrence in patients with early oral tongue
SCC treated with local resection and watchful waiting for
neck management. However, overestimations on MRI and
atrophy of postoperative pathological sections have been
also revealed, with the MRI-derived DOI being potentially
2-3 mm greater than the pathological DOI [20-22]. We
must contemplate differences in the DOI between the MRI
and pathological sections. Although we classified the MRI-
derived DOI according to the 8th edition of the UICC stag-
ing system (<5 mm vs.>5 mm), further investigations are
necessary to elucidate the optimal cutoff value.

The TNM staging system has been updated several times
and is being used in clinical trials to predict the prognosis,
tailor treatment, and compare outcomes [14—16]. Although
the T classifications were not significant for the nodal recur-
rence, none of our patients whose T stage according to the
8th edition UICC staging system was T1 (size <2 cm and
MRI-derived DOI <5 mm) suffered nodal recurrence. The
results thus suggest that performing END is unnecessary
on patients staged as T1 according to the 8th edition UICC
staging system.

The delayed phase of FDG-PET/CT imaging can increase
tumor detectability due to the higher FDG uptake compared
to the early phase of imaging [10, 11]. In this study, the
mean value of the D-SUV (5.0+3.1) was found to be signifi-
cantly higher than that of the E-SUV (4.2 +2.5) (p <0.001).
Although FDG-PET imaging has high diagnostic perfor-
mance for nodal staging, it can also lead to false-negative
findings [12, 13]. Nodal recurrence appeared during the
follow-up period even in our cNO patients who had under-
gone preoperative FDG-PET/CT imaging. From the results
of the histopathologic analyses of END samples, it could
be concluded that FDG-PET imaging is not yet accurate
enough compared to neck dissection in identifying occult
lymph node metastasis in patients with cNO [12].

The SUVs of primary tumors have been suggested to
be related to aggressive tumor characteristics and poor
clinical outcomes [8, 9]. Our hypothesis was that primary
tumors with high metabolic activity might have prepon-
derance for local and nodal recurrence. However, in the

patients included in this study who had c¢NO oral tongue
SCC, the E-SUV and the D-SUV were not able to predict
local or nodal recurrence. The staging of the patients had
been classified as cNO based on FDG-PET/CT imaging.
Therefore, the results could reflect selection bias, with
primary tumors with high FDG uptake possibly excluded.

Our study had substantial limitations. It was retrospec-
tive, included only a small number of patients, and was
a single-center study. The preoperative radiological find-
ings used to predict recurrence pattern were not addressed
with respect to other stages because the study population
included only patients staged as ¢T1-2N0 according to the
7th edition of the UICC staging system. However, MRI-
derived DOI can be used to predict nodal recurrence in
early clinical stages. We assessed not postoperative histo-
pathological findings but preoperative radiological find-
ings for nodal recurrence. Postoperative findings should
provide the useful additional information on prognosis
[16-19].

Conclusions

The current study evaluated the prognostic value of pre-
operative radiological findings in oral tongue SCC. Nodal
recurrence appeared during the follow-up period even in our
cNO patients who had undergone preoperative radiological
examinations including both MRI and FDG-PET/CT imag-
ing. Our results suggest that the MRI-derived DOI can pre-
dict nodal recurrence, while preoperative information may
assist in treatment planning for oral tongue SCC. Prospec-
tive studies having larger study populations are needed to
validate the use of MRI-derived DOIs for predicting nodal
metastasis.
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