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Introduction: In the 8th edition of the AJCC/UICC cancer staging system (AJCC8), the depth of invasion
(DOI) of the oral cavity tumor is the discriminative factor in tumor staging over the previously used
greatest dimension (GD). In order to obtain a complete representation of how accurate we stage oral
cavity cancer clinically, we evaluated the accuracy of measurements of the tumor dimensions on ul-
trasound (US) and magnetic resonance (MR) imaging by comparing this with the histopathology as the
“golden standard”. Secondly, we compared the pathological tumor staging of these tumors according to
the AJCC7 and AJCC8, to evaluate the effect of the incorporation of the DOI in the AJCC8.
Materials and methods: In a retrospective analysis, including 85 oral cavity tumors, the GD and tumor
thickness (TT) measured on US and MR, were compared to histopathology with a Pearson correlation
coefficient (R) and a Bland-Altman plot. The tumors were staged according to both the AJCC7 and AJCC8.
Results: TT was more reliably measured with US (R¼ 0.67, limits of agreement¼ 10.7mm), whereas GD
was more reliably measured with MR (R¼ 0.69, limits of agreement¼ 25.7mm). The AJCC8 staging
resulted into a higher tumor stage in 21% of the cases, compared to the AJCC7.
Conclusion: For preoperative tumor staging, the TT is best estimated by the use of US. The incorporation
of DOI in the AJCC8 can result in a higher tumor stage in more than twenty percent of the patients, with
an associated worse prognosis for the patient.
© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
Introduction

The AJCC/UICC cancer staging system is established to stage
cancer according to the severity of the disease. The system de-
scribes the anatomical extent of the disease based on three com-
ponents: T for the extent of the primary tumor, N for the
involvement of regional lymph node metastasis and M for the
presence of distant metastasis. The TNM stage of the cancer affects
the planning of the treatment and gives an indication of prognosis
and survival [1]. In the previously used T classification for oral
cavity cancer, the tumor's greatest dimension (GD) was the
discriminating factor to stage the tumor in the different Tcategories
[2]. Because this measure has a suboptimal prognostic performance
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[3], the tumor's depth of invasion (DOI) has been evaluated for
prognostic performance instead [4]. The DOI reflects the proximity
to underlying lymph-vascular structures and thus, can be consid-
ered as a predictor of the presence of pathologic lymph nodes [5,6].
Ebrahimi et al. showed in a retrospective analysis including 3149
patients with oral squamous cell carcinoma, that the tumor's DOI is
significantly associated with disease specific survival (p< 0.001)
[4]. This analysis was reason for the Union for International Cancer
Control to implement the DOI into the new AJCC8 (Table 1).

GD and tumor thickness (TT) can be measured on pre-operative
imaging, and can be very different from each other in e.g. large
superficial tumors. Both the magnetic resonance imaging (MR) or
ultrasound (US) have difficulties to overcome in accurate imaging of
oral cavity cancer. Especially the imaging of small primary tumors
can be challenging. The acquisition of an intra-oral US image can be
hampered by the limited space in the oral cavity or in case the
tumor is located too distant, making it difficult to reach (e.g. palate
tumors). Artefacts due to tooth prostheses and movement from the
opean Society of Surgical Oncology. All rights reserved.
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Table 1
Primary tumor staging (T) in 7th and 8th editions of the AJCC/UICC cancer staging system.

Tumor stage primary tumor AJCC7a, 2009 AJCC8b, 2017

Greatest dimension Greatest dimension Depth of invasion

T1 �2 cm �2 cm �5mm
T2 >2e4 cm �2 cm 2e4 cm 5e10mm <10mm
T3 >4 cm >4 cm >10mm

a 7th edition of the AJCC/UICC cancer staging system.
b 8th edition of the AJCC/UICC cancer staging system.
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swallowing reflexes make interpretation of the MR images difficult.
Still, when comparing TT measured with US or MR and histopa-
thology, Pearson correlation coefficients of up to 0.98 are reported
in literature [7e10].

TT and DOI can be measured on the histopathology sections.
Before the introduction of the AJCC8, TT and DOI measures were
often incorrectly used interchangeably, while these two measures
can be very different in an ulcerative tumor, for example. With the
AJCC8, the definitions of the terms TT and DOI have become more
specific [11]. The TT is solely the thickness of the tumor, while the
DOI is measured specifically from the basement membrane to the
closest intact squamous mucosa. The latter is measured specifically
on histopathological sections.

In order to obtain a complete representation of how accurate we
measured oral cavity cancer, we conducted a retrospective study
including all oral cavity cancer patients treated in our institute
during the last 5 years. Our oral cavity tumor diagnostic protocol
includes US and MRI of the oral cavity and neck. We compared GD
and TT measurements from US and MR with the histopathology as
the “gold standard”. Secondly, we compared the pathological T
staging of these patients according to the 7th and 8th edition of the
AJCC/UICC cancer staging system to evaluate the effect of incor-
porating the DOI in the new T staging.

Materials and methods

Patient population

We selected all oral cavity cancer patients with a tumor that was
clinically staged as T1 or T2, and of which US or MR images were
acquired in our institute between 2011 and 2016. The tumor di-
mensions were measured with three modalities: US, MR and his-
topathology (Fig. 1).

GD and TT measurements on US and MR

US images were acquired by the radiologist, with the Hitachi,
Fig. 1. TT measured on MR, US and
EUB-900, and a 13-7MHz transducer (EUP-O54J). The probe was
positioned directly on the lesion, so that the TT and GD could be
measured along the length andwidth axes. This is the standardway
our radiologists use to describe the tumor with US.

MR examinations were performed on a Philips Achieva 3T
scanner using a dedicated 16-channel SENSE neurovascular coil
(Philips Medical Systems, Best, The Netherlands). The following MR
sequences were used to measure GD and DOI: T1W TSE TRA, TR
(repetition time), TE (echo time) 538/10ms, flip angle 90, matrix
288/248, slice thickness 4mm; STIR TSE COR, TR/TE 2500/60ms,
flip angle 90, matrix 216/170, slice thickness 4mm; T1 3D Thrive
fat-saturation, after intravenous injection of 15 cc gadoterate
meglumine, TR/TE 9.86/4.59ms, flip angle 10, matrix 200/179, slice
thickness 1mm. According to the standard protocol, the tumor
dimensions were measured in 3D: the length and width axes were
measured on all axial, sagittal and coronal slices. The radiologist
reported on the tumor dimensions, thereby suggesting the T stage
for diagnosis discussions at the tumor board. These reported
measurements were used for this study rather than renewing the
measurements in a second read of the scan. We believe that these
values represent the day to day practice better than careful re-
measurements. The tumor dimensions were measured on the his-
topathology sections by the pathologist and recorded in the path-
ological report.

TT and GD were used for the correlation and agreement analysis
with histopathology.

Correlation and agreement US and MR with histopathology

To compare GD and TT measured on US and MR, with the his-
topathology as a “gold standard”, two different statistical methods
were used. First the correlation between US/MR and histopathology
was evaluated with Pearson's correlation coefficient. Two modal-
ities were considered significantly correlated when p< 0.05. The
use of Pearson's correlation coefficient allows us to compare our
results with that of other studies in this field. Pearson correlation
coefficient and its p-value were calculated using SPSS statistical
histopathology, respectively.
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package version 22 (SPSS Inc, Chicago, IL).
Although Pearson's correlation coefficient gives insight in

whether data of two data sets are correlated, it does not indicate
agreement between two data sets [12]. To evaluate the agreement
between US/MR and histopathology, we analyzed the data with a
Bland-Altman plot. A Bland-Altman plot shows themean difference
of two modalities with 95% confidence intervals as ‘limits of
agreement’. This allows easy interpretation of whether the differ-
ence of the two modalities is clinically relevant. The Bland-Altman
plot measures the variation between the observations on US/MR
and histopathology.

T staging according to the 7th and 8th editions of the AJCC/UICC
cancer staging system

GD and DOI were used in comparing T stage according to AJCC7
and AJCC8. Using the GD measured on histopathology, the tumors
were classified into T stage according to AJCC7. Taking also the DOI
into account, the same cases were classified into T stage according
to the AJCC8. Agreement between the classifications according to
AJCC7 and AJCC8 was evaluated and rates of over/under staging
using AJCC8 were calculated.

Results

Patient population

A total of 142 patients with oral cavity cancer were treated in our
institute between 2011 and 2016. In 32 cases, tumor dimensions
were reported by only one modality. Histopathology data was not
available for 11 patients, because of their treatment with photo-
dynamic therapy (PDT) instead of surgery. In 5 cases, US was ac-
quired after the excision and in one patient, histopathology showed
Table 2
Number of tumors where TT and GD was measured on US and MR. Total number of
tumors included in the study was 85.

US and pathology MR and pathology

Number of tumors where TT was
measured on:

76 46

Number of tumors where GD was
measured on:

44 47

Fig. 2. Bland Altman plot of TT measured on US (a, n¼ 76) and MR images (b, n¼ 46) compa
measured on US and histopathology was 0.05mm, 95% limits of agreement �5.3 to 5.4mm
1.3mm, 95% limits of agreement �6.1 to 8.6mm.
scar tissue instead of tumor tissue. In addition, the tumor was not
assessable on US in 10 cases. Thus, the study population consisted
of 83 patients, for whom at least one of the measures (GD/TT/DOI)
was reported on histopathology and US or MR.

The mean age of the 83 included patients was 61 (ranging from
31 to 88). The population consisted of 45 men and 38 women. Two
patients had two tumors, so that 85 tumors were included in the
study. The site of disease within the oral cavity was at the tongue
(n¼ 58), floor of the mouth (n¼ 24), the palate (n¼ 2) and the lip
(n¼ 1). All tumors were squamous cell carcinoma.

GD and TT data on US, MR and histopathology

US and MR measures were not reported for all included tumors
(Table 2). TT was measured on US and histopathology in 76 of the
85 tumors. TT was measured on 46 of the 85 tumors using MR.

The GDwasmeasured on US and histopathology for 44 of the 85
tumors, and on MR and histopathology for 47 of the 85 tumors.

Tumor thickness

Mean TT measured on US images was 5.1mm (standard devia-
tion STD: 3.1mm) and the mean TT on the associated histopa-
thology sections was 5.1mm (STD: 3.5mm). The TT measures for
the MR dataset, using different data (see section above), showed a
mean TT of 7.4mm (STD: 3.5mm) that was found on MR and a
mean TT of 6.1mm (STD: 3.2mm) that was reported on the histo-
pathology sections.

There was a significant relationship between the TT measured
on both US and MR with histopathology. US and histopathology
measures of the TT were correlated with a Pearson's correlation
coefficient of r(76)¼ 0.67, p< 0.001. MR and histopathology mea-
sures of the TT were correlated with a Pearson's correlation coef-
ficient of r(46)¼ 0.38, p¼ 0.009.

The 95% limits of agreement (1.96*STD) comparing US and his-
topathology measurements were �5.3 mm to 5.4 mm (Fig. 2a).
Mean difference between TT measured on US and histopathology
was 0.05mm (STD 2.7mm). For MR and histopathology, the 95%
limits of agreement were �6.1mm to 8.6mm (Fig. 2b). The mean
difference between measurements on MR and histopathology was
1.3mm (STD 3.7mm).

In all, compared to MR, the TT measured on US showed a higher
correlation and agreement with histopathology.
red to the TT measured on histopathological sections. Mean difference between the TT
. Mean difference between the TT measured on MR images and histopathology was



Fig. 3. Bland Altman plot of GD of the tumor measured on US (a, n¼ 44) and MR images (b, n¼ 47) compared to the GD measured on histopathological sections. Mean difference
between the GD measured on US and histopathology was �1.6mm, 95% limits of agreement �14.9 to 11.7mm. Mean difference between the GD measured on MR images and
histopathology was 1.1mm, 95% limits of agreement �11.7 to 14.0mm.

Table 3
T staging based on histopathology according to 7th and 8th editions of the AJCC/
UICC cancer staging system. The number of tumors classified into a higher T stage by
using the 8th edition over the 7th edition are shown in the aligned cells are shown in
bold. The last row of the table shows this number of tumors classified into a higher T
stage, as a percentage of the total number of tumors included.

Tumor stage Histopathology AJCC7a

T1 T2

AJCC8b T1 48 0
T2 10 19
T3 1 7

21%

a 7th edition of the AJCC/UICC cancer staging system.
b 8th edition of the AJCC/UICC cancer staging system.
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Greatest dimension

The GD was reported on US images (mean GD: 14.3mm, STD:
5.1mm) with associated histopathology sections (mean GD:
15.9mm, STD: 8.6mm). Similarly, but using a different data set (see
section above), the GD was reported from MR images (mean GD:
18.8mm, STD: 7.6mm) and associated histopathology sections
(mean GD: 17.6mm, STD: 8.8mm).

There was a significant relationship between the GD measured
on both US and MR with histopathology. US and histopathology
measures of the GD were correlated with a Pearson's correlation
coefficient of r(44)¼ 0.61, p< 0.001. MR and histopathology mea-
sures of the GD were correlated with a Pearson's correlation coef-
ficient of r(47)¼ 0.69, p< 0.001.

The 95% limits of agreement of US and histopathology mea-
surements of the GD were �14.9mm to 11.7mm (Fig. 3a). Mean
difference between US and histopathology was 1.6mm (STD
6.8mm). The 95% limits of agreement of MR and histopathology
measurements of the GD were �11.7mm to 14mm (Fig. 3b). Mean
difference between MR and histopathology was 1.1mm (STD
6.6mm).

Compared to US, the GD measured on MR showed a higher
correlation and agreement with histopathology.

T staging according to the 7th and 8th editions of the AJCC/UICC
cancer staging system

Using the GD and DOI measured on the histopathology sections,
AJCC7 and AJCC8 agreed in 67 out of 85 tumors (79%): 48 tumors
were classified as T1 according to both staging systems, and 19 as
T2 (Table 3). However,18 out of 85 tumors (21%) were classified into
a higher Tclass when staging with AJCC8. No tumors were classified
in a lower category with AJCC8.

Discussion

In the AJCC8, DOI of the oral cavity tumor is the discriminative
factor in tumor staging over the previously used GD. In this study,
we have evaluated the accuracy of the tumor dimensions,
measured preoperatively on US and MR images, that were per-
formed before the introduction of AJCC8. This was done by
comparing them with the histopathology as the “gold standard”.
With two different statistical analyses, we found that TT is more
reliably measured with US (R¼ 0.67, limits of agree-
ment¼ 10.7mm) and GD is more reliably measured with MR
(R¼ 0.69, limits of agreement¼ 25.7mm). Secondly, we evaluated
the pathological T staging of patients in our hospital according to
both the AJCC7 and AJCC8, to assess the effect of incorporating the
DOI in the new T staging. When staging according to the 8th edi-
tion, 21% of the tumors would have been classified into a higher T
class.

One explanation for the difference in tumor thickness mea-
surements based on MR- and US images might be the difference in
indication of the two imaging modalities. US is performed with the
focus on the TT. This is important for the decision on further
treatment. On the contrary, the MR is indicated for staging of the
disease, e.g. tumor dimension and tumor extension towards the
neck. The MR was not indicated to measure TT specifically, because
this was not required for tumor staging according to the AJCC7.

The Pearson correlation coefficient has often been used to
compare tumor dimensions measured on US/MR with histopa-
thology (Table 4). In literature, the correlation coefficient ranges
between R¼ 0.80e0.99 for US and histopathology, and between
R¼ 0.54e0.99 for MR and histopathology. In contrast to our
retrospective analysis, most of these studies were prospective and
did set up very specific selection criteria (e.g. specific tumor size
and site). Alsaffar et al. argues that the correlation between MR and
histopathology is less accurate for tumors smaller than
5mm (R(9)¼�0.211, p¼ 0.56), compared to tumors larger than
5mm (R(40)¼ 0.856, p< 0.001) [13]. Lwin et al. shows bad corre-
lation (R(24)¼ 0.45, p¼ 0.03) between MR and histopathology for



Table 4
Articles reporting on Pearson correlation coefficient of US or MR imaging compared to histopathology, FOM ¼ Floor of the mouth.

Reviewed articles Study type Tumor site Measure USa vs histopathology MRb vs histopathology

Number of
patients

Pearson's correlation
coefficient

p-
value

Number of
patients

Pearson's correlation
coefficient

p-value

Lodder, 2011[17] Retrospective Tongue, FOMc,
elsewhere

Tumor
thickness

32 0.87 e 22 0.54 e

Alsaffar, 2016
[13]

Prospective Tongue Depth of
invasion

53 0.907 <0.001

Goel, 2016[8] Prospective Tong, elsewhere Depth of
invasion

61 0.988 <0.0001

Kodama, 2010 [9] Prospective Tongue Tumor
thickness

13 0.981 <0.05

Lwin, 2011 [14] Retrospective Tong, FOM Tumor
thickness

91 0.63 <0.001

Park, 2011 [18] Retrospective Tongue, elsewhere Depth of
invasion

114 0.825 <0.001

Taylor, 2010 [10] Prospective Tongue, FOM Tumor
thickness

21 0.981 <0.001

Songra, 2006 [19] Prospective Tongue, FOM, lip,
mucosa

Tumor
thickness

14 0.95 <0.01

Yesuratnam,
2014 [15]

Prospective Tongue Tumor
thickness

79 0.80 78 0.69

Yuen, 2008 [20] Prospective Tongue Tumor
thickness

45 0.94 <0.005

Yamane, 2006
[11]

Prospective Tongue Tumor
thickness

109 0.985 <0.001

Lam, 2003 [21] Prospective Tongue Tumor
thickness

18 0.934

This study Retrospective Tongue, FOM,
elsewhere

Greatest
dimension

44 0.61 <0.001 47 0.69 <0.001

Tumor
thickness

76 0.67 <0.001 46 0.38 <0.01

a Ultra Sound.
b Magnetic Resonance.
c Floor Of the Mouth.
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tumors located in the floor of the mouth [14]. When the latter
performs their analysis on tongue tumors only, a much better
correlation is found (R(43)¼ 0.87, p< 0.001). Our aim was to give a
reflection of the daily clinical situation and thus our analysis in-
cludes all types of oral cavity cancers, including tumors located in
the floor of the mouth (23/85).

Similar to our analysis, Yesuratnam et al. evaluated the US and
MR agreement with histopathology also by using Bland-Altman
plots. For US and histopathology, they found a mean difference of
1.28mm (STD 3.55mm, 79 patients) [15]. Similarly, for MR and
histopathology, they report on a mean difference of 2.99mm (STD
4.41mm) (78 patients). The associated measures in our findings
were a difference of 0.05mm (STD 2.7mm, 76 patients) for US and
histopathology and 1.3mm (STD 3.7mm, 44 patients) for MR and
histopathology. Thus, for both US and MR, the agreement with
histopathology was more accurate in our studies.

Many institutions use computerized tomography (CT) to stage
patients preoperatively. Madana et al. compared the TT measured
on preoperative CT scan and histopathology [16]. Their retrospec-
tive study included 116 patients with a diagnosis of oral tongue
squamous cell carcinoma, and they found a highly significant cor-
relation between the TT measured on CT and histopathology. They
suggest that although MRI may be superior to CT in the evaluation
of soft tissue lesions, that their results support the use of CT in
measuring TT.

Overall, it can be argued whether the histopathology is the best
measurement to use as a “gold standard”, due to the pathological
processing of the resected specimen. This process can result in
specimen shrinkage [14]. Also, the direction of the sliced histopa-
thology sections is not the same as the slicing direction of MR slices,
or the same angle of the US probe positioning.
According to our comparison between T staging according to the
AJCC7 and AJCC8, more than twenty percent of the tumors will be
classified into a higher T stage, due to the incorporation of the DOI
in the T staging system. Clinically, this will mean that patients will
receive radiotherapy and chemotherapy more often.
Conclusion

This retrospective analysis has shown that the oral cavity tumor
thickness is more accurately measured with US than MR for pre-
operative tumor staging. More value should be acknowledged to
the TT measured by US when staging the tumor during tumor
board. We predict that with the incorporation of the DOI in the
AJCC8, more than twenty percent of the oral cavity tumors will be
classified into a higher T stage, with an associated worse prognosis
for the patient.
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