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Diagnostic confirmation and staging of cancer are primary 
steps in cancer patients care. Since its inception, the TNM 
staging system has as its main focus on an essentially 
anatomic classification associated with survival endpoints. 
Ideally, it would allow the stratification of patients in risk 
groups that have clearly distinct survival outcomes based 
on anatomic and some nonanatomic variables but similar 
survival outcomes within each stratum. These strata should 
be of comparable size and allow prognosis estimation 
with good approximation for the individual patient and, 
secondarily, help to define treatment. Not all significant 
prognostic variables may be used to define the TNM 
staging. There must be a compromise between practical 
use and theoretical considerations, with emphasis of use in 
diverse conditions and reproducibility. A simple system may 
have a lower accuracy than a complex one but will have a 
higher compliance by its intended users. The introduction 
of new variables must take into account these considerations 
and be practical, reproducible and informative (1). But the 
changes introduced in the eighth edition mark the greatest 
update suffered by the TNM staging system for oral cavity 
cancer (OCC) in the last years.

The initial change in the 8th edition reflect the anatomy 
of the oral cavity with better definition of the vermillion, 
lip and oral cavity boundaries. The new transition border 
between lip and oral cavity rests on the on the division 
between dry and wet mucosa, with the vermillion staged as 
skin cancer.

The staging of the primary tumor was primarily affected 
by the inclusion of the depth of invasion (DOI) alongside 
tumor extent and invasion of anatomically significant 

structures. The DOI affects patients that were previously 
staged as T1 to T3. It replaces the invasion of extrinsic 
muscles of the tongue which was removed due to the more 
objective assessment and better hazard discrimination (2).

The addition of DOI aims to improve the staging system 
of the primary tumor. Initially, tumor thickness, not DOI, 
was shown to be an important prognostic factor in oral 
squamous cell carcinoma (OSCC), with a significant higher 
risk of neck metastasis and worse prognosis for thicker 
tumors (3). Afterwards, DOI was shown to be an even 
better predictor than thickness (4). Although different, 
DOI and tumor thickness may be confused, and the former 
is the only one included in the new TNM staging for 
OCC. Tumor thickness is measured as the perpendicular 
distance from the highest point of the tumor surface to the 
deepest of the infiltrative front while DOI is measured as 
the perpendicular distance from the level of the basement 
membrane to the deepest point of infiltration. But both 
values show a good correlation with only 5.7% of patients 
presenting different stages when tumor thickness is used 
instead of DOI, suggesting its validity in retrospective 
studies when the latter is not available (5). 

The clinical stage is defined in the pre-operative setting 
and, theoretically, should be reproducible and correlate 
with pathological staging. Clinical examination and 
radiological methods are usually used in conjunction to 
evaluate OCC. Radiological assessment of the primary site 
and neck may be performed by ultrasonography, computed 
tomography (CT) scan and magnetic resonance imaging 
(MRI) or a combination of these. But pre-operative 
staging is not as simple as it seems. In a survey of members 
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of the American Society of Head and Neck Radiology, 
only 24.5% of respondents included the TNM staging 
in their reports routinely although 49% considered its 
inclusion as significant. Major reasons for not inclusion 
were the lack of clinical data available to the radiologist 
and legal considerations. For patients with OCC, the lack 
of definition of axial images regarding superficial mucosal 
extent was also a major cause of concern (6). The inclusion 
of DOI and extranodal extension (ENE) may increase the 
burden on radiologists and decrease the rate of reports with 
TNM staging.

The use of radiological techniques for evaluating DOI 
has been the subject of several publications. In a comparison 
of clinical evaluation and MRI to distinguish DOI above 
or below 5 millimeters, both methods showed the same 
sensitivity (80%) but the latter had a higher specificity 
(97% vs. 84 %). The positive predictive value of MRI was 
89% compared to 61.5% of clinical examination (7). The 
use of contrast-enhanced MRI was evaluated to measure 
tumor thickness in a prospective series of 13 patients with 
correlation coefficients of 0.938 and 0.941, respectively. 
Both were statistically significant (8).

Intraoral USG has already been subject to multiple 
evaluations regarding its applicability. A systematic review 
identified 16 articles on the topic with twelve being selected 
for metanalysis. It included a total of 464 patients and for 
392 patients (84%), a correlation between pathological and 
imaging tumor thickness could be calculated. This correlation 
was highly significant in 11 studies, the other being a small 
series of just seven patients. When specific subsites were 
analyzed, Pearson correlation coefficients of 0.80 for buccal 
mucosa, 0.88 for oral tongue and 0.90 for floor of mouth 
were calculated with a tendency for overestimation of tumor 
thickness. A major drawback of these studies is the focus on 
tumor thickness, not DOI (9). A significant consideration in 
its practical use are limitations related to tumor exposure, 
specially towards the tongue base, and patient toleration 
of the procedure (10). Another significant issue is which 
patients benefit from intraoral US. In a German series, 
early stage patients were more easily assessed than those 
with bone invasion, limiting their utility to patients with  
cT1-cT3 patients. But they draw attention to the possibility 
of intraoperative use for guided resections (11).

Although CT scans are very popular to OCC staging 
due to accessibility and fast execution, literature reporting 
its evaluation for DOI is more limited. In patients with 
primary oral tongue squamous cell carcinoma (SCC), CT 
scans showed a correlation measured by the Spearman rho 

of 0.755 (P<0.001) with a similar distribution for both over 
and underestimation of pathological tumor thickness (12). 
In a retrospective analysis of 354 patients with oral SCC 
submitted to either CT or MRI, a correlation coefficient 
of 0.78 was calculated. The time interval between scan and 
surgery was significant for the final result with patients 
operated after more than eight weeks having a lower 
correlation coefficient (R2 =0.62). Also, interobserver 
reliability was excellent (0.84). This study is significant for 
evaluating the concordance between different radiologists 
while most emphasize the exams were performed by a single 
examiner (13).

Comparisons between different methods are limited by the 
small size of most series. A Dutch series comparing US and 
MRI in 31 patients disclosed better correlation of the former 
with pathological tumor thickness (R2 =0.87 vs. R2 =0.45). 
The same series demonstrates difference in the correlation 
coefficient between a general (R=0.05) and a dedicated 
transducer (R=0.93) although all exams were performed 
by the same physician (14). Another series evaluates USG 
and MRI measurements of tumor thickness and correlates 
these findings with pathological evaluation. The Pearson 
correlation coefficients were 0.80 for US, 0.69 for T1 post-
contrast MRI and 0.64 for T2-weighted MRI (15).

Pathological ENE is a prognostic factor, but it has been 
assessed by pathologic examination only in patients who 
underwent neck dissection. ENE must also be evaluated 
in the preoperative setting. In an analysis of 508 patients 
with OCC, either CT scans or MRI were compared to 
pathological staging. In 93 patients, two radiologists had 
evaluated the exams and interobserver concordance was 
good (kappa =0.79). Again, there was a significant correlation 
between time of exam related to surgery with patients 
operated after 8 weeks having a worse accuracy. Excluding 
these patients, CT scan had a higher accuracy than MRI 
(80% vs. 63%, P=0.011) and when compared to pathological 
ENE the sensitivity, specificity, positive predictive value and 
negative predictive value were 52%, 96%, 93% and 66%, 
respectively (16). A direct comparison of the methods in 
a series of 17 patients showed sensitivity and specificity of 
65% and 93% for CT scan and 78% and 86% for MRI, 
respectively. But these differences weren’t significant for 
either sensitivity (P=0.1317) or specificity (P=0.3173) (17). 
In respect to ENE, it’s important to note that radiological 
evidence alone may not be enough to upstage a patient. The 
presence of clinical signs of ENE supported by radiological 
evidence is necessary for non-pathological ENE diagnosis. 
The presence of ENE is now mandatory in pathological 
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reports to allow for the correct staging and treatment 
definition. But a formal recommendation in the AJCC 
manual is the addition of ENE extension to the report. 
A significant difference in prognosis has been observed 
according to the extension of ENE (18).

The addition of DOI causes a significant stage migration 
for patients with oral SCC. In a retrospective series of 298 
patients, 22.8% were upstaged by DOI alone and 29.2% 
were upstaged by addition of ENE. Of 62 patients staged as 
pT1 according to the 7th edition, only 56.5% remained pT1 
in the 8th edition with nine patients restaged as pT3. From 
the 66 patients staged as pT2, 41 patients (62.1%) migrated 
to pT3 (19). Another external series validated this finding 
of upstage of the T category after DOI inclusion. It revised 
167 patients and found an upstaging of 51 patients (31%). 
It allowed for a better discrimination of disease-specific 
survival than the 7th edition. The number of patients with 
metastatic neck lymph nodes was small, preventing a stage 
by stage analysis (20). This change in staging may pose a 
significant challenge in the decision to perform elective 
neck dissection in these patients. In our series, we also 
confirmed a significant stage migration after use of the 
DOI. Significantly, patients staged as pT1 according to the 
7th edition had a rate of occult neck metastasis of 22.4% 
that decreased to 11.5% in patients that remained pT1 after 
application of the 8th edition criteria. Patients staged as 
pT2 had a stable incidence of occult neck metastasis in our 
series. A decision analysis model couldn’t demonstrate any 
benefit of END for pT1 patients in any setting (21). This 
significant change in occult neck metastasis calls for new 
clinical trials assessing the need for END in patients staged 
as pT1 and pT2 according to AJCC 8th edition.

In a large series of patients from the National Cancer 
Database, the introduction of DOI and ENE caused 
significant changes in staging. Significantly, clinical staging 
changed in only 1.1% of patients but there was pathological 
upstaging in 10.0% of patients when both editions are 
compared. There was a survival improvement for patients 
with clinical stages II, IVa and IVb and patients with 
pathological stages IVa. Patients with pathological stage IVb 
had a significant decrease in survival when compared the 7th 
to 8th editions. In this series, the survival concordance index 
had no major change when clinical stage is considered (from 
0.714 to 0.715) and a minor improvement for pathological 
staging (from 0.699 to 0.704). Independent analysis of T 
and N categories showed an inversion of prognosis in cN3a 
and cN3b with the former having a higher hazard ratio. In 
the pathological staging, both T and N categories showed 

a hazard increase with progression of staging, except 
for pN2b and pN2c. The conclusion is that in this large 
retrospective series, the 8th edition offers only a marginal 
improvement over the 7th edition (22).

The level of neck metastasis was incorporated for primary 
rhinopharyngeal tumors but not for other primary sites, 
although it’s easy to evaluate and may carry significant 
prognostic impact. In an analysis of our series, lymph node 
metastasis in level IV and V were significantly correlated with 
survival due to an increased risk of distant metastasis (23).  
Although the 8th edition represents a major change over 
the previous one and provides better strata separation in 
most series, no staging system is perfect. There is a need 
to weight accuracy and predictive power against ease of use 
and applicability across several different settings (24). 
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