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ABSTRACT: 

Background- Depth of invasion (DOI) is an important factor in pre-treatment staging of 

tongue carcinoma according  to AJCC 8
th

 edition.The present study was planned with the aim 

of assessing the depth of invasion in tongue carcinoma. (HPE) DOI. The object of the study 

was to see the accuracy of the diffusion weighted imaging (DW-MRI) sequence over the 

conventiona lMRI compared with histopathology  

Methods- A total of 70 biopsy proven cases of squamous cell carcinoma of tongue patients, 

who received pre-treatment MRI including DWI sequence and surgical resection. The depth 

of invasion was estimated on T2 weighted fat saturated imaging (T2FS) and DWI MRI, 

measured by a perpendicular line between the reference line at basement membrane and 

maximum tumor thickness, then compared with the depth of invasion on the histopathology 

report. Data was collected and evaluated for T stage accuracy of conventional MRI & DWI 

MRI, then compared with histopathology using the Independent  Chi-square test and 

correlation coefficient. 

Results- DOI derived from DW-MRI shows the best correlation (r = 0.983, p < 0.001) with 

pathological DOI compared to the T2FS MRI (r = 0.977, p < 0.001). T-staging efficacy was 

81.4% and  72.8% on DW-MRI and T2FS MRI, respectively compared to pathological DOI. 

Conclusion- Both T2FS and DWI MRI showed a significant correlation, However DOI 

derived from DW-MRI was optimal and better than T2FS MRI, it could serve as a potential 

cut off for T-staging in tongue carcinoma.   

Keywords-  Squamous cell carcinoma of tongue, depth of invasion , DW-MRI, and T2FS 

MRI. 

INTRODUCTION 

Oral tongue squamous cell carcinoma, is the most common oral cavity tumor. The lateral 

border of the tongue is the most common site
 [1, 2].  

it shows a relatively unfavourable 

prognosis with high recurrence rate, due to continuous sub-mucosal spread of the lesion a 

well-developed lymphatic network, so pre-treatment planning for the assessment of tumor 

extension and negative tumor margin on surgery is very crucial for disease specific 

survival.
[3,4].   
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Depth of  invasion is an integral part of the  T staging in  AJCC 8 guidelines. Therefore, 

imaging is needed for  accurate staging of the lesion and for guiding the surgeon in treatment 

plan.
[5].   

Conventional MRI is the imaging modality of choice to evaluate the local tumor extension 

(Submucosal spread, invasion of adjacent structures, depth of invasion and involvement of 

lymph node).
[6].  

 Currently, diffusion weighted MR imaging is being used increasingly as a functional 

imaging method for the assessment of tumor biology like cellular density and tissue 

architecture. Diffusion weighted MRI is also helpful in identifying metastatic lymph nodes 

from benign lymph nodes based on their ADC values.
[7].  

Most of the tongue carcinomas occur on the lateral and ventral surface of the tongue.Tongue 

carcinoma on the dorsal surface is rare but when they do occur, they are usually located near 

the mid line and are more posterior.
[8,9] 

The propensity of invasion of adjacent structures depends on the site of the lesion, like 

lesions of the anterior third of the oral tongue invade the floor of the mouth, middle-third 

lesions invade the musculature of the tongue & floor of the mouth and lesions involving the 

posterior third of the tongue grow into the musculature of the tongue, floor of the mouth, 

anterior tonsillar pillar, tongue base, glosso-tonsillar sulcus, and mandible.
[10,11]  

 Because of excellent soft tissue contrast provided by MRI, it is easier to provide detailed 

information about the surrounding involving structures during loco-regional staging of tongue 

carcinoma, which is helpful for treating surgeon in patient care and also to improve the 

efficacy and accuracy of treatment.  

MATERIAL AND METHODS 

A hospital based descriptive study was performed on out-patients and in-patients of the 

department of otorhinolaryngology (ENT), through which cases were sent to the department 

of Radio-diagnosis SMS Hospital, Jaipur, Rajasthan. 70 patients with biopsy proven 

malignancy of tongue were scanned using 3.0T GE Signa Architect 64 channel MRI 

machine. Prior to the MRI examination, a detailed  history of tobacco chewing, smoking and 

alcohol drinking was taken. On MRI, local staging of tongue carcinoma was done and 

confirmed by surgical and histopathological report. Data was compiled and analyzed. 

 

 

DISCUSSION 

In 8
th

 edition of AJCC staging of tongue carcinoma, cut off value for  histopathological T 

staging is ≤ 5 mm, > 5 mm but ≤ 10 mm, and > 10 mm, so staging will  change with 

millimetre change in depth of invasion. Pre -treatment accurate measurement of  DOI can 
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help in proper therapeutic planning.
[1]. 

MRI also plays a major diagnostic role in the 

evaluation of the extent of the disease. 

 In this study, 70 patients of biopsy proved squamous cell carcinoma of tongue, including 

82.9% (58/70) of males and 17.1% (12/70) of females, ranging from 24 to 79 years were 

taken. MRI was done on all these patients to estimate preoperative loco-regional staging 

based on depth of invasion of lesion on various sequences and lymph nodal metastasis 

correlated with postoperative histopathological staging. The surgical margin was proved to be 

negative in all cases.  

Based on the eighth edition of the AJCC staging, 17.1% (12/70),  45.7% (32/70), 35.7% 

(25/70) and 1.4% (1/70) of cases were respectively classified as T1 stage, T2 stage, T3 stage 

and T4a stage based on DW-MRI derived depth of invasion compared to the pathological 

depth of invasion, which was 25.7% (18/70),  41.4% (29/70), 31.4% (22/70) and 1.4% (1/70) 

of cases were respectively classified as T1 stage, T2 stage, T3 stage and T4a stage. Similarly, 

T2FS-MRI derived the depth of invasion, which was 14.2% (10/70),  42.8% (30/70), 41.4% 

(29/70) and 1.4% (1/70) compared to the pathological depth of invasion, which was 18.5% 

(13/70),  35.7% (25/70), 44.2% (31/70) and 1.4% (1/70) of cases were respectively classified 

as T1 stage, T2 stage, T3 stage and T4a stage. And the current study shows p value <0.0001* 

which  means statistically significant correlation between MRI derived depth of invasion and 

pathological depth of invasion. Study done by Weiqing Tang et al in 2021, also shows 30.3% 

(37/122), 36.1% (44/122), and 33.6% (41/122) of cases respectively classified as pathological 

T1 stage, T2 stage, and T3 stage.
[12]. 

 

The DOIs measured on T2FS and DWI were 11.22 ± 7.66 mm (mean ± standard deviation 

[SD]) and 9.80 ± 7.06 mm respectively, both were showing a strong statistical association (p 

< 0.001) with pathological DOI (10.21 ± 7.00mm). Similar study was also done by Weiqing 

Tang et al in 2021 show,  DOIs measured on T2WI, DWI, and CE-T1WI were 12.67 ± 6.71 

mm (mean ± standard deviation [SD]), 10.98 ± 6.24 mm and 12.55 ± 6.73 mm, respectively, 

which were all statistically significant compared to pathological DOIs (9.33 ± 5.61 mm) (p < 

0.001). 

 

Pearson’s coefficient of MRI-derived DOI and pathological DOI is as shown in Table 1. 

DWI-derived DOI showed the higher Pearson’s coefficient with the strongest correlation (r = 

0.983, p < 0.001) than T2FS-derived DOI which is, (r = 0.977, p < 0.001). The DWI-derived 

T staging system successfully classified 81.4% (57/70) of the patients when compared to 

pathological DOI, with 15.7% (11/70) of cases were overestimated and 2.8% (2/70) 

underestimated and the T2FS-derived T staging system was classified 72.8% (51/70) of the 

patients when compared to pathological DOI, with 18.5% (13/70) of cases were 

overestimated and  8.5% (6/70) was underestimated. Study done by Weiqing Tang et al in 

2021 showed DOI on T2WI, DWI, e-THRIVE, and CE-T1WI were 12.67 ± 6.71 mm (mean 

± standard deviation [SD]), 10.98 ± 6.24 mm, 11.12 ± 6.76 mm and 12.55 ± 6.73 mm, 
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respectively and also showed 86.9% accuracy of T staging on the basis of e-THRIVE 

(106/122) with 9.0%  overestimated and 4.1%  underestimated . 

 CONCLUSION  

This study concluded that the highest correlation exists between the DWI-derived DOI and 

the pathological DOI. DOI derived from DWI is the optimal method to use in pre-treatment 

MRI T-staging of oral tongue carcinoma with an efficacy of  81.4% compared to DOI derived 

from T2FS, which showed an efficacy of  72.8%, and the observations of the present study 

also indicate that MRI is an extremely useful modality for accurate local tumor staging with 

better delineation of the extent of the disease and lymph nodal metastasis,  due to its superior 

soft tissue contrast resolution.  
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(A)                                              ( B)                                                    (C) 

Figure 1 (A-C):Ulcero-proliferative lesion on right lateral border of  middle 1/3
rd

 of the oral 

tongue  without extension across the mid line. Lesion is heterogeneously hyper intense on T2 

STIR with DOI 12.5mm (A), showing diffusion restriction on DWI/ADC with DOI 11.5mm . 

Lesion is abutting right genioglossus and geniohyoid and involving right sublingual space. 
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No pathologically enlarged lymph nodes were seen. The radiological loco regional staging 

was T2NO with perineural invasion. The patient underwent  right hemiglossectomy with 

MND.  Histopathology shows moderately differentiated squamous cell carcinoma with DOI 

11.6mm, perineural invasion and metastatic lymph node with staging pT2N1. 

Table 1 : Correlation between pre and post Operative  DOI ON DWI MRI. 

Descriptive Statistics   

 Mean Std. Deviation N r value P value 

DOI ON DWI MRI 0.9800 

mm 
0.70641 70 

0.983 <0.0001* 

DOI ON T2FS MRI 1.1229 

mm 
0.76654 70 

0.977 <0.0001* 

 Post Operative DOI ON 

HPE 

1.0214 

mm 
0.70029 70 

0.970 <0.0001* 
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Image 1: Correlation between DOI ON T2FS MRI and DOI ON HPE 

 

Image 2: Correlation between DOI ON DWI MRI and DOI ON HPE 

 

 


