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Patterns of growth of
 lingual carcinoma on magnetic
resonance imaging and correlations with clinicopathologic

outcomes

Khyati Jani, MS,a Deepak Balasubramanian, MCh,a Sandya Jayasankaran, MD,b

Samskruthi Murthy, MCh,a Sivakumar Vidyadaran, MCh,a Krishnakumar Thankappan, MCh,a and

Subramania Iyer, MCha
Objective. The aim of this study was to identify patterns of tumor growth as revealed on magnetic resonance imaging (MRI) and to

evaluate the correlation of these patterns with histopathologic features and rates of recurrence, disease-free survival (DFS), and

overall survival (OS).

Study Design. In a retrospective analysis of patients with tongue carcinoma, tumor advancing margins, patterns of tumor enhance-

ment, and enhancement beyond tumor margins were studied on MRI. Histopathologic findings included differentiation, margin

status, perineural invasion (PNI), and lymphovascular invasion (LVI). MRI and histopathologic features were correlated with

outcomes.

Results. Ill-defined tumor margins and enhancement beyond tumor margins were associated with recurrences (P � .001) regard-

less of perineural invasion or LVI. DFS and OS were adversely affected by ill-defined tumor margins (P � .010). DFS was also

affected by enhancement beyond the tumor margins (P < .001). A heterogeneous pattern of enhancement showed a trend toward

a decrease in DFS and OS (P = .088 and .092, respectively). Advancing tumor margins on MRI were independent predictors of

overall survival. MRI characteristics exhibited significant associations with histopathologic margins, PNI, and LVI.

Conclusions. Ill-defined advancing tumormargins, a heterogeneous pattern of enhancement, and enhancement beyond the tumormargins

onMRI adversely affect outcomes and prognosis in tongue carcinoma. (Oral Surg Oral MedOral Pathol Oral Radiol 2020;130:731�740)
Squamous cell carcinoma (SCC) of the tongue forms a

major subset in head and neck cancers.1 Data from the

SEER (Surveillance, Epidemiology, and End Results) reg-

istry indicate the 5-year disease specific survival for tongue

SCC has shown only marginal improvement over the

recent decades.2 Tongue cancers are considered aggressive

tumors because of their high propensity for local invasion.

Surgical excision with adequate margins forms the stan-

dard management of these neoplasms.3 Various pathologic

features of SCC, such as perineural invasion (PNI), certain

patterns of invasion, and lymphovascular emboli, are

proven prognostic factors in recurrent and primary oral

squamous cell carcinoma (OSCC).4,5 Accurate preopera-

tive assessment and staging are essential in guiding treat-

ment and establishing the prognosis for these patients. The

recent update to the American Joint Committee on Cancer

(AJCC) staging system includes the pathologic depth of

invasion (DOI), which has helped accurately stage OSCC.6

Magnetic resonance imaging (MRI) is the imaging

modality of choice to ascertain the size and extent of

tongue SCC. However, no studies pertaining to MRI

patterns of invasion in tongue cancer and their
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relationship to the behavior and prognosis of tongue

tumors have been published.

The objective of this investigation was to identify

the characteristics of tumor growth as revealed on MRI

and evaluate the correlation of these characteristics

with histopathologic findings and rates of recurrence,

disease-free survival (DFS), and overall survival (OS).

We hypothesize that some growth patterns detected on

MRI are significantly correlated with histologic fea-

tures and outcomes of treatment.
MATERIALS ANDMETHODS
Consecutive patients with newly diagnosed tongue SCC

who presented to the Department of Head and Neck Sur-

gery at the Amrita Institute of Medical Sciences (AIMS;

Kochi, India) between January 2015 and December 2016

were included in the study. Patient demographic characteris-

tics, tumor and imaging characteristics, and management

and outcome data were retrieved from a prospectively main-

tained database. The study was approved by the institutional

ethics board. Patients with prior treatment, distant metastasis

at presentation, or recurrent tumors were excluded.
Statement of Clinical Relevance

Analysis of the correlations of magnetic resonance

imaging characteristics of lingual carcinoma with

recurrence, disease-free survival, and overall sur-

vival, as well as with histopathologic characteristics,

may help establish the prognosis of the lesion.
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All patients underwent preoperative MRI, which

was performed on a GE System Discovery 750 3 Tesla

MRI system (GE Healthcare, Milwaukee, WI) using an

8-channel head and neck coil. The MRI sequences

recorded were coronal T1-weighted images (T1WI), T2-

weighted images (T2WI), T2WI with fat saturation, sagit-

tal T2WI, and axial T2WI. For contrast-enhanced images,

gadolinium contrast-enhanced T1WI with fat saturation

acquired in 3-dimensional (3-D) axial sequences and refor-

matted in coronal and sagittal sections were used. The

MRI slice thickness was 3 mm. Analysis was performed

on the first postcontrast image immediately after contrast

injection to avoid washout, which could obscure lesion

characteristics. The MRI T1WI parameters were echo

time 3.18 ms and repetition time 6.93 ms. The T2WI

parameters were echo time 85 ms and repetition time

4890 ms. The number of excitations was 2 for both types

of images. The flip angle was 12 degrees for T1WI and

111 degrees for T2WI. All MRI scans were reported by a

single radiologist and 2 head and neck surgeons.
Fig. 1. Different magnetic resonance imaging (MRI) features in s
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The patterns of tumor growth were recorded as fol-

lows (Figure 1):

1. Advancing tumor margins

a. Smooth: Well-demarcated borders
quam
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i. Uniform tumor advancement

ii. Finger-like advancement
- Single finger advancement

- Multiple finger advancement

b. Ill-defined: No definitive borders

2. Patterns of tumor enhancement

a. Homogeneous: Uniform and consistent signal

intensity across the tumor

b. Heterogeneous: Non-uniform and variable signal

intensity across the tumor

3. Enhancement beyond the tumor margins

a. Present: Variable signal intensity beyond the

margins of the tumor

b. Absent
ous cell carcinoma of the tongue. Top row, Advancing

ooth margin, single-finger advancement, multiple-finger

hancement and enhancement beyond the tumor margin.

cement, enhancement absent beyond the tumor margin,



Table I. Demographic characteristics

Age No. of patients

Mean age 50.9 § 11.5

Age range 18�74

Gender

Male 62 (80.5%)

Female 15 (19.5%)
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All patients underwent wide excision of the lesion (a

gross margin of 1�1.5 cm, aiming for a minimum

microscopic margin of 5 mm), selective neck dissec-

tion, and appropriate reconstruction.

The following histopathological characteristics were

evaluated:

1. Differentiation of the tumors

The lesions were histologically graded as well differenti-

ated, moderately differentiated, or poorly differentiated.

2. Histopathologic margins
Table II. Magnetic resonance imaging characteristics

Advancing tumor margins

Smooth: Uniform tumor advancement 13 (16.9%)

Smooth: Finger-like advancement 48 (62.3%)

- Single finger advancement 24 (31.15%)

- Multiple finger advancement 24 (31.15%)

Ill-defined 16 (20.8%)

Patterns of tumor enhancement

Homogeneous 7 (9.1%)

Heterogeneous 70 (90.9%)

Enhancement beyond the tumor margins

Present 46 (59.7%)

Absent 31 (40.3%)
a. Positive margins: presence of tumor at the surgi-

cal margin

b. Close margins: Presence of tumor within 5 mm of

the surgical margin

c. Clear margins: Presence of tumor no closer than

5 mm from the surgical margin

3. Perineural invasion (PNI)

a. Present: At least 1 tumor cell within any nerve

layer

b. Absent: No evidence of tumor cells within any

nerve layer

4. Lymphovascular invasion (LVI)

a. Present: tumor emboli in adjacent lymphatic and/

or vascular channels

b. Absent: no evidence of tumor emboli

T (size and depth of invasion) and N (presence of

tumor cells in lymph nodes) stages were recorded for

all cases. M (metastasis) stage evaluation was done by

using computed tomography (CT) of the chest. Only

those patients with no metastases were included in the

study. Staging of patients was based on the staging cri-

teria in the American Joint Committee on Cancer Stag-

ing Manual, 8th edition. The study patients received

adjuvant treatment based on the histopathologic report

and stage of disease. Adjuvant radiotherapy was

administered for advanced stage (III or IV) cancer.

Adjuvant chemoradiotherapy was administered for

extranodal extension or close margins, as decided by

the multidisciplinary tumor board. Patients were fol-

lowed up in the Head and Neck Surgery out-patient

department with monthly clinical examinations. In

cases of suspected recurrence, positron emission

tomography (PET) and biopsy were performed to con-

firm the diagnosis and plan further treatment.

The following outcomes were assessed:

1. Recurrence—defined as any histologically proven

local, regional, or distant disease occurring at least

3 months after the date of surgery

2. DFS—defined as the time to relapse, second cancer,

or all-cause death, whichever came first
3. OS—defined as the time from initial surgery to the

date of death or last follow-up

Statistical analysis was performed by using SPSS ver-

sion 22 (SPSS Inc., Chicago, IL). Categorical data were

analyzed by using the x2 test. For survival analysis, DFS

and OS were analyzed by using the Kaplan-Meier

method. Comparison of survival and MRI parameters

was done by using the log rank analysis. Multivariate

analysis was performed by using the Cox proportional

hazards model. All statistics were 2-sided and a P value

less than .05 was considered statistically significant.

RESULTS
Patient and treatment characteristics
The study included 77 patients (mean age 50.9 § 11.5

years; age range 18�74 years). The patient population

included 62 males (80.5%) and 15 females (19.5%)

(Table I).

MRI characteristics
Advancing tumor margins were classified as smooth mar-

gins with uniform advancement in 13 patients (16.9%) and

smooth margins with finger-like advancement in 48

patients (62.3%). Finger-like advancement was further

subclassified into 2 categories—single finger advancement

and multiple finger advancement—with 24 patients in

each group. Tumors with ill-defined margins were identi-

fied in 16 patients (20.8%). Tumor enhancement was

homogeneous in 7 patients (9.1%) and heterogeneous in

70 patients (90.9%). Presence of enhancement beyond the



Table III. Histopathologic characteristics, staging, and

treatment

Histopathologic characteristics

Differentiation of tumors

Well differentiated 9 (11.7%)

Moderately differentiated 56 (72.7%)

Poorly differentiated 12 (15.6%)

Histopathologic margins

Positive margins 0 (0.0%)

Close margins 7 (9.1%)

Clear margins 70 (90.9%)

Perineural invasion

Present 44 (57.1%)

Absent 33 (42.9%)

Lymphovascular invasion

Present 41 (53.2%)

Absent 36 (46.8%)

T stage

T1 11 (14.3%)

T2 3 (3.9%)

T3 23 (29.9%)

T4 40 (51.9%)

N stage

N0 34 (44.1%)

N1 12 (15.6%)

N2 a 5 (6.5%)

N2 b 7 (9.1%)

N2 c 19 (24.7%)

N3 0

Treatment

Surgery only 31 (40.2%)

Surgery + RT 33 (42.9%)

Surgery + CRT 13 (16.9%)

T1 = Tumor � 2 cm in greatest dimension; � 5 mm depth of invasion

(DOI; not tumor thickness); OR tumor > 2 cm, but � 4 cm; and �
10 mm DOI.

T2 = Tumor � 2 cm; DOI > 5 mm and � 10 mm, OR tumor > 2 cm,

but � 4 cm; and � 10 mm DOI.

T3 = Tumor > 4 cm OR any tumor > 10 mm DOI.

T4 = Moderately advanced or very advanced local disease.

N0 = No regional lymph node metastasis.

N1 = Metastasis in a single ipsilateral lymph node; � 3 cm in greatest

dimension and ENE (�).

N2 a = Metastasis in single ipsilateral lymph node > 3 cm, but �
6 cm in greatest dimension and ENE (�).

N2 b = Metastasis in multiple ipsilateral lymph nodes; � 6 cm in

greatest dimension and ENE (�).

N2 c = Metastasis in bilateral or contralateral lymph nodes; � 6 cm

in greatest dimension and ENE (�).

N3 = Metastasis in a lymph node > 6 cm in greatest dimension and

ENE (�); OR metastasis in any lymph node(s) with clinically overt

ENE (+).

CRT, chemoradiotherapy; ENE, extranodal extension; RT,

radiotherapy.
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tumor margins was present in 46 patients (59.7%) and

absent in 31 patients (40.3%) (Table II).

Histopathologic characteristics
On the final histopathologic evaluation, 9 cases

(11.7%) were well differentiated; 56 (72.7%) were

moderately differentiated; and 12 (15.6%) were poorly

differentiated. Seven patients (9.1%) had close margins

(mean distance from surgical margin = 3 mm); and 70

(90.9%) had clear margins. No patient had positive

margins. PNI was present in 44 cases (57.1%) and

absent in 33 (42.9%). Lymphovascular invasion was

present in 41 (53.2%) patients and absent in 36

(46.8%). The above-mentioned details are shown in

Table III.

Staging and treatment
T stage and N stage classification according to the

AJCC 8th edition is listed in Table III. In total, 31

patients (40.2%) were treated by surgery only, whereas

33 patients (42.9%) received adjuvant radiotherapy

(RT) and 13 (16.9%) received adjuvant chemoradio-

therapy (see Table III). The minimum follow-up time

was 2 years.

Association of MRI characteristics with recurrence
Of the 77 patients, 18 developed either local or locore-

gional recurrence. Association of MRI features of

advancing tumor margins showed that patients who

had smooth uniform advancement had no recurrence.

Seven (14.6%) of the 48 cases with finger-like

advancement from the tumor surface developed recur-

rence. Of the 16 lesions with ill-defined margins, 11

(68.8%) were associated with recurrence. When taken

together, the association of advancing tumor margins

and recurrence was statistically significant (P < .001).

These patterns were significantly associated with recur-

rence irrespective of the microscopic presence of PNI

(P = .001) or LVI (P = .003) (Table IV).

All 18 patients who experienced recurrence had a

heterogeneous pattern of tumor enhancement (25.7%

of the 70 cases with heterogeneous tumor enhance-

ment), but this did not reach the level of statistical sig-

nificance because of uneven distribution of cases

(P = .214). Presence of enhancement beyond tumor

margins had statistically significant association with

recurrence, with all 18 recurrences arising in the 46

lesions (39.1%) with this type of enhancement (P <

.001) (see Table IV).

Association of MRI characteristics with DFS
The mean DFS was 34 months (range 29.8�38.2

months) for the entire cohort. Cases with advancement

of smooth, uniform tumors had no recurrence at the

time of the last follow-up. Smooth, finger-like
advancement was associated with DFS of 38.4 months

(range 33.9�45.7 months) but the DFS in cases ill-

defined tumors was 21.6 months (range 15.3�30.2

months). Log rank survival analysis of DFS showed

that the association with advancing tumor margins on

MRI was statistically significant (P < .001), as shown



Table IV. Associations of magnetic resonance imaging characteristics with recurrence, disease-free survival, and

overall survival

MRI Characteristics Recurrence Disease-free survival

in months (mean values)

Overall survival in months

(mean values)

Advancing tumor margins

Smooth: Uniform tumor advancement (13) 0 � 39.8

Smooth: Finger-like advancement (48) 7 (14.6%) 38.4 35.4

Ill-defined (16) 11 (68.8%) 21.6 24.9

P value < .001* < .001* .010*

Patterns of tumor enhancement

Homogeneous (7) 0 No recurrence at follow-up All alive at follow-up

Heterogeneous (70) 18 (25.7%) 34.7 33.1

P value .214 .088 .092

Enhancement beyond the tumor margins

Present (46) 18 (39.1%) 30.7 31.6

Absent (31) 0 � 36.7

P value < .001* < .001* .079

MRI, magnetic resonance imaging.

*Significant difference.
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in Table IV. Tumors with a homogeneous pattern of

enhancement had no recurrences on follow-up,

whereas DFS for patients with tumors of heterogeneous

pattern was 34.7 months (range 30.8�38.3 months)
Fig. 2. Disease-free survival (DSF) A, Kaplan-Meier curve disea

advancing tumor margins on MRI in tongue carcinoma; significan

ill-defined advancing tumor margins (P < 0.001). The steps indicate

indicate individuals with recurrence of disease (the censored pop

comparison with homogeneous and heterogeneous patterns of enhan

free survival was discovered in cases with a heterogeneous pattern o

DFS at each period. The vertical check marks indicate individua

Kaplan-Meier disease-free survival analysis and comparison with

MRI in tongue carcinoma; significantly poorer disease-free survival

(P < .001). The steps indicate the cumulative DFS at each period.

of disease (the censored population).
(P = .088) (see Table IV). Cases with presence of

enhancement beyond tumor margins had a mean DFS

of 30.7 months (range 25.8�35.2) whereas there were

no recurrences of lesions with absence of this type of
se free survival analysis and comparison with various MRI

tly poorer disease-free survival was discovered in cases with

the cumulative DFS at each period. The vertical check marks

ulation). B, Kaplan-Meier disease-free survival analysis and

cement on MRI in tongue carcinoma; slightly poorer disease-

f enhancement. (P = 0.088). The steps indicate the cumulative

ls with recurrence of disease (the censored population). C,

present and absent enhancement beyond tumor margins on

was discovered in cases with presence of enhancement cases.

The vertical check marks indicate individuals with recurrence



Fig. 2. Continued
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enhancement (P < .001). However, although the P val-

ues for the relationship of advancing tumor margins

and enhancement beyond the tumor margins were sig-

nificant on univariate analysis, multivariate analysis

did not reveal a significant association of MRI parame-

ters with DFS (see Table IV; Figure 2).

Association of MRI characteristics with OS
The mean OS was 39.8 months (range 33.9�45.8

months) in tumors with smooth, uniform advancement;

35.4 months (range 30.6�40.1 months) in lesions with
finger-like advancement; and 24.9 months (range 17.2 to

32.6 months) in tumors with ill-defined advancing mar-

gins. Log rank analysis of OS in comparison with MRI

tumor advancing margins was statistically significant

(P = .010), with significantly shorter OS times in cases

with ill-defined lesions (see Table IV; Figure 3). On step-

wise multivariate regression analysis, the smooth uniform

advancement of tumor margins was an independent pre-

dictor of OS after adjusting for the effect of confounding

variables, such as PNI, LVI, T stage, and N stage (P =

.023) (Table V).
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All patients with a homogeneous pattern of tumor

enhancement were alive at the 2-year follow-up, but

patients with a heterogeneous pattern had a mean sur-

vival of 33.1 months (range 29.4�37.5 months)

(P = .092), as listed in Table IV. The mean OS was

31.6 months (range 26.6�36.7 months) in lesions with

enhancement beyond tumor margins and 36.8 months

(range 31.8�41.8 months) in cases without this

enhancement. The difference was not significant

(P = .079). The association of patterns of enhancement,

enhancement beyond tumor margins, and OS with mul-

tivariate analysis was not statistically significant.

Association of MRI characteristics with
differentiation, histopathologic margin status, PNI,
and LVI
The association of MRI characteristics with differentiation

was not statistically significant (P � .214). The association

of MRI characteristics with margin status was statistically

significant for advancing tumor margins and enhancement

beyond tumor margins (P < .001 and .023, respectively).

Of the 77 patients, 44 had PNI, and 41 had LVI. The associ-

ation of MRI imaging features with PNI was significant

only for patterns of tumor enhancement (P = .043). The

association of MRI characteristics with LVI was significant
Fig. 3. Overall survival (OS). A, Kaplan-Meier OS analysis and comp

nance imaging (MRI) in tongue carcinoma; significantly poorer OS w

(P = .010). The steps indicate the cumulative OS at each period. The ve

population). B, Kaplan-Meier curve OS analysis and comparison with h

in tongue carcinoma; slightly poorer OS was discovered in cases with h

cate the cumulative OS at each period. The vertical check marks indica

Meier curve OS analysis and comparison with the presence and absence

noma; slightly poorer OS was discovered in cases where enhancement

each period. The vertical check marks indicate death of the individuals (
for all categories (advancing tumor margins P = .005; pat-

terns of tumor enhancement P = .032; and enhancement

beyond the tumor margins P = .010) (Table VI).
DISCUSSION
Tongue carcinomas comprise the majority of oral cancers.

These tumors have a guarded prognosis, with even early

stages showing a recurrence rate of 25% to 30%.7-10

Tongue cancers are routinely evaluated with preoperative

imaging with CT and MRI. These modalities offer ana-

tomic details regarding the size and extent of the tumor,

thus aiding in the clinical staging of the lesion. However,

prognostication of these cancers with current imaging

guidelines is difficult, especially because the recent AJCC

recommendations include DOI, which is difficult to inter-

pret on imaging. True tumor prognostication is possible

only on final histopathologic examination. Apart from

DOI, the behavior of tongue carcinomas correlates with

certain adverse pathologic features. These include PNI,

LVI, and extracapsular extension. In addition to the above-

mentioned features, certain pathologic scoring systems,

such as the Brandwein-Gensler scoring system, have been

used to prognosticate in cases of tongue cancers.5 How-

ever, these systems are not part of the AJCC staging
arison with various advancing tumor margins on magnetic reso-

as discovered in cases with ill-defined advancing tumor margins

rtical check marks indicate death of the individuals (the censored

omogeneous and heterogeneous patterns of enhancement on MRI

eterogeneous pattern of enhancement. (P = .092). The steps indi-

te death of the individuals (the censored population). C, Kaplan-

of enhancement beyond tumor margins on MRI in tongue carci-

was present (P = .079). The steps indicate the cumulative OS at

the censored population).
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system, and there is uncertainty with regard to treatment

escalation for early tongue cancers with adverse features.

MRI is increasingly being used to stage oral cancers. Its

superior soft tissue characterization, good contrast delinea-

tion, and high-resolution images make it the preferred

imaging modality. The tumors are classified on the basis of

focus, mass enhancement, and non-mass�like enhance-

ment. The mass enhancement is further studied by shape;
edge (smooth, speculated, irregular); and internal enhance-

ment pattern (homogeneous, heterogeneous, rim enhance-

ment, internal septations). The non-mass�like enhanced

pattern includes the distribution pattern and the internal

enhancement pattern. These patterns have correlations

with the risk of malignancy in breast lesions. Similarly,

MRI features have been used in the Liver Imaging Report-

ing and Data System.11



Table V. Multivariate analysis for overall survival

MRI Characteristics Hazard

ratio

95% Confidence

interval

P value

Smooth

Uniform � � .023

Finger-like 2.307 0.286�18.59 .432

Ill-defined 7.004 0.870�56.37 .067

MRI, magnetic resonance imaging.
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In this investigation, we were able to identify various

features of tongue carcinomas on MRI that were correlated

with disease outcomes. The presence of ill-defined advanc-

ing tumor margins, a heterogeneous pattern of tumor

enhancement, and enhancement beyond tumor margins

were associated with higher rates of locoregional recur-

rence and lower DFS and OS rates. Histopathologic differ-

entiation, margin status, PNI, and LVI are known

parameters that predict the outcome of treatment.5 Associa-

tion of MRI characteristics with these features shows a

promising complementary role in risk determination that

can be done preoperatively. Differentiation of the tumors

did not show any statistically significant association with

MRI characteristics. Statistically significant associations of

histopathologic margin status with advancing tumor mar-

gins and enhancement beyond tumor margins suggest that

these MRI characteristics can be predictive of postopera-

tive positive margins, which, in turn, can aid in resection

planning. PNI was associated only with patterns of tumor

enhancement. However, the presence of LVI might be pre-

dicted by the pattern of advancing tumor margins,

enhancement patterns in the tumor, and enhancement

beyond the tumor margins. Despite highly significant P

values of the association of the MRI characteristics of

advancing tumor margins and enhancement beyond the

tumor margins with DFS on univariate analysis, multivari-

ate analysis was not significant for DFS. As a result, MRI

characteristics were not independent significant predictors

for DFS, which probably was caused by the effect of other

confounding factors. The pattern of advancing tumor mar-

gins also showed a statistically significant association with

OS and was found to be an independent significant predic-

tor on multivariate analysis. One drawback to note is that

these patterns were classified qualitatively and not quanti-

tatively. This could lead to differences among radiologists

when attempts are made to classify lesions in this way.

With further research, these patterns could be better

described, and a uniform set of criteria could be proposed.

Our intention was to identify and group these findings and

study their impact on tumor control. Further work in this

area could pave the way for the development of a tongue

imaging reporting system that would allow for more accu-

rate preoperative prognostication in tongue cancers.

This may prompt surgeons to treat patients with
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adverse MRI features more aggressively and main-

tain close follow-up to monitor for recurrence. Prog-

nostic MRI biomarkers of tongue carcinoma could

help in improving and optimizing the care provided

to patients with tongue cancer.

CONCLUSIONS
SCCs of the tongue present with certain identifiable

imaging characteristics on MRI. These can be corre-

lated with known clinical outcomes and can be helpful

in prognostication in these cases.
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