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ABSTRACT

BACKGROUND AND PURPOSE: Several studies indicated that tumor thickness or tumor volume might be helpful predictors for the
prognosis of oral tongue squamous cell carcinoma. Our aim was to compare the value of tumor thickness versus tumor volume measure-
ment based on preoperative MR imaging in predicting the prognosis of oral tongue squamous cell carcinoma, especially focusing on lymph
node metastases and local recurrence.

MATERIALS AND METHODS: Clinical, pathologic, and imaging data of patients with 46 oral tongue squamous cell carcinomas were retrospec-
tively studied. Logistic regression analysis was used to evaluate the prognostic value of tumor thickness and tumor volume based on MR imaging.
Receiver operating characteristic analysis was applied for the optimal cutoff value for the identified risk variable for prognosis.

RESULTS: A higher intraclass correlation coefficient was achieved for the measurement of tumor thickness compared with tumor volume
(0.990 versus 0.972). Multivariate analysis showed that tumor thickness was a significant predictor of lymph node metastases (P � .024),
while tumor volume was not a significant predictor of either lymph node metastases or local recurrence (P � .05). Receiver operating
characteristic results indicated that setting a tumor thickness of 8.5 mm as a cutoff value could achieve the optimal diagnostic efficiency
for predicting lymph node metastases (area under the curve, 0.753; sensitivity, 0.889; specificity, 0.536).

CONCLUSIONS: Tumor thickness based on preoperative MR imaging was useful in predicting the prognosis of oral tongue squamous cell
carcinoma, especially lymph node metastases, in our patient population, while tumor volume was not.

ABBREVIATIONS: ROC � receiver operating characteristic; SCC � squamous cell carcinoma

Patients with oral tongue squamous cell carcinoma (SCC) are

at risk of cervical lymph node metastases and local recurrence,

with the risk increasing with the size and extent of tumor, defined

by T stage, and influencing treatment strategy.1-3 Previous studies

indicated that tumor thickness or tumor volume might also be

helpful predictors for the clinical outcomes of patients with oral

tongue SCC, such as cervical lymph node metastases, local recur-

rence, or survival rate.2-10 Which one of these 2 parameters has a

better prognostic value is still unclear, however, with only a few

studies focusing on this issue. Yuen et al4 compared the prognos-

tic value of these 2 parameters, tumor thickness and tumor vol-

ume, together with other parameters such as tumor diameter,

length, width, and area. Their measurements were based on sur-

gical histologic specimens that were unavailable before the proce-

dure, however, and tumor shrinkage during specimen prepara-

tion might also influence its precision in measurement.

MR imaging has been increasingly used in the preoperative

evaluation of oral tongue SCCs, due to its excellent soft-tissue

resolution. Preoperative MR imaging could help us to define tu-

mor extent and volume accurately.11 Therefore, our study aimed

to clarify the better predictor for the short-term prognosis of oral

tongue SCCs between tumor thickness and tumor volume based

on preoperative MR imaging, specifically focusing on lymph node

metastases and local recurrence.

MATERIALS AND METHODS
Patient Population
This study was approved by Chung Shan Medical University Hos-

pital institutional review board. The clinical, pathologic, and pre-

operative MR imaging data of 223 patients with oral tongue SCC
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during �3 years 6 months (February 2010 to October 2013) were

retrospectively reviewed. One hundred seventy-seven patients

were excluded for the following reasons: The pathologic diagnosis

was established on the basis of the biopsy, not surgery (n � 30);

radiation therapy or chemotherapy was performed before surgery

(n � 11); poor image quality due to motion or dental artifacts

(n � 66); and the duration of the follow-up was �1 year (n � 70).

Finally, 46 patients with oral tongue SCC were enrolled in our

study. The flow chart of our study population is shown in Fig 1.

The pathologic tumor stage of these 46 patients with oral

tongue SCC (mean age, 51 � 11 years; male/female ratio, 38:8)

ranged from T1 to T4a. The mean follow-up duration was 21 � 10

months. All patients underwent wide excision of the primary tu-

mor and neck dissection. Thirty-three patients underwent su-

praomohyoid neck dissection, and the other 13 underwent mod-

ified radial neck dissection, with only 1 undergoing bilateral

modified radial neck dissection. Seven patients received postop-

erative adjuvant radiation therapy, and 18 received adjuvant con-

current chemoradiotherapy. The detailed demographic features

and tumor characteristics are shown in Table 1.

Imaging Technique
MR imaging was performed by using a 1.5T imaging system

(Signa HDxt; GE Healthcare, Milwaukee, Wisconsin) with an

8-channel phased array neurovascular coil. Fast spin-echo se-

quences were used to obtain T2-weighted images (TR, 4000 –7000

ms; TE, 81–90 ms; axial, coronal), T1-weighted images (TR, 450 –

800 ms; TE, 13–15 ms; axial), and gadolinium contrast-enhanced

T1-weighted images with fat suppression (TR, 450 – 800 ms; TE,

12–15 ms; axial, coronal, sagittal).

Tumor Thickness and Volume Measurement
Tumor thickness and tumor volume were measured by using axial

T2WI according to methods taken from previous studies.3,5-7 Tu-

mor thickness was defined as the distance from the tumor surface

to the deepest point of invasion. Meanwhile, after the lesion-in-

volving area in each section was delineated by using an operator-

defined ROI, the tumor volume was obtained from the sum of the

areas multiplied by the section interval. The methods used for the

MR imaging– based measurement of tumor thickness and tumor

volume are shown in Figs 2 and 3, respectively. Imaging analysis

was performed independently by 2 dedicated head and neck radi-

ologists blinded to the pathologic results. The mean values of their

measurements were calculated for further statistical analysis.

The histologic tumor thickness was also performed from the

tumor surface to the deepest point of invasion. Histologic tumor

volume was calculated according to the previously well-docu-

mented formula2,12: V � A � B � C / 2. A refers to maximum

tumor diameter, B refers to minimum tumor diameter, and C

refers to the depth of tumor invasion.

Prognosis
All patients were regularly followed up by MR imaging or PET/CT

examination and a clinical examination. Tongue or node biopsy

FIG 1. Study population flow chart.

Table 1: Patient and tumor characteristics
Characteristics No. of Patients %

Age (yr) (mean) (range) 51 (33–80)
Sex

Male 38 83
Female 8 17

Neck dissection procedure
SOHND 33 72
MRND 13 28
Bilateral MRND 1 2

Pathologic T stage
T1–2 33 72
T3–4 13 28

Pathologic N stage
N0 32 70
N1–3 14 30

Pathologic differentiation
Well 15 33
Moderate 27 59
Poor 4 9

Pathologic ECS
Present 10 22
Absent 36 78

Postoperative treatment
RT 7 15
CCRT 18 39

Note:—SOHND indicates supraomohyoid neck dissection; MRND, modified radial
neck dissection; ECS, extracapsular spread; RT, radiotherapy; CCRT, concurrent che-
moradiotherapy.

FIG 2. Tumor thickness was measured by the distance from the tu-
mor surface to the deepest point of invasion.
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was arranged as soon as the development of tumor local recur-

rence or lymph node metastasis was highly suspected after these

examinations.

Lymph node metastases were defined in the following 2 situa-

tions: 1) They were confirmed pathologically from the initial surgery,

and 2) no metastatic lymph node was detected during the initial sur-

gery, and pathologically confirmed lymph node metastases occurred

during the follow-up. Local recurrence was defined as a pathologi-

cally confirmed occurrence of the same malignancy at, or adjacent to,

the primary tumor bed during follow-up.

Statistical Analysis
Interobserver agreement between the 2 radiologists’ measure-

ments was assessed by using the intraclass correlation coefficient.

Correlations between MR imaging and histologic specimen–

based measurements were assessed by using the Pearson correla-

tion coefficient.

A univariate logistic regression analysis was initially per-

formed to evaluate the association between each variable and

lymph node metastases or local recurrence. Besides tumor thick-

ness and tumor volume based on MR imaging, some other poten-

tial risk variables were evaluated, including sex, age, pathologic T

stage (T1–2 or T3– 4), pathologic N stage (N0 or N1–3), patho-

logic differentiation (well-moderate or poor), pathologic extra-

capsular spread (present or absent), and postoperative adjuvant

modified radial neck dissection or concurrent chemoradiother-

apy (yes or no). Then, all variables with a P value � .10 in the

univariate logistic regression analysis were enrolled in a multivar-

iate logistic regression analysis model by using a forced-entry pro-

cess. The odds ratios and their 95% confidence intervals were

calculated. Finally, receiver operating characteristic (ROC) anal-

ysis was applied to calculate the optimal cutoff value of the iden-

tified risk variables for prognosis. The numeric data were aver-

aged and reported as means � SD. A P value � .05 indicated

statistical significance. Statistical analysis was conducted by using

SPSS 17.0 (IBM, Armonk, New York).

RESULTS
Excellent interobserver agreement was achieved for both the MR

imaging– based tumor thickness and tumor volume measure-

ment, and the tumor thickness measurement had a higher intra-

class correlation coefficient value than the tumor volume mea-

surement (0.990; 95% CI, 0.965– 0.997 versus 0.972; 95% CI,

0.906 – 0.992). The average histologic and MR imaging tumor

thicknesses were 11.7 � 9.7 mm and 13.5 � 9.2 mm, respectively.

The average histologic and MR imaging tumor volumes were

6.157 � 10.516 cm3 and 7.559 � 11.453 cm3, respectively. Signif-

icant correlations were found between the MR imaging– based

and histologic specimen– based measurements for both tumor

thickness and tumor volume (P � .001).

Among the 18 patients (39%) with lymph node metastases,

pathologically positive nodes were found in 14 patients during the

initial procedure, 8 of whom developed nodal metastases again

during the follow-up. The other 4 patients initially had no positive

lymph nodes but then developed nodal metastases during the fol-

low-up. Concerning the univariate logistic regression analysis re-

sults, MR imaging– based tumor thickness (P � .006) and patho-

logic extracapsular spread (P � .003) had significant associations

with lymph node metastases. MR imaging– based tumor volume

(P � .067) and pathologic T stage (P � .057) showed close to

significant associations, but pathologic differentiation (P � .644),

sex (P � .917), and age (P � .361) showed no statistical signifi-

cance. Considering that if 2 of the independent variables were

highly associated with each other, collinearity might occur,

causing highly unstable estimated regression coefficients, MR

imaging– based tumor thickness and volume were accepted

separately into different multivariate logistic regression mod-

els, due to the strongly positive correlation between them

(Pearson correlation coefficient � 0.848). Multivariate logistic

regression analysis results showed that MR imaging– based tu-

mor thickness and pathologic extracapsular spread were sig-

nificant predictors (P � .05), with MR imaging– based tumor

volume and pathologic T stage not significant (P � .05). Mul-

tivariate logistic regression analysis results for lymph node me-

tastases are presented in Table 2.

Fourteen patients (30%) had local recurrence during the fol-

low-up. Four variables were found significant or close to signifi-

cant in the univariate logistic regression analysis for local recur-

rence, including MR imaging– based tumor thickness (P � .020),

MR imaging– based tumor volume (P � .066), pathologic N stage

(P � .002), and pathologic extracapsular spread (P � .005).

Pathologic T stage, pathologic differentiation, postoperative ad-

juvant modified radial neck dissection or concurrent chemora-

diotherapy, sex, and age were not significant (P � .1). Multivari-

ate logistic regression analysis results showed that none of the

variables were a significant predictor of local recurrence (P � .05).

Multivariate logistic regression analysis results for local recur-

rence are shown in Table 3.

ROC analysis indicated that the MR imaging– based tumor

thickness of 8.5 mm might be the optimal threshold value for

predicting lymph node metastases, with the area under the curve

FIG 3. The lesion in each section was delineated by using an operator-
defined ROI, and the volume was obtained by multiplying the entire
area by the section interval.
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being 0.753; sensitivity, 0.889; and specificity, 0.536. The ROC

curve regarding the use of MR imaging– based tumor thickness to

predict lymph node metastases is shown in Fig 4.

DISCUSSION
The traditional prognostic model for oral tongue carcinoma was

based on the anatomic details of tumor, as well as nodal and dis-

tant metastases. Using the single largest diameter as the distinc-

tion criterion for the T1 to T3 stages, however, did not always

appropriately show the value of different T stages in relation to the

oncologic outcomes.1,3,4 Additionally, the definition of the T4a

stage, known as “invasion into deep (extrinsic) muscles of the

tongue,” seemed ambiguous. The

“deep” descriptor overlooked the fact

that considerable portions of extrinsic

muscles lie in a very superficial plane.13

With growing evidence that tumor

thickness or tumor volume might be a

more accurate outcome predictor, our

present study concentrated on and com-

pared the predictive value of tumor

thickness and tumor volume measure-

ment based on preoperative MR imag-

ing for short-term prognosis of oral

tongue carcinoma, especially for lymph

node metastases and local recurrence.

A higher intraclass correlation coeffi-

cient for the tumor thickness measure-

ment based on MR imaging was noted

than for tumor volume, indicating a rela-

tively better reproducibility for tumor-

thickness measurement. Concerning the

reasons, we suggest that the delineation of

the tumor border is more complicated

than the simple 2D tumor thickness measurement because of

the disturbance caused by the partial volume effect, especially

on the extreme tumor-imaging sections, even though the tu-

mor was usually shown as reliably hyperintense on T2WI and

not surrounded by conspicuous edema.5 This difficulty in de-

lineation inevitably leads to greater disagreement between 2

different raters and further results in lower reproducibility.

The present study shows that the MR imaging–based tumor vol-

ume is not a significant predictor of either lymph node metastases or

local recurrence, similar to the study by Yuen et al.4 They suggested

that tumor thickness, not volume, is the only significant variable for

the prediction of lymph node metastases, local recurrence, and sur-

vival. Nevertheless, Kuriakose et al2 suggested that tumor volume

significantly correlated with lymph node metastases, after analyzing

the CT images of 20 tongue cancers. Joo et al3 evaluated the MR

images of 47 cases of early oral tongue cancer and also found a

significant positive correlation between tumor volume and

lymph node metastases. This discrepancy might be due to the

different imaging modalities and the different tumor stages

between these studies. Therefore, further prospective and

long-term studies with the same image technique and various

tumor stages are recommended to confirm the definite predic-

tive power of tumor volume on oral tongue cancer outcomes.

Our study found that the MR imaging– based tumor thickness

might be a significant predictor of lymph node metastases, which

is similar to findings in previous studies.5-7,14 However, MR im-

aging– based tumor thickness appears unhelpful for predicting

local recurrence (P � .153), despite the prominently significant

results from the univariate analysis (P � .020). Several previous

studies indicated that tumor thickness might be a potentially sig-

nificant predictor of local recurrence4,15,16; however, all these

previous measurements were based on histologic specimens.

Measurements based on histologic specimens will inevitably be in-

fluenced by tissue shrinkage during fixation and embedding and thus

should be cautiously adopted. However, no sufficiently strong evi-

FIG 4. ROC analysis by using the measurement of tumor thickness
based on MR imaging to predict lymph node metastases.

Table 2: Multivariate logistic regression analysis results for lymph node metastases
Variable � Coefficient SE Odds Ratio (95% CI) P Value

Model 1
Pathologic ECS, present 3.355 1.283 28.647 (2.319–353.900) .009a

MRI tumor thickness (mm) 0.168 0.074 1.182 (1.023–1.367) .024a

Pathologic T stage, T3–4 �2.118 1.525 0.120 (0.006–2.391) .165
Model 2

Pathologic ECS, present 3.330 1.207 27.116 (2.548–288.624) .006a

MRI tumor volume (cm3) 0.066 0.056 1.068 (0.958–1.191) .237
Pathologic T stage, T3–4 �0.679 1.379 0.507 (0.034–7.562) .622

Note:—SE indicates standard error; ECS, extracapsular spread.
a Statistically significant.

Table 3: Multivariate logistic regression analysis results for local recurrence
Variable � Coefficient SE Odds Ratio (95% CI) P Value

Model 1
Pathologic ECS, present 1.110 1.038 3.035 (0.397–23.211) .285
MRI tumor thickness (mm) 0.060 0.042 1.061 (0.978–1.152) .153
Pathologic N-stage, N1–3 1.273 0.972 3.571 (0.531–24.019) .191

Model 2
Pathologic ECS, present 1.013 1.051 2.755 (0.351–21.598) .335
MRI tumor volume (cm3) 0.045 0.032 1.046 (0.983–1.112) .157
Pathologic N-stage, N1–3 1.596 0.952 4.934 (0.764–31.874) .094

Note:—SE indicates standard error; ECS, extracapsular spread.
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dence has been achieved by the present study, on the basis of MR

imaging, to indicate the predictive significance of tumor thickness

for local recurrence. We suggest that local recurrence of the

primary tumor might be more influenced by additional and

multiple variables. Further larger sample studies would con-

tribute to potentially more significant results for its prediction.

Overall, MR imaging–based tumor thickness seems to be a more

powerful predictor than tumor volume, especially for lymph node

metastases in oral tongue carcinoma according to our study, because,

as mentioned by Piazza et al,1 thicker tumor with deeper infiltration

is more likely to precociously involve the lymphatic and blood vessels

of tongue muscles. Subsequently, it will inevitably result in an in-

creased risk of lymph node metastases. Moreover, tumor lesions do

not always grow spherically and commonly share similar volumes

but with distinct thicknesses. “Thin” tumors with larger surface di-

ameters but smaller thickness might have a lower risk of lymph node

metastases than “thick” ones having a smaller diameter but deeper

infiltration. Thus, prognosis of patients might be profoundly differ-

ent, even if they share the same tumor volume, with tumor thickness

potentially predicting lymph node metastasis more accurately.

Using the ROC analysis, we found that an MR imaging– based

tumor thickness of 8.5 mm might be the optimal threshold value

for predicting lymph node metastases. Concerning its clinical sig-

nificance, we suggest that the decision for neck dissection should

be made if the tumor thickness exceeds 8.5 mm. However, con-

sidering that the precise cutoff point varied greatly among previ-

ous studies,5,6,17-19 more accurate results should be clarified in a

prospective study by using a larger sample size.

Our study has several limitations. First, only axial MR images

were used to determine tumor thickness and tumor volume without

applying coronal or sagittal images. However, in most previous arti-

cles, as well as in our experience, the tumor thickness and volume of

most of the oral tongue carcinomas can be measured on axial images

properly. Nevertheless, further studies should focus on possible dif-

ferences between axial and coronal and sagittal measurements. Sec-

ond, the tumor volume measurement based on a histologic specimen

was not performed by using the same method as the MR imaging–

based measurement, due to the constraints of our retrospective

study. However, the method used to measure the histologic tumor

volume has also been widely used in previous studies,2,12 with the

results of our study not being intrinsically affected in our opinion.

Third, we only focused on the prediction of short-term prognosis,

such as lymph node metastases and local recurrence. A further study

with a long-term follow-up and larger sample size would be more

valuable for verifying the predictive value of identified risk factors

derived from MR imaging.

CONCLUSIONS
In our study, the measurement of tumor thickness based on MR

imaging was more consistent and repeatable than the measure-

ment of tumor volume. Compared with the MR imaging– based

tumor volume measurements, MR imaging– based tumor thick-

ness demonstrated a more powerful predictive value in the prog-

nosis of oral tongue carcinoma, mainly in predicting lymph node

metastases. The ROC analysis results indicate that the optimal

tumor thickness cutoff value is 8.5 mm for the prediction of

lymph node metastases with the best sensitivity and specificity.

Our study results still need to be verified by further studies with a

larger sample size and longer follow-up time.
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