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Introduction

The presence of cervical lymph node metastasis is a 
major prognostic factor for head and neck squamous 
cell carcinoma.1-3 Thus, selecting an appropriate 
method of cervical lymph node management is 
crucial in cancer treatment. Compared to other parts 
of the oral cavity, the tongue has rich lymphatic 
drainage. The cervical lymph node metastasis rate 
can reach 40% in all stages of squamous cell 
carcinoma of the tongue, which is higher than other 
oral cancers.4 Even in early stage oral squamous 
cell carcinoma, the occult cervical lymph node 
metastasis rate can be as high as 21~33%.5 
Therefore, in T1, T2, and clinically N0 squamous 
cell carcinoma of the tongue, it is unclear whether 
or not neck dissection should be performed. 
Selective neck dissection is usually carried out to 
reduce the risk of neck recurrence, but bleeding and 
wound infection may occur.

In this study, we reviewed the pathology 
variables for patients with T1 and T2 squamous cell 
carcinoma of the tongue, including tumour size, 
tumour depth, the depth/size ratio, tissue type, 
differentiation, perineural invasion, and lympho
vascular invasion. Clinical data, including age 
and  sex, were also collected. We analyzed these 
variables to generate a score model for predicting 
the risk of cervical lymph node metastasis.

Materials and methods

We retrospectively reviewed the charts of patients 
with T1 and T2 stage squamous cell carcinoma of 
the tongue at Changhua Christian Hospital from 
2006 to 2011. The TNM staging was based on the 
American Joint Commission on Cancer 7th edition. 
All patients underwent tumour wide excision with 
ipsilateral or bilateral neck dissection, which 
included radical, modified, functional, or selective 
dissection. 

When a metastatic lymph node was noted in the 
pathologic report, the patient was placed in the 
pN(+) group. When there was no metastatic lymph 
node, the patient was placed in the pN(-) group. 
Patients were treated with post-operative radio
therapy or chemotherapy according to the NCCN 
guidelines version 1.2012. Patients were followed 
for at least 3 months after the operation to make 
sure there was no cervical lymph node recurrence,6 
and if there was, the patient was placed in the pN(+) 
group. Exclusion criteria included a second primary 
cancer, previous tumour biopsy or partial excision 
that affected tumour size, previous radiotherapy, or 
chemotherapy before surgery. 

Clinical and pathological variables were 
recorded. Clinical variables included the age and 
sex of the patient. Pathological variables included 
the status of cervical lymph nodes and primary 
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differentiation, perineural invasion, and lympho
vascular invasion were analyzed by a Fisher’s exact 
test with 2 tailed analyses. 

Significant variables were then analyzed by 
univariate logistic regression to examine their 
degree of effect on cervical lymph node metastasis. 
Multivariate logistic regression was then used to 
find independent significant predictors. Regression 
coefficients of each independent significant 
predictor were then combined into a predictive 
score model. The Hosmer-Lemeshow test was used 
to verify the significance of this model.

The association between the predictive score 
model and cervical lymph node metastasis was 
analyzed using the receiver operating characteristic 
(ROC) curve. The optimal cutoff point was 
determined to be at the greatest Youden’s index 
(sensitivity+specificity-1). We compared the 
sensitivity, specificity, positive predictive value, 
and negative predictive value of this predictive 
score model with other significant variables. All 
statistical analyses were carried out using SPSS 
software, version 15.0 (SPSS, Inc., Chicago, 
Illinois).

Results

There were 124 patients with T1 or T2 squamous 
cell carcinoma of the tongue from 2006 to 2011. 
Nine patients were excluded (5 patients had a 
second primary oral cancer, 3 patients underwent 
partial tumour excision previously, and 1 patient 
had pre-operative chemotherapy). The cases of a 
total of 115 patients were reviewed in this study, 
including 101 males (87.8%) and 14 females 
(12.2%). Each variable is compared in Table 1. 

tumours. The status of cervical lymph nodes 
determined whether patients were placed in the 
pN(+)or pN(-) group. The status of primary tumours 
included 7 factors:

1.	 Tumour depth: according to the American Joint 
Commission on Cancer 7th edition, tumour depth 
was measured perpendicularly from the deepest 
margin of invasion to the normal superficial 
mucosa under an optic microscope. In cases 
with an ulcerative or protruding tumour, the 
perpendicular distance from the deepest margin 
of invasion to the virtually reconstructed surface 
was measured, reflecting the degree of tumour 
penetration. 

2.	 Tumour length: the longest diameter of a tumour 
measured under an optic microscope.

3.	 The ratio of tumour depth and tumour length 
(depth/length ratio)

4.	 Tumour type: classified as ulcerative or non-
ulcerative. The non-ulcerative group included 
fungated, polypoid, exophytic, and flat types.

5.	 Differentiation: classified as well-differentiated 
and not well-differentiated. The not well-
differentiated type included moderate- and 
poor-differentiation.

6.	 Perineural invasion
7.	 Lymphovascular invasion

All patients were divided into the pN(+) or the  
pN(-) group. Each variable was analyzed to see if 
there was significant difference (p < 0.05) between 
the pN(+) and the pN(-) groups. Continuous 
variables such as patient’s age, tumour depth, 
tumour length, and the depth/length ratio were 
analyzed by a Student’s T-test. Categorical 
variables such as patient’s sex, tumour type, 

Table 1
Comparison of variables

Variables pN(+) group (n = 34) pN(-) group (n = 81) p value
Age (years old) 52.0 ± 12.6 53.0 ± 11.2 0.671
Tumour depth (cm) 1.04 ± 0.30 0.65 ± 0.37 < 0.001
Tumour length (cm) 2.37 ±  0.66 1.73 ± 0.90 < 0.001
Depth/Length ratio 0.46 ±  0.15 0.40 ± 0.19 0.144
Gender (F/M) 6/28 8/73 0.348
Tumour type (Ulcerative/Non-ulcerative) 7/27 27/54 0.172
Differentiation (Well/Not-well) 4/30 16/65 0.302
Perineural invasion (No/Yes) 8/26 57/24 < 0.001
Lymphovascular invasion (No/Yes) 19/15 74/7 < 0.001
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showed good predictive value among all variables 
(Table 4).

Discussion

In this study, we chose patients with T1 and T2 
stage squamous cell carcinoma of the tongue as our 
study group because these patients are at relatively 
low risk for neck metastasis. This makes it difficult 
to decide whether or not to perform neck dissection. 
If neck dissection is not performed in a clinically 
N0 patient, the prognosis deteriorates when 
recurrence is noted.7 A recent study also showed 
that elective neck dissection improved the survival 
rate of T2 stage buccal and tongue cancers.8

Despite improvements in medical instruments 
and operating skills, risk still exists. Functional 
neck dissection has a mortality rate of 2.56% and a 

Among the clinical variables, there was no 
significant difference in age and sex. As for the 
pathological variables, tumour depth, tumour 
length, perineural invasion, and lymphovascular 
invasion showed significant differences between 
the pN(+) group and the pN(-) group (p < 0.001). 
The depth/length ratio, tumour type, and 
differentiation did not significantly differ. 

Tumour depth, tumour length, perineural 
invasion, and lymphovascular invasion were then 
analyzed by univariate logistic regression, as shown 
in Table 2. These four variables were all significant 
predictors of cervical lymph node metastasis 
(p < 0.05). Tumour depth had the greatest odds ratio. 
These significant predictors were then examined by 
multivariate logistic regression and their regression 
coefficients were calculated (Table 3). Tumour 
length was not an independent significant predictor 
and was excluded. These regression coefficients 
were combined into a predictive score model: 

Score = (2.694 × tumour depth (cm)) + (1.814 × 
lymphovascular invasion (yes = 1, no = 0)) + (1.175 × 
perineural invasion (yes = 1, no = 0))

The Hosmer-Lemeshow test was carried out to 
verify this model and showed no evidence of lack 
of fit (p = 0.982). The ROC curve for the predictive 
score model demonstrated that the best cutoff point 
was set at 2.7427 with a corresponding sensitivity 
of 91.2% and specificity of 65.4% (Figure 1). The 
predictive score model was compared with other 
significant variables in statistical performance and 

Table 2
Univariate logistic regression of significant variables

Odds ratio p-value
Tumour depth 20.188 < 0.001
Tumour length 2.421 0.001
Perineural invasion 7.719 < 0.001
Lymphovascular invasion 8.346 < 0.001

Table 3
Multivariate logistic regression of significant predictors

Regression coefficient Odds ratio p-value
Tumour depth 2.694 14.796 0.001
Perineural invasion 1.175 3.238 0.031
Lymphovascular invasion 1.814 6.137 0.003

Figure 1
Receiver operating characteristic curve analysis of various 
cutoff values of the predictive score model. The best cutoff 
point (arrow) was set at 2.7427 with a corresponding sensitivity 
of 91.2% and specificity of 65.4%.
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dissection is based on tumour thickness. Thompson 
studied the effect of tumour depth on cervical 
lymph node metastasis of squamous cell carcinoma 
of the tongue. He found that there is a low risk of 
cervical lymph node metastasis and better prognosis 
if the tumour depth does not reach the superficial 
lamina propria.11 We choose tumour depth instead 
of tumour thickness as it is measured perpendicularly 
from the deepest margin of invasion to the normal 
superficial mucosa. In cases with an ulcerative or 
protruding tumour, the perpendicular distance from 
the deepest margin of invasion to the virtually 
reconstructed surface is measured, which reflects 
the degree of tumour penetration better than tumour 
thickness.

Many studies have evaluated the effect of tumour 
depth on cervical lymph node metastasis and most 
have concluded that tumour depths of more than 
4 mm are at high risk for metastasis. An analysis of 
early squamous cell carcinoma of the tongue in 
2002 showed that a tumour depth greater than 4 mm 
combined with a moderate differentiated cell type 
has a high rate of delayed cervical lymph node 
metastasis.12 Another analysis of early squamous 
cell carcinoma of the tongue in 2007 showed that 
cervical lymph node metastasis occurs significantly 
more when a tumour depth is greater than 4 mm vs. 
less than 4 mm, and selective neck dissection is 
suggested if the tumour depth is more than 4 mm or 

permanent complication rate of up to 4.24%.9 Acute 
complications include wound infection, poor 
healing, hematoma, chylous fistula, injury to the 
marginal branch of the facial nerve, injury to the 
spinal accessory nerve, and bleeding from the 
jugular vein or carotid artery. Chronic complications 
include flap necrosis and wound fibrosis.10 With this 
predictive score model, the surgical approach for 
T1 and T2 stage squamous cell carcinoma of the 
tongue can be divided into two stages. In the first 
stage, tumour wide excision is performed. Then, 
the pathologic report is analyzed with this score 
model to decide whether a second stage neck 
dissection is needed or not. When applying this 
score model to our patients, 46.1% (53/115) could 
avoid the unnecessary risk of neck dissection.

Most studies discussing cervical lymph node 
metastasis of T1 and T2 squamous cell carcinoma 
of the tongue include clinical T1, T2, and N0 
patients as their study group. However, the 
examinations used in each study for evaluating 
lymph node status are not the same, which leads to 
different inclusion criteria. Our study included T1 
and T2 squamous cell carcinoma of the tongue 
patients regardless of cervical lymph node status to 
avoid statistical bias due to different examinations. 
According to NCCN guidelines, primary tumour 
excision is indicated for patients with T1 and T2 
oral cancer and the decision to perform neck 

Table 4
Statistical performance when diagnosing cervical lymph node metastasis using different variables

Cancer metastasis P-value Sensitivity Specificity PPV NPV
No 

(n  =  81)
Yes 

(n  =  34)
Total 

(n  =  115)
N % N % N %

Depth (cm)
< 0.65 46 56.8 3 8.8 49 42.6

< 0.001 91.2% 56.8% 47.0% 93.9%
≥ 0.65 35 43.2 31 91.2 66 57.4

Length (cm)
< 1.75 43 53.1 6 17.6 49 42.6

< 0.001 82.4% 53.1% 42.4% 87.8%
≥ 1.75 38 46.9 28 82.4 66 57.4

Perineural invasion
No 57 70.4 8 23.5 65 56.5

< 0.001 76.5% 70.4% 52.0% 87.7%
Yes 24 29.6 26 76.5 50 43.5

Lymphovascular invasion
No 74 91.4 19 55.9 93 80.9

< 0.001 44.1% 91.4% 68.2% 79.6%
Yes 7 8.6 15 44.1 22 19.1

Score
< 2.7427 53 65.4 3 8.8 56 48.7

< 0.001 91.2% 65.4% 52.5% 94.6%
≥ 2.7427 28 34.6 31 91.2 59 51.3

T-stage
T1 47 58.0 11 32.4 58 50.4

0.015 67.6% 65.4% 40.4% 81.0%
T2 34 42.0 23 67.6 57 49.6

PPV: positive predictive value; NPV: negative predictive value.
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the following predictive score model for predicting 
the risk of cervical lymph node metastasis: Score = 
(2.694 × tumour depth (cm)) + (1.814 × lympho
vascular invasion (yes = 1, no = 0)) + (1.175 × peri
neural invasion (yes = 1, no = 0)). The cutoff point 
was set at 2.7427. This predictive score model has 
a sensitivity of 91.2% and specificity of 65.4%. We 
also suggest a two-stage surgical approach for T1 
and T2 squamous cell carcinoma of the tongue. In 
the first stage, tumour excision is performed. Then, 
the decision to perform second stage neck dissection 
is made according to the pathological report and 
predictive score model. Greater case numbers and 
longer follow-up times are still needed to increase 
the predictive accuracy.
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