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Simple Summary: The presence of cervical lymph node metastasis is the most important prognostic 

factor in oral squamous cell carcinoma (OSCC). Therefore, the detection of metastatic lymph nodes 

before treatment is most important to improve patient prognosis. The purpose of this study was to 

combine imaging findings of cervical lymph nodes and histopathological factors of biopsy speci-

mens associated with cervical lymph node metastasis in OSCC. Our results suggest that cervical 

lymph node metastasis is related to the internal echo of ultrasonography (US), rim enhancement of 

enhanced Computed Tomography (CT), vascular invasion, and Yamamoto–Kohama (YK) classifi-

cation of biopsy specimens. We have established new diagnostic criteria combining these factors. 

This strategy may reduce false negative diagnoses of cervical lymph node metastasis. 

Abstract: Purpose: To establish a diagnosis method based on imaging findings and histopathologi-

cal factors associated with cervical lymph node metastasis. Methods: A total of 1587 cervical lymph 

nodes that were detected using imaging tools in 73 OSCC patients who underwent surgical treat-

ment were enrolled to evaluate the association between imaging findings (long diameter, short di-

ameter, long–short ratio, US findings (hilum and internal echo), contrast effect with enhanced CT, 

standardized uptake value (SUV) max and SUV average with 18F FDG-Positron Emission Tomog-

raphy (PET)) and metastatic cervical lymph nodes. In 57 OSCC patients, biopsy specimens were 

evaluated for histopathologic factors (budding score, lymphatic invasion, vascular invasion, nerve 

invasion, and YK classification) and the presence of cervical lymph node metastases. Cervical lymph 

node metastasis was determined based on histopathological examination of the lymph nodes of 

patients with no metastasis observed 3 years after primary surgery. Results: In total, 22 of the 73 

patients had cervical lymph node metastasis pathologically. In the comparison of the presence of 

metastatic lymph nodes, univariate analysis showed significant differences in cervical lymph node 

long and short diameter, long/short ratio, internal echo, rim enhancement, SUV max, SUV average, 

budding score, and vascular invasion. Multivariable analysis showed significant differences in in-

ternal echo, rim enhancement, SUV max, and budding score. Conclusions: We propose a chart di-

agnostic system that combines imaging and histopathological findings to improve the diagnosis of 

cervical lymph node metastasis. 
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1. Introduction 

The presence of cervical lymph node metastasis is the greatest poor prognostic factor 

for oral squamous cell carcinoma (OSCC) [1,2]. In particular, late cervical lymph node 

metastasis, which does not show metastasis during initial treatment and becomes appar-

ent during follow-up, often has extranodal invasion and poor prognosis. Pretreatment 

evaluation of cervical lymph node metastasis is important in the treatment planning and 

prognosis of OSCC patients. Preoperative cervical lymph node status is usually assessed 

using clinical examination, including palpation, Ultrasonography (US), Computed To-

mography (CT), Magnetic Resonance Imaging (MRI), and 18F FDG-Positron Emission To-

mography (PET). Despite the development of diagnostic imaging techniques, the inci-

dence of secondary metastasis has been estimated at 6–50% [2–5]. Treatment plans and 

strategies for OSCC patients who are clinically diagnosed with negative cervical lymph 

node metastasis (cN0) remain controversial. To improve the accuracy of OSCC cervical 

lymph node metastasis diagnosis, our department has established chart-based diagnostic 

criteria using CT, US, and PET and has revised the evaluation over a period of time [6]. 

As a result, the secondary metastasis rate was reduced, and the disease-specific survival 

rate was also improved. However, there is still a problem with the number of false nega-

tives and false positives because micro lymph node metastasis did not appear as a clear 

sign using imaging. Therefore, further factors are needed to improve diagnostic accuracy. 

The presence of vascular or lymphatic invasion has been reported in the past as a predictor 

of lymph node metastasis other than imaging [7], and recently, it has been reported that 

the budding score is also a useful predictor of metastasis [8–10]. However, most of these 

are examined with resection specimens, and there are few reports on biopsy sections. The 

purpose of this study was to establish the preoperative diagnostic system by combining 

imaging findings and histopathological factors obtained from biopsy sections to the image 

diagnostic criteria used in our department. Then, we examined the evaluation items of the 

image diagnosis and the histopathological evaluation items again and searched for the 

factors contributing to cervical lymph node metastasis. 

2. Materials and Methods 

2.1. Patients 

Seventy-three patients with primary OSCC who received surgical treatment between 

March 2010 and October 2015 in the Department of Oral and Maxillofacial Surgery at Ka-

goshima University Hospital were included in this study. All patients were evaluated us-

ing contrast-enhanced CT, US, and FDG-PET/CT before initial treatment. Ultimately, the 

study involved 73 patients. They were 44 men and 29 women, with an average age at 

diagnosis of 66.1 ± 12.5 years and a range of 29–91 years, who could be evaluated for cer-

vical lymph node status. Both the clinical and pathological stagings were performed ac-

cording to the Union for International Cancer Control TNM classification (2010, 7th edi-

tion). Neck dissection was planned by our department based on clinical and imaging find-

ings. With tumors larger than 3 cm in size (late T2), patients received preoperative chemo-

radiotherapy consisting of S-1, and the prescribed dose was 30 Gy in 15 fractions, and 

radical surgery was performed within 1 month after preoperative treatment. All cN(+) and 

cN0 patients who required reconstructive surgery underwent neck dissection simultane-

ously with primary tumor resection. If even one node was diagnosed with metastasis be-

fore treatment, a radical neck dissection with ipsilateral levels I–V was performed. The 

sternocleidomastoid muscle was always sacrificed, and the accessory nerves and internal 

jugular vein were preserved unless there were metastatic lymph node attachments. cN0 

patients who needed reconstructive surgery underwent a supraomohyoid neck dissec-

tion. After surgery, all patients were clinically examined by surgeons once or twice a 

month in year 1, once a month in year 2, and every 3–6 months in years 3–5. Enhanced CT 

and US were performed 1, 3, 6, 12, 18, and 24 months after surgery and once a year for the 
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next 3 years. If cervical node metastasis was detected during observation, then neck dis-

section and a histopathological examination were performed immediately. 

2.2. Image Analysis 

2.2.1. Protocol for Contrast-Enhanced CT and US 

Using the contrast-enhanced CT or US images, each cervical lymph node was evalu-

ated for the long diameter, short diameter, and long and short ratio. The existence of a 

hilum and internal echo were investigated using US. The enhanced pattern of lymph 

nodes was evaluated using contrast-enhanced CT. 

2.2.2. Protocol for 18F FDG-PET/CT 

Overall, 18F FDG-PET/CT has been recognized as a useful tool to identify metastatic 

lymph nodes. In this study, images were obtained using Discovery PET/CT 600 Motion 

and Discovery PET/CT 610 Motion (GE healthcare, Chicago, IL, USA). After fasting for 6 

h before FDG-PET/CT scanning, patients were administered 18F FDG at a concentration of 

3.7 MBq/kg body weight. Whole body scanning was performed 1 h after 18F FDG dosing, 

and local images were obtained 2 h later. FDG uptake in lesions was evaluated using the 

standardized uptake value (SUV) max and SUV average calculated with the maximum 

area of each lymph node for quantitative analysis at 2 h later scanned images. 

2.3. Diagnosis of Clinical Nodal Status 

Comprehensively, the node status was determined using various combinations of 

some modalities, CT, US, and FDG-PET/CT. The diagnostic criteria of metastasis were 

shown in our previous study [6]. Cervical lymph nodes were considered positive if at least 

CT or US was positive. If all results were suspect or negative, the final diagnosis was based 

on FDG-PET. The SUV max of the lymph node was considered positive if its SUV max 

was larger than 3.2. 

2.4. Pathological Examination 

The biopsy specimens of 57 patients could be evaluated. Biopsies were performed by 

experienced oral oncologists and included the border between the lesion and normal tis-

sue. These biopsy specimens were examined for tumor budding score, lymphovascular 

invasion, vascular invasion, perineural invasion, and Yamamoto–Kohama (YK) classifica-

tion. Lymphatic invasion, vascular invasion, perineural invasion, and YK classification 

were diagnosed by oral pathologists. Tumor budding was defined according to the ITBCC 

scoring system as a single cell or a cell cluster comprising less than 5 cancer cells at the 

invasive front. All hematoxylin and eosin-stained slides were reviewed three times sepa-

rately by two oral surgeons who were blinded to the clinical data independently of 

blinded patient information, and the mean value was adopted. After the selection of one 

field by which budding was the most intensive, the number of buds was counted using a 

20 × 10 objective lens. 

2.5. Definite Diagnosis of Cervical Lymph Nodal Status 

In patients who underwent neck dissection, we considered their pathological N status 

to be their “true N status = pN(+)”. In patients who did not undergo neck dissection, at least 

36 months of follow-up data were examined for the presence of nodal metastases = pN(−). 

2.6. Statistical Analysis 

All statistical analyses were performed using JMP version 9.0.2 (SAS Institute Inc. 

Cary, NC, USA) to determine the significance between the pN(+) and pN(−) lymph node 

groups. The distribution of clinical and pathological factors in the pN(+) and pN(−) lymph 

node groups was tested using the χ2 test. ROC analysis was used to evaluate cut-off values 

for SUV max, SUV average, and the budding score. Multivariable logistic regression was 
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used to predict lymph node metastasis based on various clinical and pathological factors. 

The results of the univariate and multivariable analyses were presented as the odds ratio 

(OR) and 95% confidence interval (CI). The factors using multivariable analyses were en-

rolled using the forward stepwise selection method (p  0.2). To evaluated sample size 

adequacy, the power was calculated with effect size = 0.8 and α = 0.05 by a post hoc test 

using G*Power 3.1 (free software). 

3. Results 

In this study, we included 1584 cervical lymph nodes of 72 OSCC patients to evaluate 

the association between imaging findings and metastasis and evaluated another 57 pa-

tients with biopsy pathology findings. To evaluate the validity of this cohort study, we 

used a post hoc test to assess the power (Supplement Table S1). 

The 72 OSCC patients were clinically classified into a 38 cN(−) group and a 35 cN(+) 

group before surgery. Twenty-two patients had cervical lymph node metastasis patholog-

ically. There were no significant differences in age, sex, cT classification, or primary loca-

tion among them (Table 1). 

Table 1. Patient population. 

 pN(+) Group pN(−) Group p Value 

Number 22 51  

age 64.7 ± 14.0 67.1 ± 12.1 0.462 

sex    

 male 14 30 0.699 

 female 8 21  

cT clssification    

 T1 3 10 0.629 

 T2 14 27  

 T3 4 8  

 T4 1 6  

Primary tumor    

 Tongue 11 22 0.419 

 Floor of mouth 2 6  

 Mandibular 32 12  

 Maxilla 4 8  

 Buccal mucosa 2 3  

cN0 7 31 0.018* 

cN1/2 15 20  

late metastasis 5 0 - 

Twenty-nine cN0 patients did not undergo neck dissection as their primary surgical 

treatment and adopted the wait-and-watch policy. Five (17.2%) of them developed cervi-

cal node metastasis without recurrence at the primary local site during the follow-up pe-

riod, and rescue surgery was performed as soon as metastasis was detected. 

A total of 1587 cervical lymph nodes (average 21.7 per patient, range 12–37) were 

analyzed using image examinations. Of those lymph nodes, 33 nodes showed metastasis 

pathologically, and 1554 nodes were either histologically non-metastatic or did not show 

metastasis on follow-up. The imaging findings of each lymph node were compared be-

tween pN(+) nodes and pN(−) nodes (Table 2). The values of the imaging features were 

not normally distributed. There were significant differences in the lymph node long di-

ameter, short diameter, long/short ratio, internal echo, CT contrast effect, SUV max, and 

SUV average (Figure 1). The long diameter and short diameter of the metastatic lymph 

nodes were significantly longer than those of the lymph nodes without metastasis. The 
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long/short ratio of the metastatic lymph nodes was significantly shorter than that of the 

lymph nodes without metastasis. The ROC curve cut-off values, AUC, sensitivity, and 

specificity of the long diameter, short diameter, and long/short ratio were 9.14 vs. 5.20 vs. 

1.55, 0.761 vs. 0.826 vs. 0.626, 66.7% vs. 66.7% vs. 48.5%, and 41.4% vs. 43.1% vs. 65.8%, 

respectively (data not shown). 

Most negative lymph nodes showed an FDG concentration equal to that of normal 

tissue, and their SUV max and SUV average were distributed at 1.0; therefore, the SUV 

max and SUV average of the metastatic lymph nodes were significantly higher than those 

of the negative lymph nodes. 

Table 2. Classification of imaging factors of lymph nodes and logistic regression analysis for imag-

ing factors predicting lymph node metastasis. 

Imaging Feature 

  χ2 Test Result of Logistic Regression Analysis 

pN(+)LNs pN(−)LNs p Value Univariate Analysis Multivariable Analysis 

n = 33 n = 1554  OR 95%Cl p Value OR 95%Cl p Value 

Long diameter 
11.1 

(7.1–17.4) 

6.0 

(4.6–8.2) 
<0.001 ** 1.23 1.16–1.31 <0.001 ** - - - 

Short diameter 
4.6 

(3.6–5.9) 

2.7 

(2.0–3.6) 
<0.001 ** 1.98 1.67–2.36 <0.001 ** - - - 

Long/Short ratio 
1.9 

(1.3–2.9) 

2.2 

(1.8–2.9) 
0.042 * 0.60 0.36–0.94 0.038 * - - - 

US observation          

 Hilum          

 Clear/unclear 21/6 687/569 0.886 0.94 0.89–2.14 0.885 - - - 

 disappearance 6 298        

 Internal echo          

 None/unclear 14/4 1452/87 <0.001 ** 109.0 47.1–260.9 <0.001 ** 16.37 4.00–57.78 <0.001 ** 

 Appearance 17 15        

CT contrast effect          

 
None/heterogene-

ity 
14/5 1506/43 <0.001 ** 228.3 79.1–767.5 <0.001 ** 5.58 1.08–31.64 0.045 * 

 Rim enhancement 14 5        

SUV max 
3.5 

(2.3–5.4) 

1.0 

(1.0–1.0) 
<0.001 ** 2.51 2.07–3.10 <0.001 ** 2.11 1.66–2.68 <0.001 ** 

SUV average 
2.6 

(1.9–3.4) 

1.0 

(1.0–1.0) 
<0.001 ** 4.51 3.26–6.45 <0.001 ** - - - 

Long diameter, Short diameter, Long/Short ratio, SUV max, and SUV average indicate median and 

interquartile range. LN: lymph node, OR: odds ratio, Cl: confidence interval. * p< 0.05, ** p< 0.01. 
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Figure 1. (A): Distribution of imaging factors in metastatic lymph nodes and non-metastatic lymph 

nodes. The central line is the median. The central mark “×” is average. The box is the 25–75% con-

fidence interval. The vertical line is the 95% confidence interval. The dots are outliers. (B): ROC 

curve and cut-off value of SUV max and SUV average. 

The ROC curve cutoff values, AUC, sensitivity, and specificity of the SUV max and 

SUV average were 2.81 vs. 2.41, 0.804 vs. 0.706, 85.2% vs. 77.8%, and 65.3% vs. 72.0%, re-

spectively. Logistic regression was applied to identify predictive lymph node metastasis 

in the imaging factor. Based on the univariate analysis of the imaging factors, the long 

diameter, short diameter, long/short ratio, internal echo, CT contrast effect, SUV max, and 

SUV average were significantly associated with lymph node metastasis. As a result of the 

forward stepwise selection method, three factors (internal echo, CT contrast effect, and 

SUV max) were selected for multivariable analysis. Based on the multivariable analysis, 

the internal echo and CT contrast effects were significantly associated with lymph node 

metastasis. 

Pathological factors were examined in 57 patients who could be evaluated using a 

biopsy specimen and compared between the pN(+) and pN(−) groups. There were signif-

icant differences in the budding score and vascular invasion and nearly significant YK 

classification (Table 3). Only the budding score of the lymph node metastasis cases 

showed a normal distribution. The population budding score is shown in Figure 2. The 

cut-off value, AUC, sensitivity, and specificity were 2.88, 0.76, 75.0%, and 57.4%, respec-

tively. 
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Table 3. Pathological factors related to lymph node metastasis. Logistic regression analysis for 

pathological factors predicting lymph node metastasis. 

Pathological Fac-

tor 

  χ2 Test Result of Logistic Regression Analysis 

pN(+) Group pN(−) Group p Value Univariate Analysis Multivariable Analysis 

n = 20 n = 37  OR 95%Cl p Value OR 95%Cl p Value 

Budding score 5.12 ± 3.57 2.24 ± 2.12 <0.001 ** 1.44 1.17–1.87 <0.001 ** 1.30 0.99–1.73 0.043 * 

ly none 20 37 - - - - - - - 

 positive 0 0        

v none  12 34 0.004 * 7.56 0.85–39.1 0.042 * 3.31 0.17–20.6 0.172 

 positive 8 3        

pn none  20 35 0.290 - - - - - - 

 positive 0 2        

YK classification          

 2/3 0/13 6/27 0.069 3.54 0.88–15.7 0.075 1.87 0.33–10.3 0.467 

 4C/4D 4/2 3/1        

Budding score indicates average and standard deviation. ly: lymphatic vessel invasion, v: vascular 

invasion, pn: perineural invasion. YK classification: The borderline is slightly disordered in YK-2. 

The borderline is unclear, and large and small tumor nests are scattered in YK-3. The borderline is 

unclear, and small tumor nests invade in the form of a cord in YK-4C. The borderline is unclear, 

and the tumor does not form nests and diffusely invades in YK-4D. * p< 0.05, ** p< 0.01. 

 

Figure 2. (A): Histopathological finding of tumor budding in biopsy specimen with hematoxylin 

and eosin (HE) staining of OSCC at 20 × 10 magnification. Red triangle indicate tumor buddings. 

(B): Tumor budding distribution of the tumor budding score. The central line is the median. mark 

“×” is average. The box is the 25–75% confidence interval. The vertical line is the 95% confidence 

interval. The dots are outliers. (C): ROC curve. Red line is tangent line with slope 1. 
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Based on χ2 Test and univariate analysis of pathological factors, the budding score 

and vascular invasion were significantly associated with lymph node metastasis. As a re-

sult of the forward stepwise selection method, three factors (budding score, vascular inva-

sion, and YK classification) were selected for multivariable analysis. The budding score was 

only significant in the multivariable analysis (p-value = 0.04, OR: 1.30, 95% CI: 0.99–1.73). 

When the logistic regression analysis for predicting lymph node metastasis was per-

formed using the factors budding score, vascular invasion, and YK classification, the fol-

lowing regression equation was derived: 

Logit(p) = −1.89 + 0.26(budding score) + 1.19(vascular invasion: positive = 1, negative 

= 0) + 0.63(YK classification: 4C and 4D = 1, other = 0). If logit(0) ≧ 0.5, then the patients 

have cervical lymph node metastasis. 

4. Discussion 

Although various imaging systems are used to diagnose cervical lymph node metas-

tasis in OSCC, the diagnosis of micro lesions in which the disease has not progressed is 

made comprehensively by a skilled diagnostician using various imaging systems, and this 

is thought to be the cause of the difference in diagnostic accuracy among institutions. 

Therefore, we started this study to create a diagnostic system that does not depend on a 

skilled diagnostician. 

Recently, the NCCN guidelines indicated that margin positivity, perineural invasion, 

vascular invasion, and lymphatic invasion of the excision specimen were pathological risk 

factors for OSCC. However, these factors are not predictors of cervical lymph node me-

tastasis. The aim of this study was to explore factors associated with cervical metastasis 

using preoperative imaging and histopathologic findings in order to diagnose cervical 

lymph node metastasis in OSCC. In this study, we identified imaging findings and path-

ologic factors associated with cervical lymph node metastasis and developed diagnostic 

criteria that combined these findings and suggested a treatment plan to improve the prog-

nosis of oral squamous cell carcinoma. 

4.1. Imaging Analysis 

We focused on the imaging factors of CT, US, and FDG-PET. CT and US revealed the 

shape change in the cervical lymph node. In this study, the pN(+) lymph nodes had an 

average long diameter of 11.9 mm, a minor axis of 6.5 mm, and a long/short ratio of 2.2 

mm, which were significantly different from the pN(−) lymph nodes. A previous study 

reported that metastatic lymph nodes have a 10 > mm long diameter, 5 > mm short diam-

eter, and 2 ≦ long/short ratio [11]. US is able to visualize keratin formation due to micro 

metastasis foci as the presence of an internal echo and absence of a hilum, which has been 

reported to have high diagnostic accuracy [12,13]. In this study, the disappearance of the 

hilum and the appearance of internal echogenicity were significantly different between 

the pN(+) lymph nodes and pN(−) lymph nodes. 

CT has a high accuracy in drawing anatomical positional relationships and largescale 

changes in the internal structure of metastatic lymph nodes using contrast agents, but it 

has less ability to draw small changes in lymph nodes than US. 

The combined use of 18F-FDG PET with CT has enhanced the anatomic delineation 

and metabolic changes of cervical lymph node metastasis [14]. Previous studies have 

shown the superior sensitivity of 18F-FDG PET or PET/CT to CT/MR imaging for the de-

tection of cervical lymph node metastasis in oral squamous cell patients [15–19]. 

We investigated the SUV max and the average of each cervical lymph node. The SUV 

max cut-off value for PET/CT in this study was 2.81, which is close to the value of 2.50 

reported by Caylakl et al. [20]. In this study, we considered the possibility that micro me-

tastases in the lymph node might affect the SUV of the lymph node and compared the 

SUV max and SUV average. The AUC of the SUV max was 0.804 and of the SUV average 

was 0.706, which means the SUV max was more useful than the SUV average. This finding 

suggests that the SUV max might reflect micro metastasis in cervical lymph nodes rather 
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than the SUV average. Recently, quantifiable metabolic parameters such as the SUV peak, 

metabolic tumor volume (MTV), and total lesion glycolysis (TLG) obtained using 18F-

FDG PET/CT have shown prognostic significance in several solid tumors and lymphomas 

in primary lesions [21,22]. These parameters need some lesion volume; therefore, they are 

difficult to apply to small lesions such as cervical lymph nodes but might be useful pa-

rameters to replace the SUV max if the spatial resolution of PET improves. 

Based on the univariate analysis of imaging factors, there was a significant difference 

in the long diameter, short diameter, long/short ratio, internal echo, CT rim enhancement, 

SUV max, and SUV average, but based on the multivariable analysis, only the internal 

echo was observed. The appearance of rim enhancement and internal echoes are common 

findings that are considered diagnostic of cervical lymph node metastasis, and their asso-

ciation with metastasis was suggested in the multivariable analysis in this study. Other 

factors that showed significant differences only in the univariate analysis were considered 

informative factors, although they were not significant findings for predicting the diag-

nosis of metastasis. 

4.2. Pathological Factor 

In this study, we investigated the tumor budding score, lymphatic invasion, vascular 

invasion, nerve invasion, and YK classification. Tumor budding is defined as a cancer nest 

consisting of one or fewer than five component cells infiltrating into the stromal area of 

advanced cancer growth [8,23] and has recently been reported to correlate with metastasis 

and prognosis in oral cancer [24–27]. Many other studies report that the evaluation of re-

sected specimens may be useful for predicting whether late metastasis may occur after 

initial treatment, but the purpose of this study is to investigate if these features could im-

prove the accuracy of the diagnosis of lymph node metastasis before surgery. Therefore, 

we investigated the tumor budding score of the biopsy section. A significant difference 

was observed between the group with cervical lymph node metastasis and the group 

without metastasis. These results suggest that the budding score of biopsy sections may 

be useful for the diagnosis of metastasis before surgery. However, the cutoff value of 2.88 

derived from the ROC curve has a low specificity of 57.4%, and there is a possibility that 

nearly half of the unnecessary neck dissections may be performed for clinical application, 

so it should be used as a reference only. 

Regarding the classification of tumor invasion, Matthias Troeltzsch et al., reported 

that G classification is correlated with recurrence and prognosis [28]. However, there is a 

report that the G classification has a low correlation with prognosis and that the diffuse 

infiltration pattern at the deep border is important [29]. In this study, we compared the 

YK classification. Although it has been reported that the YK classification correlates with 

cervical metastasis [30], it is a widely used index to predict the grade of oral cancer in 

Japan. In this study, the YK classification showed a significant difference in the presence 

of metastasis between the 1, 2, and 3 groups and the 4C and 4D groups using univariate 

analysis. The relationship between the presence of vascular invasion and lymph node me-

tastasis has been reported in past studies [7,31]. In this study, the presence of vascular 

invasion showed a significant difference using the univariate analysis. 

4.3. New Established Diagnostic Chart System 

Based on the above result, we suggested a diagnostic chart system combining the 

imaging and pathological findings to diagnose lymph node metastasis (Figure 3). Rim 

enhancement with enhanced CT or the appearance of internal echoes with US are the most 

important diagnostic factors of metastasis. If there were no metastases, then PET SUV max 

≥ 2.8 was defined as the border of metastasis in each lymph node. If the imaging findings 

did not indicate signs of lymph node metastasis, then the budding score and valvular 

invasion in the biopsy specimen were used as references for diagnosis. 
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Figure 3. Diagnostic criteria and therapeutic strategy combining preoperative imaging and patho-

logical findings for lymph node metastasis of oral squamous cell carcinoma. 

If the logit(p) becomes ≥ 5, then the patient is considered to be at high risk for occult 

cervical metastasis, and either cervical lymphatic prophylactic neck dissection or careful 

follow-up should be considered. 

Fifty-seven patients in this study adopted this diagnostic chart system; twenty-eight 

patients were only diagnosed as cN(+) using imaging, and fourteen of them were pN(+). 

Twenty-nine patients were diagnosed with cN0 using imaging factors, but five patients 

had a high risk of cervical lymph node metastasis according to the biopsy specimen find-

ings, and four of them had cervical lymph node metastasis. Twenty-two patients were 

diagnosed with cN0 using this chart system, but two patients had occult metastasis. 

4.4. Limitations 

In this study, late T2 and higher patients received preoperative radiation chemother-

apy. Therefore, the possibility that the micro metastasis has disappeared cannot be ruled 

out, and it may have affected the pathological diagnosis of metastatic lymph nodes. In 

addition, 73 cases could be examined for imaging factors, and only 57 cases could be his-

topathologically examined. It is considered necessary to accumulate more cases. 

The TNM classification was revised to 8th in 2017, and T was classified according to 

depth in invasion (DOI), and it is reported that the possibility of cervical lymph node me-

tastasis is increased in patients with a DOI of 5–≥8. However, in this study, patients were 

diagnosed based on the 7th TNM classification, and patients with more than late T2 received 

neoadjuvant therapy; therefore, DOI could not be considered. In order to add DOI to this 

diagnostic system, DOI needs to be evaluated in patients without neoadjuvant therapy. 

5. Conclusions 

From this study, it was considered that the long diameter, short diameter, long/shot 

ratio, the SUV max imaging factor, the budding score, and YK classification of the biopsy 

specimen imaging factor were correlated with cervical lymph node metastasis. 

In addition, the appearance of the internal echo of US, rim enhancement of the en-

hanced CT imaging factors, and the presence of vascular invasion in pathological factors 
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were independent prognostic factors of cervical lymph node metastasis. We suggest that 

the diagnostic criteria and therapeutic strategy method of combining imaging factors and 

pathological factors might improve the diagnostic accuracy of cervical lymph node me-

tastasis. 

Supplementary Materials: The following supporting information can be downloaded at: 
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