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Abstract 

Objectives 

In Japan, diagnostic differences between institutions/facilities and pathologists have led to 

discussions about reinvestigating the standards of diagnosis. Our objective was to reinvestigate 

the usefulness of these methods for assessing the recurrence risk of squamous cell carcinoma of 

the tongue. 

Subjects and methods 

Clinical and histopathological data from 168 patients with tongue squamous cell carcinoma 

were analyzed to compare two grading systems: the Yamamoto-Kohama (YK) classification and 

infiltrative growth pattern (INF). 

Results 

According to the YK classification, 5-year disease-free survival was significantly lower for 

grade 4C than for grades 1, 2, and 3 (p < 0.05).However, the 5-year disease-free survival rate 

did not differ significantly according to the INF. Grades 4C and 4D according to the YK 

classification did not have significantly different 5-year survival rates and did not differ 

to the corresponding INFc rate (p = 0.652). Furthermore, Cox's proportional hazards 

models did not identify any specific prognostic marker differences between patients 

with 4C and 4D tumors in relation to 2-year survival rates. 

Conclusion 

The INF classification did not demonstrate superiority over YK classification in 

assessing relapse risk in patients with squamous cell carcinoma of the tongue. We plan 

to further investigate the usefulness of INF grading for predicting recurrence risk by 
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accumulating more cases.  

Key words: Oral cancer, tongue squamous cell carcinoma, mode of invasion 
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1. Introduction 

Histopathological grading is an indicator of the malignancy of squamous cell carcinoma. One of 

the most common histological grading systems is the WHO grade classification (1971) [1] that 

is based on the Broders classification (1920) [2] for lip cancer, in which the degree of 

differentiation towards stratified squamous epithelium is mainly used as an indicator. This 

classification is customarily used worldwide because in large populations, it shows a correlation 

with prognosis or lymph node metastases; however, its usefulness is not high for individual 

cases. Therefore, some histopathological grading systems, including the Jakobsson classification 

(1973) [3], the Willen classification (1975) [4], the Anneroth classification (1984, 1987) [5,6], 

and the Bryne classification (1995) [7], have been proposed. In these classifications, 4 to 8 

factors in the border of the tumor mass and the host tissues are rated, and the malignancy is 

evaluated by a total count. The usefulness of these grading systems has been tested in many 

studies but they are not in wide spread use because of the complexity of the systems. In Japan, 

particularly in the field of oral surgery, many institutions use the Yamamoto-Kohama (YK) 

classification [8-10], which is based on the Jakobsson classification and focuses on alveolar 

histology at the border of the tumor mass and the host tissues. In recent work, the WHO has 

pointed out that the grade classification has a low correlation with prognosis and that the mode 

of diffuse infiltration at the deep tumor border is important for prognosis [11]. However, recent 

institutional and diagnostician-based variations have been reported in diagnoses obtained using 

the YK classification, suggesting that a review of the diagnostic criteria is needed [12,13]. The 

YK classification was recently used to grade tumors in digestive regions such as the esophagus 

[14]. In addition, infiltrative growth pattern (INF), which is commonly used to grade malignant 
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tumors in the digestive organs (e.g., the esophagus, stomach, and large intestine), was recently 

applied to the oral region, and a correlation with the YK classification was suggested. The 

present study, compared two methods of evaluating clinical, histopathological, and 

histopathological grading systems: the YK classification, and infiltrative growth pattern (INF). 

Our objective was to reinvestigate the usefulness of these methods for assessing the risk of 

recurrence of squamous cell carcinoma of the tongue by evaluating patients who had undergone 

treatment at our institution. 

 

2. Subjects and Methods 

2.1 Subjects 

The subjects were 193 patients with tongue squamous cell carcinoma who had received 

treatment in the Oral and Maxillofacial Surgery, Tokyo Dental College between 2000 and 2010. 

Twenty-five patients with noninvasive cancer, in which the degree of invasion had not reached 

the muscular layer, were excluded because the parenchyma of the tumor was not clear. 

For treatment, 70 patients (41.7%), 76 patients (45.2%), 5 patients (3%), and 17 patients 

(10.1%) underwent surgery alone, surgery plus chemotherapy, surgery plus radiotherapy, and 

surgery plus chemotherapy and radiotherapy, respectively. 

All the specimens were histologically confirmed using microscopy with the operator blinded to 

each patient's clinical course. 

 

2.2 Clinical evaluation 

Tumor-Node-Metastasis (TNM) staging was performed according to the Union 
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Internationale Contre le Cancer classification (2009) [15]. Staging of cervical lymph 

nodes was performed according to the General rules for Clinical and Pathological 

Studies on Oral Cancer: A Synopsis. [16]. Clinical growth pattern was evaluated 

according to the Tongue Cancer Handling Guideline [17] produced by the Japan Society 

for Oral Tumors. 

 

2.3 Histopathological evaluation  

Resected specimens were analyzed by histopathological examination of hematoxylin and eosin 

staining of paraffin-embedded sections.  

The diagnostic criteria using the YK classification were defined as follows: grade 1, 

the border line is well defined; grade 2, the border line is slightly disordered; grade 3, 

the border line is unclear, and small and large alveolar tumors are scattered; grade 4C, 

the border line is unclear and small alveolar tumors show cord-like invasion; grade 4D, 

the border line is unclear, and the tumor is not alveolar and is diffusely infiltrated 

(diffuse type) (Figure 1). The INF was defined as follows: INFa, the tumor grows in a 

solid and extensive pattern, and is distinct from the surrounding interstitium (expansion 

type); INFb, invasion and proliferative state was intermediate between INFa and INFc 

(intermediate type); INFc, the border between the tumor and the surrounding 

interstitium is unclear (invasive type). Based on the criteria set by the Japan Society of 

Tumor’s working group, using the comparison of histopathological characteristics 

above, we determined that grade 2 of the YK classification was equivalent to INFa, and 

that grade 4C and 4D of the YK classification were equivalent to INFc of the INF 

system. Accordingly, to compare the staging systems for the mode of invasion, we 
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performed a comparison between grade 4C and 4D of the YK classification with INFc.  

Differentiation was defined according to the WHO grade classification [11]. The 

invasion depth was defined according to the Tongue Cancer Handling Guideline [17] 

produced by the Japan Society for Oral Tumors as follows: M, carcinoma occurs in the 

epithelium; SM, tumor invades the subepithelial submucosa; MP1, tumor slightly 

invades the muscularis propria; MP2, tumor invades the deep muscularis propria. 

 

2.4 Statistical Analyses  

All data were statistically analyzed using the R 3.0.0 prerelease version and the survival 

package. Survival curves for each mode of invasion were plotted using the 

Kaplan-Meier method. P-values were calculated using the log-rank test. The impact on 

prognosis was evaluated by hazard ratio and P-values derived from Cox's univariate 

proportional hazards model and Cox's multivariate proportional hazards model. The 

endpoint of the multivariate analysis was determined as 2 years after surgery. P < 0.05 

was considered to show statistical significance. The 31st August 2011 was defined as 

the confirmation day to calculate the cumulative survival rate. 

 

3. Results 

3.1 Clinical evaluation 

3.1.1. Patient outcome and tumor characteristics 

All data concerning patient characteristics, TNM classification and tumor staging, and 

clinical growth style, and prognosis are presented in Table 1. The mean age was 58.5 
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years (men, 57.6 years; women, 60.2 years; range, 19-90 years). The ratio of male to 

female patients was 1.95:1.  

 

3.2 Histopathological evaluation 

According to the YK classification, 26 (15.5%), 33 (19.6%), 53 (31.5%), 31 (18.5%), and 25 

(14.9%) patients had grade 1, 2, 3, 4C, and 4D tumors, respectively. According to the INF, 33 

(19.6%), 53 (31.5%), and 56 (33.4%) patients had INFa, INFb, and INFc tumors, respectively. 

The degree of differentiation, invasion depth, and cervical lymph node metastasis (pN) 

of the tumors can be seen in Table 1. 

 

3.3 Statistical analysis 

3.3.1. Survival rate 

In patients with grade 1-3, 4C, and 4D tumors, according to the YK classification, the 5-year 

disease-free survival rates were 77.7%, 60.2%, and 65.9%, respectively. In comparison to 

patients with grade 1-3 tumors, the survival rate in patients with grade 4C tumors was 

significantly lower (p <0.05) (Figure 2). However, there was no statistically significant 

difference in 5-year disease-free survival between grades 4C and 4D of the YK classification 

(p = 0.652). In patients with INFa, INFb, and INFc tumors, the rates were 76.7%, 77.3%, and 

63.3%, respectively; there was no significant difference between the INF classifications or in 

comparison to the corresponding YK classifications.  

 

3.3.2. Correlation with prognosis  

Cox’s univariate and multivariate proportional hazards model was used to compare the 
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2-year survival rate as a function of sex, age, clinical growth style, history of cigarette 

smoking, drinking history, degree of differentiation, invasion depth, T classification, 

stage classification, and pN status between patients with grade 4C and 4D (YK 

classification) tumors (Figure 3-1, 2). There were no prognostic indicators or significant 

differences in any of the parameters analyzed between patients with 4C and 4D tumors. 

 

4. Discussion  

Yamamoto et al. [8] and Okamoto et al. [18] previously reported a relationship between each 

type of clinical/histopathological finding and infiltration pattern, including patterns of clinical 

development, differentiation, degree of dyskaryosis, and monocyte infiltration. However, they 

did not confirm a clear relationship with mitotic activity. Here, the following patterns of clinical 

development were common, shallow/external grade 1-3 YK, and INFa. There was also a 

tendency of grade 4D YK, and INFc. With respect to the degree of differentiation, the results 

suggested that the ratio of grade 4C YK, and INFc increased as early-phase infiltration 

transitioned into low-level differentiation. Histopathologically, many cases of grade 1-3 YK, and 

INFa exhibited severe keratinization and mild cellular atypism. For grade 4D YK and INFc, the 

number of patients with mild keratinization and severe cellular atypism increased. Given these 

results, we believe that our results reflect the data obtained by Yamamoto et al. [8] and Okamoto 

et al. [18]. 

Regarding the relationship between the survival rate and pattern of infiltration, 

Yamamoto et al. [9] reported that survival rate decreased with progression from grade 1 

to 4D. Furthermore, they found a significant difference in survival rate between grades 

4C and 4D [19, 20]. In contrast, here the 5-year survival rates for grades 2 and 3 YK 
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were 74.8% and 77.3%, respectively, while for grades 4C and 4D they were 60.2% and 

65.9%, respectively. This apparent contradiction can be explained through marked 

differences and inconsistencies in diagnostic criteria between examiners and facilities. 

Indeed, in a multicenter study aimed to resolve disparities in YK diagnoses between 

examiners and facilities published by Izumo et al [12], a similar reversal of 4C and 4D 

survival rates was observed. They concluded that an investigation of a detailed 

diagnostic standard for YK classification is necessary to circumvent these issues [12], 

with particular emphasis on creating grade 4D diagnostic standards. Furthermore, they 

also reported that investigation into the combined use of immunostaining diagnostic 

methods for epithelial markers (cytokeratin) or INF (used in gastric and colon cancer) is 

necessary to maintain the objectivity of YK classification. 

In our study, we could not confirm a clear difference in the relapse risk between grades 

4C and 4D according to the YK classification (assessment target, INFc). Thus, we could 

not demonstrate the superiority of INF over the YK classifications for assessing the 

recurrence risk in cases of squamous cell carcinoma of the tongue. However, a 

limitation of the current study is the difference in the number of patients in each group, 

which may confer data bias; therefore, future studies would benefit from increased case 

numbers. 

 

5. Conclusions 

We compared methods of assessing clinical and histopathological malignancies such as the YK 

classification and INF in terms of predicting the risk of relapse in 168 cases of primary 

squamous cell carcinoma of the tongue treated at our institution over a 11-year period. However, 
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the superiority of INF over the YK classifications could not be demonstrated. To further the 

investigation, we plan to accumulate more cases in the future. 
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Figure legends 

 

Fig. 1: Grade 2; Cords, less marked borderline. Grade 3; Groups of cells, no distinct 

borderline. Grade 4C; Diffuse invasion of cord-like type. Grade 4D; Diffuse invasion of 

diffuse, widespread type. 

Fig. 2: Survival rates of patients with tongue cancer according to the YK classification 

using the Kaplan-Meier method. 

Fig. 3, 1-2: YK grade 4C versus 4D 

Cox’s multivariate proportional hazards regression analysis of all disease-free survival 

and 2-year disease-free survival. Abbreviations: YK, Yamamoto-Kohama classification; 

SM, invasion into the subepithelial submucosa; MP invasion into the muscularis 

propria. 
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Fig. 2 
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Fig. 3-1 

YK4C vs 4D 

Cox’s multivariate proportional hazards regression analysis of all disease-free survival and 2-year disease-free survival. 

Prognostic 

Factor 

Grade 

Age 

Smoking 

Sex 

Alcohol 

Differentiation 

Depth 

Clinical growth style 

pn 

T size 

Stage 

YK4C 

<60 

No 

Male 

No 

Early, Well 

SM 

Superficial, Exophytic type 

(－) 

≤40 mm 

I, II 

YK4D 

≥60 

Yes 

Female 

Yes 

Moderate, Poor 

MP 

Endophytic type 

(＋) 

>40 mm 

III, IV 

No. of 

Patients 

 29 

 30 

 29 

 34 

 19 

 29 

  5 

 20 

 29 

 35 

 22 

 23 

 22 

 23 

 18 

 33 

 23 

 47 

 32 

 23 

 17 

 30 

Univariate 

Hazard Ratio 

 0.00  4.00  8.00 12.00 

p=.624 

p=.875 

p=.667 

p=.775 

p=.499 

p=.664 

p=.621 

p=.627 

p=.850 

p=.801 

p=.646 

Multivariate 

Hazard Ratio 

  0.00  20.00  40.00 

p=.216 

p=.606 

p=.809 

p=.707 

p=.237 

p=.587 

p=.205 

p=.154 

p=.189 

p=.938 

p=.451 
All disease-free survival 



Fig. 3-2 

YK4C vs 4D 

Cox’s multivariate proportional hazards regression analysis of all disease-free survival and 2-year disease-free survival. 

Prognostic 

Factor 

Grade 

Age 

Smoking 

Sex 

Alcohol 

Differentiation 

Depth 

Clinical growth style 

pn 

T size 

Stage 

YK4C 

<60 

No 

Male 

No 

Early, Well 

SM 

Superficial, Exophytic type 

(－) 

≤40 mm 

I, II 

YK4D 

≥60 

Yes 

Female 

Yes 

Moderate, Poor 

MP 

Endophytic type 

(＋) 

>40 mm 

III, IV 

No. of 

Patients 

 29 

 30 

 29 

 34 

 19 

 29 

  5 

 20 

 29 

 35 

 22 

 23 

 22 

 23 

 18 

 33 

 23 

 47 

 32 

 23 

 17 

 30 

Univariate 

Hazard Ratio 

 0.00  2.00  4.00  6.00  8.00 

p=.429 

p=.682 

p=.947 

p=.887 

p=.833 

p=.689 

p=.963 

p=.815 

p=.485 

p=.618 

p=.681 

Multivariate 

Hazard Ratio 

  0.00  10.00  20.00  30.00  40.00 

p=.278 

p=.661 

p=.518 

p=.778 

p=.633 

p=.435 

p=.640 

p=.229 

p=.092 

p=.583 

p=.443 
Two-year disease-free survival 



Table 1: Clinicopathologic features of tongue cancer patients 

YK classification Grade 1 Grade 2 Grade 3 Grade 4C Grade 4D 

 INF 

 

INFa INFb INFc Total 

Case No. 26 33 53 31 25 168 

Gender          

                          Male 15 22 36 21 17 111 

                 Female 11 11 17 10 8 57 

Age 

      10s 0 1 0 0 0 1 

20s 0 1 1 0 1 3 

30s 2 3 6 3 1 15 

40s 0 2 5 2 4 13 

50s 8 6 10 9 12 45 

60s 9 11 18 12 6 56 

70s 6 7 8 5 1 27 

80s 0 2 5 0 0 7 

90s 1 0 0 0 0 1 

Smoking 

      No 13 17 33 15 14 92 

Yes 8 11 13 14 10 56 

Unknown 5 5 7 2 1 20 

Alcohol 

      No 10 12 19 9 10 60 

Yes 11 17 27 20 13 88 

Unknown 5 4 7 2 2 20 

T classification 

      T1 16 13 23 10 4 66 

T2 9 17 24 11 12 73 

T3 1 3 4 5 7 20 

T4 0 0 2 5 2 9 

N classification 

      N0 20 25 36 12 11 104 

N1 2 7 9 8 5 31 

N2 4 1 8 10 9 32 

N3 0 0 0 1 0 1 

Stage 

      I 16 11 20 7 3 57 

II 4 12 13 5 7 41 

III 2 9 12 8 4 35 

IV 4 1 8 11 11 35 

Differentiation 

      well 7 17 40 17 14 95 



moderate 0 4 6 7 3 20 

poor 0 2 2 7 7 18 

other 19 10 5 0 1 35 

Clinical growth style 

      superficial 13 13 15 7 9 57 

exophytic 3 5 9 0 4 21 

endophytic 10 15 28 24 12 89 

unclassified 0 0 1 0 0 1 

Depth 

      SM 16 11 11 2 3 43 

MP1 9 19 28 14 13 83 

MP2 1 3 14 15 9 42 

Treatment 

      ope 18 18 21 6 7 70 

Neoadjuvantchemo + ope 1 7 15 10 6 39 

Ope + adjuvantchemo 2 2 7 3 1 15 

Neoadjuvant + opeadjuvant 1 2 6 5 8 22 

Ope + radiation 2 1 1 1 0 5 

Ope + chemo + radiation 2 3 3 6 3 17 

pN 

      (+) 1 1 7 13 12 34 

(−) 25 32 46 18 13 134 

Prognosis 

      Well (Disease-free survival) 22 26 41 20 17 126 

Poor 

      death 1 1 2 4 3 11 

 local recurrence 2 3 2 3 1 11 

delayed cervical lymph node 

metastasis 1 2 5 3 3 14 

Metastasis + recurrence 0 1 3 1 1 6 

 


