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Background

Floor of the mouth (FOM) squamous cell carcinoma (SCC) accounts for approximately 10% of all oral SCCs. FOM SCC can be classified into the anterior and posterior types according to their site of origin, but few studies have compared these types. This study sought to clarify differences in clinicopathological characteristics between these two types.



Methods

A total of 1,220 patients with oral SCC were treated at our department from January 2001 to December 2015. Among these patients, 62 had FOM SCC. The FOM SCCs were classified into two groups: the anterior type and the posterior type. The anterior and posterior types were defined by the boundary connecting the spaces between the canine and the first premolar bilaterally. We retrospectively compared the sex, age, smoking and drinking history, clinical stage, treatment, histopathological diagnosis, multiple primary cancers, and outcomes of the two groups.



Results

Among the 62 patients, 32 had the anterior type, while 30 had the posterior type. The anterior type was found more significantly in men (p = 0.01) and individuals with a smoking history than the posterior type (p = 0.04). pN2–3 cervical lymph node metastasis was significantly more common in the anterior type than in the posterior type (p = 0.01). The median depth of invasion in the anterior type was 4 mm. Multivariate analysis showed that the anterior type was an independent risk factor for multiple primary cancer development in FOM SCC (p = 0.02). The cumulative 10-year disease-specific survival rates of the anterior and posterior types were 92.8 and 95.0%, respectively, while the overall survival rates were 65.4 and 95.0%, respectively. In the anterior type FOM SCC, a lower overall survival rate was associated with multiple primary cancers and smoking-related diseases.



Conclusion

Smoking cessation and adequate systemic screening for multiple primary cancers are needed to improve the prognosis of FOM SCC, particularly the anterior type.
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Introduction

The floor of the mouth (FOM) is a small, horseshoe-shaped region situated beneath the movable part of the tongue and above the muscular diaphragm formed by the mylohyoid muscles (1). The abundant lymphatic vessels in this region frequently cause lymphogenous spread of FOM cancer, including providing a direct pathway to the mid-internal jugular and/or contralateral nodes (2), thereby greatly increasing the need for more complex treatment. Therefore, a comprehensive assessment of tumor invasion into the surrounding tissues, appropriate surgical margins, and neck dissection (ND) strategies are necessary.

FOM cancers are uncommon, accounting for only 10% of all oral cancers in Japan (3). In previous studies, FOM cancers were analyzed as a subset of all oral cancers (4) or concomitantly with tongue cancer (5). There are several important differences between FOM and other subsites of oral cancers (2). One important difference is the considerable anatomical complexity of FOM cancers compared to that in other subsites. Another notable difference is the role of tobacco smoking and alcohol consumption as significant risk factors for FOM cancer. Their conferred risk of FOM cancer is much more than that of other subsites (6). Moreover, FOM cancer is more prone to have cervical lymph node metastases than tongue cancers even with similar thickness (5). Furthermore, the incidence of multiple primary cancers in patients with FOM squamous cell carcinoma (SCC) is higher than that of tongue SCC (7). These findings are only some of the specific properties of FOM cancer.

Based on the location of the primary tumor, FOM cancer is divided into the anterior and posterior types (8). Anatomically, the two types have different characteristics. The posterior type is closer to the oropharynx, while the anterior type is the area over the geniohyoid muscle, where lymphatics flow contralaterally. Despite the clear anatomical distinction between the anterior and posterior types of FOM cancer, no comparative analysis of these types has been reported.

The purpose of this study was to determine the clinicopathological differences between the anterior and posterior types of FOM SCC.



Materials and Methods


Patients

We retrospectively reviewed the medical records of 1,220 patients with primary oral SCC treated at the Department of Oral and Maxillofacial Surgery, Tokyo Medical and Dental University, Japan, between January 2001 and December 2015. Among these patients, 77 had FOM SCC. A total of 15 patients were excluded from this study, two of whom had multiple primary SCC in the oral cavity, while the remaining 13 were treated with brachytherapy. Finally, 62 patients of FOM SCC who underwent radical surgical treatment of their primary tumor were enrolled for this study. The observation period was set from the date of the initial visit to our department until December 31, 2020, and the mean follow-up period was 101.1 months (range, 3.5–223.5 months). The definitions of the anterior and posterior types of FOM SCC were based on the recommendations of the Japanese Society of Oral Oncology (9). Specifically, the line connecting the spaces between the canine and the first premolar bilaterally was defined as the boundary between the anterior and posterior FOM areas.

The study was conducted in accordance with the 1964 Declaration of Helsinki and its latest amendments. Ethical approval was granted by the institutional review board of Tokyo Medical and Dental University, Faculty of Dentistry (No. D2015-600). Written informed consent was obtained from all patients.



Variables

The following information was collected from the patients’ medical records: sex, age, smoking and drinking history, clinical stage, treatment, histopathological diagnosis of the primary tumor and cervical lymph node, presence of multiple primary cancers, and outcomes. To estimate the cumulative dose of smoking, we used the Brinkman index, which was calculated by multiplying the number of cigarettes smoked per day by the number of years of smoking. For alcohol consumption, the Sake index, which was calculated by multiplying the number of glasses (180 ml/glass) of sake per day by the number of years of drinking, was used. Information on smoking and drinking history was available for the 28 patients with the anterior type and 26 patients with the posterior type. The clinical stage of the tumor  was classified based on the 8th edition of the TNM Classification defined by the Union for International Cancer Control (UICC).

In the treatment of the tumor of primary site, the resected surrounding tissue, histopathological invasion, and pathological depth of invasion (DOI) were examined in all patients. ND was performed in 39 patients, in whom the following were investigated: surgical procedure, laterality, pathological nodal status, metastatic level, and the relationship between their pN status and the DOI of their primary tumor site. Adjuvant therapy was performed in 12 patients, and their treatment regimens were reviewed. In patients with multiple primary cancers, the site and time of occurrence were examined. The Warren and Gates’s criteria (10) was used to diagnose multiple primary cancers. Multiple primary cancers that were diagnosed within a period of less than one year were defined as synchronous cancers, while those that were diagnosed at an interval of one year or longer were defined as heterochronous cancers (9).

The survival rates in the anterior and posterior types of FOM SCC were calculated as disease-specific survival (DSS) and overall survival (OS). DSS was defined as the period from the date of the initial visit to our department until death from the FOM SCC or the last follow-up date. OS was defined as the period from the first date of visiting our department until death or last follow-up date.



Statistical Analysis

All statistical analyses were performed with EZR version 1.41 (Saitama Medical Center, Jichi Medical University, Saitama, Japan) (11), which is a graphical user interface for R version 3.6.2 (The R Foundation for Statistical Computing, Vienna, Austria). Continuous variables were analyzed using the Mann–Whitney U test and Kruskal–Wallis test. Fisher’s exact probability test was used for categorical data. The Jonckheere–Terpstra test was used to analyze the trend of continuous variables. Multivariate analysis was performed using logistic regression analysis. A receiver operating characteristic (ROC) curve was used to identify a possible cutoff value of DOI that could serve as an optimal predictor for cervical lymph node metastasis. The Kaplan–Meier method was adopted to calculate DSS and OS rates of the two types, which were compared using the log-rank test. Two-tailed p-values <0.05 were considered statistically significant.




Results


General Characteristics

Among the 62 patients, 32 had the anterior type (median age 65.5 years; 31 men; one woman), while 30 had the posterior type (median age 62.5 years; 22 men; eight women) (Table 1). A male predominance was observed in the anterior type than in the posterior type (p = 0.01). The amount of smoking was significantly higher in patients with the anterior type than in those with the posterior type (p = 0.04). On the other hand, there were no significant differences in alcohol consumption and UICC stage between the two groups (p = 0.60, p = 0.64, respectively). Half of the patients in each type showed a histologically well-differentiated tumor, while only rare cases had a poorly-differentiated tumor.


Table 1 | Patients characteristics by subsite of floor of the mouth.





Treatment of the Primary Tumor

We performed surgical resection of the primary tumor in all cases. In both types, a combined resection involving the tongue and mandible was the most common (Table 2). Tumor invasion into the surrounding tissue was pathologically identified in 23 patients with the anterior type and 19 patients with the posterior types, respectively. In these cases, genioglossus invasion was more often recognized in the anterior than in the posterior type (p = 0.04). There were no patients with geniohyoid muscle involvement. The median DOI of the anterior and posterior types were 4.0 and 1.8 mm, respectively (p = 0.24).


Table 2 | Surgical resection and tumor invasion.





Treatment of the Neck

Overall, 16 patients with the anterior type and 18 with the posterior type underwent ND at initial therapy. We also performed subsequent ND in three patients with the anterior type and two with the posterior type cases. Our strategy was to perform modified radical ND in cases that were clinically N-positive, and supraomohyoid or suprahyoid ND in cases that were clinically N-negative and/or requiring reconstruction using a free flap. The laterality of ND was as follows: 14 bilateral and five ipsilateral in patients with the anterior types, and two bilateral and 18 ipsilateral in those with the posterior type. Histopathologically, there were confirmed cervical lymph node metastases in 14 patients with the anterior type and six with the posterior type. In those with the anterior type, there were one, four, six, and three cases with pN2a, pN2b, pN2c, and pN3b stages, respectively, while in those with the posterior type, there were two, one, and three cases with pN1, pN2c, and pN3b stages, respectively. Lymph node metastasis status categorized as pN0–1 and pN2–3 was analyzed to revealed that pN2–3 was significantly more common in the anterior type (p = 0.01) (Table 3). The most common metastasis level was level I in the anterior type (85.7%) and level III in the posterior type (66.7%). In patients with the anterior type and bilateral lymph node metastases, the primary tumor crossed the midline in seven out of eight cases. No cervical lymph node metastasis was observed in patients with no surrounding tissue invasion or sublingual gland invasion. On the other hand, of the 16 patients with the anterior type and of the 13 with the posterior type who had an invasion of the other surrounding tissues, neck metastases were confirmed in 14 patients with the anterior type and six with the posterior type.


Table 3 | Relationship between pathological N stage and DOI.



The DOI for each pN status is shown in Figure 1. In the analysis of all 62 cases, there was a trend for the DOI to increase as the pN stage progressed (p <0.01). This trend was also observed in the anterior type (p <0.01). The values of the median DOI for anterior/pN0–1, anterior/pN2–3, posterior/pN0–1, and posterior/pN2–3 were 1.5, 8.0, 1.1, and 5.0 mm, respectively (p <0.01) (Table 3). In the anterior type, we investigated the optimal DOI cut-off point between pN0–1 and pN2–3 using ROC analysis, and found that an 4 mm threshold yielded a sensitivity of 85.7%, specificity of 72.2%, and area under the curve of 0.802 [95% confidence interval (CI) = 0.636–0.967].




Figure 1 | Distribution of the pathological N stage and depth of invasion. As the pathological N stage progressed, the depth of invasion also tended to increase, especially for the anterior type (p < 0.01, Jonckheere–Terpstra test).





Adjuvant Therapy

Adjuvant therapy was performed in 12 patients. We conducted postoperative adjuvant therapy for patients with the following conditions (1): primary tumors near the resection margin, (2) primary tumors with pathologically confirmed extensive invasion of the surrounding tissue, (3) pathological metastatic lymph nodes ≥4 at the neck, and/or (4) extranodal extension with adhesion to surrounding tissue (12). The median radiation dose was 50 Gy (range, 40–50 Gy). This was based on the results of a study conducted at our institution, which reported that there was no difference in the control rate between postoperative adjuvant therapy doses of 50 and 66 Gy (12). Four patients received radiotherapy (50 Gy) to the primary site, and one of them received S-1, which is an oral fluorouracil antitumor drug that combines tegafur, gimeracil, and oteracil. Two patients underwent radiotherapy (50 Gy) to the neck, one of whom received platinum-based anticancer agents, while the other received S-1. Six patients received radiotherapy (40–50 Gy) to the primary site and the neck, one of whom received platinum-based anti-cancer agents, while the other one received S-1. Patients with poor general status and/or decline of renal function did not receive concomitant chemotherapy.



Multiple Primary Cancer and the Risk Factor

Computed tomography (CT), magnetic resonance imaging (MRI), and positron emission tomography (PET) were performed before initial treatment. Screening of the upper gastrointestinal tract by endoscopy was performed in the perioperative period, and CT was also ordered one or two times per year for at least two years after the primary treatment. Multiple primary cancers were detected in 53.1% (17/32) of the patients with the anterior type and 16.7% (5/30) of the posterior type (p <0.01), for a total of 28 sites (Table 4). All patients were men. Among the 28 sites with multiple primary cancers, nine were synchronous, while 19 were involved heterochronous. The esophagus was the most common site (N = 9), followed by the stomach (N = 5), larynx (N = 3), and large intestine (N = 3). Uni- and multivariate analysis of risk factors for multiple primary cancers were conducted, limiting analysis to male. The anterior type was identified as a significant independent risk factor [odds ratio = 5.03, 95% CI = 1.28–19.7, p = 0.02 (Table 5)].


Table 4 | Multiple primary cancers of the case with FOM SCC.




Table 5 | Risk factors for multi primary cancers in males (N = 53).





Treatment Outcome

Primary recurrence occurred in two patients with the anterior type and one patient with the posterior type. One case of each type was rescued by surgery, while the other patient with the anterior type could not be controlled even with proton beam therapy. Neck recurrence was observed in one patient with the anterior type and one with the posterior type. In both cases, surgery was performed. The anterior type case died of neck failure. Local control and locoregional control rates were 96.9% (31/32) and 93.8% (30/32), respectively, for the anterior type and 100% for both rates for the posterior type.

The cumulative 10-year DSS rates were 92.8% in the anterior type and 95.0% in the posterior type [hazard ratio [HR] = 2.17, 95% CI = 0.20–23.97, Log-rank p-value = 0.53 (Figure 2A)], while the cumulative 10-year OS rates were 65.4% in the anterior type and 95.0% in the posterior type [HR = 5.53, 95% CI = 1.21–25.26, Log-rank p-value = 0.03 (Figure 2B)]. The cause of death in the posterior type was the primary disease in one case, while in the anterior type, death was due to the primary disease in two cases, death due to other cancers in three cases, and death due to intercurrent disease, including heat-related illnesses and lung diseases, in five cases.




Figure 2 | Kaplan–Meier estimates of survival rate. (A) The cumulative 10-year disease-specific survival rates were 92.8% in the anterior type and 95.0% in the posterior type. (B) In contrast, the overall survival rates were 65.4% in the anterior type and 95.0% in the posterior type (Log-rank p-value = 0.03). These results indicated that patients with the anterior type had a higher likelihood of death due to other diseases.






Discussion

Our study revealed some characteristic differences between the anterior and posterior types of FOM SCC. The distribution of the two types was almost equal. The incidence of the anterior types was higher in individuals with a smoking history than that of the posterior type. pN2–3 was significantly more common in the anterior type than that in the posterior type, and the median depth of invasion in these cases was 4 mm. Multivariate analysis showed that the anterior type was an independent risk factor for the development of multiple primary cancers in patients with FOM SCC (p = 0.02). The cumulative 10-year disease-specific survival rates in the anterior and posterior types were 92.8 and 95.0%, respectively, while the overall survival rates were 65.4 and 95.0%, respectively.

Feind and Cole (8) subdivided the FOM into two areas, anterior and posterior to a line connecting the spaces between the first molar and the second molar on the left and on the right side. In their report, 80% of the cases were of the anterior type (8). The Japanese Society of Oral Oncology guidelines defines an equivalent site between the canine and the first premolar as the boundary between the anterior and the posterior regions (9), which is a more anterior location compared with the boundary set by Feind and Cole (8). This may explain why our proportion of anterior type disease was lower than in their study (51.6% vs. 80%).

Advances in gene mutation analysis technology have revealed that the overall picture of human cancer mutations can be divided into 21 features, termed “Mutational Signatures”, by analysis that classifies the base substitution patterns of mutations and clarifies the biological process of mutation and related background factors (13). In this mutational signature analysis, tobacco-induced base substitution patterns are classified as “Signature 4”, which is an imprint of the bulky DNA adducts and their removal, and resulting in mutation of C > A, including lung adenocarcinoma, SCC, small cell carcinomas, head and neck SCC, and liver cancer (13). Furthermore, smoking has been shown to elevate the mutation burden with “Signature 5” in oral cancer (14). “Signature 5” mutation is likely associated with age at diagnosis of the cancer, suggesting the relationship between “Signature 5” mutation and the cumulative effect of DNA damage and repair in progenitor cells as an oncogenic mechanism rather than direct DNA damage by smoke carcinogens (15). Another mechanism to induce oral cancer could involve a synergistic effect of smoking and alcohol consumption, given that their combination increased the relative risk of head and neck SCC by 15-fold, although alcohol could also be a single risk factor (15–17). In Japan, people with Brinkman index scores >200 are advised to visit a smoking cessation clinic as the lung cancer risk is particularly high for Brinkman index scores >400–600. After smoking cessation, the risks for oral cavity and oropharyngeal SCC decline over time, approaching that of non-smokers after ≥10 years (16); thus, education for preventing smoking initiation is also necessary. It has been reported that oral cancer develops in men with a Sake index ≥60 and in women with an even with less consumption of alcohol (Sake index = 1–59) (18), suggesting potential sex differences in the effects of alcohol on oral cancer development. In our study, the anterior type had a significantly higher Brinkman index than that in the posterior type, which may be due to anatomical features that make the anterior part of the FOM more vulnerable to exposure to cigarette smoke, which contains carcinogens.

Steinhart et al. (19) showed that 90% of FOM cancers invaded the surrounding tissues: invasion of the sublingual gland, intrinsic muscles of the tongue, genioglossus muscle, and mandibular bone accounted for 93, 65, 28, and 12% of such cases, respectively. Our histopathological analysis showed invasion of the surrounding tissues in 67.7% (42/62) of cases. Due to the anatomical location, FOM SCC can easily invade the surrounding tissues; thus, appropriate resection based on the preoperative diagnosis is necessary during surgery.

A previous study reported that FOM cancers with a thickness of 2.1–4 mm had higher rates of metastasis than those in tongue cancers of the same thickness (5). Based on these observations, elective ND would be appropriate for all FOM cancers with a thickness >2 mm (5). In our study, we found that the anterior type had significantly more pN2–3 than that in the posterior type, and the optimal DOI cutoff value for pN2–3 in the anterior type was 4 mm. This may assist in the selection of the extent of ND and postoperative adjuvant therapy, and in the prediction of cervical lymph node metastasis.

The incidence of multiple primary cancers in patients with oral cancer is reportedly 0.73–7.22% (20) and that of FOM is 10–36% (20, 21). Ariji et al. (20) stated that FOM cancer was less likely to be affected by chronic stimulation from teeth or prostheses than tongue cancer, even though FOM is a continuation of the tissue of the tongue. This means that FOM cancers tend to reflect the concept of field cancerization other than by direct mechanical stimulation, inducing multiple organ cancer associated with field cancerization. In our department, we treated 1,220 cases with oral SCC between 2001 and 2012, among which 167 cases (13.7%) presented with multiple primary cancers (data not shown). All cases of multiple primary cancers developed in men. Multiple primary cancers were observed in 35.5% of all patients with FOM SCC and 53.1% of patients with anterior type FOM SCC. Our analysis revealed that the anterior type is an independent risk factor for multiple primary cancers with FOM SCC. For early detection of multiple cancers, careful screening, including endoscopy and PET, in addition to CT and MRI, is important for FOM SCC, particularly the anterior type.

The DSS rates for the anterior and posterior types were favorable: 92.8 and 94.7%, respectively. Our analysis demonstrated that the OS rate for the anterior type was significantly low because of the number of patients who died of other cancers or causes, including smoking-related diseases. Sessions et al. (21) reported that 53% of FOM cancer cases with multiple primary cancers died of other cancers. The control of the second cancer is likely more difficult than that of primary cancer (20); thus, early detection and treatment of multiple primary cancers are important to improve the OS, particularly in the anterior type FOM SCC.

Our retrospective and exploratory research study had some limitations. Notably, the cohort was very small (N = 62) because this was a single-center study. Additionally, a large number of predictors were analyzed relative to the small number of patients; therefore, the results need to be carefully interpreted. In the future, further prospective studies are necessary with a large number of cases in multicenter institutions as well as elucidating the molecular biology supporting the clinical condition using surgical specimens.



Conclusion

These results demonstrate different clinicopathological features between the anterior and posterior type of FOM SCCs. Compared with the posterior type, the anterior type was associated with smoking and more cases of advanced N stage. Furthermore, the anterior type was an independent risk factor for the development of multiple primary cancers in patients with FOM SCC. A favorable DSS for FOM SCC can be expected with appropriate surgical treatment based on preoperative diagnosis of tumor invasion and metastatic lymph nodes. To improve the OS, particularly in patients with anterior type FOM SCC, smoking cessation is necessary. In addition, adequate follow-up using multiple modalities, including gastroscopy or PET, is recommended for the early detection of multiple primary cancers.
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