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Editorial on the Research Topic 


Advances in the Multidisciplinary Management of Oral Cancer


Oral squamous cell carcinoma (OSCC) is the 16th most common neoplasm worldwide, with almost 355,000 newly diagnosed cases and over 177,000 deaths estimated in 2018 (1). Notwithstanding, it remains an often-neglected and significantly underfunded pathology, together with all neoplasms associated with stigmatized behaviors such as alcohol and tobacco consumption (2, 3). For this reason, advancements are comparatively more difficult than in more prevalent and socially accepted diseases. Furthermore, the significant incidence of high-risk behaviors in patients affected by OSCC represents an adjunctive layer of complexity in the practical application of novel achievements. Nowadays, clinicians and researchers should strive to optimize and progressively refine each aspect of OSCC management, raising awareness on its most pressing issues and selecting interventions that are applicable in everyday clinical practice.

A significant step forward in the diagnostic, therapeutic, and rehabilitative approach of OSCC (and head and neck cancers in general) has been the broad recognition of the fundamental role of multidisciplinary teams. This concept has been confirmed by the current evaluation from Shang et al., showing that patients undergoing proper multidisciplinary management had a significantly higher survival rate. This result further reinforces the need for centralization of care in OSCC, favoring institutes with the availability of a comprehensive multidisciplinary team and all the professional figures needed for the entire diagnostic and therapeutic processes, as well as post-treatment care.

As reflected by the current Research Topic, the entire patient management pathway should be optimized to obtain measurable improvements in survival and quality of life. In particular, the main fields herein addressed are tumor diagnosis and staging, surgical approaches, non-surgical treatments, and risk stratification by conventional and molecular techniques.

Proper and timely diagnosis remains a weak point in management of OSCC. Tumors are often referred to specialists with significant delay and after reaching advanced stages. This factor has a significant impact on prognosis and is the first variable that should be optimized. Bioendoscopic filters such as Narrow Band Imaging (NBI) can improve the diagnostic potential of conventional oral examination (4, 5). However, these techniques require a significant learning curve and are burdened by subjectivity in interpretation. The study by Paderno et al. showed for the first time the possibility to apply fully convolutional neural networks to NBI endoscopic frames of oral lesions in order to automatically identify tumors and delineate their margins. This preliminary report confirms the potential of the newly developing field of “Videomics” for diagnosis and in-depth characterization of OSCC (6). In parallel, efforts should be made to refine diagnosis and stratification of oral potentially malignant diseases, thus identifying those at higher risk of malignant transformation. These two fields of research, i.e. the definition of high-risk premalignant lesions and early identification of OSCC, have a lot of common ground, being part of the continuum process of cancerization.

When considering OSCC treatment, surgery still remains the first-line option, potentially followed by adjuvant therapies. However, surgery is not a static discipline, and techniques should be refined and evolve according to new evidence and technologies. In recent years, the concept of compartmental surgery for OSCC has gained significant momentum (7–9). In this regard, Carta et al. and Grammatica et al., respectively, provided a retrospective analysis confirming the good oncologic outcomes obtainable by compartmental tongue resections and a step-by-step guide describing such a surgical technique.

At the same time, the growing acceptance of sentinel lymph node biopsy in oral oncology may lead to improvements in prophylactic management of contralateral neck metastases. As Mahieu et al. reported, the contralateral neck is generally not addressed by elective neck dissection in early stage OSCC not involving the midline, while sentinel lymph node biopsy may stage both the ipsilateral and contralateral neck. Interestingly, the authors described a higher rate of contralateral regional recurrence in patients receiving elective neck dissection than those who underwent sentinel lymph node biopsy. This result shows the effectiveness of such a procedure in detecting unexpected contralateral nodal spread, possibly opening new applications for this technique in the setting of minimally invasive contralateral neck staging.

However, optimization of surgical treatment is not limited to the simple therapeutic stage. van Baar et al., in fact, assessed a novel treatment concept for advanced mandibular osteoradionecrosis combining isodose curve visualization and alveolar nerve preservation. This pilot study showed the promise of three-dimensional planning in mandibular resection and reconstruction, taking into account previous radiotherapy fields and maximizing sensory preservation. In adjunction, non-surgical therapies have also been assessed, given the progressive improvements of radiation techniques and chemotherapy regimens. Kim et al. compared postoperative chemoradiation with radiotherapy alone using new generation techniques, showing comparable results except for tumors with extranodal extension. Different schedules of induction chemotherapy have been presented, attesting the better tolerability of weekly induction taxane – platinum – fluorouracil in comparison to a 3-week schedule (Tousif et al.). These results should, however, be put within the context of the lack of survival benefit obtained with induction chemotherapy in OCSCC. Looking to drug repurposing, a potential synergic effect has been found when low molecular weight heparin is added to cisplatin (Camacho-Alonso et al.). Still, drug discovery may conceivably offer novel tools for treatment of OSCC. In this regard, melatonin can exert anti-proliferative, anti-invasive, and anti-migrative effects on OSCC via the miR-25-5p/NEDD9 pathway, thus warranting further assessment of its potential (Wang et al.).

However, alternative treatments in inoperable and oligometastatic OSCC should also be explored. Lambert et al. reported a single-center experience on the use of photodynamic therapy as an alternative treatment tool in inoperable oral and oropharyngeal cancer. While limited to highly selected patients, functional and oncologic outcomes were satisfying considering the specific setting. Swallowing and airway patency were preserved in 77% and 96% of patients, respectively, and the recurrence-free rate at two years was 32%.

Furthermore, according to Szturz et al., mounting evidence suggests that patients with few and slowly progressive distant metastases of small size may benefit from various local ablation techniques. The authors summarize the potential of surgery and stereotactic radiotherapy in this specific setting. In particular, patients presenting with late development of slowly progressive oligometastatic lesions in the lungs are deemed to be potential candidates for metastasectomy or other local therapies. While literature data is still limited, this review highlights and carefully describes the often-neglected issue of oligometastatic disease in head and neck cancer, where the areas of research will increase in the future, thanks to the exploitation of combinations with immunotherapy.

Of note, significant effort has been directed towards predicting prognosis and treatment response in OSCC, resulting in improved patient stratification. This possibility has been explored through various methods, starting from conventional risk-factor selection to the evaluation of gene expression and genomic signatures.

As demonstrated, the clinical and pathologic features can be effectively integrated to optimize risk stratification through prognostic scoring systems (Zhou et al.). This is the first step towards treatment personalization, an ever-growing trend in modern oncology that aims to refine patient management by carefully assessing individual characteristics. However, accurate in-depth disease modeling requires considering a wide variety of variables that go beyond conventional clinical and histopathological characteristics. The overall microenvironment and immune-context have a leading role in determining tumor initiation, progression, and clinical features. The oral microbiota is an adjunctive player that adds complexity to the intricate web of tumor-host relations, and dysbiosis of the oral microbiome was also shown to play a critical role in the initiation and progression of OSCC. Here, Sarkar et al. precisely described the changes in the oral microbial community in Indian patients, giving a point of reference for future assessments. Considering the analysis of the tumor-immune system interplay, Fan et al. investigated the role of frequency of heterotypic neutrophil-in-tumor structure for the prognosis of patients with OSCC, highlighting its independent association with both recurrence-free and disease-specific survivals. Finally, diving into deeper and finer characteristics, gene expression profiling is showing significant promise in assessing and stratifying OSCC. In particular, mitochondrial serine hydroxymethyltransferase overexpression appears to correlate with advanced pathological grade and recurrence (Wu Z-Z et al.). In addition, interleukin 1 receptor associated kinase 2 (IRAK2) overexpression is associated with enhanced radiosensitivity of OSCC cells, and tumors with high IRAK2 expression had better post-irradiation local control than those with low expression (Yu et al.). However, while targeted evaluations of single-gene expression may be helpful to fully clarify mechanisms and potential as therapeutic targets, complete transcriptomic analysis may give a comprehensive view of tumor biologic characteristics and risk profile. In this regard, Wu X et al. developed a 5-metabolic pathway prognostic signature for OSCC based on dysregulated metabolic cascades and provides support for the aberrant metabolism underlying tumorigenesis. The signature effectively stratified patients in groups according to survival and served as an independent prognostic factor.

Finally, the vast majority of tumors in the oral cavity are definitively squamous cell carcinoma. Nevertheless, while significantly less prevalent, salivary gland cancers also warrant consideration. Park et al. provided an overall view of minor salivary gland cancers originating from the oral cavity and compared them with OSCC. Interestingly, patients with small salivary gland malignancies showed >90% survival at 5 years, and local control was often successful even with close or positive margins. However, treatment choice should still take into account the vast heterogeneity of biological behavior in salivary gland tumors. In fact, different subtypes, even if defined by the same histology (Piwowarczyk et al.), may present diverse growth rates, patterns of spreading, and likelihood of recurrence.

In conclusion, the management of OSCC has significant room for improvement, and this should be primarily obtained by optimizing current strategies. Indeed, many factors that decrease survival are related to late diagnosis or inadequate treatment and could be addressed by prompt referral to leading oncologic centers. Once this issue has been solved, the introduction of molecular analyses and artificial intelligence tools have the potential to further improve treatment personalization and outcomes.
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Purpose: Salivary gland cancer (SGC) in the oral cavity is not common and has been less studied in comparison with oral squamous cell carcinoma (SCC). This study aimed to identify the clinical characteristics and outcomes of SGC in the oral cavity compared with oral SCC.

Methods: The medical charts of the patients with SGC (N = 68) arising from minor salivary glands and SCC (N = 750) in the oral cavity between 1995 and 2017 were reviewed retrospectively. The clinical and pathological factors and treatment outcomes were compared to identify clinical differences between oral SGC and SCC in total cases and in tumor size and subsite (propensity score)-matched pairs (N = 68 in each group). In addition, pattern of local invasion was pathologically assessed in a subset of SGC and SCC tumors.

Results: Patients with SGC in the oral cavity showed >90% survival at 5 years. Most common pathologies of SGC were mucoepidermoid carcinoma (39.7%) and adenoid cystic carcinoma (35.3%), where high-grade tumors (including adenoid cystic carcinomas having solid components, grade 2 or 3) represented only 36.8%. Compared with oral SCC, surgery for SGC had narrow surgical safety margin. However, local control was very successful in SGC even with <5 mm or positive resection margin through surgery plus adjuvant radiation treatments or surgery alone for small low-grade tumors. Pathologic analysis revealed that the frequency of oral SGC with infiltrative tumor border was significantly lower than that of oral SCC (46.4 vs. 87.2%, P < 0.001).

Conclusions: SGC in the oral cavity represents relatively good prognosis and has a locally less aggressive pathology compared with oral SCC. Adjuvant radiation can be very effective to control minimal residual disease in oral SGC. Our study proposed that a different treatment strategy for oral SGC would be reasonable in comparison with oral SCC.

Keywords: minor salivary gland, neoplasms, oral cavity, surgery, radiation, outcomes


INTRODUCTION

Oral cancer is the sixth most common cancer worldwide (1). While the most common malignant disease in the oral cavity is squamous cell carcinoma (SCC), other pathologic types of malignancy including salivary gland cancers (SGC) can also occur in the oral cavity (1, 2). SGC is relatively rare and comprises 1–6% of all head and neck cancers (3–7). It has heterogeneous types of pathology with diverse tumor biology (4, 5, 8). Therefore, the clinical courses, outcomes and prognosis of intraoral SCC and SGC can be different, although they share the same anatomical site. Regarding adjuvant treatment, concurrent chemoradiation is a standard treatment modality for high-risk oral SCC as a postoperative adjuvant treatment (9). In contrast, adjuvant concurrent chemoradiation is not validated yet for high-risk SGC (currently under clinical trial) (10), and postoperative radiation is still a standard of care as an adjuvant treatment for SGC (11). In terms of prognosis, 5-year survival rate for patients with SCC ranges from 40 to 63% (2), while that for SGC is 71.8–90.1% and is characterized by late recurrence (6, 12, 13).

As for resectable SCC and SGC in the oral cavity, surgery is the primary treatment option (11). According to the National Comprehensive Cancer Network (NCCN) guidelines, a surgical safety margin of 5 mm is recommended to lower recurrence in SCC (9). Because of disease rarity, it is unclear whether this cutoff value in resection is valid for oral SGC. Previously, we demonstrated that close surgical margin <5 mm in SGC of the major salivary gland was not a significant risk factor for recurrence and not a good determinant for adjuvant radiation, particularly in low-grade tumors (14). As oral SGC is a submucosal lesion, it seems difficult to define the clear boundary of tumors due to the anatomical complexity. Therefore, it is clinically important to evaluate the local microscopic invasion into the surrounding tissues in oral SGC, which determines the surgical extent and post-operative adjuvant radiation treatments.

In the first attempt to answer this clinical question in decision making of surgical extent, we tried to identify the clinical outcomes, treatment response, and pattern of local invasion of oral SGC in comparison with those of oral SCC in this study. Unlike most previous studies dealing with SGC solely, we conducted a comparative study of oral SCC and SGC with tumor size and subsite-matched pairs. Thus, this study will provide clinically relevant information in treatment decision for oral SGC and will capture the biological differences of SCC and SGC with the same anatomic site of oral cavity.



MATERIALS AND METHODS


Study Population

This retrospective study was approved by the Institutional Review Board of Samsung Medical Center. We collected and reviewed the medical records of SGC and SCC cases in the oral cavity that had been diagnosed and managed in our facility from 1995 to 2017. The diagnoses were confirmed by pathology. The SGCs in the oral cavity originated from minor salivary glands in the oral cavity, and we excluded the cases from sublingual glands. A total of 818 patients (68 SGC and 750 SCC) were included in this study, after exclusion of cases with incomplete clinical information or undetermined pathology.



Clinical and Pathological Variables

Clinical and pathological data of age, gender, site of tumor, tumor grade, tumor-node-metastasis (TNM) stage, surgical margin status, extranodal extension, type of treatment and treatment outcome were analyzed. The staging of all cases was based on the TNM classification of the American Joint Committee on Cancer (AJCC) staging manual (15). As for the cases included in this study, we reviewed the pathology again by experienced pathologists who has more than 10 years of experience in salivary gland pathology. The histological typing was made or revised according to the 2017 World Health Organization classification of salivary tumors (16). If two or more pathology types were mixed, the tumor was classified as the pathological type with the worst prognosis. The histological grade of tumor was defined as low, intermediate or high according to cytological features and architectures (16–18). Mucoepidermoid carcinomas were divided into 3 grades, based on the accepted criteria (17). Adenoid cystic carcinomas were graded according to the proportion of solid component; grade 1: predominantly tubular type with no solid component, grade 2: predominantly cribriform type with solid component less than 30%, grade 3: solid component more than 30% (17, 19). Adenocarcinoma were classified as high or low group by histological type and cytological variants (17). Acinic cell, clear cell and myoepithelial carcinoma were classified as low grade, while salivary duct carcinoma was classified as high grade (17).



Treatments and Follow-Ups

Most patients were managed with initial surgery-based treatments for resectable disease. Surgery was intended to remove all cancer tissues in the primary site and neck lymph nodes. Neck dissection was conducted simultaneously for clinically suspicious (therapeutic) or occult (elective) lymph nodes in the neck, following the accepted surgical guidelines (NCCN guidelines). Surgical defects were reconstructed with a flap or local tissue, if indicated.

During the study period, radiation techniques were mainly three-dimensional conformal radiation or intensity-modulated radiation, with a mean dose of 61.0 Gy (range 50.0–70.0) by 2.0 or 2.2 Gy (mean 2.1 Gy, range 1.8–2.5) per fraction (mean 29.6 fractions, range 24–35) over 5.5–6 weeks.

For radiotherapy (RT) plan, patients underwent computed tomography (CT) scans with a thermoplastic mask. In adjuvant RT, clinical target volume (CTV) included the primary tumor bed and pathologically involved regional lymphatics with adequate margins. Elective neck irradiation (ENI) including the remote and uninvolved lymphatic levels was determined on an individual basis, considering the estimated risk of metastasis based on location, histologic type, extent, and grade of primary tumor. RT was delivered with 4- or 6-MV photons generated from a linear accelerator.

For patients receiving definitive RT, gross tumor volume (GTV) was defined as volume of primary tumor and involved lymph nodes based on all available clinical information. The CTV of primary tumor was delineated by adding 5 mm margins in all directions from GTV, and the margins were optionally modified in accordance with the anatomic boundaries of the tumor location and/or the adjacent organs.

Chemotherapy was administered concurrently with radiation in the adjuvant setting (oral SCC), or independently in the palliative setting. Cisplatin was the major drug for chemotherapy, in combination with other drugs depending on medical oncologist decision and clinical situation.

In terms of treatment outcome, recurrence was defined when suspicious lesions were apparent on imaging or confirmed by biopsy. The survival period was defined as the time from diagnosis to death of any cause.



A Propensity Score-Matching Analysis

A propensity score-matching method was used between oral SGC and oral SCC groups to minimize differences in baseline characteristics by using JMP macro software (SAS Institute Inc., Cary, NC, USA). T status and subsites were included in the propensity matching model. Tumor subsites in the oral cavity were roughly divided into three subsites; tongue and floor of mouth (central soft tissues), hard palate and retromolar trigone (mucoperiosteal tissue), and lip and buccal area (lateral soft tissues).

Patients were matched at a 1:1 ratio using the caliper method (caliper width = 0.25 standard deviation). Finally, 136 cases (N = 68 in the oral SGC group and N = 68 in the oral SCC group) were allocated to the comparison groups (Supplementary Material). Comparisons between the two groups were performed by stratified Chi-square test for categorical variables.



Pathologic Analysis

Under propensity score matching, 120 patients (out of 136) had been managed with surgical treatments alone or in combination with other treatment modalities. To evaluate the pathological pattern of the tumor border (the surgical margin between tumors and adjacent tissues), we excluded 19 tumor samples of positive cancer cells at the resection margin (where there was no adjacent normal tissues in the surgical margin) or unknown cases. Another 26 cases were excluded from pathologic analyses, because of unavailable or poor quality of surgical pathology tissues. Therefore, a total of 75 patient samples were included in the pathologic analysis (28 SGC and 47 SCC tumors). The status of resection margin (pathological local infiltration) included the presence of perineural invasion. If there were perineural invasion at the resection margin or less than 5 mm away from the resection margin, we regarded them as positive or close resection margin.

As for each tumor, multiple pathology slides (three to seven) were reviewed by two pathologists. Through pathology review, the tumor margin was classified as a pushing or infiltrative border. A pushing border was defined as cancer cells forming a single lump with a clear boundary. Meanwhile, an infiltrative border was defined as tumor cells penetrating into the surrounding matrix without linear demarcation between tumor and adjacent tissues (20–22). In equivocal cases, the joint decision was made by a consensus or discussion of two raters.



Statistical Analysis

Propensity score analysis with 1:1 matching was used as previously described to match a cohort of patients with oral SGC to patients with oral SCC. All variables were examined using Fisher's exact test or Pearson chi-square test. Survival analysis was performed using Kaplan-Meier estimate and statistical significance was determined by log-rank test. The data were analyzed using the statistical package for social science (SPSS) (IBM Corporation, Armonk, NY, USA). Differences for P-value less than 0.05 were regarded as statistically significant.




RESULTS


Comparison of Outcomes in a Pooled Cohort

The detailed characteristics of patients in the oral SGC (N = 68) and SCC (N = 750) groups are presented in Table 1. Female was significantly dominant in SGC compared to SCC. Hard palate/retromolar trigone and tongue/floor of the mouth were the most common origin of SGC and SCC in the oral cavity, respectively. The most common pathology type in SGC was mucoepidermoid carcinoma (39.7%), followed by adenoid cystic carcinoma and adenocarcinoma not otherwise specified (Table 2). Unlike SCC, low grade tumor (excluding adenoid cystic carcinomas) was the most common tumor grade in oral SGC, comprising 54.4%.


Table 1. Comparison of total subjects diagnosed with minor salivary gland origin cancer or mucosal squamous cell carcinomas of the oral cavity (Salivary gland cancer N = 68, oral squamous cell carcinoma N = 750).

[image: Table 1]


Table 2. Pathology diagnosis of enrolled subjects.
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Regarding T and N status, there was a higher T tendency for oral SGC and higher N status for oral SCC, which were similar to the previous report (23). The percentage of M1 was higher in SGC group, mainly due to the adenoid cystic carcinoma pathology. Pre-operative histopathological diagnosis was made by fine needle aspiration cytology or biopsy which was correct in 54.7% of surgical cases (29 out of 53 cases). Tumor grade was correctly predicted in 30.2% of cases (16 out of 53 cases) preoperatively.

Surgery was the primary treatment option in SCC, and surgery with adjuvant radiation (52.9%) was the main treatment for SGC. Adjuvant chemoradiation was only performed in oral SCC, but not SGC, in our institute. Notably in patients with surgery, half of SCC group (49.1%) had more than 5 mm of resection margin; meanwhile a larger proportion of patients (75.4%) had close or positive resection margin in the SGC group. In clinical courses, regional recurrence and disease-related deaths were more frequent in SCC, while distant metastasis more commonly occurred in SGC. The overall survival difference between the two groups was significant (Figure 1A). The 5-year overall survival rate was 91.9% in SGC and 73.2% in SCC, respectively (P = 0.0015). Ten- and fifteen-year overall survival rates for oral SGC were 72.9 and 54.7%, and those for oral SCC were 61.8 and 48.6%, respectively.


[image: Figure 1]
FIGURE 1. Survival plots of patients with minor salivary gland cancer (SGC) and mucosal squamous cell carcinoma (SCC) in the oral cavity (overall survival). (A) Total patients. (B) Patients matched for tumor size (T status) and subsite (propensity score, 1:1). Shaded area = 95% confidence interval. Overall survival rates at 5, 10, and 15 years for oral SGC were 91.9, 72.9, and 54.7%, respectively. Those for oral SCC were 73.2, 61.8% and 48.6% (N = 750) and 59.6, 49.1, and 32.8% (N = 68 in matched cases).




Outcome Comparison in a Propensity Score-Matched Cohort

In this study, we focused on local tumor control and local extension (pathological infiltration) of oral SGC and SCC. Thus, we adjusted three potential factors in comparison between oral SGC and SCC: T status, tumor subsites, and tumor grade.

First, we constructed a propensity score-matched cohort, using T status and tumor subsite. In this propensity score matching, we tried a matching between two groups with various ratios (1:1, 1:2, 1:3) and caliper widths (0.05, 0.1, 0.2, 0.25), but the matching outcomes were suboptimal (standard mean differences in matching variables > 0.1) except 1:1 matching and caliper width = 0.25. Thus, patients with SCC (N = 68) were matched with 68 patients diagnosed with SGC at a 1:1 ratio using the caliper method (caliper width = 0.25 standard deviation). The result of a propensity-score matching was satisfactory according to the T status and tumor subsite (Table 3).


Table 3. Results of propensity score-matching (1:1) using a caliper of 0.25.
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After propensity score matching (Table 4), oral SGC and SCC groups had unique features regarding gender distribution (female predominance in SGC), nodal metastasis, extranodal extension and treatment types. Similarly to those of a pooled cohort, surgical safety margin more than 5 mm was more frequent in the oral SCC group (18.0% in SGC vs. 33.9% in SCC), and the rate of presence of cancer cells at the resection margin was higher in SGC than in SCC (21.3 vs. 3.4%) (P = 0.001).


Table 4. Clinical characteristics of tumor size (T status) and subsite (propensity score, 1:1)-matched salivary gland cancer (N = 68) and squamous cell carcinoma (N = 68) in the oral cavity.
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In clinical course, local and regional recurrence rates were higher in SCC even with wider resection of SCC, but distant metastasis was detected frequently in SGC (27.9 vs. 5.9%, P = 0.001). The overall survival plot was also similar to that of a pooled cohort. The 5-year overall survival rates were 91.9 and 59.6% (P < 0.001) (Figure 1B). Ten- and fifteen-year overall survival rates for oral SGC were 72.9 and 54.7%, and those for oral SCC were 49.1 and 32.8%, respectively.



Response to Treatment and Pattern of Failure

Considering better oncological outcomes even with high rate of marginal surgical resection in SGC (close or positive resection margin), we evaluated the potential effectiveness of adjuvant treatments in cases with close or positive resection margin in surgical specimens (Table 5).


Table 5. Response to treatments and pattern of failures in cases with close or positive resection margins (Salivary gland cancer N = 46, Squamous cell carcinoma N = 39).

[image: Table 5]

When comparing the two groups with close resection margin according to treatment type and clinical outcomes, the SGC group had more adjuvant radiation (66.7 vs. 24.3%, P < 0.001), and higher local control rate (100.0 vs. 70.3%, P = 0.001), lower regional recurrence rate (3.0 vs. 21.6%, P = 0.03) and higher distant metastasis rate (30.3 vs. 8.1%, P = 0.029). This suggested that adjuvant radiation may play an essential role in local control of oral SGC. Even in cases with positive resection margin, adjuvant radiation successfully achieved local control in oral SGC (76.9 vs. 0.0%, P = 0.038).

Another interesting finding was that there was just one local recurrence even with surgery alone (without any adjuvant treatment) for oral SGC with marginal resection surgery (Table 5). These tumors were usually small and low grade tumors. Thus, it appeared that a surgery of <5 mm safety margin would be acceptable for low-risk oral SGC tumors.



Subgroup Analysis With Tumor Grade Adjustment

In the initial subjects, the number of high-grade tumors (including grade 2 or 3 adenoid cystic carcinomas) in oral cavity SGC was not big enough (N = 25 of 68, 36.8%). Thus, we could not include tumor grade as a variable in a propensity score matching. Rather, we adjusted tumor grade in this subgroup comparison.

To understand the effect of tumor grade on local tumor control, we only included in a subset with high grade tumors from a previous propensity score-matched cohort (Table 6). In this analysis, we included adenoid cystic carcinoma cases, because they are locally aggressive (infiltrative) regardless of grade (18). Similarly, use of adjuvant radiation (not chemoradiation) (63.3 vs. 22.1%, P < 0.001) and safety resection margin ≥ 5 mm (8.3 vs. 33.9%, P < 0.001) were different between SGC and SCC groups. In patients with high grade SGC, systemic spread occurred in the clinical course in 33.3% (5.9% in SCC). In line with the previous findings, adjuvant radiation treatment in close or positive resection margin even in high-grade SGC appeared to be very effective in terms of local control (Table 7).


Table 6. Comparison of tumor size, subsite, and tumor grade-matched salivary gland cancer (high-grade, including adenoid cystic carcinoma) (N = 30) and squamous cell carcinoma (N = 68) in the oral cavity.
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Table 7. Response to treatments and pattern of failures in cases with close or positive resection margins in high-grade salivary gland cancer (including adenoid cystic carcinoma) (N = 22) and squamous cell carcinoma (N = 39).
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Pathologic Analysis of Microscopic Tumor Extension

Even with marginal surgical resection of oral cavity SGC, we found excellent local tumor control with surgery alone or surgery plus adjuvant radiation in our series, regardless of tumor grade. In addition to the effective role of adjuvant radiation, we compared microscopic tumor borders of oral SGC, with those of oral cavity SCC. Thus, we pathologically re-analyzed the surgical specimens (cases with close and clear resection margins) from a propensity-matched cohort. Remarkably, most SCC tumors had an infiltrative border (41 out of 47, 87.2%); while only 46.4% (13 out of 28) of SGC tumors had an infiltrative border (P < 0.001) (Figure 2). Thus, oral SGC had a locally less aggressive pathology, compared with oral SCC.


[image: Figure 2]
FIGURE 2. Representative images of microscopic invasion of tumors in salivary gland cancer and squamous cell carcinoma of the oral cavity (A) and comparison of tumor border pattern between oral salivary gland cancer and squamous cell carcinomas (B).





DISCUSSION

Most malignancies arising from the oral cavity are SCC, and SGC of the oral cavity is relatively rare (23). Therefore, determination of an optimal treatment strategy for oral SGC is difficult due to lack of sufficient evidence. For this reason, current treatment for oral SGC largely depends on clinical data from SCC of the oral cavity and of the head and neck (7, 24). However, it is not yet clear whether the current surgical treatment and indications for adjuvant treatment are suitable for treatment of oral SGC, even though these two types of carcinomas have different clinical and biological characteristics (25). In this study, we tried to identify the clinical and treatment characteristics of oral SGC, compared to oral SCC. There had been several studies investigating the clinical features of SGC arising from the oral cavity or oropharynx (23–32), but no comparative analysis of oral SGC and SCC has been published.

The mean age at diagnosis in our patients with oral SGC was 51.0 years, which is similar to those of other reports (6, 23, 27, 29, 30). In terms of male/female ratio, our female preponderance was also comparable with other studies with a ratio range from 1:1.2 to 1.9 (Male: Female) (27, 29, 30, 32, 33). The most common site of origin was hard palate/retromolar trigone in our series and other papers (5, 27, 30, 31). This can be explained by densely populated minor salivary gland in the hard palate of the oral cavity (28). The majority of tumors (39.7%) in this study were mucoepidermoid carcinoma, followed by adenoid cystic carcinoma and adenocarcinoma. This was consistent with some studies (23, 27, 32), while others reported adenoid cystic carcinomas was the most common histological type (5, 6, 31). According to our results, most tumors were early T (T1–2) and N0 status at the time of diagnosis. Low frequency of nodal metastasis was also line with other studies even though the dominant T status was slightly different across studies (5, 6, 23, 26).

As surgery has been the primary treatment option for resectable SGC and radiation is the main adjuvant therapy for tumors with high-risk factors (34, 35), surgery with adjuvant radiation treatments was the most frequently used modality in many studies including the present paper (24, 35, 36). Despite frozen section analysis of the resection margin during surgery, 21.3% of the patients in this study had a positive resection margin (presence of cancer cells at the resection margin) and other studies have reported the rates ranging from 3.4 to 40% (5, 6, 12, 37). After treatment, more than half of the patients remained cancer free. In our series, 7.4% of patients had local recurrence while 5.9 and 27.9% of patients experienced regional and distant metastasis, respectively (Tables 1 and 4). Because of the low incidence and diversity of SGC, there are some differences in reported statistics for recurrence. Garden et al. reported 12% local recurrence and 27% distant metastases. For regional recurrence, 3 of 13 patients with initially node-positive disease had regional failure, while <5% of patient with node-negative disease had regional failure (34). Strick et al. reported 14.3% local recurrence and 33.3% distant metastases (38).

Even with some discrepancies in loco-regional outcomes, most studies indicated relatively high occurrence of distant metastasis compared to loco-regional recurrence. This is in contrast to oral SCC, which has a higher rate of loco-regional recurrence than isolated distant metastasis (39, 40). This result can be partly explained by effective suppressive role of radiation in loco-regional control of oral SGC. In 224 patients with minor salivary gland cancer, Spiro et al. reported a local failure rate of 47% after initial treatment, of which more than 90% was surgery alone (41). Weber et al. reported a local failure rate of 35% in patients with submandibular gland tumors with surgery alone, while patients with postoperative radiation showed a 15% local failure rate (42).

As tumor (T) status and subsites can affect local biological and clinical outcomes in oral cancer (1, 5, 12, 34), a propensity matching analysis was performed on these two variables in SGC and SCC groups. In a propensity-matched cohort with close resection margin, radiation was mainly used for adjuvant therapy of SGC and adjuvant chemoradiation was exclusively used in SCC. Adjuvant radiation successfully achieved 76.9–100% local control and >90% regional control in oral SGC with a >5 mm or positive resection margin (Table 5). Since SGCs are composed of tumors with various grades, only high-grade SGC was analyzed to determine whether this excellent local control of adjuvant radiation was observed in high-grade SGC. Also, we confirmed good loco-regional control by adjuvant radiation in a subgroup of high-grade SGC in the oral cavity (Table 7). Our finding was consistent with other reports (42, 43); meanwhile one recent study indicated that postoperative radiotherapy was not a statistically significant variable for overall survival in minor salivary gland cancer of the head and neck (HR, 0.64; 95% CI, 0.39-1.03, P = 0.068) (44). However, only 37.8% of patients had postoperative radiation in this report, which suggested somewhat a different treatment strategy (wider surgery) from our series (cases with a clear, negative margin = 48.3%). This point should be further validated through future studies.

In overall survival rate for the initial cohort, the survival rate of oral SCC was lower than that of oral SGC. Strick et al. reported that patients with SGC tend to have late recurrence with a 10- year survival of only 40% (38). However, Garden et al. showed a 5-year survival rate of 81%, a 10-year survival rate of 65% even with metastases within 5 years and late local failure events after 5 years (34). This was similar to clinical courses in our series and the survival difference between the two cancer types remained similar as the initial cohort after matching. The 5-, 10-, 15-year overall survival rate in SGC were 91.9, 72.9, and 54.7% in our series, which were comparable with other studies (78–94% at 5 years, 40–84% at 10 years, 43–73% at 15 years) (34, 38, 43, 44).

Excellent local control of oral SGC even with marginal surgical resection of the primary tumor in the oral cavity might be due to less aggressive behavior at the primary site, in addition to the effective role of adjuvant radiation treatments. Next, we examined microscopic extension from the gross tumor border in SGC and SCC. In SGC, a pushing border was more prevalent, whereas an infiltrative border occupied the majority of SCC at 87.2%. These results are consistent with previous studies reporting slow growth of SGC (24). Thus, these pathology findings can be one reason explaining the good local control in oral SGC, even with a higher rate of close or positive resection margin, compared to SCC. More interestingly, high grade SGC and adenoid cystic carcinomas had infiltrative pattern of local tumor growth (71.4%, data not shown) in our series. This emphasize that multimodal treatments (surgery with radiation) can yield a better local control in a subset of oral SGC with locally invasive features (43).

In our paper, despite the rarity and heterogeneity of SGC, we suggest a comparative overview that can be applied in management of SGC arising from the oral cavity, using a propensity score-matching and stratification according to tumor grade. However, there are some limitations to our study. The number of patients was insufficient to extrapolate our results to patients with minor pathology in SGC. Also, the results were driven from a single institution; our cohort may be under-representative of the whole SGC patients. Furthermore, since it was a retrospective study, cases with limited information were excluded or omitted from the analysis. These limitations can be solved through future studies such as multi-center research.

Compared with oral SCC, the disease course of salivary gland cancer is more indolent, slow-progressing, resulting in longer patient survival. Thus, it seems possible to adjust treatments (extent and intensity of treatments) based on the tumor biology (indolent disease course and natural history, pathology and tumor grade), which is different from oral SCC.



CONCLUSION

In this study, we provided a comparative overview of clinical courses of oral SGC and SCC by a propensity-score matching analysis. To summarize, we confirmed that SGC in the oral cavity represented relatively good prognosis. A surgery with adjuvant radiation was very effective to control minimal residual disease in oral SGC, which had a locally less aggressive pathology compared with oral SCC. Our study proposed that a different treatment strategy for oral SGC based on tumor biology (pathology and tumor grade) would be reasonable in comparison with oral SCC.
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Compartmental surgery and primary reconstruction with microvascular free flaps represent the gold-standard in the treatment of oral tongue squamous cell carcinoma (OTSCC). However, there are still unclear clinical features that negatively affect the outcomes. This retrospective study included 80 consecutive patients with OTSCC who underwent compartmental surgery and primary reconstruction by free flap. The oncologic outcomes, the reliability of the 8th edition American Joint Committee on Cancer (AJCC) staging system and the prognostic factors were evaluated. Fifty-nine males and 21 females (mean age 57.8 years, range 27–81 years) were treated between November 2010 and March 2018 (one patient had two metachronous primaries). Seventy-one patients (88.75%, 52 males, 19 females, mean age of 57.9 years, range of 27–81 years) had no clinical history of previous head and neck radiotherapy and were considered as naive. Histology showed radical surgery on 80/81 lesions (98.8%), with excision margins >0.5 cm, while in 1 case (1.2%), a close posterior margin was found. According to the 8th AJCC classification, 37 patients (45.7%) were upstaged shifting from the clinical to the pathological stage, and 39 (48.1%) showed an upstaging while shifting from the 7th to the 8th AJCC staging system (no tumors were downstaged). Nodal involvement was confirmed in 33 patients (40.7%). Perineural and lymphovascular invasion were present in 9 (11.1%) and 11 (13.6%) cases, respectively. Twenty-two patients (27.1%) underwent adjuvant therapy. The 5-years disease-specific, overall, overall relapse-free, locoregional relapse-free and distant metastasis-free survival rates were 73.2, 66.8, 62.6, 67.4, and 86%, respectively. Patients with a lymph node ratio >0.09 experienced significantly worse outcomes. Univariate analysis showed that patients with previous radiotherapy, stage IV disease, nodal involvement, and lymphovascular invasion had significantly worse outcomes. Multivariate analysis focused naive patients and showed that lymphovascular invasion, advanced stage of disease, and node involvement resulted reliable prognostic factors, and patients with the same tumor stage and histological risk factors who did not undergo adjuvant therapy experienced significantly worse outcomes. In our series, surgery played a major role in the treatment of local extension; adjuvant therapy resulted strictly indicated in patients with advanced-stage disease associated with risk factors.

Keywords: tongue cancer, compartmental surgery, head and neck, free flaps, American Joint Committee on Cancer


INTRODUCTION

The incidence of oral tongue squamous cell carcinoma (OTSCC) is currently estimated at 5.21/100,000 population, and ~3.06/100,000 new cases per year are documented in Italy (1–3).

OTSCC is classically associated with the main risk factors for all squamous cell carcinomas of the upper aerodigestive tract, such as smoking, alcohol consumption, human papillomavirus (HPV), environmental factors (chemical and physical), diet, and occupation (4).

The prognosis of OTSCC in patients with advanced disease is generally poor; in addition, patients with T1-T2N0 disease experience a greater than expected rate of regional and locoregional relapse if inadequately treated (5).

In recent decades, oncologic outcomes of patients with OTSCC have improved due to the introduction of two main concepts: anatomy-based compartmental tongue surgery (CTS) and the systematic reconstruction of oral defects by microvascular free flaps. The principles of compartmental surgery advocate the removal of compartments (anatomic-functional units) containing the primary tumor, with the excision of the lesion along with the potential muscular, vascular, nervous, and lymphatic pathways that may lead to spread and recurrence (6). The diffusion of CTS has been facilitated by the increasing popularity of microvascular free flap reconstruction because three-dimensional radical resection cannot be performed without the reconstruction that allows the restoration of important functions of the tongue, such as voice articulation, swallowing and breathing. The improvement of disease local control after CTS has been significant (6), positively affecting prognosis and locoregional spread and allowing a better understanding of important prognostic factors (7). As a result, the revision of the 7th edition American Joint Committee on Cancer (AJCC) TNM staging system included depth of invasion (DOI) and extranodal extension (ENE) as fundamental predictors of disease-specific survival (DSS), providing a more reliable prognosis (8, 9).

However, despite the improvement in the understanding and management of OTSCC, there are still unclear clinical features that negatively impact the locoregional control and the incidence of distant metastasis that should be better understood.

Therefore, the authors performed a retrospective/prospective study of 80 patients consecutively treated for OTSCC with the aim of evaluating the oncologic outcomes after CTS and contemporary reconstruction with microvascular free flap. A comparison of the prognostic reliability of the two TNM staging systems (AJCC 2010 vs. AJCC 2017) and an evaluation of clinical and histological features were performed. An additional objective was to evaluate the weight of adjuvant therapy based on particular histological and clinical findings.



MATERIALS AND METHODS

The present study was approved by the Ethics Committee “Commissione del Comitato Etico Indipendente della Azienda Ospedaliero-Universitaria di Cagliari” (NP/2018/895).

All consecutive patients who underwent CTS and microvascular reconstructive surgery with curative intent between November 2010 and March 2018 for OTSCC at any stage of disease were included. Patients with previous chemotherapy (CHT) and/or radiotherapy (RT) were also included in the enrollment but the analysis focused patients without previous RT for head and neck malignancies who were considered “naive.” Patients with a clinical history of previous transoral surgery alone performed elsewhere were considered as naive since, in such cases, the CTS allows a resection including the relapsed lesion and the surrounding scar tissue.

Eligible for CTS were patients affected by OTSCC more than 2 cm in greatest dimension or with more than 5 mm of DOI at computer tomography (CT) and/or magnetic resonance imaging (MRI) and extended also to pelvis and mandible. CTS was also performed in cT1 tumors when the epicentrum of the lesion was localized in the posterior and lateral aspect of the tongue or in case of any proximity of the tumor to the paramedian and/or lateral septum. Patients with contraindications for microvascular procedures, such as advanced arteriosclerosis underwent pedicled flap reconstruction and were not included in the present study.

Correlations of age and comorbidities were established according to the Age Adjusted Charlson Comorbidity Index (AACCI) (10–14).

Preoperative head and neck CT and MRI (from 2013 the MRI method has been routinely preferred since considered more accurate during the preoperative evaluation as shown in Figure 1), total body PET-CT (in case of relapse/persistence of disease), and color Doppler ultrasound of neck vessels and free-flap donor vessels (to evaluate anatomy and caliber of the vessels with the perforator's anatomy) were routinely performed.


[image: Figure 1]
FIGURE 1. CT (A) and MRI (B) preoperative evaluation of a patient with OTSCC. The image shows the higher definition of the boundaries of the tumor obtained with the MRI.


From 2013 the superficial spread of the tumor was assessed with the Narrow Band Imaging (Olympus Medical System Corporation Tokyo, Japan), and subsequently with the IMAGE 1S (Karl Storz, Tuttlingen, German), with 0 and 30° rigid endoscope (Andrea-Dias Contact Micro Laryngoscope, Karl Storz, Tuttlingen, Germany and Hamou Micro Contact Hysteroscope, Karl Storz, Tuttlingen, Germany) (15).

Preoperative histologic diagnosis was obtained for all patients.

All patients were clinically and pathologically staged according to the 7th and subsequently to the 8th edition of the AJCC TNM staging system and classified with clinical (preoperative) TNM and pathological (post-operative) TNM (8, 9, 16, 17).

Authors performed a precise retrospective analysis from a histopathological perspective, nevertheless the CTS was applied to all patients with tongue cancer in a prospective way from 2010. The analysis on the basis of the 2017 AJCC classification was performed by a dedicate pathologist to all surgical specimens of all patients treated since 2010.

All patients underwent compartmental radical excision of the primary tumor transorally, median mandibulotomy or with a pull-through approach, with ipsilateral or bilateral, selective or radical/modified radical neck dissection (according to the site of the tumor to the midline and the clinical neck node status).

Surgical procedures were classified according to Ansarin et al. (18): type I glossectomy (mucosectomy), type II glossectomy (partial glossectomy), type IIIa glossectomy (hemiglossectomy), type IIIb glossectomy (compartmental hemiglossectomy), type IVa glossectomy (subtotal glossectomy), type IVb glossectomy (near-total glossectomy), and type V glossectomy (total glossectomy).

Surgical resections were performed following an anatomic-based strategy: unilateral resections were extended from the lingual septum (the medial margin) to the pelvis or mucosa of the mandible (the lateral margin), the stylohyoid muscle (posterior margin), and the mylohyoid muscle, which was considered the floor of the compartment (type III glossectomy). Lesions involving both sides of the tongue were resected from pelvis to pelvis and inferiorly to the hyoid bone (type IV–V glossectomy). Patients with mandibular involvement underwent a wider resection, including the corresponding mandibular bone (marginal or segmental mandibulectomy).

All surgical defects of the oral cavity were primarily reconstructed with microvascular free flaps. The radial forearm (RF) and anterolateral thigh (ALT) free flaps were the first choice for intraoral reconstruction. Partial glossectomy was reconstructed with RF or perforator ALT flaps, total glossectomy was reconstructed with an ALT free flap or vertical rectus abdominis myocutaneous (VRAM) free flap, and the composite bony iliac crest deep circumflex iliac artery (DCIA) free flap was the procedure of choice in cases in which glossectomy was associated with segmental mandibulectomy to reconstruct composite intra-oral defects since the cutaneous and muscular component of this flap (external oblique, internal oblique and transverse muscles) provides abundant tissue for the reconstruction.

Anastomoses were performed using an operative microscope (ZEISS S7 Microscope, Carl Zeiss, USA; focal length 250 mm). Arterial anastomosis was performed with synthetic non-absorbable 8/0 or 9/0 nylon sutures. Venous anastomosis was performed with a coupler device (Microvascular Anastomotic Coupling System, Synovis Life Technologies). All patients received a single bolus of heparin sodium (1,500 IU) at least 5 min before the transfer of the flap.

Temporary tracheostomy was performed in all patients to avoid post-operative respiratory distress.

Intraoperative and post-operative fluid balance was routinely evaluated with the goal of maintaining intravascular fluid volume for optimal tissue blood flow and oxygenation (19).

All patients had nasogastric feeding tube inserted, which was kept in place until acceptable swallowing function was restored. After 30 post-operative days, percutaneous endoscopic gastrostomy (PEG) was indicated in cases with inadequate post-operative swallowing function.

Post-operative treatment consisted of the antibiotic protocol for the head and neck (ceftriaxone 2 g/day iv and metronidazole 500 mg 3 times/day iv for 7–10 days), and low molecular weight heparin (enoxaparin sodium, range of 3,000–8,000 IU/day) associated with an antiembolism stocking for the prophylaxis of deep venous (DVT) and microvascular. An Ear Nose and Throat specialist-in-training monitored the free flap every hour during the first 48 h and every 4 h up to 5 post-operative days according to the internal protocol to detect early signs of vascular impairment that could require surgical exploration/revision of the anastomosis.

Hospitalization time and complications were evaluated. According to the Clavien-Dindo System (20) and Genden et al. (21). Complications were divided into surgical donor-site and flap complications, which require surgical revision, and non-surgical donor-site and flap complications, which were treated with medical therapy. Donor-site complications consisted of hematoma, seroma, infection, wound dehiscence, venous congestion and skin loss; flap complications included partial or total flap failure, cervical hematoma, infection, wound dehiscence, and fistula. Additionally, systemic complications were documented and included post-operative hypertension (PH), post-operative arrhythmia (PA), myocardial infarction (MI), pulmonary edema (PO), pulmonary embolism (PE), DVT, acute renal failure (ARF), respiratory distress (RD), pneumonia and sepsis.

Perineural invasion (PNI), lymphovascular invasion (LVI), DOI and ENE were evaluated in all patients. The ratio between the positive and overall number of removed nodes was calculated as the lymph node ratio (LNR), which was considered a prognostic value when higher than 0.09 (22).

Adjuvant RT was planned in cases with pT3–pT4 lesions, close margins, multiple nodal involvement, and neural, lymphatic and/or vascular invasion (23).

All patients were included in our post-operative follow-up, planned according to the American Head & Neck Society (AHNS) guidelines (24). Disease-free was defined as the absence of persistence or recurrence as demonstrated by a clinical examination performed by an experienced Head and Neck surgeon, with imaging followed by histopathology if needed. The definition of evidence of disease referred to the presence of a local, regional or locoregional relapse that was histologically proved and/or distant metastases.

Recurrence time was assessed from the date of surgery to the date of the first recurrence. The 5-years DSS, overall survival (OS), overall relapse-free survival (ORFS), local relapse-free survival (LRFS), and distant metastasis-free survival (DMFS) were calculated using the Kaplan-Meier method. Statistical analysis was performed using GraphPad Prism software (GraphPad, San Diego, CA, USA). Univariate analysis was performed to determine the statistical significance of the oncologic results observed according to different risk factors/clinical features (stage, previous treatments, neural, lymphatic and/or vascular invasion, and adjuvant treatments) in all patients and in naive patients (those without a clinical history of previous head and neck RT); multivariate analysis focused only naive patients to remove the possible bias due to the changes in lymphatic and vascular network induced by RT that could make outcomes unpredictable; statistical significance was defined as p < 0.05.

According to Cramer et al. (25) we evaluated five quality metrics for our series: negative surgical margins, neck dissection yielding 18 nodes, appropriateness of adjuvant RT indication, appropriateness of adjuvant CHT-RT indication, and timing of adjuvant CHT-RT.



RESULTS

Fifty-nine males and 21 females (mean age of 57.8 years, range of 27–81 years) were definitively enrolled in the present study. Seventy-one patients (88.75%, 52 males, 19 females, mean age of 57.9 years, range of 27–81 years) had no clinical history of previous hand and neck radiotherapy (naive patients), and, among them, one patient (1.25%) underwent CTS with primary free flap reconstruction for two metachronous primaries, and 2 patients were treated for recurrent OTSCC treated elsewhere with conventional transoral surgery alone. Three patients (3.7%) were treated after failure of CHT-RT, and six procedures (7.4%) were performed in patients with recurrent disease who were previously treated elsewhere with surgery and adjuvant RT.

According to the 8th AJCC staging system, 19 patients (23.5%) were staged as cT1, 48 patients (59.3%) as cT2, 1 patient (1.2%) as cT3, and 13 patients (16%) as cT4a. Fifty-two patients (64.2%) were staged as cN0, 11 patients (13.6%) as cN1 and 18 patients (22.2%) as cN2. Eighteen patients (22.2%) had malignancies classified as stage I, 28 patients (34.6%) as stage II, 9 patients (11.1%) as stage III, 25 patients (30.9%) as stage IVA, and 1 patient (1.2%) as stage IVC.

Patients underwent 81 surgical procedures: 65 type IIIb glossectomy (80.3%), 7 type IVa glossectomy (8.6%), 5 type IVb glossectomy (6.2%), and 4 type V glossectomy (4.9%). Resection of the mandible was necessary in 7 patients (8.6%): marginal mandibulotomy in 4 cases (4.9%) and segmental mandibulectomy in 3 cases (3.7%). A total of 19 patients (23.5%) underwent CTS through a transmandibular approach with a lower lip splitting incision, and 55 patients (67.9%) were treated by a combined transoral and transcervical approach without mandibular splitting.

A total of 57 patients (70.4%) underwent unilateral neck dissection, and 22 (27.1%) underwent bilateral neck dissection. Fifty-seven patients (56.4%) underwent selective neck dissections (SNDs), of which the removal of I-III levels was performed in 19 patients (18.8%), the removal of I-IV levels was performed in 35 patients (34.6%), and the removal of II–V levels was performed in 3 patients (3%). A total of 41 patients (40.6%) underwent type III modified radical neck dissections (MRNDs), 2 patients (2%) underwent type I MRND, and 1 patient (1%) underwent type II MRND. Two patients (2.5%) with a clinical history of previous neck dissection underwent CTS solely followed by microvascular reconstruction with neck dissection limited to the area of the vascular pedicle. The age distribution, procedures, reconstruction and histology are detailed in Table 1.


Table 1. Patients' age distribution, site of reconstruction and histology.
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All patients underwent immediate microsurgical reconstruction. RF free flap was performed in 64 cases (79%), ALT free flap in 9 cases (11.1%), VRAM free flap in 5 cases (6.2%), and DCIA free flap in 3 cases (3.7%). All free flap procedures are reported in Table 2.


Table 2. Microvascular free flap procedures of our series.
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The recipient artery for the microvascular anastomosis was the facial artery in 55 cases (67.9%), the superior thyroid artery in 24 cases (29.6%) and the lingual artery in 2 cases (2.5%). The recipient vein for the microanastomosis was one of the branches of the thyro-lingual-facial trunk in 77 cases (95.1%), followed by termino-lateral anastomosis to the internal jugular vein in 4 cases (4.9%). Venous drainage was obtained with a single anastomosis in the majority of cases (91.4%), and in all cases, it was performed with the coupler device. When a double anastomosis was performed (n = 7), one of the branches of the thyro-lingual-facial trunk was used in all cases, and it was coupled with the internal jugular vein in 3 cases (3.7%), with the middle thyroid vein in 3 cases (3.7%), and with the external jugular vein in 1 case (1.2%).

In 5 cases (6.2%), admission to the Intensive Care Unit (ICU) with hemodynamic and airway monitoring was considered necessary due to the chronic impairment of one or more organ systems (26).

Twenty-one patients (25.9%) experienced post-operative complications that required surgical revision in 17 cases (21%). The most experienced complication was bleeding (13 cases, 16%), followed by free flap sufferance due to venous congestion, which was managed with the revision of the anastomosis (3 cases, 3.7%), wound dehiscence (3 cases, 3.7%) and fistula (2 cases, 2.5%). No total flap failure was observed in the present series (Table 3).


Table 3. Complications observed in patients who underwent CTS.
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The mean time to the removal of the temporary tracheostomy was 8 days (range, 6–21 days). The mean duration of nasogastric feeding tube use was 18.1 days (range, 8–38 days), and 2 patients underwent PEG for supplemental nutrition. The mean hospitalization time was 19.3 days (range, 9–40 days).

Definitive histology showed that 80 lesions (98.8%) were completely removed with free margin, while a close posterior margin was found in 1 patient (1.2%) treated after the failure of CHT-RT for an advanced OTSCC extending to the base of tongue; the patient underwent close follow-up but experienced recurrent disease after 6 months; then, the patient underwent palliative CT and died of the disease 12 months after surgery.

Neck dissection yielded a mean number of lymph nodes of 53.1 (range of 0–139); in 77 cases (95.1%), the neck dissection yielded 18 or more lymph nodes, and in 4 cases (4.9%), <18 lymph nodes (3 of these patients were previously treated with neck dissection and underwent revision surgery for recurrent OTSCC).

Thirty-seven patients (45.7%) showed an upstage while shifting from a clinical to a pathological stage; according to the 8th AJCC staging system, 19 patients initially staged as cT1 resulted in 6 pT1 (31.6%), 8 pT2 (42.1%), and 5 pT3 (26.3%); 48 patients initially staged as cT2 resulted in 24 pT2 (50%), 22 pT3 (45.8%) and 2 pT4a (4.2%); 1 patient initially staged as cT3 and 13 patients initially staged as cT4a resulted in 1 pT3 (100%) and 13 pT4a (100%); 52 patients initially staged as cN0 resulted in 48 pN0 (92.3%) and 4 pN1 (7.7%); 11 patients initially staged as cN1 resulted in 9 pN1 (81.8%) and 2 pN2 (18.2%); and 18 patients initially staged as cN2 resulted in 16 pN2 (88.9%) and 2 pN3 (11.1%).

Thirty-nine patients (48.1%) showed upstaging while shifting from the 7th to the 8th AJCC staging system, and none of the patients were downstaged (see Table 4). A total of 19 patients initially staged as pT1 resulted in 6 pT1 (31.6%), 8 pT2 (42.1%) and 5 pT3 (26.3%); 45 patients initially staged as pT2 resulted in 23 pT2 (51.1%), and 22 pT3 (48.9%); 3 patients initially staged as pT3 resulted in 2 pT3 (66.7%) and 1 pT4a (33.3%); and 14 patients initially staged as pN1 resulted in 13 pN1 (92.9%) and 1 pN2a (7.1%). The histological identification of ENE was crucial; 6 patients initially staged as pN2c resulted in 4 pN2c (66.7%) and 2 pN3b ENE+ (33.3%).


Table 4. TNM staging system, AJCC 2010 and 2017, 7th and 8th edition.
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Definitive nodal involvement was confirmed in 33 patients (40.7%); in 27 patients (33.3%), it was ipsilateral, while in 6 patients (7.4%), it was bilateral or contralateral. In the majority of cases, lymph node involvement was localized: at the IIa cervical level in 23 patients (28.4%), the III level in 14 cases (17.3%), the Ib level in 11 cases (13.6%), the IV level in 8 cases (9.9%), the Ia level in 3 cases (3.7%), the llb level in 2 cases (2.5%), and the V level in 2 cases (2.5%), as shown in Figure 2. The mean LNR was 0.017; the LNR was 0 in 48 patients (59.3%), ≤ 0.09 in 30 patients (37%), and >0.09 in 3 patients (3.7%).
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FIGURE 2. Percentage and site of incidence of nodal metastasis.


PNI was present in 9 cases (11.1%), LVI was present in 11 cases (13.6%), and concomitant PNI and LVI were present in 15 cases (18.5%). The absence of PNI or LVI was reported in 46 cases (56.8%). Only two lesions showed positive p16.

Twenty-two patients (27.1%) underwent adjuvant therapy (Table 5). Eleven patients (13.6%) underwent adjuvant RT, which was indicated on the basis of the advanced T stage (pT2 in 3 cases, 27.3%; pT3 in 7 cases, 63.6%; and pT4 in 1 case, 9.1%), pN+ (observed in 7 cases, 63.6%), PNI (observed in 9 cases, 81.8%), and LVI (observed in 4 cases, 36.4%). Nine patients (11.25%) underwent adjuvant CHT-RT, which was indicated on the basis of the advanced T stage (pT2 in 3 cases, 28.6%; pT3 in 4 cases, 42.8%; and pT4 in 2 cases, 28.6%), pN+ and LVI in 7 cases, LVI alone in 1 case, and pN+ alone in one case, while PNI was observed in 3 cases (42.8%). The mean RT dose was 58 Gy (range of 54–69.3 Gy) in 30–33 fractions (mean number of fractions was 31.1). Two patients previously treated by RT for other head and neck malignancy (2.5%) underwent adjuvant CHT alone, which was indicated on the basis of the advanced T stage (pT3 in 1 case, and pT4a in 1 case). Adjuvant therapy (RT alone, CHT alone or CHT-RT) was performed 8–16 weeks after surgery (mean time of 10 weeks) in 22 patients. In 8 patients, RT was not performed for different reasons despite being indicated: 2 patients refused RT, and 6 patients could not attend the RT sessions due to logistic/personal problems.


Table 5. Series of patients who underwent adjuvant therapy and who experienced relapse of disease.
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Mean time of follow-up was 3.3 years, median time was 1.8 years with a range of 6 months−7 years.

During the follow-up, 18 patients (22.3%) experienced recurrence of the disease (mean time of recurrence of 10.1 months): 3 patients (3.7%) showed local recurrence (mean time of recurrence of 12 months), 5 patients (6.2%) showed lymph node recurrence (mean time of recurrence of 12.4 months), 1 patient local and node recurrence (1.2%) after 8 months, 5 patients (6.2%) showed locoregional recurrence associated with distant metastases (mean time of recurrence of 7.8 months), and 4 patients (5%) experienced distant metastases alone (mean time of recurrence of 9.8 months) (Table 5). Of the patients who experienced relapse of the disease during the follow-up, 9 (50%) were upstaged according to the 8th Edition of the AJCC staging system (1 pT1 was restaged as pT2, 5 pT2 as pT3, 1 pT3 as pT4a, and 2 pN2c as pN3b ENE+).

The 5-years DSS, OS, ORFS, LRFS and DMFS were 73.2, 66.8, 62.6, 67.4, and 86%, respectively (Table 6). The survival rates and univariate and multivariate analyses based on the different clinical characteristics are reported in Tables 6–10.


Table 6. Univariate analysis of the survival rates according to pT based on the TNM staging systems (AJCC 2010 and 2017) in all patients, and in naive patients.
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Patients with a LNR > 0.09 experienced significantly worse outcomes than patients with a LNR lower than 0.09 (Table 7).


Table 7. Univariate analysis of the survival rates according to histological risk factors.
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Univariate analysis showed that patients with previous RT, stage IV disease, nodal involvement, and LVI had significantly worse survival rates (Table 7).

Multivariate analysis focused to naive patients (n = 71) showed that LVI, LVI-PNI (Table 8), advanced stage of disease (Tables 8, 9), and node involvement (Table 10) resulted as reliable prognostic factors, and patients with the same tumor stage and histological risk factors who did not undergo adjuvant therapy experienced significantly worse outcomes.


Table 8. Multivariate analysis of ORFS, LRSF, and DMFS rates according to stage and histological risk factors in naive patients.
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Table 9. Multivariate analysis of the survival rates of III-IV stage naive patients according to histological risk factors and adjuvant treatment.
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Table 10. Multivariate analysis of the survival rates in pN+ naive patients according to histological risk factors and adjuvant therapy.
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DISCUSSION

The treatment of OTSCC remains a major therapeutic challenge, and surgery plays a fundamental role in achieving locoregional control (27–29) with the main goal of removing the primary tumor with adequate margins of healthy tissue; however, the definition of an “acceptable free margin” is essentially unclear (6, 30–32). Calabrese et al. (33) showed that DSS and OS improved in patients with advanced-stage OTSCC after CTS because of a tridimensional control of the superficial and deep extension of the tumor; as a consequence, CTS can be considered a sound oncologic option and could be applied routinely with the aid of primary microvascular free flap reconstruction, which has replaced, in the majority of cases, the use of loco-regional flaps. After wide resection, a reconstructive procedure is needed to fill the anatomical defect, reduce the risk of post-operative complications (such as salivary fistula), and recreate a functional volume, thereby improving residual tongue movements and functions (34). Obtaining healthy vascularized tissue from the donor site protects the mandible, thereby reducing eventual radio-induced complications (35). In our series, no fistula or radionecrosis occurred after RT; indeed, radionecrosis and fistula were present before CTS in two cases previously treated elsewhere with local resection without reconstruction followed by RT, which recovered after our microvascular reconstruction. The CTS approach associated with microvascular reconstruction has been adopted routinely in our department since November 2010 and allowed the resection on healthy tissue in 98.8% of patients despite the pT stage; a single close margin was observed in one patient. This surgical approach also allows the radical removal of microscopic peritumoral buds and all the lymphatics within the anatomical compartment where the tumor can develop (Figures 3A,B). Although this surgical strategy is technically more complex than the classic “wide resection” approach, which includes a transtumoral approach (36) without reconstruction, in our series, CTS was not burdened by a higher incidence of major complications than has been reported in the literature (33, 36): we observed one post-operative death (1.2% of all patients; an elderly patient whose AACCI score was 7 and who died of heart failure the day after the surgical procedure), and no patient experienced flap failure. The additional operating time was defined as the time required to perform the microanastomosis since the harvesting of the flap was contemporary to the resection, and the suturing of the flap was performed during the time spent waiting for frozen sections.


[image: Figure 3]
FIGURE 3. (A) Shema of the locoregional lymphatic spread of tongue malignancy, with possible intramuscular metastasis. (B) 10× Histology of an intramuscular metastasis (geniohyoid muscle) observed in a patient with pT3N2a squamous cell carcinoma of the tongue; the muscle fibers dissociated by a proliferation of epithelioid cells organized in solid nests with infiltrative growth pattern. The epitelioid cells showed polimorphic and polidimensional nuclei with prominent nucleoli, atypical mitosis and wide eosinophilic cytoplasms. In the background around and inside the tumor there is an inflammatory response composed by lymphocytes and monocytes.


The literature review showed that patients with OTSCC have a 5-years DSS, OS and ORFS from 51.1 to 77.8%, 31.5 to 70.7%, and 50 to 68.1% respectively (6, 37–39); our results are comparable with the best reported in the literature (Table 6). The OS observed in our series could be related to the high incidence of comorbidities: only 31 patients did not have any comorbidities (38.3%), while 27 patients had 1 or 2 comorbidities (33.3%), and 23 patients had ≥3 comorbidities (28.4%) since the last condition was not considered an absolute contraindication to CTS. Although CTS followed by microvascular reconstruction could be considered more aggressive than excision, it produces better loco-regional control than more limited resections. Sinha et al. (36) treated their T1 and T2 patients by multiblock transoral resection with a 1 cm free margin evaluated intraoperatively with the operative microscope, achieving the following oncologic results: 5-years DSS, ORFS and OS: 88.6, 70, and 78%, respectively, in T1 patients and 74.4, 56.8, and 60.2%, respectively, in T2 patients. Five-years DSS, OS, and RFS rates of T1 and T2 lesions reported in literature in patients are 91.7–95, 75–84, 71.9–73% and 79.3–92, 59–73.3, 66.9–80%, respectively (40, 41). These results seem lower than those achieved in our study (Table 6) and in the experience of Calabrese et al. (33).

After CTS, 28% of patients in the study of Calabrese et al. (6) and 22.3% of our patients experienced recurrent disease; in our series, relapse of the disease was observed in 2 patients with stage II disease (2.5%), in 5 patients with stage III disease (6.2%) and 11 patients with stage IV disease (13.6%).

Recurrence, which can occur despite radical histologically-proven resection, remains a challenge to improving understanding of OTSCC biology. These neoplasms do not always show the same biological behavior, and different clinical risk factors may be associated with a higher aggressiveness of the tumor and could require different therapeutic strategies.

An association between HPV and oral cavity cancer has been described in the literature (42). In the present series, only 2 lesions were p16-positive, and the virus genome was detected in only 1 patient with OTSCC. However, in this patient, the lesion showed only the focal expression of p16 and was not considered an HPV-related disease.

Xu et al. (43) demonstrated that when ECE-1 is overexpressed in head and neck squamous cell carcinoma (HNSCC), poor tumor differentiation is associated with worse prognosis; however, in our series, patients with poorly differentiated disease did not experience significantly worse survival rates than patients with well-differentiated lesions (Table 7).

Recurrence after previous treatment was associated with worse local control: of the 71 naive patients, 16 (22.5%) experienced relapse of the disease, while of the 9 patients with previous RT for head and neck malignancies, 5 (55.6%) relapsed, p = 0.034.

Advanced T stage, nodal involvement, ENE, and poorer differentiation are well-known prognostic factors for OTSCC (44), and the latest edition of the AJCC TNM staging system has been changed on the basis of DOI and ENE (8, 9). The evaluation of the tumor's thickness was defined by Moore et al. (45) as the deepest point of tumor invasion (from the mucosal surface) in the tissue. The tumor's thickness is currently expressed by the DOI at histology, defined as the distance from the level of the basement membrane of the closest adjacent normal mucosa (22). DOI is considered a main prognostic factor associated with the risk of lymph node involvement (46–49). The significance of the DOI in the TNM staging system has been recently validated in several studies. Lydiatt et al. (8). evaluated a large population of 1,788 patients and confirmed that the DOI is a significant prognostic factor for the prediction of DSS and OS. Matos et al. (38) observed that both RFS and OS were significantly lower in patients undergoing upstaging after the application of the 8th edition of the TNM staging system (p = 0.007 and p = 0.017, respectively). Tirelli et al. (39) observed a major correlation between increased pT categories and DSS (p = 0.01) using the 8th edition of the TNM staging system, concluding that DOI > 10 mm is an independent prognostic factor that significantly impacts DSS (p = 0.001). In our series, 39 lesions (48.1%) were upstaged after restaging with the 8th edition of the TNM staging system, and in accordance to the recent literature, DSS decreases progressively according to the increasing pT category. The DSS rates based on the 7th and 8th editions were as follows: pT1 100 vs. 100%, pT2 78.4 vs. 88.7%, pT3 33.3 vs. 71%, and pT4 33.9 vs. 31.2% (Table 6), confirming that as found in the present study, the recent revision of the TNM staging system improves the correlation between T stage and prognosis and allows a better classification of OTSCC patients.

The involved margins, close margins, tumor's size and the depth of invasion of the extrinsic muscles are considered as negative prognostic factors (50, 51) and, in some cT2 tumors, it is difficult to determine before surgery whether or not the extrinsic lingual muscles are involved (51). The CTS approach allows for a resection performed along anatomic boundaries to the neoplastic spread with a complete resection even when the lesion present insidious paths of spread. Despite the three-dimensional extension of the disease, CTS, in the present series, seemed to ensure that free margins were achieved in all cases and had a positive impact on locoregional control of the disease; the neoplastic spread routes were removed en bloc.

The restaging of all our patients according to the 8th edition of the TNM staging system confirmed that CTS was not an overtreatment in patients previously staged as pT1 according to the 7th edition of the TNM staging system: 29 patients (35.8%) showed an upstage while shifting from a clinical T1-T2 to a T3-T4 pathological stage according to the 8th AJCC staging system and, among them, 5 were initially staged as cT1 and 24 were cT2; in these patients, a different surgical approach could have been associated with incomplete resections that were never observed in the present series. Furthermore, before 2017, the choice of the CTS approach resulted in the removal of the T-N tract potentially affected by satellite lesions or micrometastases in 27 patients (33.3%) who showed upstaging from pT1-pT2 to pT3-pT4 while shifting from the 7th to the 8th AJCC staging system; if we had performed a transoral resection in this class of tumors, we would probably have obtained worse prognoses.

Tagliabue et al. showed that on 95 patients classified as pT1-3 only 6 patients had the T-N tract involved while in 138 classified as pT4, 31 patients had a positive T-N tract (52); these findings could justify a “tailored” less aggressive resection (i.e., transoral laser resection without CTS) in case of cT1 lesions of the anterior tongue and without preoperative signs at MRI and or CT of involvement of the “anatomical barriers” for neoplastic spread. Less aggressive excisions could also be considered on the basis of age, comorbidities, previous treatments, immunological status, and patient's choice.

In the study by Tirelli et al. (39) and in our series, the new pT classification showed a better correlation with survival and oncologic outcomes. We observed that pT1–pT3 lesions according to the 8th AJCC staging system showed a significantly better prognosis than pT4 lesions; the worse prognosis of more extended lesions does not seem to be strongly related to the surgical procedure (histology confirmed free margins of resection in all advanced cases), and recurrences may be due to the insidious ways of diffusion that cannot be controlled through surgery alone.

In our series, the recent revision of the TNM staging system led to an upstaging of the pN in three patients (3.7% of the whole series). The main changes were due to the status of the pathological ENE, defined as the extension of metastatic carcinoma from the lymph node outside the nodal capsule (8). The presence of the stromal inflammatory reaction has been considered in the recent TNM staging system as an independent and reliable prognostic factor (8, 9, 33). The poor prognosis of patients with pathological ENE has been evaluated in our series: ENE was confirmed in 3 cases (1 pN2a and 2 pN3b), and after a 3-years follow-up, two patients died from the disease, whereas one patient died from stroke. Univariate analysis showed that pathological ENE was the worst histological prognostic factor and was associated with significantly worse oncologic outcomes (Table 7).

PNI, LVI and LNR are clear signs of an increased “imbalance” between oncogenes and tumor suppressor genes that promotes the neoplastic spread showing aggressiveness of the tumor also if they are not at the margin of the resection. It is hypothesized a morph-functional sequence when defining the steps of the metastatic cascade that includes the promotion of tumor neo-angiogenesis, synthesis of proteinases that helps cell intra and extravasation, synergism between altered adhesion molecules and proteinases, and loss of local immune-surveillance (53).

Many authors have associated PNI with local recurrence and lower OS (54–58) and have also observed that adjuvant therapy can have a significant positive impact on survival rates (p = 0.022). In our series, PNI did not significantly impact locoregional control or survival rates (Table 7). These data can be explained in our cases because PNI, although it is an indicator of histological aggressiveness, it was observed within the tumor but always far from the surgical margins, supporting the application of CTS, that allows wide resections, minimizing the negative impact of the presence of PNI on prognosis. Conversely, the presence of PNI in the surgical margins or the histological finding of cranial nerve invasion [defined as perineural spread by Brown (59)] could play a strong negative prognostic role, but it was never observed in our series. The impact of LVI on locoregional control and recurrence and survival rates has been widely demonstrated in other malignancies, such as hypopharyngeal and esophageal carcinoma, in which LVI is an independent prognostic factor (60, 61). In a recent study, Fives et al. (62) showed that the DOI (p = 0.009), LVI (p = 0.006), PNI (0.003) and nodal metastases (p = 0.02) had a significant negative impact on OS, and after the multivariate analysis, only LVI was associated with significantly worse OS (p = 0.009). In a cohort of 289 patients with OSCC, Quinlan-Davidson et al. (63) observed that LVI was associated with nodal involvement (p = 0.01) and DOI > 1.5 cm (p = 0.003) and suggested that it could be considered an independent negative prognostic factor (p = 0.006). Cassidy et al. (64) reported that the presence of LVI in patients without nodal involvement (N0) is associated with worse local control (p < 0.01), worse locoregional control (p < 0.01) and a lower OS (p = 0.01); consequently, it should be considered an indication for adjuvant therapy. In our series, univariate analysis showed that LVI is a prognostic factor associated with a significantly worse ORFS (p = 0.0025) and DMFS (p = 0.0006). Compared with the findings of Chen et al. (65) the prognostic value of LVI was more evident in our patients with stage III-IV disease (ORFS: p = 0.002; DMFS: p = 0.0014), especially when associated with PNI (Table 8). Multivariate analysis confirmed that patients with stages III-IV disease, node involvement and LVI experienced significantly worse outcomes especially when they refused adjuvant CHT-RT (Tables 9, 10).

In the literature, the LNR has been considered an additional factor for estimating prognosis (66, 67). In our series, we considered the cut-off value of 0.09 on the basis of the meta-analysis of Talmi et al. (22) who identified 28 studies in the literature that addressed the prognostic value of the LNR and reported a range of cut-off values of the LNR associated with prognosis between 0.02 and 0.20, with an average of 0.09. In our series, patients with an LNR higher than 0.09 experienced significantly worse outcomes. In these patients the higher LNR was due to the high number of metastatic nodes since the neck dissections yielded a mean number of lymph nodes of 53.1 (range of 18–134 nodes removed). The systematic use of this parameter should be associated with high-quality neck dissection (number of lymph nodes removed per level) to avoid statistical bias due to limited neck dissections.

AHNS guidelines (24) support adjuvant therapy in high-risk OTSCC (advanced stages, multiple nodal involvement, ENE+, positive margins) and for intermediate-risk OTSCC only when one or more negative prognostic factors, such as LVI or multiple nodal involvement, are observed; adjuvant therapy is also indicated in specific situations, such as early-stage OSCC with positive margins, which otherwise has a negative prognosis (68). The appropriateness of this multidisciplinary management was underlined in our series: adjuvant therapy showed a significant positive role in improving the prognosis of patients with stage III and IV disease associated with LVI, while patients with early-stage disease or without LVI did not experience a significant benefit from adjuvant therapies (Table 8).

In the majority of the patients, the five quality metric criteria according to Cramer et al. (25) were met, although eight patients did not undergo RT despite indications due to personal choice or logistic/personal problems that could not be overcome by patients or relatives. DSS, OS, and ORFS were significantly worse in these patients who did not undergo adjuvant RT than in patients who underwent RT (Tables 9, 10).

Functional outcomes after CTS showed a high recovery rate of adequate chewing and swallowing functions (97.5%). Complete removal of the extrinsic muscles from their bony insertions does not increase the functional defect any more than partial removal of the muscle involved (51). In our patients, the free flap allowed for a complete closure of the oral pelvis and an adequate volume of the reconstructed tongue, facilitating the oral phase of swallowing. In our series, all but two patients could be discharged from the hospital without a nasogastric feeding tube. Type IV and V glossectomies, although rarely performed, was burdened by higher disfunction, needing in two cases compensatory PEG.

In conclusion, our study pointed out that CTS was associated with a high rate of tumor-free margins in all stages of OTSCC. Oncologic results obtained with CTS were better than those obtained with traditional transoral or multiblock resections. Immediate free flap reconstruction was not burdened by major complications. Adequate or normal function was regained in all but two patients. Adjuvant therapy was indicated in patients with advanced disease and negative prognostic factors according to AJCC 2017 and was not burdened by complications probably due to the presence of a well-vascularized transplanted tissue.
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Background: Head and Neck Cancer is a major public health problem in India, majority of which are lifestyle related, male predominant requiring dedicated infrastructure and human resource. The 5-year survival is 59% for all stages combined and only 45% in patients with locally advanced inoperable head and neck cancer using current chemoradiation schedules. Chemotherapy agents administered in the induction or concurrent setting comprise of taxanes (Docetaxel, paclitaxel), platinum compounds (Cisplatin, carboplatin) and fluorouracil (TPF). For patients with advanced Head and neck squamous cell carcinoma (HNSCC), 3-weekly TPF regimen is the established standard induction chemotherapy (ICT) option based on overall survival benefit. However, TPF regimen is known to be associated with significant dose limiting toxicities which may impair tolerance and effectiveness of therapy. In this study we assessed the efficacy and toxicity of weekly vs. 3-weekly Docetaxel, Cisplatin, and Fluoro-uracil (TPF) induction chemotherapy in locally advanced Head and neck squamous cell carcinoma (LA-HNSCC).

Methods: This was an open labeled randomized two arm study with 41 patients in the 3-weekly TPF arm and 41 patients in the weekly arm. Patients were randomized using numbers from a randomization software, data recorded, and results were analyzed.

Results: The weekly group achieved far greater symptom relief than 3-weekly group (72 vs. 64%). The overall response rates were similar in both arms (ORR 75.6 and 73.1% in the weekly and 3-weekly groups, respectively). Renal toxicity was significantly lower in the weekly group as compared to 3 weekly arm post three cycles of chemotherapy (CrCl 91.49 ml/min vs. 76.67 ml/min, respectively). The weekly group had predominantly grade I and II neutropenia (19.5 and 17.1%, respectively) as compared to 3-weekly group where grade III and IV neutropenia (31 and 12%, respectively) was more prominent (p-0.003). Among non-hematological toxicities, mucositis, nausea/vomiting, and diarrhea in the weekly group were significantly lower when compared to 3-weekly group. Progression free survival was slightly higher in the weekly group (18 months) when compared to 3-weekly group (15 months) which was not statistically significant.

Conclusion: Weekly induction with TPF had lower toxicity and similar efficacy as compared to 3-weekly regimen in locally advanced HNSCC patients. Myelosuppression, which was the most serious and common complication of 3-weekly TPF regimens was notably low using the weekly regimen. Our results suggest that weekly TPF regimen may be a safer and effective alternative to 3-weekly TPF for treatment of LA-HNSCC. To our knowledge this is the first study reporting the efficacy of weekly TPF regimen in LA-HNSCC till date.

Keywords: induction chemotherapy, weekly docetaxel, weekly cisplatin in head and neck cancer, locally advanced head and neck cancer, weekly 5-fluro uracil, weekly TPF


INTRODUCTION

Head and Neck Cancers (HNCs) comprise of malignancies of the oral/nasal cavity, lips, salivary glands, pharynx (hypo pharynx, oropharynx and nasopharynx), and larynx. Squamous cell carcinomas (SCCs) constitute ~90% of Head and Neck Cancers with adenocarcinomas, melanomas, and sarcomas forming the rest (1). Head and Neck Cancers are emerging as a major health problem in India. Overall 57.5% of global head and neck cancers occur in Asia out of which around 30–35% occur in India (2). The 5-year relative survival rate is 81% for patients with localized disease and 59% for all stages combined (3, 4).

To improve response rates and functional outcomes, chemotherapy has been included into various schedules. Chemotherapy agents with proven activity in squamous cell carcinoma commonly used in either induction or concurrent chemotherapy regimens consist of the platinum compounds (Cisplatin, carboplatin), fluorouracil, and taxanes (Docetaxel, paclitaxel). The three-drug combination of platinum, fluorouracil plus taxane is the preferred regimen for induction chemotherapy (ICT). Randomized trials found that addition of a taxane (Docetaxel, paclitaxel) to PF regimen improved efficacy of induction chemotherapy (5, 6). The most extensive data on TPF regimen comes from the TAX 324 trial, in which 501 patients were randomly assigned to induction with Docetaxel, Cisplatin, plus fluorouracil (TPF) or PF followed by concurrent chemo radiotherapy using weekly carboplatin. Although TPF regimen had an improved overall survival than PF, TPF regimen was also associated with significant acute toxicities and myelosuppression (7, 8).

We hypothesized that weekly induction chemotherapy with TPF regimen may have similar efficacy and lower toxicity further improving tolerability and response rates. In this study we assessed the efficacy and toxicity of weekly vs. 3-weekly Docetaxel, Cisplatin, and Fluoro-uracil (TPF) induction chemotherapy in locally advanced Head and neck squamous cell carcinoma (HNSCC).



MATERIALS AND METHODS

The study was conducted in HealthCare Global Hospital, Bangalore after approval from institutional ethics committee. The study was a prospective two arm open labeled randomized controlled study which included locally advanced HNSCC (LA-HNSCC) patients recruited during 1st April 2015 to 31st March 2017. The study included a total of 82 LA-HNSCC patients. After taking informed consent the patients were randomized into two groups; Group A and Group B (41 patients in each group), to receive 3 cycles of weekly and 3-weekly TPF regimen, respectively. Randomization was done using random numbers generated by the software (www.randomizer.org) (9).


Treatment Protocol

The following treatment protocol was used for patients allotted to GROUP A or B.

Group A: Patients in this group received weekly chemotherapy for 9 weeks.

1. Docetaxel-30 mg/m2 i/v infusion on D1

2. Cisplatin-40 mg/m2 i/v infusion on D1

3. 5FU-750 mg/m2 i/v infusion over 6 h on D1

Group B: Patients in this group received three-weekly chemotherapy for 3 cycles (from D1 to D5).

1. Docetaxel-75 mg/m2 i/v infusion on D1

2. Cisplatin-75 mg/m2 i/v infusion on D1

3. 5-FU-750 mg/m2 i/v infusion over 24 h from D1-D5



Response Evaluation

Radiological Response assessment was done by Response Evaluation Criteria in Solid Tumors RECIST (version 1.1) based on PET scan imaging modality. Clinical response grading was done according to National Cancer Institute- Common Terminology Criteria for Adverse Events (NCI- CTCAE) version 4.0 (10).



Statistical Methods

SPSS version 23 was used for data analysis. Frequencies and percentage were reported for categorical variables. Continuous variables were expressed as mean and standard deviation for normally distributed data and median and range for skewed data. Kaplan Meier survival analysis was carried for progression free survival. Patient characteristics were evaluated by using Chi-Square test. Results are graphically represented where deemed necessary. Probability values below 0.05 were considered as statistically significant.




RESULTS


Patient's Characteristics

The patients' baseline characteristics are summarized in Table 1. Majority of patients were between 51 and 60 years of age in both the study groups. Both the groups had a male preponderance. It is a well-known fact that co-morbid conditions are associated with poorer tolerance and response rates, thus being a major confounding factor in the study. Most patients in both groups of our study did not have any major co-morbidity. The few patients with co-morbid conditions were well-controlled during the study period. All the three variables were well-matched in our study (Table 1).


Table 1. Patient baseline characteristics of the two groups.

[image: Table 1]



Assessment of Clinical Symptoms

Severity of clinical symptoms before and after chemotherapy in the weekly and 3-weekly groups is summarized in Table 2. Clinical symptoms of patients were recorded as per NCI-CTCAE Version 4.0.


Table 2. Grade of clinical symptoms - Pre and Post chemotherapy in Weekly and 3-Weekly groups.

[image: Table 2]


Pre Chemotherapy

In both groups GR III symptoms were more common. The weekly group had 80.5 and 19.5% of GR III and IV clinical symptoms, respectively, while the 3-weekly group had 2.4, 80.5 and 17.5% of GR II, III, and IV symptoms, respectively.



Post Chemotherapy

Overall better symptom relief was achieved in the weekly group as compared to 3-weekly group. The weekly group showed a 72% reduction of grade III clinical symptoms as opposed to 64% reduction in the 3-weekly group.




Radiological Responses

Post treatment radiological responses are represented in Figure 1. Radiological response was evaluated using RECIST criteria (1.1). Overall response rate (ORR) included complete and partial responses. The weekly group had an ORR of 75.6 and an almost similar ORR of 73.1% was seen in 3-weekly group (p-0.687). The number of patients with stable and progressive disease were also similar between the two groups.


[image: Figure 1]
FIGURE 1. Radiological Responses:—Post chemotherapy in both groups.




Evaluation of Toxicities in the Weekly and 3-Weekly Group

The hematological and non-hematological toxicities in both groups are summarized in Table 3.


Table 3. Details of toxicity observed in weekly and 3-weekly groups.
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The weekly group had more grade I and II neutropenia (19.5 and 17.1%, respectively) while the 3 weekly group had predominantly grade III and IV neutropenia (31 and 12%, respectively) which was statistically significant (p-0.003). Most of the patients in the weekly group tolerated ICT well without any major hematological adverse events.

The weekly ICT group had predominantly a lower grade of mucositis which included GR II and I (34 and 29%, respectively) as compared to 3-weekly group who had more of GR III and IV mucositis (9 and 26%, respectively; p-0.003). 26% of weekly-ICT group had no episode of mucositis. Higher grades of nausea and vomiting were seen in the 3-weekly group (58 and 14% in GR III and IV, respectively) while majority of weekly group had no symptoms (39%) or lower grades of nausea/vomiting (31 and 22% in GR II and GR I, respectively) with significant p-value (0.000). High grade diarrhea was seen chiefly in the 3-weekly group (36 and 9% GR II and III, respectively) while majority of weekly group patients had minimal or no symptoms (80%), P-value (0.001). Majority of patients in both groups tolerated chemotherapy well with mainly incidences of grade I (19% in each group) neurological symptoms in both groups (p-0.028) (Table 3).



Nephropathy

Renal toxicity was analyzed using creatinine clearance (CrCl). The mean CrCl in weekly and 3-weekly groups was 91 and 76 ml/min, respectively (p-0.003). The weekly group had better renal function than 3-weekly group at the end of 3 cycles of chemotherapy. Assessment of renal function post chemotherapy is illustrated in Figure 2.


[image: Figure 2]
FIGURE 2. Nephropathy; Post chemotherapy in both groups.




Survival Analysis

The progression free survival was 18 and 15 months in the weekly and 3-weekly groups, respectively which was not statistically significant (p = 0.905) (Figure 3).


[image: Figure 3]
FIGURE 3. Kaplan Meier analysis of progression free survival.





DISCUSSION

Induction chemotherapy has been mentioned as a first line option especially in oropharyngeal and hypopharyngeal locally advanced SCC (11). This has been demonstrated effectively in the landmark TAX-323 and TAX-324 trials (7, 8).

Posner et al., reported longer overall and progression free survival and a non-significant reduction of toxicities in the TPF group as compared with PF (7). However, this study also reported more myelo-suppression in the TPF group (83%) as compared to PF (56%). In the TAX 323 and TAX 324 studies, the main toxicity associated with TPF regimen was leukopenia and neutropenia indicating a clear need for regimens with improved tolerability and lower toxicity (12). Hence our study was designed to establish an effective, safe and tolerable daycare regimen using TPF as ICT for locally advanced HNSCC.

The early phase I/II trials of 3-weekly TPF in advanced HNSCC where docetaxel given at 75 mg/m2 every 3 weeks showed 95% grade 3–4 neutropenia and 19% febrile neutropenia (13). Rapidis et al. conducted a study aiming at reduction of myelosuppression and reported that using biweekly Docetaxel (40 mg/m2) with Cisplatin and 5-FU significantly decreased grade 3–4 neutropenia to 37% (14). This response suggested that biweekly or weekly Docetaxel could be an effective alternative for the 3-weekly regimen. Kean f, HO et al. demonstrated more delays (29 vs. 41%) and omission of chemotherapy (5.6 vs. 17.4%) occurred in 3-weekly arm as compared to the weekly group. They concluded that 100 mg/m2 of Cisplatin given every 3-weekly with radiotherapy was much less tolerated than 40 mg/m2 administered weekly and hence fewer patients achieved the effective cumulative dose of >200 mg/m2, possibly compromising on efficacy (15). A retrospective study by Patil et al. used induction chemotherapy with weekly paclitaxel and carboplatin in patients with LA-HNSCC and found that the above regimen was safe and effective even in elderly and those with poor performance status (16). Recently, the Japanese trial found that weekly cisplatin+RT is non-inferior to 3-weekly cisplatin+RT in LA-SCCHN pts and has a favorable toxicity profile, though this was reported in adjuvant setting (17). This formed the rationale for our study comparing standard 3-weekly with modified weekly TPF regimen using docetaxel at a dose of 30 mg/m2, Cisplatin 40 mg/m2 and 5-FU 750 mg/m2, all administered weekly for 9 weeks followed by re-assessment. To our knowledge this is the first studying comparing weekly TPF induction with standard 3-weekly regimen in locally advanced head and neck squamous cell cancer.



CUMULATIVE DOSE INTENSITY AND ITS SIGNIFICANCE

The weekly group received a higher cumulative dose of taxanes and platinum by 16.7 and 37.5%, respectively at the end of 3 weeks as compared to the 3-weekly group. Whereas, the cumulative dose of 5-FU was 40% lower in the weekly group when compared to 3-weekly group. Despite higher dose intensity achieved for docetaxel and cisplatin in the weekly group, hematological and non-hematological toxicity was predominantly only grade I or II.

At presentation, the weekly group mainly had GR III and IV clinical symptoms in 80.5 and 19.5%, respectively while the 3-weekly group presented with GR II, III, and IV symptoms in 2.4, 80.5, and 17.5%, respectively. Post 3 cycles, the weekly group showed greater relief in symptoms with objective reduction from clinical grade III to grade I as compared to the 3-weekly group. The above effect was close to significant (p = 0.084). The response rate (RR) was almost similar in both groups with an ORR of 75.6% in weekly group and 73.1% in the 3-weekly group. Difference in hematological toxicities was analyzed and the weekly group had more grade I and II neutropenia (19.5 and 17.1%, respectively) as compared to 3-weekly group where grade III and IV neutropenia (31 and 12%, respectively) was more significant. The above observation was statistically significant (p-0.003). Among the non-hematological toxicities: mucositis, nausea/vomiting and diarrhea were significantly lower in the weekly group as compared to 3-weekly group.

A single arm retrospective study done at TATA Memorial Hospital, Mumbai in 2014 by Patil et al., reported an overall response rate (CR + PR) of 67% (10 patients) (16). Overall grade 3–4 toxicity was seen in 6 patients. No toxicity related mortality was observed. The median PFS and OS were 10.36 and 16.53 months, respectively. Similarly, our study reported an ORR (CR + PR) of 75.6% (31 patients) in the weekly group. Only 2 patients had grade 3–4 toxicity. Summarizing, the weekly TPF group had significantly lower incidences of both hematological and non-hematological toxicities as compared to 3-weekly group.

The progression free survival was 18 and 15 months in the weekly and 3-weekly groups, respectively which was not statistically significant (p = 0.905).

The proposed mechanisms are that the dose dense approach facilitates for constant exposure of taxane to cells in G2-M phase thus preventing emergence of resistance clones and enhancing anti-tumor effect. Furthermore, weekly taxane may have direct angiogenic effects disrupting microtubule dynamics in the endothelial cells. This was particularly seen at a cytostatic concentration <10 nm. Weekly taxane may theoretically also reverse the resistance acquired to 3-weekly taxanes (18). Weekly taxanes may also be beter tolerated as myelosuppression depends on peak plasma concentration >50 nm. Hence weekly paclitaxel may decrease myelosuppression, maintain dose intensity and quicker rates of plasma concentration decline could limit toxicity (19, 20). Similarly regardless of treatment regimen, it has been suggested that a cumulative dose of 200 mg/m2 needs to be reached for therapeutic benefit in cisplatin studies (21, 22). A retrospective analysis indicated an inferior outcome with a cumulative cisplatin dose of ≤200 mg/m2 in HPV-negative patients. In our study the weekly cisplatin arm received a much higher cumulative dose (360 mg/m2) than the 3-weekly arm (225 mg/m2) possibly contributing to increased efficacy. Short 5-FU infusional schedules have also been reportedly used with considerable success in advanced head and neck cancers (23, 24).

The limitation of our study is small sample size. Assessment of HPV status was done by p16 Immunohistochemistry and not by Polymerase Chain Reaction (PCR). Quality of life post ICT was not recorded which may have helped in further analysis of effectiveness. Assessment of chronic toxicity was not part of our study protocol which can help to assess quality of life in long term survivors.



CONCLUSION

Weekly TPF combination as an ICT showed significantly lower toxicity and similar efficacy as 3-weekly regimen in locally advanced HNSCC patients. Myelosuppression, which was the most serious and common complication of 3-weekly TPF regimen was notably low using the weekly regimen. Our results suggest that a weekly TPF regimen represents a safer and effective alternative to 3-weekly TPF for the treatment of LA-HNSCC. Further large-scale studies with longer follow up are needed to assess survival and long term toxicities using weekly TPF regimen in locally advanced head and neck cancers.
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Increased Expression of SHMT2 Is Associated With Poor Prognosis and Advanced Pathological Grade in Oral Squamous Cell Carcinoma

Zhi-Zhong Wu1, Shuo Wang1, Qi-Chao Yang1, Xiao-Long Wang1, Lei-Lei Yang1, Bing Liu1,2* and Zhi-Jun Sun1,2*

1The State Key Laboratory Breeding Base of Basic Science of Stomatology (Hubei-MOST), Key Laboratory of Oral Biomedicine Ministry of Education, School and Hospital of Stomatology, Wuhan University, Wuhan, China

2Department of Oral Maxillofacial Head and Neck Oncology, School and Hospital of Stomatology, Wuhan University, Wuhan, China

Edited by:
Cesare Piazza, University of Brescia, Italy

Reviewed by:
Angela Tramonti, Italian National Research Council, Italy
Maria Cossu Rocca, European Institute of Oncology (IEO), Italy

*Correspondence: Zhi-Jun Sun, sunzj@whu.edu.cn; Bing Liu, liubing9909@whu.edu.cn

Specialty section: This article was submitted to Head and Neck Cancer, a section of the journal Frontiers in Oncology

Received: 29 July 2020
Accepted: 11 September 2020
Published: 09 October 2020

Citation: Wu Z-Z, Wang S, Yang Q-C, Wang X-L, Yang L-L, Liu B and Sun Z-J (2020) Increased Expression of SHMT2 Is Associated With Poor Prognosis and Advanced Pathological Grade in Oral Squamous Cell Carcinoma. Front. Oncol. 10:588530. doi: 10.3389/fonc.2020.588530

This study focused on the expression of mitochondrial serine hydroxymethyltransferase (SHMT2) in oral squamous cell carcinoma (OSCC) and its correlation with clinical traits and the prognosis of OSCC patients. Immunochemical staining and Western blotting were used to quantify the expression of SHMT2 and related immune markers in OSCC. Using OSCC microarrays and The Cancer Genome Atlas (TCGA) database, we evaluated the association between SHMT2 and various clinical traits. We found that increased expression of SHMT2 was detected in OSCC and correlated with advanced pathological grade and recurrence of OSCC. By a multivariate Cox proportional hazard model, high expression of SHMT2 was shown to indicate a negative prognosis. In addition, in the OSCC microenvironment, increasing the expression of SHMT2 was associated with high expression levels of programmed cell death-ligand 1 (PD-L1), CKLF-like MARVEL transmembrane domain containing 6 (CMTM6), V-type immunoglobulin domain-containing suppressor (VISTA), B7-H4, Slug, and CD317. In the future, more effort will be required to investigate the role of SHMT2 in the OSCC microenvironment.
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INTRODUCTION

Mainly originating from the oral cavity, oral squamous cell carcinoma (OSCC) is one of the most common malignant tumors of the head and neck (excluding non-melanoma skin cancer) (1, 2). Of note, OSCC results in negative consequences, as advanced OSCC has a poor 5-year-survival rate, impacts activities of daily living, and disfigures the appearance of patients after surgeries (1, 3). Though increasing numbers of OSCC patients have benefited from novel immunotherapies, such as immune checkpoint blockade (ICB), the OSCC microenvironment is complicated and heterogeneous and only approximately 20% of OSCC patients can undergo treatment successfully (4–6). The mechanism of the OSCC microenvironment is not yet clear, and previous studies have demonstrated that both Epstein–Barr virus (EBV) infection and human papilloma virus (HPV) infection independently act as biomarkers of prognosis in head and neck squamous cell carcinoma (HNSCC) (6, 7). However, EBV infection and HPV infection are external factors, and neither of them can reflect the changes in intracellular molecules related to OSCC. Hence, these facts motivated us to research the biomarkers that can indicate the prognosis and the alteration of intracellular molecules related to OSCC in the OSCC microenvironment (7, 8).

Recently, it has been reported that the tumor microenvironment under hypoxia promotes immune escape and hypoxia in the OSCC microenvironment, indicating poor prognosis and reflecting the involvement of the metabolic activity in mitochondria (9). Since the Warburg effect was discovered to be associated with tumor progression, increasing numbers of scholars have investigated energy metabolism in the tumor microenvironment (10). Coincidentally, mitochondrial serine hydroxymethyltransferase (SHMT2) is a vital enzyme involved in one-carbon unit metabolism that catalyzes the metabolism of serine into glycine in OSCC (11). Intriguingly, serine, as a substrate of SHMT2, is related to the Warburg effect by the active one-carbon unit metabolism (10). Furthermore, it has been reported that SHMT2 is highly expressed in glioma, intrahepatic cholangiocarcinoma, and hepatocellular carcinoma (12), reflecting that SHMT2 is partly involved in the process of tumorigenicity (10, 12, 13). It has been suggested that SHMT2 is downstream of signal transducer and activator of transcription 3 (STAT3) and plays a key role in the conversion of prostate cancer to a more aggressive phenotype (14, 15). However, it is not clear if SHMT2 is expressed in the OSCC microenvironment and whether SHMT2 is related to the prognosis of OSCC patients. In this study, we evaluate the expression levels of SHMT2 in both OSCC and oral normal mucosa and its influence on prognosis outcome. Furthermore, we related SHMT2 expression to case information of the OSCC patients we enrolled and analyzed the correlations between SHMT2 and clinical traits (16).

Immune checkpoints including programmed cell death-ligand 1 (PD-L1), V-type immunoglobulin domain-containing suppressor (VISTA), and B7-H4 have been demonstrated to be associated with the OSCC microenvironment, and ICB has become a novel immunotherapy to overcome cancer (16–19). The epithelial–mesenchymal transition (EMT) is an oncogenicity mechanism in OSCC, and Slug is one of the classical markers involved in EMT (20, 21). For the sake of investigating the correlations between SHMT2 and the OSCC microenvironment, we analyzed the association between SHMT2 expression and related markers in the OSCC microenvironment, including immune checkpoints and EMT markers, by OSCC microarrays.



MATERIALS AND METHODS


Bioinformatics Analysis

A total of 307 OSCC cases are available from The Cancer Genome Atlas (TCGA) database1. Meanwhile, the normalized FPKM (fragments per kilobase million) values, as corresponding expression samples originated from RNA-sequencing and Gene Expression Quantification data, were acquired from TCGA Data Portal (22). We then utilized the expression data from 2,452 genes, including the SHMT2 gene (Ensembl ID: ENSG00000182199), and corresponding clinical characteristics of OSCC patients to construct a weighted gene co-expression network analysis (WGCNA). We used the R package “WGCNA” (version 1.68), which possesses the function of module clustering and network analysis, to perform co-expression network analysis using R software (version 3.6.1). We first preprocessed the expression sample into a format suitable for network analysis, removed obvious outlier samples with excessive numbers of missing entries, and matched the trait samples to the expression samples (23). Second, using the methods of automatic network construction and module detection, we selected β = 4 as the soft thresholding power, where co-expression similarity was raised to calculate adjacency to meet the fitness of the scale-free topology index (roughly 0.90). Meanwhile, we chose a relatively large minimum module size of 30 and a medium sensitivity (deepSplit = 2) to perform cluster splitting. Subsequently, we visualized the results of clustering using the hierarchical clustering dendrogram constructed by the R package “WGCNA” (version 1.68) (23). Third, we correlated modules clustered with external characteristics and identified the association between them, defined as gene significance (GS). Further, for each module, we defined a quantitative measure of module membership (MM) as the correlation of the module eigengenes (MEs) and the gene expression profile, allowing us to quantify the similarity of all genes on the array to every module. By plotting a scatterplot of GS vs. MM, we conducted intramodular analysis to determine the correlation between MM and GS for the most positive traits. Finally, we conducted Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis for the MEs using the R package “clusterProfiler” (version 3.12.0).



Oral Squamous Cell Carcinoma Patients and Tissue Microarrays

Typical OSCC tissues and adjacent epithelial tissues, originated from OSCC patients and fixed by paraffin, were selected to punch cylindrical cores (1.5 mm) to construct OSCC and adjacent tissue microarrays. The corresponding case information of the OSCC patients has been reported as previously described (24). The OSCC and tissue microarrays consist of 176 primary OSCC samples, 25 recurrent OSCC samples, 68 metastatic lymph node samples of OSCC, 69 dysplasia tissue samples, and 42 adjacent normal oral mucosa samples. All the OSCC patients in this study signed an informed consent before surgery.



Immunochemistry Staining and Immunochemistry Scoring Analysis, Hierarchical Clustering, and Visualization

An immunochemistry experiment was performed as previously described (25). After deparaffinization and dehydration by graded ethanol, the tissues on the microarrays were subjected to antigen retrieval with citric acid buffer (pH = 6.0) in a microwave. The tissues were incubated with 3% H2O2 and 10% normal goat serum at 37°C for 1 h in sequence. Next, we mixed the tissues of microarrays with the diluent antibody [SHMT2, Cell Signaling Technology (CST); CKLF-like MARVEL transmembrane domain containing 6 (CMTM6), Sigma-Aldrich; VISTA, CST; B7-H4, CST; PD-L1, CST; Slug, CST; CD317, Abcam] solution at 4°C in the refrigerator overnight. The next day, the tissues of the microarrays were mixed with the goat anti-rabbit IgG solution and avidin–biotin–peroxidase reagent solution at 37°C for 1 h in sequence. After staining with 3,3′-diaminobenzidine tetrachloride, the tissues were stained with hematoxylin again. To analyze the sample staining results, we utilized an Aperio ScanScope CS2 scanner (Vista, CA, United States) to scan the samples of microarrays and to quantify the histoscore at the area we chose from each microarray tissue using Aperio quantification software (Version 9.1) (26, 27). The detailed method for the analysis was as reported previously (25). Using Cluster 3.0, we performed hierarchical clustering analysis among SHMT2 and other correlative proteins (25). Java TreeView was applied to visualize the correlations described above (28).



Human Oral Squamous Cell Carcinoma Specimens

Three pairs of OSCC samples and normal oral mucosa samples from three OSCC patients, who received treatment or surgery at the Hospital of Stomatology of Wuhan University during October 2019∼December 2019, were prepared for protein extraction. All patients were informed of and agreed with this study before the surgery. Additionally, the Medical Ethics Committee of the School and the Hospital of Stomatology of Wuhan University agreed with the study.



Western Blotting

We performed Western blotting according to the established protocol (29). The protein samples extracted in the experiment mentioned above were first measured by a bicinchoninic acid assay (Beyotime Biotechnology, China) to detect the protein concentrations of the samples. We used 10% polyacrylamide gel (Servicebio, Wuhan, China) to conduct electrophoresis and transferred the protein (30 mg/lane) onto a polyvinylidene fluoride (PVDF) membrane. The proteins on the PVDF membrane were blocked in 5% defatted milk (Servicebio, Wuhan, China) for 1 h at room temperature. The PVDF membrane was then placed in dilute-antibody solution [SHMT2, CST, 1:1,000; glyceraldehyde-3-phosphate dehydrogenase (GAPDH), CST, 1:1,000] at 4°C in the refrigerator overnight. In the next morning, we took the PVDF membrane out of the solution, washed it with TBST solution three times, and placed it in 5% defatted milk with goat anti-rabbit IgG (HRP-label, Proteintech, Wuhan, China) at a dilution concentration of 1:10,000 at room temperature on a shaking table for 1 h. Finally, we utilized the WesternBright Sirius Chemiluminescent Detection Kit (Advansta, San Jose, CA, United States) to detect the membrane. The experiment was performed three times.



Statistical Analysis

The analyses were carried out and visualized using GraphPad Prism (version 7.0) and Statistical Product and Service Solutions (SPSS, version 20.0). We used one-way ANOVA to conduct multiple group comparisons, and we used the t-test to conduct two-group comparisons. We arrayed the histoscore and the FPKM value in order of size and regarded the medial value of the histoscore and FPKM value as their median value. The best cutoff value is defined as the most significant cutoff value to separate two parts from a group based on the overall survival rate. Kaplan–Meier survival and multivariate analyses were conducted as described (25). For the correlation analysis of protein expression, we conducted a two-tailed Pearson statistical analysis.



RESULTS


Overexpression of SHMT2 in Human Oral Squamous Cell Carcinoma

In this study, we utilized human OSCC tissue microarrays to investigate the expression of SHMT2 among human normal oral mucosa, dysplasia tissues, and OSCC by immunohistochemistry. As shown in Figure 1A, SHMT2, mostly expressed in cytoplasm, was stained in epithelial tissues and cancer cells and was rarely detected in stroma and immune cells. Meantime, lower expression of SHMT2 was detected in human normal oral mucosae compared with the expression of SHMT2 in dysplasia tissues (Figure 1B) and OSCC (Figure 1B), while there was no significant difference between dysplasia tissues and OSCC. In addition, we found that SHMT2 was indeed expressed at a high level in OSCC by comparison of the protein expression of the OSCC and normal oral mucosae of three OSCC patients (Figure 1C).
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FIGURE 1. Overexpression of serine hydroxymethyltransferase (SHMT2) in primary oral squamous cell carcinoma (OSCC). (A) Representative immunohistochemical staining of SHMT2 in oral mucosa (left) and primary OSCC (right). The scale bar represents 50 μm. (B) Histoscores of SHMT2 as SHMT2 expression levels in OSCC (n = 176), dysplasia tissue (DYS, n = 69), and normal oral mucosa (MUC, n = 42). (C) The expression of SHMT2 in OSCC sample and oral mucosa sample of each OSCC patient (n = 3) was shown by Western blotting, and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was defined as a loading control. (D,E) Kaplan–Meier survival analysis of low and high expression of SHMT2 in OSCC based on microarrays]the median value was used for (D), log-rank analysis; the best cutoff value was used for (E), log-rank analysis]. (F,G) Kaplan–Meier survival analysis of low and high expression of SHMT2 in OSCC based on The Cancer Genome Atlas (TCGA) database [the median value was used for (F), log-rank analysis; the best cutoff value was used for (G), log-rank analysis]. Data are represented as the mean ± SEM and analyzed by one-way ANOVA with post hoc Tukey test or log-rank analysis. *P < 0.05; **P < 0.01; ***P < 0.001.




Escalated Expression of SHMT2 Indicates a Negative Prognosis of Oral Squamous Cell Carcinoma Patients

To study the influence of the expression level of SHMT2 on the prognosis of OSCC patients, we performed Kaplan–Meier survival analysis on the data from the microarrays and TCGA database. Using the median value (histoscore = 21.57) and the best cutoff value (histoscore = 49.74) of microarrays as cutoff values, respectively, the results showed that the OSCC patients with a high SHMT2 expression had a poorer survival rate in comparison with those with a low SHMT2 expression (Figures 1D,E). Of note, the survival analysis based on the data from TCGA database demonstrated the same results: the high SHMT2 expression of OSCC patients is associated with a poorer survival outcome compared with low SHMT2 expression of OSCC patients when the median value (FPKM = 24.64) or best cutoff value (FPKM = 28.26) was used as a cutoff value (Figures 1F,G).

In addition, we put the clinical information for the OSCC patient cohort of microarrays, including gender, sex, history of drinking and smoking, pathological grade, node stage, tumor size and survival outcome, and expression of SHMT2, together to construct the multivariate Cox proportional hazard model. By multivariate analysis and using the best cutoff value, the results showed that escalated expression of SHMT2 was related to poor prognosis in OSCC (Table 1). Moreover, we utilized acquired data from TCGA database to reconstruct the multivariate Cox proportional hazard model, and the results of the multivariate analysis suggest that SHMT2 is a negative prognosis marker of OSCC patients (Tables 2, 3).


TABLE 1. Multivariate analysis for overall survival in primary OSCC patient cohort of microarrays (best cutoff value was used as a cutoff value).
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TABLE 2. Multivariate analysis for overall survival in primary OSCC patient cohort of TCGA database (median value was used as a cutoff value).
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TABLE 3. Multivariate analysis for overall survival in primary OSCC patient cohort of TCGA database (best cutoff value was used as a cutoff value).

[image: Table 3]


Expression Level of SHMT2 Is Associated With Pathological Grades and Recurrence of Oral Squamous Cell Carcinoma Among Oral Squamous Cell Carcinoma Patients

To compare the SHMT2 expression of OSCC patients with different pathological grades based on microarrays and TCGA database, we used one-way ANOVA with a post hoc Tukey’s test and clearly observed that SHMT2 expression was related to different pathological grades (Figures 2A–C). According to the microarray data, the SHMT2 expression of OSCC patients with Grade I was significantly different from the expression in patients with Grade II and Grade III (Figure 2B), while the SHMT2 expression levels of OSCC patients with Grade I and Grade II were lower than those with Grade III according to TCGA database (Figure 2C). These results suggest that overexpression of SHMT2 of OSCC patients is related to advanced pathological grade. Furthermore, we utilized a transcription matrix of 2,452 genes, including the gene encoding SHMT2, acquired from TCGA database, to perform WGCNA (Figures 3A–C). Intriguingly, the outcome shows that Module Blue, which contains SHMT2, was strongly correlated with gender, tumor stage, and especially pathological grade (Figure 2D).
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FIGURE 2. Increased expression of serine hydroxymethyltransferase (SHMT2) of oral squamous cell carcinoma (OSCC) patients with advanced pathological grade. (A) Representative hematoxylin–eosin (HE, Top) and immunohistochemical staining (bottom) of SHMT2 in Grade I tissue, Grade II tissue, and Grade III tissue. The scale bar represents 50 μm. (B) Histoscores of SHMT2 based on microarrays among Grade I tissues (n = 52), Grade II tissues (n = 101), and Grade III tissues (n = 23). (C) Expression of SHMT2 in OSCC based on The Cancer Genome Atlas (TCGA) database among Grade I tissues (n = 48), Grade II tissues (n = 192), and Grade III tissues (n = 63). (D) Correlations between module eigengenes (the SHMT2 gene in the blue module) and clinical traits. Each unit of the table consists of the corresponding correlation coefficient and P-value. The color scale represents the strength of the correlation. Data are represented as the mean ± SEM and analyzed by one-way ANOVA with post hoc Tukey’s test. ns, no significance; **P < 0.01; ***P < 0.001.
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FIGURE 3. Weighted gene co-expression network analysis (WGCNA) of serine hydroxymethyltransferase (SHMT2)-related genes. (A) Analysis of scale-free topology for various soft-thresholding power. We selected β = 4 as the soft thresholding power. (B) Dendrogram of genes was clustered based on a dissimilarity measure (1-TOM). The genes were divided into several modules. Module Blue contained the SHMT2 gene. (C) Scatter plot of gene significance for grade vs. module membership in the blue module (correlation coefficient = 0.29, P < 0.001).


Moreover, to determine the correlation between the SHMT2 and other clinical characteristics, we quantified the expression of SHMT2 by an immunochemistry scoring system and evaluated the differences in the target protein expression associated with different clinical traits. According to the microarray data, we identified a positive significance between increasing expression of SHMT2 and recurrent OSCC (Figures 4A,B), and there was no distinct difference in target protein expression among different tumor sizes (Figure 4C), lymph node stages (Figure 4D), and lymph node metastasis (Figure 4E). Coincidentally, an analysis based on the OSCC cases from TCGA database shows the similar consequence that there was no significance of SHMT2 expression among diverse tumor sizes (Figure 4F), lymph node stages (Figure 4G), and clinical stages (Figure 4H) but demonstrates that both age (Figure 4I) and race (Figure 4J) are correlated with SHMT2 expression to a certain extent.
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FIGURE 4. Escalated expression of serine hydroxymethyltransferase (SHMT2) of oral squamous cell carcinoma (OSCC) patients with recurrent OSCC. (A) Representative immunohistochemical staining of SHMT2 in primary OSCC (left) and recurrent OSCC (right). The scale bar represents 50 μm. (B) Histoscores of SHMT2 based on microarrays between primary OSCC (n = 176) and recurrent OSCC (n = 25). (C–E) Histoscores of SHMT2 based on microarrays in different tumor sizes, lymph node stages, and lymph node metastasis. (F–J) Expression of SHMT2 in OSCC based on The Cancer Genome Atlas (TCGA) database in different tumor sizes, lymph node stages, clinical stages, ages, and races. Data are represented as the mean ± SEM and analyzed by unpaired t-test or one-way ANOVA with post hoc Tukey test. ns, no significance; *P < 0.05; **P < 0.01.




Gene Ontology and Kyoto Encyclopedia of Genes and Genomes Analysis

For the sake of deeply detecting of the function of SHMT2, we utilized all genes of Module Blue to perform GO and KEGG analyses (30). As exhibited in Figure 5A, the most relative functions with the module genes, including SHMT2, include transferase activity transferring one-carbon groups, methyltransferase activity, and structural constituent of ribosome. Interestingly, by KEGG analysis, SHMT2-related genes were associated with some oncogenicity pathways, such as DNA replication, cell cycle, and especially the p53 signaling pathway (Figure 5B).
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FIGURE 5. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis for module eigengenes (MEs) of the blue module. (A) Plot of the enrichment GO terms GO analysis for MEs of the blue module (including the SHMT2 gene). Y-axis represents the GO terms. X-axis represents the amount of MEs of the blue module enriched in the corresponding GO terms. (B) Plot of the enrichment KEGG pathway KEGG analysis for MEs of the blue module. Y-axis represents the KEGG pathways. X-axis represents the amount of MEs of the blue module enriched in the corresponding KEGG pathways. P-values were adjusted with the false discovery rate (FDR), and the adjusted P-value < 0.05 was the boundary to select GO terms and KEGG pathways.




Positive Correlations Among SHMT2 and PD-L1, CMTM6, VISTA, B7-H4, Slug, and CD317 in Oral Squamous Cell Carcinoma

We found that SHMT2 expression was associated with related markers in the OSCC microenvironment (Figures 6A,B). The scatter plot shows that SHMT2 was strongly correlated with PD-L1 (Figure 7A), CMTM6 (Figure 7B), VISTA (Figure 7C), B7-H4 (Figure 7D), Slug (Figure 7E), and CD317 (Figure 7F) in OSCC patients. Of note, Slug is one of the protein markers involved in EMT, suggesting that SHMT2 may be involved in EMT or may be related to EMT in OSCC (20). Moreover, a high expression of SHMT2 is associated with increasing expression of some immune checkpoints, such as PD-L1 and VISTA, in OSCC, reflecting that SHMT2 is related to immune signaling in the OSCC microenvironment.
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FIGURE 6. Correlations among serine hydroxymethyltransferase (SHMT2), programmed cell death-ligand 1 (PD-L1), CKLF-like MARVEL transmembrane domain containing 6 (CMTM6), V-type immunoglobulin domain-containing suppressor (VISTA), B7-H4, Slug, and CD317 in the oral squamous cell carcinoma (OSCC) microenvironment. (A) Representative hematoxylin–eosin and immunohistochemical staining of SHMT2, PD-L1, CMTM6, VISTA, B7-H4, Slug, and CD317 in OSCC. The scale bar represents 50 μm. (B) Strongly positive correlations among SHMT2, PD-L1, CMTM6, VISTA, B7-H4, Slug, and CD317 in OSCC shown by hierarchical clustering. The color scale represents the levels of histoscores.
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FIGURE 7. Statistical analysis of correlations among serine hydroxymethyltransferase (SHMT2), programmed cell death-ligand 1 (PD-L1), CKLF-like MARVEL transmembrane domain containing 6 (CMTM6), V-type immunoglobulin domain-containing suppressor (VISTA), B7-H4, Slug, and CD317 in the oral squamous cell carcinoma (OSCC) microenvironment. (A–F) The positive correlations among SHMT2 and PD-L1, CMTM6, VISTA, B7-H4, Slug, and CD317 in the OSCC microenvironment.




DISCUSSION

Being essential for a series of anabolic pathways, serine and glycine have been shown to be significant for the Warburg effect in cancer (31). Also, as an enzyme transferring serine and tetrahydrofolate into glycine and 5,10-methylenetetrahydrofolate, SHMT catalyzes the reaction that is required for de novo nucleotide biosynthesis and DNA methylation (31, 32). Owing to these characteristics, both SHMT isoforms including SHMT1 and SHMT2 play a key role in chemotherapeutic intervention (32). In the one hand, SHMT1, mostly located in the cytoplasm, regulates the partitioning of one-carbon units between deoxythymidine monophosphate (dTMP) and methionine (33). On the other hand, SHMT2, which exists in mitochondria, is more likely to give priority to take part in the synthesis of mitochondrial dTMP (32). In addition, SHMT2, as an enzyme involved in the metabolism of serine, is involved in tumorigenicity mediated via glycine (10, 34). However, the association between SHMT2 and clinical and pathological characteristics of OSCC has yet to be elucidated. In this article, we found an elevated expression of SHMT2 in OSCC compared to normal oral mucosa and a poor overall survival rate of OSCC patients with high SHMT2 expression. Of note, SHMT2 as an independent biomarker can indicate the prognosis of an OSCC patient cohort. More specifically, an escalated expression level of SHMT2 is related to a negative prognosis consequence in OSCC. In contrast, OSCC patients with a lower SHMT2 expression possess higher overall survival rates and better prognoses, similar with the results in breast cancer. These findings suggested that SHMT2, the high expression of which can slow down the process of glycolysis and augment the ratio of lactate and pyruvate, plays a vital role in the transition of PKM2, resulting in the glycolytic metabolic shift (10, 15, 34). It is known that one of the OSCC microenvironment features is hypoxia and that normal epithelial cells cannot adjust at poor oxygen pressure, so a high expression of SHMT2 may promote tumor cell survival for a long time in the OSCC microenvironment (9). Moreover, it is exactly that SHMT2 in mitochondria, not SHMT1 in the cytoplasm, was expressed highly in rapidly proliferating cancer cells (31, 35). When SHMT2 was inhibited, the proliferation of cancer cells was subsequently inhibited (31, 35).

In addition, an increasing expression of SHMT2 in OSCC is associated with advanced pathological grade and recurrent OSCC. In TCGA database, black people and aged individuals with OSCC are correlated with high expression levels of SHMT2 compared with Asians and young individuals, respectively. This discovery matched the previous finding that the role of the STAT3/SHMT2/PKM2 loop was found to convert prostate cancer to a more aggressive phenotype (34). Thus far, high expression levels of SHMT2 have been discovered in glioma and hepatocellular carcinoma (10, 12). SHMT2 expression was correlated with pathological grade, cell proliferation, migration, and EMT in hepatocellular carcinoma (12). Hence, gradually increasing levels of SHMT2 expression indicate a poor pathological state and one of the factors explaining why high SHMT2 expression represents a poor prognosis. These findings demonstrated that SHMT2 was correlated with tumors, particularly OSCC. Moreover, it has been proved that downregulation of SHMT2 can inhibit tumor occurrence rate and growth (34).

In our study, SHMT2 was found to be not only a biomarker of prognosis in OSCC but also a bridge correlating metabolic glycolysis with related markers of OSCC. In detail, SHMT2 was correlated with PD-L1, CMTM6, VISTA, B7-H4, Slug, and CD317 in the OSCC microenvironment. On the one hand, PD-L1, VISTA, and B7-H4 were correlated with the OSCC microenvironment, and their high expression indicates a suppressive status in OSCC (16–18). Additionally, CMTM6 is an important protein involved in the regulation of PD-L1, and CD317 is associated with B7-H4 and PD-L1 (36, 37). On the other hand, Slug is one of the classical markers related to EMT (20). The existence of EMT and immune checkpoints is significant for tumor escape (20, 38–40). Taken together, the correlations among SHMT2 and the related markers described above in OSCC may indicate a suppressive or impaired immune system preventing cancer cells from being attacked by T cells. Hence, the role and correlation of SHMT2 in the OSCC microenvironment possibly promote cancer cell growth in OSCC and lead to the poor prognosis of OSCC patients. Interestingly, SHMT2-related genes are associated with DNA replication, cell cycle, and the p53 signaling pathway of OSCC patients from TCGA database.

To conclude, SHMT2, as an independent marker indicating prognosis, was highly expressed in OSCC patients, and overexpression of SHMT2 was found in advanced OSCC and recurrent OSCC. Moreover, SHMT2 is involved in some processes of tumorigenesis and is related to PD-L1, CMTM6, VISTA, B7-H4, Slug, and CD317 expression in the tumor microenvironment of OSCC. We still require more research into SHMT2 as an enzyme involved in glycolysis to determine what role SHMT2 plays in the OSCC microenvironment and the specific mechanism between SHMT2 and the immune microenvironment in OSCC.
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Objective

To analyze the role of frequency of heterotypic neutrophil-in-tumor structure (FNiT) in the prognosis of patients with buccal mucosa squamous cell carcinoma (BMSCC).



Methods

In vitro, we cocultured BMSCC cell line-H157 with neutrophils to form heterotypic neutrophil-in-tumor structures, which were then subject to fluorescence staining. Clinically, 145 patients were retrospectively enrolled. Associations between FNiT and clinicopathological variables including age, sex, smoking history, drinking history, betel nut chewing, tumor stage, node stage, metastasis, disease stage, lymphovascular invasion, extranodal extension, perineural invasion, and tumor grade were analyzed by chi-square test, and the main endpoints of interest were recurrence-free survival (RFS) and disease-specific survival (DSS) which were analyzed by the Kaplan-Meier method and Cox model.



Results

Fluorescent staining results of typical heterotypic neutrophil-in-tumor structure showed that well-differentiated H157 cells had a stronger ability to internalize more neutrophils than poorly-differentiated H157 cells, with the latter often internalizing only one neutrophil or nothing. The mean FNiT was 4.2‰, with a range from 2.3‰ to 7.8‰. A total of 80 patients relapsed and 84 patients died of the disease. The 5-year RFS and DSS rate was 42% and 42%, respectively. Patients with an FNiT≥4.2‰ had a significantly higher risk for locoregional recurrence and cancer-caused death than those with an FNiT<4.2‰ (p=0.001 and p<0.001, respectively). The FNiT alone was independently significant in predicting poor RFS, and the FNiT along with tumor grade was an independent predictor for DSS.



Conclusion

The FNiT as a novel predictor is significantly negatively associated with both the RFS and DSS of patients with BMSCC.





Keywords: cell-in-cell, frequency of heterotypic neutrophil-in-tumor structure, buccal mucosa squamous cell carcinoma, prognosis, recurrence-free survival, disease-specific survival



Introduction

Cell-in-cell (CIC) is an evolutionarily conserved cytobiological phenomenon (1, 2), which was first reported 150 years ago by a German scholar (3). It refers to the presence of one or more living cells within another living one and has ever since been found in varieties of tumors tissues, such as breast carcinoma (4, 5), pancreatic ductal adenocarcinoma (6), and head and neck squamous cell carcinoma (HNSCC) (7) and the like. CIC has two typical forms: one is homotypic CIC, and the other is heterotypic CIC, with the latter often occurring between tumor cells and immune cells that include neutrophils (8). Neutrophils are the most well-known marker and promoter of inflammation (9). Recent findings have indicated that inflammation, metabolic response, and immune response are the three main components of tumor microenvironment, which are of significance in cancer pathogenesis and progression by interacting with tumor cells (9–13). Several chemokines, cytokines and angiogenic factors produced by neutrophils may result in inflammatory cell recruitment and activation that crucially impact the tumor microenvironment, which could facilitate tumor cell proliferation, microvascular regeneration and tumor progression (9, 14, 15). The formation of CIC structure in tumors is a functional result of active intercellular interactions within heterogeneous tumor microenvironments, which is driven by a set of core molecular elements (16, 17) that are regulated by multiple factors, such as cholesterol and IL-8 (18–21).

Neutrophil-in-tumor (NiT) structures, previously found in HNSCC, are typical heterotypic CIC structures (hCIC), which refer to the presence of living neutrophils inside living tumor cells (7, 22, 23). The FNiT is defined as the frequency of heterotypic NiT structures formation and is calculated by the total number of NiT structures divided by the total number of tumor cells, reflecting the severity of tumor-infiltrating neutrophils in the tumor microenvironment based on our previous studies. Some clinical researches with limited cases had preliminarily found that NiT structures were associated with poor prognosis in patients with HNSCC (7, 23). However, the prognostic role of the FNiT in patients with BMSCC remained unclear.



Materials and Methods


In Vitro Study


Cells and Culture Conditions

H157 cells were maintained in Dulbecco’s modified Eagle’s medium supplemented with 10% fetal bovine serum (PAN-Biotech). Approximately 1 × 105 H157 cells were adherently cultured in 12-well plates. Neutrophils were maintained in RPMI-1640 supplemented with 10% fetal bovine serum (PAN-Biotech). Approximately 1 × 106 neutrophils were cultured in suspension in a 10-cm dish.



Heterotypic CIC Formation Assay

Briefly, approximately 1 × 105 H157 cells were adherently cultured in 12-well plates for 8 h. Then, neutrophils and H157 cells were cocultured for 8 h. Cytospins were then made by centrifugation at 800 rpm for 4 min. Then, the cells were fixed and underwent both Phalloidin-568 and Hoechst staining to quantify hCIC structures. The presence of internalized cells wrapped by one outer cell was considered as one hCIC structure.



Fluorescence Staining

First, neutrophils were stained with CellTracker Green (Invitrogen). Second, cytospins were fixed in 4% paraformaldehyde and then proceeded to both routine Phalloidin-568 (Life) and Hoechst (Thermo) staining for 30 min before being mounted with Prolong Gold antifade reagent (Invitrogen). Confocal images were captured and processed by the Ultraview Vox confocal system (Perkin Elmer) on Nikon Ti-E microscope.




Retrospective Case Series Study


Patients and Methods

The Institutional Research Committee of Henan Cancer Hospital approved our study. All patients participating in the study signed an informed consent agreement for medical research before initial treatment, and all methods were performed in accordance with relevant guidelines and regulations.

From March 2009 to October 2018, we conducted a retrospective study on 145 patients (≥29 years old) with previously untreated history undergoing radical resection of BMSCC (RRB). Of the enrolled patients, no one had synchronous head and neck carcinoma, immunological disorders, or previous chemotherapy and/or radiation of the head and neck area. Data regarding age, sex, smoker, drinker, betel nut chewing, FNiT, tumor stage, node stage, metastasis, disease stage, lymphovascular invasion, extranodal extension, perineural invasion, tumor grade, postoperative pathological report, operation record, adjuvant treatment, and follow-up information were extracted and analyzed. All pathologic sections made from primary tumor were re-evaluated via immunohistochemistry. In our cancer center, preoperative ultrasound and CT or MRI were routinely performed. The disease stage was defined based on the AJCC 8th edition staging system, and the tumor grade was categorized according to the 2017 classification of the WHO. In addition, frozen sectioning of the primary tumor was routinely performed; if the pathology was malignant, a RRB was performed.

The FNiT was observed and calculated in the pathologic sections of BMSCC. The cutoff value calculated from the ROC curve, mean, tertile, or median in previous studies varied. Thus, the standard cutoff value remains unknown. In the current study, the cutoff value was defined as the mean value of the FNiT according to relevant published reports.

The chi-squared test was used to assess the association between the FNiT and the clinicopathological variables. The Kaplan-Meier method was used to calculate the RFS and DSS rates. The Cox proportional hazards method was used to determine the independent risk factors for RFS and DSS. All statistical analyses were conducted with the help of SPSS version 20 (IBM Corporation, Armonk, NY, USA). A P<0.05 was considered significant.



Immunohistochemistry Staining

Prepared pathological sections were blocked with 5% (w/v) BSA for 1 h at room temperature followed by incubation with the primary antibodies against E-cadherin overnight at 4°C, HRP-conjugated secondary antibodies (1:2000) were applied for 1 h at room temperature before developed by DAB reagent.





Results


In Vitro Study

In vitro, we cocultured BMSCC cell line-H157 with neutrophils to form NiT structures. Fluorescent staining results of typical heterotypic NiT structures are shown in Figure 1. H157-L1 and H157-L2 were two subpopulations of poorly differentiated BMSCC cell lines, while H157-H1 and H157-H2 were two subpopulations of well-differentiated BMSCC cell lines. Cells marked in red and green were H157 and neutrophils, respectively. The region marked in blue was the nuclei of H157 and neutrophils. We discovered that well-differentiated H157-H1 and H157-H2 had stronger ability to internalize more neutrophils than poorly differentiated H157-L1 and H157-L2, with the latter often internalizing only one neutrophil or nothing.




Figure 1 | Fluorescent staining result of typical heterotypic NiT structure formed between H157 cells and neutrophils. H157-H1 and H157-H2 are well-differentiated BMSCC cell lines with high FNiT, and H157-L1 and H157-L2 are poorly differentiated BMSCC cell lines with low FNiT. Cells marked in red and green are H157 cells and neutrophils, respectively. The regions marked in blue are the nuclei of H157 cells and neutrophils. Scale bar of all: 100 mm.





Retrospective Case Series Study

Clinically, in total, 145 patients (68 females and 77 males) were enrolled with a mean age of 56.4 (range: 29–87) years. An FNiT≥4.2‰ was detected in 78 (54%) patients, while an FNiT<4.2‰ was detected in 67 (46%) patients. A history of smoking was found in 81 (56%) patients. A history of drinking was noted in 45 (31%) patients. Betel nut chewing was prevalent in 15 (10%) patients. Tumor stage was distributed as follows: T1 in 43 (30%) patients, T2 in 22 (15%) patients, T3 in 55 (38%) patients, and T4 in 25 (17%) patients. Distant metastasis was noted in 11 (8%) patients. Lymphovascular invasion was noted in 10 (7%) patients. Extranodal extension was found in 21 (14.5%) patients. Perineural invasion was noted in 8 (5.5%) patients. Tumor grade was distributed as follows: low grade in 10 (7%) patients, median grade in 26 (18%) patients, high grade in 109 (75%) patients (Table 1). A negative margin was achieved in 145 (100%) patients. The mean FNiT was 4.2‰, with a range from 2.3‰ to 7.8‰.


Table 1 | General clinicopathological information of enrolled patients.



In total, all the patients underwent RRB and neck dissection whatever the clinical node stage. Pathologically negative and positive neck disease was reported in 100 (69%) and 45 (31%) patients, respectively (Table 1). A total of 110 patients received adjuvant radiotherapy, and adjuvant chemotherapy was performed in 29 patients.

When re-evaluating all pathologic sections made from primary tumors via immunohistochemistry, we discovered the existence of typical NiT structures formation in BMSCC tissue (Figure 2). Representative image for E-cadherin staining in BMSCC pathologic tissue showed that tumor tissue was infiltrated with extensive neutrophils and substantial NiT structures were formed by tumor cells internalizing neutrophils (Figure 2A). Typical NiT structures were indicated with red asterisks, of which three boxed NiTs in Figure 2A were zoomed in as shown in Figures 2B–D. Each of them was one typical NiT structure. The inserted picture of each image was a schematic cartoon for the indicated NiT structure. We calculated the FNiT value of each pathologic section according to the formula: FNiT=t/T (t: the total number of NiT structures; T: the total number of the tumor cells).




Figure 2 | Typical NiT structures formation in BMSCC tissue. (A) Representative image for E-cadherin staining in BMSCC pathologic tissue with extensive neutrophils infiltration. Typical NiT structures are indicated with red asterisks. Scale bar: 50 mm. (B–D) Zoomed in images for boxed NiT structures in (A). Each of them is one typical NiT structure. Inserted pictures of each image are schematic cartoons for the indicated NiT structures. FNiT=t/T. (t: the total number of NiT structures. T: the total number of the tumor cells.)



We exhibited the images of BMSCC tissue with different levels of FNiT and FNiT distribution in enrolled patients in Figure 3. In Figures 3A, B, two representative pathologic tissues from two patients with BMSCC were shown with high FNiT (7.8‰ and 6.6‰, respectively). In Figures 3C, D, two representative pathologic tissues from two patients with BMSCC were shown with low FNiT (2.3‰ and 2.5‰, respectively). Histogram plot for FNiT distribution in all enrolled patients was shown in Figure 3E. The cutoff value of FNiT calculated by the mean value of FNiT in all the enrolled patients was 4.2‰.




Figure 3 | Images of BMSCC tissue with different levels of FNiT and FNiT distribution in enrolled patients. (A, B) Representative images of pathologic tissues with high FNiT in two patients with BMSCC. Scale bar: 50 mm. (C, D) Representative images of pathologic tissues with low FNiT in two patients with BMSCC. Scale bar: 50 mm. (E) Histogram plot for FNiT distribution in enrolled patients. The cutoff value of the FNiT was calculated by the mean value of the FNiT in enrolled patients.



When analyzing the association between the FNiT and clinicopathological variables, it was noted that the FNiT was significantly associated with tumor grade (Table 2).


Table 2 | Association between FNiT and clinicopathological characteristics.



During our follow-up with a mean time of 52.4 (range: 13–115) months, a total of 80 (55%) patients relapsed locoregionally. Salvage surgery was performed successfully in 65 patients by local resection of BMSCC or radical neck dissection. The 5-year RFS rate was 42%, with 54.2 months of median survival time of RFS. When evaluating the predictors for RFS in the univariate analysis, betel nut chewing, FNiT, tumor stage, metastasis, disease stage, and tumor grade were significantly associated with locoregional recurrence (LRR). Furthermore, the FNiT was confirmed as the only independent predictor for RFS in the Cox model (Table 3). In patients with an FNiT<4.2‰, the 5-year RFS rate was 56%, and in patients with an FNiT≥4.2‰, the 5-year RFS was 27%; the difference was significant (p=0.018, Figure 4).


Table 3 | Univariate and multivariate analyses of predictors for recurrence-free survival in patients with BMSCC.






Figure 4 | Recurrence-free survival function in patients with different FNiT (p = 0.018).



A total of 84 patients died of the disease. The 5-year DSS rate was 42% with 54.0 months of median survival time of DSS. In the univariate analysis, betel nut chewing, FNiT, tumor stage, metastasis, disease stage, lymphovascular invasion and tumor grade were significantly associated with terminal death. The Cox model was further utilized to identify that the FNiT and tumor grade were two independent factors predicting DSS in patient with BMSCC (Table 4). In patients with an FNiT<4.2‰, the 5-year DSS rate was 58%, and in patients with an FNiT≥4.2‰, the 5-year DSS rate was 28%; the difference was significant (p=0.034, Figure 5). Patients with high tumor grade tended to have a shorter DSS than those with low or median tumor grade (p=0.003, Figure 6).


Table 4 | Univariate and multivariate analyses of predictors for disease-specific survival in patients with BMSCC.






Figure 5 | Disease-specific survival function in patients with different FNiT (p = 0.034).






Figure 6 | Disease-specific survival function in patients with different levels of tumor grade (p = 0.003).






Discussion

Heterotypic CIC structures are generally formed by internalization of immune cells into tumor cells (24). Many tumor cells were confirmed to have the ability to internalize immune cells (25, 26), for example, HNSCC, melanoma, ductal carcinoma of the salivary gland, breast cancer, liver cancer and other tumor cells (8, 22, 27). The immune cells engulfed by tumor cells are diverse, including neutrophils (14, 15) NK cells (24, 28), T lymphocytes, and LAK cells, and neutrophils were recently mostly investigated. It has been reported that tumor progression and prognosis are associated with hCIC structure to some extent. Tetikkurt (7) and Sarode (23) described the inverse association between frequency of hCIC structure and prognosis of HNSCC, which indicates that hCIC plays an important role in predicting the progression of HNSCC.

Tumor cells internalize neutrophils to form heterotypic neutrophil-in-tumor structures, which have been discovered in HNSCC as a novel phenomenon (8, 29, 30). In our study, we cocultured BMSCC cell line-H157 with neutrophils in vitro to form NiT structures. We noted that H157-H1 and H157-H2 had higher ability to internalize more neutrophils than H157-L1 and H157-L2. The former cells were generally morphologically better differentiated than the latter ones. We noted that tumor grade was positively correlated with the FNiT in the association between the FNiT and clinicopathological characteristics. That is, the FNiT in well-differentiated tumor tissue is lower than that of poorly differentiated tumor tissue. This is not contradictory to the findings of the in vitro hCIC assays mentioned above. We supposed that the tumor tissues with high FNiT have more neutrophil infiltration than those with low FNiT, although the proportion of well-differentiated tumor cells in the low-FNiT tumor tissues surpassed that in the high-FNiT tumor tissues. We could further infer that the level of FNiT value was mainly attributed to the neutrophils infiltration within tumor tissues rather than the proportion of well-differentiated tumor cells, and the neutrophils infiltration within tumor tissues had a vital impact on the prognosis in patients with BMSCC.

To date, the role of the FNiT in the prognosis of patients with BMSCC has scarcely been investigated. A few papers have reported the existence of neutrophil-in-tumor structures in other tumors of HNSCC. Arya et al. (8) reported striking neutrophil-in-tumor cell cannibalism associated with a high grade, aggressive and metastatic duct carcinoma of the parotid gland. Magalhaes et al. (29) reviewed the role of neutrophils in the tumor microenvironment and as signaling modulators of oral squamous cell carcinoma (OSCC) and their possible role as biomarkers of OSCC prognosis and reported a pro-tumor role for NiT structure in OSCC. Tetikkurt et al. (7) presented a case related to significant neutrophilic emperipolesis in squamous cell carcinoma of the hard palate and maxilla and found that patients with high frequency of neutrophil-in-tumor structure were prone to relapse. Furthermore, neutrophil-in-tumor structures have been identified in other solid tumors such as microscopy evaluation of pleomorphic cell (giant cell) carcinomas of the lung, invasive micropapillary carcinomas of the ampulopancreaticobiliary region, gastric carcinomas, and lymphomas (31–33).

For BMSCC, alcohol consumption, tobacco use and betel quid chewing are well-known risk factors (34, 35). In the current study, we demonstrated that 31% of the patients had a history of alcohol consumption, and 56% had a history of tobacco product consumption, which is consistent with previous studies. However, the proportion of betel nut chewing was 10%, which was lower than the reported result. We attributed the regional differences and human species diversity to the abnormal phenotype, as people in Hunan Province of China tended to consume more betel nuts than the ones in other region. For prognosis of BMSCC, we discovered that betel nut chewing was significantly associated with RFS and DSS (p<0.001 and p=0.001, respectively). This was in accordance with previous studies.

The LRR rate of BMSCC was generally high, as published papers have already indicated. DeConde et al. (36) found that 21 (44%) out of 48 patients with BMSCC relapsed during postoperative follow-up. In our current study, the LRR rate was 55%, which was higher than the average value previously reported. First, we speculated that it was possibly due to the high proportion (75%) of high tumor grade of the enrolled patients. Secondly, regional lymph node metastasis occurred in 45 (31%) of the 145 total patients, which was relatively higher than previous results. Coppen et al. (37) reported that the prevalence of regional lymph node involvement was only 25%. Thirdly, although 110 (76%) out of 145 patients received postoperative radiotherapy, the majority of relapsed patients were continuously addicted to tobacco or alcohol.

We innovatively investigated the prognostic role of the FNiT in patients with BMSCC in the current study. We fortunately discovered that the FNiT as a novel predictor is significantly independently associated with RFS and DSS. However, the mechanism underlying the association between the FNiT and prognosis of BMSCC remains unclear. As we indicated above, the FNiT reflects the proportion of tumor-infiltrating neutrophils within the tumor microenvironment. Several chemokines, cytokines, and angiogenic factors produced by neutrophils may induce inflammatory cell recruitment and activation that have an impact on the tumor microenvironment, which could in turn facilitate tumor cell proliferation, microvascular regeneration and tumor progression (7, 9, 11, 13). In our study, patients with high FNiT tended to have both a shorter RFS and DSS than those with low FNiT, which may be better explained by the role of neutrophils in the tumor microenvironment mentioned above. Tetikkurt et al. (7) proposed that neutrophils may play a crucial role in cancer biology and may act as tumor promoters in tumor progression. Gregory et al. (38) declared that neutrophils may be vital biomarkers and targets for the administration and control of HNSCC.

In the analysis on the association between the FNiT and clinicopathological characteristics, we found that tumor stage was significantly associated with the FNiT (p<0.001). In the univariate analysis of the predictors for RFS in patients with BMSCC, betel nut chewing, FNiT, tumor stage, metastasis, disease stage, and tumor grade were proved to be associated with RFS; however, we unexpectedly discovered that only the FNiT was an independent predictor for RFS in Cox model. Particularly, our data indicated that tumor stage may be correlated with RFS dependent on FNiT (but not independently). In the univariate analysis of the predictors for DSS in patients with BMSCC, betel nut chewing, FNiT, tumor stage, metastasis, disease stage, lymphovascular invasion and tumor grade were related with DSS, but only the FNiT and tumor grade were independently associated with DSS. Other candidate predictors were not expected to be independently associated with RFS. Possible explanations may be that the proportions of the patients positive for betel nut chewing, metastasis, and lymphovascular invasion factors were relatively small, which may in turn cause strong error and bias in the survival analysis.

Recent advances in the role of tumor-associated neutrophils reveal that in the tumor microenvironment, neutrophils have varied functions and have been classified using different terms, including N1/N2 neutrophils, tumor-associated neutrophils (TANs), and polymorphonuclear neutrophil myeloid–derived suppressor cells (PMN-MDSCs) (11, 39). Fridlender et al. first delineated antitumorigenic and protumorigenic neutrophils, termed N1 and N2, respectively (40). Antitumor neutrophils can directly kill tumor cells through release of reactive oxygen species (ROS) and reactive nitrogen species (RNS). In contrast, protumor neutrophils can release matrix metalloproteinase 9 (MMP9), which promotes angiogenesis and dissemination of tumor cells, and they can also suppress NK cell function. PMN-MDSCs, as well as other protumor neutrophils, can suppress CD8 T-cell function (11, 39, 40). In our work, tumor-infiltrating neutrophils that were subsequently internalized by tumor cells played a protumorigenic role as N2 type, which better explains our conclusion: the FNiT as a novel predictor is significantly negatively associated with RFS and DSS of patients with BMSCC.

Of course, we still have large amounts of work to do, and our ultimate goal is to provide novel targets and strategies for the diagnosis, treatment and prognosis management of BMSCC, and to create a new field for the fundamental research on the tumor microenvironment of BMSCC.


Limitations

The limitations of the study should be acknowledged. First, our current study has a retrospective design, so the inherent bias might reduce the statistical power. Second, the clinicopathological factors were disproportionally distributed in the enrolled patients, which resulted in obvious error in the statistical analysis.




Conclusions

The FNiT as a novel predictor is significantly negatively associated with both the RFS and DSS of patients with BMSCC.
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Objectives

To evaluate the possible synergic effect of cisplatin and low molecular weight heparin (LMWH) on oral squamous cell carcinoma (OSCC).



Materials and Methods

Cisplatin and enoxaparin sodium, alone or in combination, were administered at doses of 1, 2, 4, 8 and 10 µM and 0.1, 0.5, 1, 5, 10, 50, and 100 µg/ml, respectively, to the H357 human OSCC line. The effects on cell viability and apoptosis were evaluated after 24, 48, and 72 h and on cell migration after 18 and 24 h.



Results

10 µM concentration of cisplatin produced the greatest decrease in cell viability, with significant differences at 24 (p=0.009), 48 (p=0.001) and 72 h (p = 0.003); the 100 µg/ml dose of enoxaparin produced the greatest decrease in cell viability but without significant differences (p>0.05). When different concentrations of cisplatin and enoxaparin were combined, it was found that 100 µg/ml enoxaparin sodium produced the greatest synergic effect on cell viability reduction. In analyses of apoptosis and cell migration, it was found that the combination of cisplatin at 8 or 10 μM and 100 μg/ml enoxaparin produced a higher rate of apoptosis at 24, 48, and 72 h and a greater reduction in cell migration at 18 and 24 h.



Conclusions

A combination of cisplatin and enoxaparin sodium shows a synergic effect that reduces cell viability and cell migration capacity and increases the apoptosis of human OSCC cells.



Clinical relevance

Enoxaparin may be beneficial in chemotherapy for patients with OSCC; this finding requires further clinical and laboratory investigation.
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Introduction

Cancer is the main cause of death in both the developed and the developing worlds. It is predicted that numbers of death resulting from cancer will grow as populations and life expectancy increase, especially in the developing world where 82% of the world’s population is located. In the least developed countries, lifestyle habits that constitute risk factors for developing cancer are spreading – smoking, alcohol consumption, a nutritionally poor diet (low consumption of fruit and vegetables), physical inactivity (obesity), and changing reproductive habits (fewer births, later in life) – and the numbers of cases of cancer have increased (1). Squamous cell carcinoma of the head and neck (SCCHN) is the fifth most common form of cancer and the sixth main cause of cancer mortality in the world (2), with approximately 600,000 new cases diagnosed worldwide each year (3). Oral squamous cell carcinoma (OSCC) is the most common SCCHN and represents approximately 3% of new cases of cancer diagnosed (4). Current OSCC treatment includes surgery, radiotherapy and chemotherapy. But long-term survival remains low. In fact, the survival rate of patients with OSCC beyond 5 years is about 50% (5).

Conventional chemotherapy for OSCC is based on cisplatin (cis-diammine-dichloro-platinum), the first of a family of drugs that currently include carboplatin, oxaliplatin, satraplatin, and picoplatin. Among medical cancer treatments, chemotherapy with cisplatin has the greatest impact and its introduction has changed the therapeutic management of a range of tumors over the last 40 years. These include cancers of the bladder, breast, lung, lymphomas, testicles, ovaries (6), as well as SCCHN including OSCC (7). Cisplatin’s mechanism of cytotoxic action on cancer cells is based on inducing apoptosis and cell cycle arrestthrough its interaction with DNA that leads to the formation of cisplatin-DNA adducts, which activate multiple signaling pathways see (8) and (9). In comparison with other types of anticancer cell, cisplatin enters cells relatively slowly. This is regulated by various factors such as sodium and potassium ions, pH regulation, and the action of transporters (10). Before attaching to DNA in cell cytoplasm, cisplatin activates by replacing one of its two chlorine atoms with water molecules. In this way, it covalently binds to DNA, which produces what are known as DNA adducts. The resulting products can cause damage to the DNA of the carcinogenic cells, blocking their division (by blocking cells in the G2 phase of the cell cycle, the mitotic phase) and leading to cell death resulting from apoptosis (11).

In addition to the adverse effects of this drug (nausea, vomiting, dose- and time-dependent toxicities, in particular nephrotoxicity, cardiotoxicity, neurotoxicity and ototoxicity) (12), there are various routes by which cells can develop resistance to the anticarcinogenic action of cisplatin on OSCC. The molecular mechanisms responsible for cell resistance to cisplatin are complex, and may be related to limited cisplatin entrance into cells, intracellular cisplatin deactivation, increased tolerance by the cells, or even increased cisplatin exit to the cell’s exterior (13). As a consequence, the formation of cisplatin-DNA adducts decreases, reducing cytotoxicity, which results in greater resistance (11). Furthermore, according to theories of cancer stem cell behavior (CSC), tumors organize themselves hierarchically in similar ways to healthy tissue, with a sub-population of CSCs that may be resistant to the chemotherapy administered, and that generate differentiated cancer cells (14). This subpopulation of CSCs was first identified in leukemia and later isolated in solid tumors including breast, brain, lung, liver, prostate, colon, and pancreatic cancers (15–19), as well as SCCHN (20–22). The CSCs express high levels of ATB-binding-cassette (ABC), transporter proteins in numerous drugs that are the cause of resistance to treatment by chemotherapy. Some ABC protein families are responsible for the cytoprotective effect of cancer cells against cisplatin (23–25). For this reason, there is a need to develop new anticarcinogenic therapies.

Low molecular weight heparins (LMWHs) were approved by the US Food and Drug Administration (FDA) in 1998 as an anticoagulant treatment and have been administered satisfactorily ever since (26). More recently, several studies have shown that LMWHs reduce death by cancer in patients with deep-vein thrombosis, and different types of cancer (27–29). Although various clinical studies have shown that LMWHs prolong survival and reduce mortality in patients with advanced solid cancer, the exact mechanism whereby LMWHs exercise their anticarcinogenic action has not yet been determined (30–33). Their anticarcinogenic action is probably produced through an antiproliferative action (due to their anti-angiogenic action) (34–36) and antimetastatic action (37–40). Regarding their antiproliferative action, LMWHs have been shown to exert an anti-angiogenic action that regulates tumoral angiogenesis via two paths; on the one hand, by impeding thrombin generation, which inhibits the tissue factor pathway through the release of an endothelial tissue factor (TF) pathway inhibitor (TFPI) (41), and on the other, by inhibiting the formation of Xa factor through the attachment of the antithrombin-herapin complex to this factor (42). Its antimetastatic activity would appear to be related to its capacity for attachment to selectins (mainly P- and L-selectin), integrins (mainly VLA-4), cytokines, and enzymes such as heparanases that are able to degrade the extracellular matrix and the components of the basal membrane (38–40).

Enoxaparin sodium is an LMWH obtained by an alkaline depolymerization method; it has an average molecular weight of 4.5 kDa, and its anticarcinogenic activity has been studied in cases of pancreatic adenocarcinoma cells, human breast carcinoma cells, human lung adenocarcinoma epithelial cells, glioma cells, melanoma cells (37, 43–47) and against metastasis from brain and colon cancer (48, 49). But its anticarcinogenic action on OSCC, alone or in combination with cisplatin, is unknown.

The aim of this study was to evaluate the possible synergic effect of cisplatin and enoxaparin sodium on OSCC.



Materials and Methods


Cell Line

The study used the H357 human OSCC line (European Collection of Cell Cultures), belonging to stage 1 OSCC (T1N0M0) located at the base of the tongue of a male patient. Cells were cultured in Iscove’s Modified Dulbecco’s Medium (IMDM) supplemented with 10% fetal calf serum (FCS), glutamine (2 mM), 0.5 μg/ml hydrocortisone sodium succinate, 1% penicillin, and 1% streptomycin (full medium) at 37°C, in an atmosphere of 95% oxygen and 5% CO2.

The medium (IMDM), 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), dimethylsulfoxide (DMSO), cisplatin, and enoxaparin sodium used in the study were supplied by Sigma-Aldrich® (Sigma-Aldrich Chemistry, S.A., Madrid, Spain).



Drug Preparation

Cisplatin was dissolved in 0.5% DMSO and enoxaparin sodium in phosphate buffered saline (PBS), with 1 mg/ml of cisplatin or enoxaparin sodium being used as a stock solution. The working solutions were diluted with Iscove’s modified Dulbecco’s medium (IMDM). All manipulations with cisplatin and enoxaparin sodium were performed under subdued lighting. The dose range was 1, 2, 4, 8 and 10 µM of cisplatin and 0.1, 0.5, 1, 5, 10, 50, and 100 µg/ml of enoxaparin sodium.



Cell Viability Test (MTT)

The technique described by Carmichael et al. (50, 51) was used for cell viability quantiﬁcation, adapted to the study’s culture conditions. The cells were cultured at a density of 3,200 cells per well in 96-microwell plates, after which cisplatin or enoxaparin sodium were added at different concentrations (1, 2, 4, 8, and 10 µM of cisplatin and 0.1, 0.5, 1, 5, 10, 50, and 100 µg/ml of enoxaparin sodium), individually or in combination.

At different time points after the start of treatment (24, 48, and 72 h), the medium was eliminated and the cells were incubated with MTT (Sigma-Aldrich Chemistry, S.A.) (1 mg/ml) for 4 h, after which the non-metabolized MTT was discarded and 100 µl of DMSO were added to each well. Absorbance in each well was measured with an enzyme-linked immunosorbent assay (ELISA), using a Multiskan MCC/340P plate spectrophotometer at a reading wavelength of 570 nm and a reference wavelength of 690 nm. Each test was performed in triplicate.



Apoptosis (Histone/DNA Fragment ELISA)

The ELISA cell death detection kit was used (following the manufacturer’s instructions) to detect apoptosis in cells treated with cisplatin and enoxaparin sodium. Brieﬂy, cells were seeded in 96-well plates at a density of 3,200 cells per well for 24 h, adding the medium containing the two highest concentrations of cisplatin used in the cell viability test (8 and 10 µM) combined with the highest concentration of enoxaparin sodium used in the cell viability test (100 µg/ml). After 24, 48, or 72 h, the cytoplasm inthe control and treatment groups was transferred to the 96-well plate, peridiumed by streptavidin, and incubated with biotinylated histone antibody and peroxidase-tagged mouse anti-human DNA for 2 h at room temperature. Absorbance at 405 nm was measured with EXL-800 type Enzyme-Linked Immunosorbent apparatus. Each test was performed in triplicate.



Migration (Scratch Wound Healing)

Scratch wounds were generated in confluent monolayers of cells using a sterile 200 µl pipette tip (52). After washing away suspended cells with phosphate buffer saline (PBS), the culture medium was changed and added at different concentrations: the two highest concentrations of cisplatin used in cell viability testing (8 and 10 µM) combined with the highest concentration of enoxaparin sodium used in cell viability testing (100 µg/ml). Migration into the wound space was photographed using an inverted microscope equipped with a digital camera at the time of the initial wound and at time intervals up to 18 and 24 h after wounding. The relative distances between edges of the injured monolayer were obtained by means of pixel counts at a minimum of 10 sites per wound, using MIP-4® image software (CID, Barcelona, Spain) and applying the formula: migration distance = initial distance of free-of-cells space – distance at 18 or 24 h of free-of-cells space (53). Each test was performed in triplicate.



Statistical Analysis

Data were analyzed using the SPSS version 20.0 statistical software package (SPSS® Inc., Chicago, IL, USA). A descriptive study was made of each variable. The associations between different quantitative variables were studied using one-way analysis of variance (ANOVA) for more than two samples, verifying in each case whether variances were homogeneous. Statistical significance was accepted for p ≤ 0.05.




Results


Effects of Cisplatin, Enoxaparin Sodium, and the Combination of the Two on H357 Cell Viability

At all incubation times (24, 48 and 72 h), it was found that as the dose of cisplatin increased, OSCC cell viability decreased. The 10 μM cisplatin concentration produced the greatest reduction in cell viability, with statistically significant differences at 24 h (p=0.009), 48 h (p=0.001), and 72 h (p=0.003) (Figure 1A). When the effect of enoxaparin sodium on cell viability was analyzed at 24, 48, and 72 h incubation, it was found that as the dose of LMWH increased, cell viability decreased, with the greatest reduction seen with the 100 μg/ml dose of enoxaparin sodium, although without statistically significant differences at 24 h (p= 0.215), 48 h (p=0.558), or 72 h (p=0.303) incubation (Figure 1B).




Figure 1 | Effects of cisplatin or enoxaparin sodium on H357 cell viability. (A) 24 h, p = 0.009; 48 h, p = 0.001; 72 h, p = 0.003. (B) 24 h, p = 0.215; 48 h, p = 0.558; 72 h, p = 0.303. * means that there is significative differences at such picture.



When the different doses of cisplatin assayed (1, 2, 4, 8 and 10 µM) were combined with different concentrations of enoxaparin sodium (0.1, 0.5, 1, 5, 10, 50, and 100 µg/ml) it was found that combining any concentration of cisplatin with 100 µg/ml enoxaparin sodium produced the greatest synergic effect OSCC cell viability reduction, with statistically significant differences for combinations of 8 and 10 µM cisplatin at 24 h incubation (p<0.001 and p<0.001, respectively), and for 1, 2, 4 and 8 µM cisplatin at 48 h incubation (p<0.001, p=0.006, p=0.030, p<0.001, respectively) (Figures 2 and 3).




Figure 2 | Effects of cisplatin (1, 2, and 4 µM) and enoxaparin sodium (0.1, 0.5, 1, 5, 10, 50, and 100 µg/ml) on H357 cell viability. (A) 24 h, p = 0.228; 48 h, p < 0.001; 72 h, p = 0.077. (B) 24 h, p = 0.729; 48 h, p = 0.006; 72 h, p = 0.502. (C) 24 h, p = 0.774; 48 h, p = 0.030; 72 h, p < 0.001. * means that there is significative differences at such picture.






Figure 3 | Effects of cisplatin (8 and 10 µM) and enoxaparin sodium (0.1, 0.5, 1, 5, 10, 50, and 100 µg/ml) on H357 cell viability. (A) 24 h, p < 0.001; 48 h, p < 0.001; 72 h, p < 0.001. (B) 24 h, p < 0.001; 48 h, p = 0.616; 72 h, p < 0.001. * means that there is significative differences at such picture.





Effects of Cisplatin and Enoxaparin Sodium on H357 Cell Apoptosis

Both the cell death test and the cell migration assay, investigated the two highest concentrations of cisplatin (8 and 10 µM), and enoxaparin sodium (100 µg/ml), as these doses led to the greatest reductions in cell viability.

In the cell apoptosis test it was found that 24, 48, and 72 h incubation times all produced higher rates of apoptosis with the combination of 8 or 10 μM cisplatin and 100 μg/ml enoxaparin sodium, obtaining statistically significant differences at 48 h treatment (p=0.008 and p=0.009, respectively) (Figure 4).




Figure 4 | Effects of cisplatin (8 and 10 µM) and enoxaparin sodium 100 µg/ml on H357 cell apoptosis. (A) 24 h, p = 0.582; 48 h, p = 0.008; 72 h, p = 0.716. (B) 24 h, p = 0.413; 48 h, p = 0.009; 72 h, p = 0.592. * means that there is significative differences at such picture.





Effects of Cisplatin and Enoxaparin Sodium on H357 Cell Migration

When 8 or 10 μM cisplatin were combined with 100 μg/ml enoxaparin sodium, a greater reduction in cell migration capacity was observed, with statistically significant differences when 8 μM cisplatin were combined with 100 μg/ml enoxaparin sodium, both at 18 h (p=0.003) and 24 h (p=0.004) (Figures 5–7).




Figure 5 | Effects of cisplatin (8 and 10 µM) and enoxaparin sodium 100 µg/ml on H357 cell migration. (A) 18 h, p = 0.003; 24 h, p = 0.004. (B) 18 h, p = 0.116; 24 h, p = 0.133. * means that there is significative differences at such picture.






Figure 6 | Cell migration into the wound space photographed at the time of initial wounding and at time intervals up to 18 and 24 h after wounding. Results of cisplatin 8 µM alone and combined with 100 µg/ml enoxaparin sodium.






Figure 7 | Cell migration into the wound space photographed at the time of initial wounding and at time intervals up to 18 and 24 h after wounding. Results of 10 µM cisplatin alone or combined with 100 µg/ml enoxaparin sodium.






Discussion

Most tumors in the oral cavity, pharynx and larynx (>90%) are squamous cell carcinomas. OSCC represents 6% of all malign neoplasias and constitutes the eighth most common cancer in terms of worldwide incidence (1). Mortality associated with OSCC remains high due to the fact that most cases are detected at an advanced stage, and also to treatment failure in the form of locoregional recurrence (15–50%) or distant metastasis (54, 55). The survival rate of patients with OSCC over 5 years is over 80% providing they receive treatment while the cancer is at an early stage. However, when the disease has spread to the cervical lymph nodes, this percentage decreases to 40%, and falls to only 20% when the case presents metastasis (56).

Cisplatin is the most often used chemotherapy in OSCC treatment, often administered in combination with taxanes and/or 5-fluoruracil (57). But in addition to the adverse effects of this drug (nausea, vomiting and toxic effects on different organs) (12), there are various routes by which the cancer can develop resistance to cisplatin’s anticarcinogenic action on OSCC: reduced formation of cisplatin-DNA adducts (which causes a reduction in cytotoxicity against carcinogenic cells) and generation of subpopulations of CSCs capable of ABC expression (drug transporter proteins) that may be responsible for OSCC resistance to cisplatin (23–25). In this context, development of an oral cancer-specific, anticancer drug is needed; new therapeutic strategies need to be identified and evaluated in preclinical models before entering clinical trials.

Heparin and LMWHs have shown substantial anticarcinogenic properties in addition to their traditional anticoagulant properties (34, 58, 59). It is possible that their anticarcinogenic action is due to: a) antiproliferative activity (due to their antiangiogenic activity) that impedes thrombin generation and so inhibits TF expression (41) and fibrin formation (42); and b) their antimetastatic activity deriving from their capacity for attachment to selectins, integrins, cytokines and enzymes such as heparanases (38–40). However, the action of LMWH, whether alone or in combination with cisplatin, on cell viability, apoptosis and cell migration capacity on human OSCC cells remains unknown.

The present study used enoxaparin sodium, which is an LMWH whose anticarcinogenic activity has been investigated inpancreatic adenocarcinoma cells, human breast carcinoma cells, human lung adenocarcinoma epithelial cells, glioma cells, melanoma cells (37, 43–47), and against metastasis of brain and colon cancer (48, 49) but never on human OSCC cells.

The present study assayed the effect of enoxaparin sodium on cell viability at 24, 48 and 72 h incubation, observing that, as the dose of LMWH increased, cell viability decreased, with the greatest reduction found with the 100 μg/ml dose, although no statistically significant differences were found at any of the incubation times assayed. Nevertheless, in 2011, Abu Arab et al. (45) observed an antiproliferative effect on human lung adenocarcinoma epithelial cell line A549 cultured with different concentrations of enoxaparin sodium (5, 10, 20, and 30 U/ml), obtaining statistically significant differences in comparison with a control group.

On the basis of the present results, it was found that cisplatin concentrations combined with 100 µg/ml enoxaparin sodium produced the greatest synergic effect on OSCC cell viability reduction, with statistically significant differences at concentrations of 8 and 10 µM cisplatin at 24 h incubation (p<0.001 and p<0.001, respectively), and for 1, 2, 4 and 8 µM cisplatin at 48 h incubation (p<0.001, p=0.006, p=0.030, and p<0.001, respectively). The present results for the action of cisplatin in combination with enoxaparin sodium up OSCC cells cannot be compared with any previous investigation of the possible synergic effects of these drugs for treating OSCC. Nevertheless, in 2016, Djaafar et al. (49) observed that enoxaparin sodium (200 μg/ml) reduced proto-oncogene regulator (cyclin D1) expression in mouse colon carcinoma cells MCA38. Cyclin D1 is related to the progression of G1 phase to S phase in the cell cycle. Its expression is generally increased in most tumors, but was seen to decrease through the action of enoxaparin sodium. Cell viability of colon cancer cells used in the study (MCA38) was seen to decrease after the reduction in cyclin D1 expression. This action of enoxaparin sodium combined with cisplatin’s action (whereby it induces apoptosis and arrest of the cell cycle resulting from its interaction with DNA, such as the formation of cisplatin-DNA adducts, which activate multiple signaling pathways) (8) could explain the synergic effect of the cisplatin/enoxaparin sodium combination on cell viability of the H357 human OSCC line.

When the action of cisplatin combined with enoxaparin sodium on cell apoptosis was assayed it was found that at 24-, 48-, and 72-h incubation times, higher rates of apoptosis were producedwhen treatment combined 8 or 10 μM cisplatin and 100 μg/ml enoxaparin sodium, obtaining statistically significant differences after 48 h treatment (p=0.008 and p=0.009, respectively). In 2006, Balzarotti et al. (47) obtained similar results, although these researchers investigated enoxaparin sodium alone, using primary cell cultures obtained from high-grade glioma; a statistically significant increase in cell apoptosis was produced with doses of 10 and 100 U/ml enoxaparin sodium in comparison with a control group. Recently, Niu et al. (29) have studied the possible synergic effect of another LMWH (Low-molecular weight heparin calcium) (Bopuquin, TianJing Chase Sun Pharmacological Co, Ltd, TianJing, China) on cell apoptosis in cisplatin-resistant and cisplatin-sensitive lung adenocarcinoma A459/DDP cells. The authors found statistically significant differences for both cell lines when cisplatin was applied combined with 5 IU/ml LMWH, compared with treatment by cisplatin alone and a control group.

Lastly, when 8 or 10 μM cisplatin were combined with 100 μg/ml enoxaparin sodium, this produced the greatest reduction in cell migration capacity, with statistically significant differences for 8 μM cisplatin with 100 μg/ml enoxaparin sodium, at both 18 h (p=0.003) and 24 h (p=0.004) incubation. The interaction of enoxaparin sodium with heparanase at the start of the tumor metastasis process would appear to be closely related to the phenomenon of reduction in cell migration. During this step in the process, carcinogenic cells degrade the extracellular matrix and the basal membrane (including its main components—heparan sulfate proteoglycans [PGHS]) through heparanase, subsequently releasing cytokines, chemokines, and angiogenic growth factors [VEGF, bFGF]), so favoring angiogenesis, tumoral growth and metastasis. However, the reduction in heparanase expression (overexpressed in most human tumors) by the action of enoxaparin sodium will reduce this cell migration mechanism. In a study by Djaafar et al. (49), treatment of mouse colon carcinoma cells MCA38 with 200 μg/ml enoxaparin sodium, significantly reduced heparanase expression after 24 h by up to 50% (both ARN and proteins). Enoxaparin sodium’s mode of action on the extracellular matrix will slow the cancer’s invasion process (related to the action of heparanase) and could explain the results obtained in the present study. Mousa et al. (37) using the B16 melanoma mouse model of metastasis, found that a pre-tumor cell injection of enoxaparin sodium followed by daily doses (for 14 days) reduced lung tumor formation by 70%, with significant differences in comparison with an animal control group. The best enoxaparin sodium results were published by Seeholzer et al. (46) who studied 25 patients with advanced breast cancer, pointing to good clinical outlook for the use of this LMWH for treating cancer.

In conclusion, the combination of cisplatin and enoxaparin sodium showed a synergic effect in reducing cell viability and migration capacity and increased the apoptosis of H357 human OSCC cells. The present results suggest enoxaparin sodium could be beneficial in chemotherapy for OSCC patients. Further laboratory and clinical assays should be conducted to confirm and develop the present findings (see Tables 1 and 2).


Table 1 | Effects of cisplatin or enoxaparin sodium on H357 cell viability (ANOVA test).




Table 2 | Effects of cisplatin (8 and 10 µM) and enoxaparin sodium (0.1, 0.5, 1, 5, 10, 50, and 100 µg/ml) on H357 cell viability (ANOVA test).
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Dysregulated metabolic pathways have been appreciated to be intimately associated with tumorigenesis and patient prognosis. Here, we sought to develop a novel prognostic signature based on metabolic pathways in patients with primary oral squamous cell carcinoma (OSCC). The original RNA-seq data of OSCC from The Cancer Genome Atlas (TCGA) project and Gene Expression Omnibus (GEO) database were transformed into a metabolic pathway enrichment score matrix by single-sample gene set enrichment analysis (ssGSEA). A novel prognostic signature based on metabolic pathways was constructed by LASSO and stepwise Cox regression analysis in the training cohort and validated in both testing and validation cohorts. The optimal cut-off value was obtained using the Youden index by receiver operating characteristic (ROC) curve. The overall survival curves were plotted by the Kaplan-Meier method. A time-dependent ROC curve analysis with 1, 3, 5 years as the defining point was performed to evaluate the predictive value of this prognostic signature. A 5-metabolic pathways prognostic signature (5MPS) for OSCC was constructed which stratified patients into subgroups with favorable or inferior survival. It served as an independent prognostic factor for patient survival and had a satisfactory predictive performance for OSCC. Our results developed a novel prognostic signature based on dysregulated metabolic pathways in OSCC and provided support for aberrant metabolism underlying OSCC tumorigenesis.
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Introduction

Oral squamous cell carcinoma (OSCC) is a common malignant tumor in the head and neck region which is closely associated with smoking and alcohol abuse (1). Currently, it is frequently treated with a combination of surgery, radiotherapy and chemotherapy in the clinic. Despite significant advances in clinical management of OSCC, its prognosis still remains poor over the past years (2). The reasons for unfavorable prognosis might be due to limited understanding of genetic, molecular and metabolic events underlying oral tumorigenesis as well as the lack of effective prognostic predictors and therapeutic targets (3). Furthermore, these traditional prognostic indicators such as tumor size, margin status and tumor stage remain far from optimal and usually fail to meet clinical needs due to substantial survival variations in patients within the same catalogs (2, 4). Thus, it is necessary and urgently required to identify new, effective, sensitive biomarkers for early detection, diagnosis and prognosis of OSCC.

The intricate link between dysregulated metabolism and tumorigenesis has been increasingly appreciated. Metabolic reprogramming such as glycolysis has been identified as a well-established hallmark of cancer (5). Altered metabolic pathways in cancer have become a driving force for cancer cells to gain beneficial energy or evade immune surveillance, thus suggesting that these changes can be exploited for biomarkers and therapeutic targets developments (6). Indeed, dysregulation of individual or multiple metabolic pathways has been explored as diagnostic or prognostic biomarkers across several human cancers. Several metabolic signatures at the transcriptional level have been reported to predict patients’ survival in hepatocellular carcinoma and ovarian cancer (7, 8). However, most of these studies usually focused on the prognostic signatures based on genes involved in a single metabolic pathway, while some other metabolic abnormalities in cancer might be neglected. Thus, an integrative signature based on multiple metabolism-related gene sets might be better to capture the full metabolic dysregulations in cancer and have superior performance in prediction. Comprehensive analyses of metabolic pathways in head and neck squamous cell carcinoma (HNSCC) have yielded predictive models and established prognostic predictors with high performance (9). However, HNSCC is a heterogeneous group of epithelial malignancies with diverse etiologic factors, tumorigenic processes and treatment modalities, as exemplified by HPV infection and its distinct roles between OSCC and oropharyngeal SCC (2, 10). To the best of our knowledge, the prognostic significance of metabolic signature in OSCC remains largely underexplored until now.

Burgeoning development of genome-wide sequencing technology and assembly of The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) databases provide rich resources for biomarker development to better early diagnosis, patient stratification, personalized treatment as well as prognostic prediction (11). Based on these datasets, several biomarkers derived from aberrant DNA methylation, mRNA/microRNA/lncRNA expression or combinations of these abnormalities such as gene signatures have been identified and validated to predict survival in patients with OSCC (12–14). For example, a three lncRNA-based signature and a 7 CpG-based signature coupled with gene expression have been successfully established for OSCC prognostic prediction (15, 16).

In the present study, we utilized publicly available RNA sequencing (RNA-seq) data of OSCC samples from TCGA project, constructed and validated a novel prognostic signature based on 5-metabolic pathway-related gene sets by bioinformatics approaches via integrating single-sample gene set enrichment analysis (ssGSEA), least absolute shrinkage and selection operator (LASSO) and Cox regression analyses.



Materials and Methods


Data Acquisition and Preprocessing

TCGA represents international collaborative efforts to comprehensively delineate the biological characteristics of common human cancers and becomes the rich source to establish the link between genomic features and clinicopathological information among individual types of cancer largely based on the detailed datasets including RNA-seq, demographic information, clinical stage and patient survival (11). The original HNSCC RNA-seq data were downloaded from TCGA database and all OSCC relevant datasets were further retrieved from TCGA-HNSC dataset. A total number of 328 OSCC tumors and 32 normal counterparts were identified and enrolled. All relevant epidemiological, clinicopathological as well as follow-up data were obtained and collated in Supplementary Table S1. Moreover, two independent OSCC datasets (GSE41613 and GSE42743) deposited by Chen C’s group in GEO database were found and utilized (14). And “Combat” in R package “sva” was used to remove batch effects. Patient informed consent and approval of the institutional review board were waived given the use of the existing, publically available datasets. Moreover, the immunohistochemical images from the Human Protein Atlas (HPA) database were used to detect the expression of the genes at the translational level (17).



Acquisition of Metabolism-Related Gene Dataset

These metabolism-related gene datasets were downloaded from the KEGG pathway database (18). There are 90 metabolic pathways including nucleotide metabolism, amino acid metabolism, sand glycan biosynthesis and metabolism. All gene sets of these metabolic pathways were listed in Supplementary Table S2.



Construction of Metabolism-Based Prognostic Signature for OSCC

All OSCC patients from TCGA-HNSC dataset were randomly divided into two cohorts (training cohort: testing cohort=7:3). Datasets from GSE41613 (97) and GSE42743 (74) were pooled and defined as an independent, validation cohort (14). The prognostic signature was constructed according to the following steps (Supplementary Figure S1). Firstly, single-sample GSEA (ssGSEA) was used to calculate and standardize the enrichment scores of individual metabolism-related gene set in each sample (19, 20). Secondly, dysregulated metabolic pathways between tumors and normal samples were screened by cut-off FDR<0.05. Thirdly, the univariate Cox regression was used to identify survival-related metabolic pathways with the P-value <0.05. Fourthly, the LASSO regression was performed on these survival-related metabolic pathways, and the non-zero coefficients’ metabolic pathways were filtered out for further analyses. Finally, the final metabolism-based prognostic model was constructed by stepwise multivariate Cox regression analysis. The calculation formula for risk scores of five metabolic pathways was as follows:  . x was the ssGSEA score for each metabolic pathways and β was the regression coefficients in the multivariable Cox regression analysis in the training set All these analyses were performed using the R software (version 3.6.3).



Statistical Analyses

A receiver operating characteristic (ROC) curve was plotted by “survival ROC” package in R and the optimal cut-off value for risk score was identified using Youden index. All patients were divided into low-risk and high-risk groups based on the cut-off value. The overall survival was counted with Kaplan-Meier method and the difference was compared with log-rank test. A time-dependent ROC curve with 1, 3, 5 years as the defining point was performed to evaluate the predictive value of risk score. The calibration curve was plotted to evaluate the difference between the predicted and actual values of the predictive model. The comparisons of clinicopathological parameters (age, gender, grade, tumor stage and margin status) between high-risk and low-risk groups were analyzed via Chi-square test. The evaluation of statistically significant differences of metabolic pathways risk score between subgroups was performed by one-way ANOVA analyses. Univariate and multivariate Cox regression analyses were employed to determine prognostic factors associated with survival. All these analyses were performed using the R software (version 3.6.3). All statistical tests were two sided and P values less than 0.05 were considered statistically significant.




Results


Patient Cohorts and RNA-Seq Datasets

After data screening and filtering, 328 OSCC samples and 32 normal samples with original RNA-seq data and clinical follow-up information from TCGA were retrieved and randomly divided into training and testing cohorts. RNA-seq data and clinical information of 171 OSCC samples (defined as validation cohort) were obtained from GSE41613 and GSE42743 (14).



Identification of Dysregulated Metabolic Pathways and Construction of Metabolic Prognostic Signature in OSCC

The detailed analytic pipeline for signature development was shown in Supplementary Figure S1. Initially, we determined enrichment scores of 90 known metabolic pathways in the training datasets by ssGSEA and assigned individual score for every metabolic pathways in each sample. Then, we identified 75 dysregulated metabolic pathways which significantly differed between OSCC and normal samples with FDR<0.05 and 16 survival-related metabolic pathways by univariate Cox regression analysis (P<0.05) were found. As shown in Figures 1A, B, 7 survival-related metabolic pathways were selected by LASSO regression for further stepwise multiple Cox regression analyses. Finally, we developed a prognostic signature consisting of 5 metabolic pathways: hsa00561 (Glycerolipid metabolism), hsa00910 (Nitrogen metabolism), hsa00534 (Glycosaminoglycan biosynthesis-heparan sulfate/heparin), hsa01230 (Biosynthesis of amino acids) and hsa00670 (One carbon pool by folate). The coefficients of 5 metabolic pathways were shown: hsa00561: 0.22332, hsa00910: 0.18382, hsa00534: 0.20845, hsa01230: 0.33467, and hsa00670: 0.19317.




Figure 1 | Construction of 5-metabolic pathways signature and its prognostic value (A). The coefficient profile plot of 16 survival-related metabolic pathways was produced against the log lambda sequence (B). Tuning parameter (lambda) selection in the LASSO model used tenfold cross-validation via minimum criteria. Dotted vertical lines were drawn at the optimal values using the minimum criteria and the 1 standard error of the minimum criteria (the 1-SE criteria) (C). ROC analysis of sensitivity and specificity of overall survival time by the 5-metabolic pathways signature based risk score. The blue dot represents the optimal cut-off value in training cohort using ROC analysis (D). The Kaplan-Meier analyses revealed significant associations between 5MPS and OS in patients from the training cohort (E). From top to bottom: The survival status of patients with OSCC in training cohort. Patient subgroups with high and low-risk score were classified by the optimal cut-off value. The heatmap show the distribution of 5 metabolic pathways enrichment score in high risk and low risk groups in training cohort (F). The time-dependent ROC curve analysis with 1, 3, 5 years as the defining point was performed to evaluate the predictive value of the 5-metabolic pathways risk score in training cohort (G, H). The Kaplan-Meier analyses revealed significant associations between 5MPS and OS in patients from the testing (G) and validation cohorts (H).





The 5-Metabolic Pathways Signature Predicts Survival of Patients With OSCC

The risk score formula was developed based on enrichment score and coefficients of these 5 metabolic pathways, which was named as 5-metabolic pathways signature (5MPS). An optimal cut-off value was selected as 0.831 with maximal sensitivity and specificity as evidenced by AUC 0.693 (Figure 1C). All patients in the training sets were divided into high-risk group and low-risk group according to this optimal cut-off value. The Kaplan-Meier analyses indicated that patients in high-risk subgroup had a worse prognosis than those in low-risk subgroup (P<0.0001, Figures 1D, E). Moreover, a time-dependent receiver operating characteristic (ROC) curve was performed to estimate the sensitivity and specificity of this 5MPS. Data listed in Figure 1F indicated that this signature to predict patient survival in 1, 3 and 5 years was satisfactory with AUC 0.666, 0.657, and 0.680 in the training cohort. In addition, the calibration curve was plotted to evaluate the performance of this signature. And the result shown in Supplementary Figure S2 revealed that the prediction was close to a 45 degree slash, thus indicating that 5MPS prediction was well consistent with actual observation.



Validation of 5MPS Predictive Values in Multiple Independent OSCC Cohorts

Patients in testing and validation cohorts were stratified into high-risk and low-risk subgroups according to the 5MPS. As shown in Figures 1G, H; Supplementary Figure S3, the results from Kaplan-Meier analyses indicated that patients in high-risk subgroup had a lower OS ratio than those in low-risk subgroup in testing cohort (P=0.0191), validation cohort (P=0.0269) and TCGA-OSCC cohort (P<0.0001). As shown in Supplementary Figure S4, the AUC from time-dependent ROC curves were 0.702, 0.618, and 0.626 in testing cohort and 0.616, 0.628 and 0.688 in validation cohort, respectively.



Correlations Between 5MPS With Clinicopathological Characteristics in OSCC

As shown in Figure 2A, the heatmap showed the distributions of enrichment scores and several clinicopathological parameters including age, gender, grade, margin status, tumor stage between patients in high- and low-risk subgroups. We found that 5MPS was significantly associated with margin status (P<0.05) and survival status (P<0.0001). Moreover, as shown in Figure 2B, patents stratified with differentiation degree or margin status had significantly different risk scores, which indicated higher risk score was associated with higher pathological grade and positive margin status.




Figure 2 | The association of 5-metabolic pathways risk score and clinicopathological parameters (A). The heatmap shows the distribution of 5 metabolic pathways enrichment score and clinicopathological parameters between high risk and low risk groups in TCGA OSCC cohort (B). Distribution of 5-metabolic pathways risk score in different subgroups was compared, which stratified by age, gender, margin status, grade and tumor stage.





Univariate and Multivariate Cox Regression Analyses for 5MPS

To further delineate the prognostic value of 5MPS in OSCC, we performed univariate and multivariate Cox regression using the whole OSCC cohort from TCGA-HNSC dataset. Our data revealed that 5MPS was associated with overall survival in OSCC patients (HR, 2.384; 95% CI: 1.606–3.541; P <0.0001). In addition, some well-established clinicopathological parameters such as margin status and tumor stage were also identified to be prognostic. Moreover, we performed multivariate Cox regression analyses to eliminate confounding factors and highlight the prognostic value of 5MPS. As shown in Figure 3, 5MPS was identified as an independent predictive factor for OSCC (HR, 1.743; 95% CI: 1.154-2.635; P =0.0083). Consistently, as shown in Figures 4A–J, this 5MPS robustly predicted overall survival in OSCC patients stratified by epidemiological, clinical and pathological parameters.




Figure 3 | Univariate and Multivariate Cox-regression analyses of 5-metabolic pathways signature and clinicopathological parameters in TCGA OSCC cohort (A Univariate analysis; B Multivariate analysis).






Figure 4 | The Kaplan-Meier analyses revealed significant associations between 5MPS and OS of OSCC patients in different clinical subgroups, grouping based on their age, gender, margin status, grade, and tumor stage (A-J).





The Representative Genes in Five Metabolic Pathways Predict Survival in Patients With OSCC

To further characterize these 5 metabolic pathways integrated into 5MPS, we selected representative genes such as DGKG (Diacylglycerol kinase gamm), CA9 (Carbonic anhydrase 9), EXTL2 (Exostosin like glycosyltransferase 2), PGAM1 (Phosphoglycerate mutase 1), TYMS (Thymidylate Synthase) from these dysregulated metabolic pathways. The expression of these 5 genes was compared between 32 paired tumor and normal samples from TCGA OSCC cohort. As shown in Figures 5A–E, expression levels of these genes were significantly higher in OSCC as compared to their normal counterparts. Consistently, as shown in Supplementary Figure S5, we retrieved the data from the human protein atlas (HPA) platform and found that the protein abundance of these 5 genes in HNSCC samples appeared to be upregulated relative to their healthy counterparts based on both intensity and quantity of staining, although we can’t definitively perform these comparisons by statistical analyses due to the lack of detailed staining data (17).




Figure 5 | The association of five metabolism-related genes from these five metabolic pathways with OS in OSCC patients (A–E). The expression of DGKG, CA9, EXTL2, PGAM1 and TYMS were compared between tumor and normal (F–J). The Kaplan-Meier analyses revealed significant associations between DGKG (F), CA9 (G), EXTL2 (H), PGAM1 (I) and TYMS (J) and OS of OSCC patients in TCGA OSCC cohort, *P < .05,***P < .001.



Moreover, we divided patients into low and high expression subgroups based on the median values of gene expression. Kaplan-Meier analyses indicated that these five genes were significantly associated with OS in OSCC patients (Figures 5F–J).




Discussion

OSCC is a lethal malignancy characterized by rapid progression, cervical lymph node involvement and relatively high mortality. However, the traditional prognostic parameters fail to fully satisfy the clinical demands for accurate and individualized prognostic evaluation (2). Therefore, it is imperative to develop more accurate and sensitive biomarkers for OSCC diagnosis and prognostic prediction. Here, we constructed and validated a novel prognostic biomarker namely 5-metabolic pathways signature (5MPS) for OSCC via an integrative bioinformatics approach.

Most metabolic processes such as those involving energy and amino acid catabolism are common and pivotal to all living cells. However, compared to normal cells, some metabolic pathways such as glycolysis and fatty-acid oxidation have undergone tremendous changes in cancer cells due to their high energy requirements to support highly proliferation and metastasis. Recently, cancer metabolomics has been proposed to comprehensively characterize hallmarks of cancer-related metabolic changes (21). However, most of previous studies have largely focused on individual metabolic pathway underlying oral tumorigenesis and identified multiple biomarkers with diagnostic and prognostic significance as well as potential therapeutic targets (22, 23). Here, we exploited an integrative bioinformatics approach to comprehensively characterize the survival-related metabolic changes in OSCC. By utilizing RNA-seq datasets from TCGA and GEO, we developed a novel prognostic signature based on 5 dysregulated metabolic pathways in OSCC.

Cancer metabolomics have provided sensitive and thorough metabolic signatures as effective biomarkers for cancer diagnosis, treatment and prevention (24). Comprehensive analyses of metabolites in clinical samples such as saliva, urine and serum have identified valuable biomarkers for cancer diagnosis and prognostic prediction in multiple cancers including OSCC (25–28). Deregulated metabolic pathways including glucose metabolism, glutaminolysis and tricarboxylic acid cycle have been reported in OSCC (26). However, these abovementioned studies largely focused on a few metabolites or individual metabolites in cancer. Here, we constructed an integrative signature based several metabolic gene sets in OSCC. This analytic approach enabled simultaneous integration of dysregulated metabolic pathways that had impact on patient prognosis. As expected, our 5MPS robustly stratified patients into subgroups and served as an independent factor affecting patient survival. We believe that this 5MPS will be beneficial for predicting patient survival when it is added into current clinical regime. Of course, to reinforce its translational potentials, the predictive performance of 5MPS should be further validated.

Beyond this prognostic value of 5MPS, our 5MPS also reflected the importance of these dysregulated metabolic pathways involved in OSCC tumorigenesis. These aberrant metabolic pathways provided nutrients and biomass to meet the high energy and biosynthetic demand of cancer cells (21). For example, glycerolipid metabolism and fatty-acid oxidation have undergone tremendous changes in cancer cells to support their proliferation and metastasis (29, 30). In addition, oncogene-driven activation of cell growth was associated with increased amino acid uptake and biosynthesis (31). Folates promoted one-carbon metabolism essential for purines and thymidylate biosynthesis and enhanced DNA replication in cancer cells (32). In line with these, our results from 5 representative genes in these pathways showed that they were significantly upregulated in OSCC relative to their normal counterparts and associated with unfavorable survival. Previous studies have reported that CA9, EXTL2, PGAM1, and TYMS were dysregulated across multiple human cancers and intricately associated with tumorigenesis by functioning as key enzymes underlying metabolism (33–36). Moreover, high expression of CA9 and PGAM1 were associated with inferior prognosis in OSCC, which in part strengthened our data (33, 35). Noticeably, Yang et al. utilized gas chromatography-mass spectrometry high-throughput analysis to determine the amino acid metabolic characteristics of OSCC and found that a panel including three amino acids (glutamate, aspartic acid, and proline) was identified as potential diagnostic biomarkers of OSCC (37). These findings may add further support to the key roles of dysregulated metabolism responsible for OSCC initiation and progression, thus ultimately impacting patient prognosis.

Although, 5MPS identified here was robust and promising, there were still several limitations. Firstly, the number of OSCC samples is relatively small. This signature is still needed to be independently validated in more cohorts. However, the data from multiple databases and our training-testing-validation cohort design might compensate for this disadvantage. Secondly, 5MPS mainly depended on RNA-seq data whose procedures of detection, quantification should be standardized and normalized. Thirdly, 5MPS was based on gene sets so that might limit its clinical application to a certain degree.



Conclusion

In conclusion, our study identified a novel 5-metabolic pathways signature (5MPS) based on RNA-seq data which reflected dysregulated metabolic pathways and their prognostic significance in OSCC. This 5MPS served as a novel prognostic biomarker for OSCC, which was warranted to be validated further in a large amount of prospectively enrolled patients.
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Supplementary Figure 1 | The procedures for analyzing 5MPS in oral squamous cell carcinoma (OSCC).

Supplementary Figure 2 | The calibration curve was plotted to evaluate 5-metabolic pathways signature predictive performance for predicting OS of patients at 1, 3, 5 years in training cohort.

Supplementary Figure 3 | The Kaplan-Meier analysis revealed significant associations between 5-metabolic pathways signature and OS in patients from the TCGA OSCC cohort.

Supplementary Figure 4 | The time-dependent ROC curve analysis with 1, 3, 5 years as the defining point was performed to evaluate the predictive value of the 5-metabolic pathways risk score in testing cohort (A) and validation cohort (B).

Supplementary Figure 5 | The immunohistochemical images from the Human Protein Atlas (HPA) database were used to compare the expression of DGKG, CA9, EXTL2, PGAM1 and TYMS at the translational level between HNSCC and normal samples. Both intensity and quantity of immunohistochemical staining in HNSCC and Normal oral mucosa were retrieved and shown in the right panel for each gene of interest.
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Melatonin exerts anti-cancer roles in various types of cancers. However, to the best of our knowledge, its role in oral squamous cell carcinoma (OSCC) is unknown. The present study aimed to investigate the role of melatonin and its underlying mechanism in OSCC. MTT, colony formation, wound healing, and transwell invasion assays proved that melatonin played anti-tumor effects in OSCC cells by inhibiting cell viability, proliferation, migration, and invasion in a concentration-dependent manner. The RT-qPCR analysis showed that miR-25-5p was significantly upregulated after melatonin treatment. Further, miR-25-5p might be involved in melatonin-induced inhibitory effects on the biological behavior of OSCC. The expression of miR-25-5p was decreased in tumor tissues and OSCC cells detected by RT-qPCR. MTT assay, colony formation assay, and TUNEL staining indicated miR-25-5p overexpression inhibited OSCC cell viability, proliferation, and induced OSCC cell apoptosis. Furthermore, wound healing, transwell invasion assay, and animal experiments suggested that miR-25-5p might exert suppressive effects on the migration, invasion, and tumor formation of OSCC cells, while miR-25-5p knockdown exhibited the opposite effects in OSCC cells. Bioinformatics analysis, western blot analysis, and luciferase reporter assay suggested that neural precursor cell expressed developmentally downregulated protein 9 (NEDD9) was proved to be a putative target for miR-25-5p. The role of NEDD9 in inhibiting OSCC cell proliferation, invasion, and migration was verified with NEDD9 siRNA transfection. Thus, melatonin exerted anti-proliferative, anti-invasive, and anti-migrative effects on OSCC via miR-25-5p/NEDD9 pathway. Melatonin could be applied as a potential novel drug on treating OSCC.
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Introduction

Oral cancer, as a global health problem, brings a huge challenge to the health care system. Oral squamous cell carcinoma (OSCC) occupies more than 90% of oral cancer (1). OSCC ranks as the 6th cancer type among the most common cancer types all over the world with a low 5-year overall survival rate and high incidence rate (2). It is estimated that there are 0.3 million new cases each year (3). Although considerable diagnostic and therapeutic progress has been made in recent years, the prognosis of the patients with OSCC remains particularly unfavorable because of its invasive characteristics and high malignancy (4). It is demonstrated that traditional treatments are not effective (5, 6). Thus, it is extremely urgent for us to widen the understanding of the mechanism underlying OSCC progression and identify novel and effective therapeutic methods.

Melatonin (N-acetyl-5-methoxytryptamine), a natural indoleamine, is mainly synthesized by the mammalian pineal gland and other tissues, such as lymphocytes, Harderian gland, liver, and gastrointestinal tract (7, 8). Interestingly, melatonin can regulate the circadian rhythms in living organisms, showing a wide distribution from bacteria to humans (9, 10). It has been shown that melatonin plays a vital role in the different physiological events, including the regulation of light/darkness responses, inhibition of tumor progression, improvement of immune system actions, and controlling of homeostasis in the different tissues (11–14). Besides, several pieces of evidence have revealed that melatonin could also serve as an antioxidant and oncostatic attributes (15, 16). According to the reports, melatonin exerts anti-cancer roles in various types of cancers, including breast cancer, lung cancer, colorectal cancer, gastric cancer, and cervical cancer (17–21). However, the underlying mechanism of the anti-cancer effects of melatonin on cancers needs further investigation.

Neural precursor cell expressed developmentally downregulated protein 9 (NEDD9) is a member of the Crk-associated substrate family. NEDD9 is located at 6p24.2 and also known as HEF1 and CasL. NEDD9 acts as a scaffold to regulate SRC and focal adhesion kinase pathways to modulate tumor cell adhesion, invasion, migration, proliferation, apoptosis, and survival (22–26). NEDD9 could activate multi-pathways, like PI3K/AKT, ERK, E-cadherin, Aurora-A (AURKA), and HDAC6. NEDD9 could also be activated by many stimuli, like TGF-β. At the end of mitosis, NEDD9 is degraded by proteasome. Although NEDD9 overexpression or inhibition does not induce tumorigenesis, its expression is upregulated in many cancers (27). NEDD9 could also regulate cancer metastasis. The upregulation of NEDD9 promotes multi cancer metastasis, like epithelial ovarian cancer, epithelial ovarian cancer, lung cancers, hepatocellular carcinoma, and cervical cancer (22, 28–34). NEDD9 could serve as a biomarker of tumor aggression and a prognostic gene of solid cancers. Further, NEDD9 could serve as one of the biomarkers for therapeutic resistance (27). Thus, NEDD9 might also regulate OSCC development.

MicroRNAs are a type of short (approximately 20~25 nucleotide), single-stranded non-coding RNAs, which are generally expressed in a diversity of tissues and cell types and mediate post-transcriptional gene silencing via binding to mRNA 3’UTR (35–37). Accumulating studies on the biological behaviors of miRNAs in the development, prognosis, proliferation, apoptosis, and differentiation have attracted the people’s attention (38). MicroRNAs (miRNAs) have been reported to exhibit a fundamental role in regulating a variety of physiological and pathological processes, including cancers (39). Recently, miRNAs, including miR-25-5p, have been shown to participate in the progression and metastasis of many cancers, including colorectal cancers (CRCs), non-small cell lung cancer (NSCL), and cutaneous squamous cell carcinoma (CSCC) (15, 40, 41). However, the expression, clinical significance, and functions of miR-25-5p in OSCC remain unclear. In the present study, we aimed to characterize the effects of melatonin on the development of OSCC and identify the underlying mechanisms.



Materials and Methods


Clinical Specimens

During the surgical procedure, the OSCC tissues (n=35) and adjacent tissues (n=35) were collected from patients with OSCC who had undergone surgical operation in Henan Province Hospital of TCM from January 2017 to October 2017 for research purpose. The patients with OSCC were diagnosed by histopathological analysis of tumor tissues from the surgical resection specimen. The specimen was examined and divided into OSCC tissues and adjacent tissues by faculties of the Pathology Department. Among the patients, a total of 35 patients, including 22 males and 13 females, were enrolled in this study. The age range was from 30 to 60 years old, with an average age of 41.5 ± 10.18 years. The clinical and pathologic characteristics of patients were obtained from the Medical Records Room. Patient information is shown in Table 1. All human tissues were snap frozen in liquid nitrogen and stored in a liquid nitrogen container (Thermo, USA) prior to further experiments. All the patients signed the informed consent before the study. The present study was approved by the Ethics Committee of Henan Province Hospital of TCM.


Table 1 | The clinical characteristics of OSCC patients.





Cell Culture

Human OSCC cells (SCC9) and the normal human oral keratinocytes (HOK) cells were purchased from the Biological Resources Center of ATCC, USA. The SCC9 cells were cultured in F12-Dulbecco’s modified Eagle’s medium (DMEM) culture medium supplemented with 10% fetal bovine serum (FBS) (Thermo, USA). The HOK cells were grown in DMEM culture medium with 10% FBS. All the cells were cultured in a 37°C, 5% CO2 humidified incubator (Thermo, USA). All cell lines were passaged for fewer than 6 months.



MiRNA Transfection

The miR-25-5p mimic, miR-25-5p inhibitor or negative control (NC) mimic, and NC inhibitor used in this study were designed and synthesized by GenePharma, China. Human OSCC cells were transfected with miR-25-5p mimic or miR-25-5p inhibitor using the transfection reagent Lipofectamine2000 (Invitrogen, USA) according to the manufacturer’s instructions. The transfection concentration for either miR-25-5p mimic or NC mimic was 50 nM. The transfection concentration for either miR-25-5p inhibitor or NC inhibitor was 100 nM. Then, the cells were cultured for 48 h. RT-qPCR analysis was performed to confirm the transfection efficiency of miR-25-5p.



Melatonin Treatment

Different concentrations (0 mM, 0.01 mM, 0.1 mM, and 1 mM) of melatonin (trans-3,5-dimethoxy-4-hydroxystilbene) (Selleckchem, USA) were added to the culture medium for 48 h to detect the effects of melatonin on the human OSCC cells.



Real Time qPCR Analysis

RNA was extracted from tissues and cells using Trizol reagents (Invitrogen, USA) according to the manufacturer’s instructions. The concentrations and purification of RNAs were assessed by NanoDrop2000 spectrophotometer (Thermo, USA). For detecting the expression of miRNAs, a tissue/cell miRNA extraction kit (HaiGene, China) was used. The cDNAs were synthesized immediately from the RNAs to avoid RNA degradation using Reverse Transcription Kit (ABI, USA). The expression analysis of target genes was performed on Applied Biosystems StepOne Plus real-time PCR system (ABI, USA) by using TaqMan Universal PCR Master Mix (ABI, USA). The conditions were as follows: 95°C for 5 min, followed by 35~40 cycles of amplification (95°C for 30s, 60°C for 30s, and 72°C for 30s), and 72°C for 10 min. At last, the expression level of miRNA primers (forward and reverse) and U6 served as an endogenous control. GAPDH mRNA was used as an internal control to assess the relative expression of NEDD9 mRNA. The 2-ΔΔCt method was utilized to detect the expression of target genes. In our study, the primers were designed and synthesized by GeenPharma, China. The primer sequences were shown in Table 2.


Table 2 | The sequence of primers used for real-time qPCR analysis.





Methyl Thiazolyl Tetrazolium (MTT) Analysis

MTT assay was performed to investigate the cell viability of human OSCC cells. The cells were plated into 96-well plates. Then, 20 μL MTT solution (Biosharp, China) was added to each well. After incubation for 4 h, the MTT solution was discarded and 150 μL dimethyl sulfoxide (DMSO) was added. After incubation for additional 10 min, the absorbance at a wavelength of 490 nm were measured using a microplate reader (TECAN, Switzerland) to determine cell viability.



Colony Formation Assay

Colony formation assay was performed to determine the proliferation ability of cells. First, 3500 cells were seeded into six-well plates (Corning, USA) and cultured for 14 days. The culture medium was replaced by free medium every three days. After three times washes with PBS, the cells were fixed with 4% paraformaldehyde (Solarbio, China) for 25 min at room temperature and stained with 0.2% crystal violet solution (Biosharp, China) for 20 min. The colonies (≥50 cells/colony) were observed and imaged under a light microscope (Nikon, Japan).



Apoptosis Assay

Forty-eight hours after transfection, the cells were used for apoptosis assay. Transferase dUTP nick end labeling (TUNEL) assay was conducted using TUNEL staining kit (Ribo, China) according to the instructions. The TUNEL-positive cells were examined under a microscope (Nikon, Japan). The pictures from 10 random fields were observed and taken to assess the apoptosis of cells.



Wound Healing Assay

Cell migration ability was examined by wound healing assay, and 5×105 cells/well were plated into six-well plates (Corning, USA). When the density of cells reached about 90%, a wound was created at the bottom of plates using a sterile pipette tip. The cells were washed three times with PBS to clear cell debris and then cultured in the culture medium for 48 h. Finally, the images were captured under an inverted microscope (Nikon, Japan) at 0 h, 24 h, and 48 h.



Transwell Invasion Assay

Cell invasion ability was tested by transwell invasion assay. For the transwell invasion assay, human OSCC cells were plated in the transwell chambers with 8 µm pore size polycarbonic membrane (Corning, USA) to separate the top chamber and the lower chamber. In brief, 1×105 cells were seeded in serum-free DMEM in the upper chamber, which was coated with 20 µL extracellular matrix gel (Sigma, USA). The culture medium with 10% FBS was added into the lower chamber. After incubation for about 24 h, the cells on the top surface of the membrane were wiped off. The cells were then stained with crystal violet (Biosharp, China) at room temperature for 30 min. Finally, the cells were observed under a light and inverted microscope (Nikon, Japan).



Animal Experiments

The animal experiments were performed with the approval of the Ethics Committee of Henan Province Hospital of TCM. Animal experiments were carried out according to the National Institutes of Health Guidelines to the Care and Use of Laboratory Animals. Forty Balb/c nude mice (4~6 weeks of age, male, Charles River, China) housed and maintained in a specific pathogen-free room, and were allowed free access to water and food. The mice were divided randomly into 4 groups (n=10 per group). To initiate OSCC xenografts, 5×106 human OSCC cells transfected with miR-25-5p were injected subcutaneously into to the flanks of the nude mice. After 4 weeks, the animals were euthanized in a CO2 chamber and tumors were collected. Tumor nodules were collected and calculated by the following formula: V = (Width2 × Length)/2. The weights of tumors were weighed and analyzed.



Bioinformatics Analysis

The candidate target genes of miR-25-5p were predicted using the TargetScanHuman 7.2 (http://www.targetscan.org/vert_72/) and miRWalk (http://mirwalk.umm.uni-heidelberg.de/). In Targetscan and miRWalk databases, the species was set as human. The miRNA was set as miR-25-5p. In Targetscan database, the predicted target genes of miR-25-5p was shown by searching the presence of conserved 8mer, 7mer, and 6mer sites that match the seed region of miR-25-5p. In miRWalk database, the interaction score of miR-25-5p and NEDD9 mRNA was 0.92. The binding sites of miR-25-5p and target genes’ mRNA 3’UTR were predicted and showed with TargetScan. NEDD9 could be predicted by both databases and might be a putative target for miR-25-5p.



Western Blot Analysis

Human OSCC cells were lysed by using RIPA lysis buffer containing proteinase inhibitors (Beyotime, China). The concentration of proteins was detected according to the instruction of the BCA Protein Quantitation kit (Beyotime, China). Then, the total proteins (60 µg) were subjected to 10% sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) and transferred onto a PVDF membrane (Millipore, USA). Then, 5% skim milk was applied to block the membranes at room temperature for 120 min. Subsequently, immunoblotting was performed with specific antibodies against NEDD9 (1:1000, ab18056, Abcam, Cambridge, UK) and β-actin (1:2000, β-actin, Abcam, Cambridge, UK). β-actin was used as an internal control. The membranes were incubated with primary antibodies at 4°C temperature overnight. Next day, the secondary antibodies (Abcam, Cambridge, UK) were added and incubated at room temperature for 2 h. Ultimately, the signals were detected by an enhanced chemiluminescence (ECL) detection system (PerkinElmer, USA) and quantified with ImageJ software.



Luciferase Reporter Assay

The 3’-UTR sequence of NEDD9 containing the predicted binding site for miR-25-5p was obtained and cloned into psiCHECK-2 vector (Promega, USA) to obtain the wild-type (WT) reporter plasmid NEDD9-WT. To generate the NEDD9 mutant (MUT) reporter plasmid, NEDD9-MUT, the seed region was mutated to eliminate all complementary nucleotides to miR-25-5p. Human OSCC were transfected with the reporter plasmid together with miR-25-5p mimic/miR-25-5p inhibitor and NEDD9-WT/NEDD9-MUT. After 48 h of transfection, a dual-luciferase reporter assay system (Promega, USA) was applied to monitor the relative luciferase activity.



Statistical Analysis

All quantitative results were from at least three independent experiments and presented as the mean ± SD. Differences among various groups were evaluated by one-way analysis of variance (ANOVA) followed by Turkey’s post-hoc analysis. Diffeerences between two groups were analyzed with Student’s t-tests. All the statistical analysis was carried out using GraphPad Prism. A p-value of less than 0.05 was considered statistically significant.




Results


Anti-Tumor Effects of Melatonin on Human Oral Squamous Cell Carcinoma Cells

To test whether melatonin could exert the inhibitory effects in the biological functions of OSCC (SCC9) cells, various concentrations of melatonin were used. First, SCC9 cells were treated with 0.01, 0.1, and 1 mM of melatonin for 48 h. MTT assay indicated that, compared to control, melatonin decreased the cell viability of SCC9 cells in a concentration-dependent manner, and the maximum effect was 1 mM group (Figure 1A). The concentration-dependent effects of melatonin on the proliferation ability of SCC9 cells were also observed as confirmed by colony formation assay (Figure 1B). The number of colonies was significantly reduced by melatonin at concentrations of 0.01, 0.1, and 1 mM in SCC9 cells (Figure 1B). Wound healing assay showed that the number of migrating cells was reduced after melatonin treatment at 0.01, 0.1, and 1 mM, especially at 1 mM. These results suggested that melatonin showed a significant inhibitory effect on cell migration ability (Figure 1C). Dose-dependent inhibitory roles of melatonin in the invasion ability of SCC9 cells were displayed by the Transwell invasion assay (Figure 1D). These results suggested that melatonin played anti-tumor effects in SCC9 cells by inhibiting the cell viability, proliferation, migration, and invasion at a millimolar concentration.




Figure 1 | Effects of melatonin on the biological functions of OSCC cells. (A) SCC9 cells were treated with melatonin at 0.01, 0.1, and 1 mM for 48 h, and MTT assay was performed to detect the cell viability. (B) SCC9 cells were exposed to different concentrations of melatonin for 48 h and subjected to colony formation assay to examine the proliferation ability. (C) Effects of melatonin on the migration of SCC9 cells after exposure to melatonin (0.01, 0.1, and 1 mM) for wound healing assay. (D) The invasion ability of SCC9 cells after melatonin treatment by Transwell invasion assay. (n=4, One way ANOVA followed by the Tukey’s test, * indicated the differences compared with 0 mM Melatonin group, *p < 0.05, **p < 0.01, ***p < 0.001, ns, no statistical differences, Scale bar, 100 μm).





Melatonin Upregulates the Expression of miR-25-5p

To understand the underlying mechanism of melatonin inhibiting the biological behaviors of OSCC cells, the RT-qPCR analysis was performed to identify the dysregulated expression of miRNAs in different concentrations of melatonin treated SCC9 cells. The results of RT-qPCR analysis revealed no significant changes in miR-21 or miR-133a expression after melatonin administration (Figures 2A, B). As shown in Figures 2D, E, melatonin elevated the expression of miR-148a-3p and miR-25-5p, but it inhibited the expression of miR-155 (Figures 2C–E). Among these miRNAs, miR-25-5p was the most significantly upregulated miRNA after melatonin treatment (Figure 2C). We hypothesized that miR-25-5p might be involved in the development of OSCC and the inhibitory effects of melatonin on OSCC cells. To further confirm this observation, the OSCC tissues and adjacent tissues were collected to detect the expression level of miR-25-5p. RT-qPCR assay based on 35 paired tumor tissues and matched tumor-adjacent tissues showed that miR-25-5p was significantly decreased in the OSCC tissues compared with the adjacent tissues (Figure 2F). In addition, as indicated in Figure 2G, the expression of miR-25-5p was markedly decreased in SCC9 cells compared with that in the normal human oral keratinocytes (HOK) cells (Figure 2G). These results suggested that miR-25-5p might be involved in melatonin-induced inhibitory effects on the biological functions of OSCC cells.




Figure 2 | Melatonin increases the expression of miR-25-5p in OSCC cells. (A–E) RT-qPCR analysis of miR-21, miR-133a, miR-25-5p, miR-148a-3p, miR-155 expression was performed in SCC9 cells after treating with melatonin at 0.01, 0.1, and 1 mM for 48 h (n=4, One way ANOVA followed by the Tukey’s test, * indicated the differences compared with 0 mM Melatonin group). (F) Relative miR-25-5p levels in OSCC tissues (n=35, Student’s t-test). (G) RT-qPCR analysis was utilized to examine the expression of miR-25-5p in SCC9 and HOK cells (n=4, Student’s t-test) (*p < 0.05, **p < 0.01, ns, no statistical differences).





Overexpression of miR-25-5p Inhibits Cell Viability, Proliferation, and Induces OSCC Cell Apoptosis

As miR-25-5p was downregulated in OSCC, we hypothesized that miR-25-5p might serve as a tumor-suppressive miRNA in OSCC. To confirm this hypothesis, we transfected miR-25-5p mimics/mimics NC in OSCC cells. The expression levels of miR-25-5p in SCC9 cells were examined with RT-qPCR analysis 48 h after transfection. The results of RT-qPCR displayed that the miR-25-5p expression was significantly upregulated in SCC9 cells transfected with miR-25-5p mimic compared with that in the NC mimic group (Figure 3A). MTT assays showed that the cell viability of miR-25-5p mimic group was much lower than that in the NC mimic group (Figure 3B). The colony formation assay revealed that miR-25-5p mimic transfection significantly inhibited the proliferation ability compared with that in NC mimic-transfected cells (Figure 3C). TUNEL staining revealed that miR-25-5p overexpression led to an increase in apoptotic cell number in SCC9 cells (Figure 3D). These results supported the hypothesis that miR-25-5p inhibited the cell viability, proliferation, and induced the apoptosis of OSCC cells.




Figure 3 | Overexpression of miR-25-5p inhibits the cell viability, proliferation but promotes the apoptosis of OSCC cells. (A) RT-qPCR analysis of miR-25-5p in SCC9 cells transfected with miR-25-5p mimic or NC mimic. (B) MTT assay of cell viability in SCC9 cells treated with miR-25-5p mimic or NC mimic. (C) Colony formation of SCC9 cells exposed to miR-25-5p mimic or NC mimic (Scale bar, 100 μm). (D) The apoptosis of SCC9 cells detected by TUNEL staining. Nuclei were stained by DAPI (blue) stain and apoptotic cells were stained by TUNEL (green) (Scale bar, 200 μm). (n=4, Student’s t-test, *p < 0.05, **p < 0.01).





Upregulation of miR-25-5p Suppresses the Migration, Invasion, and Tumor Formation of OSCC Cells

To unravel the function of miR-25-5p in OSCC cells, the oncogenic phenotypes, including migration, invasion, and tumor formation were detected. Wound healing assay showed that the SCC9 cells transfected with miR-25-5p mimic showed lower migratory capacity than the cells transfected with NC mimic, indicating that the increase of miR-25-5p led to a decrease in migratory ability of SCC9 cells (Figure 4A). The Transwell invasion analysis revealed that miR-25-5p overexpression was able to reduce the invasion of SCC9 cells (Figure 4B). To further determine the potential roles of miR-25-5p in OSCC tumor formation, animal experiments were performed. The SCC9 cells treated with miR-25-5p mimic or NC mimic were injected subcutaneously into the flanks of the nude mice. After 4 weeks, the tumors were collected and the tumor nodules were collected and calculated. As presented in Figures 4C, D, the tumor weights and tumor volumes in miR-25-5p mimic group were much lower than that in NC mimic group (Figures 4C, D). These data suggested that miR-25-5p might exert suppressive effects on the migration, invasion, and tumor formation of OSCC cells.




Figure 4 | Upregulation of miR-25-5p suppresses the migration, invasion, and tumor formation of OSCC cells. (A) Wound healing assay was used to determine the migration of SCC9 cells transfected with miR-25-5p mimic or NC mimic (n=4). (B) SCC9 cells were transfected with miR-25-5p mimic or NC mimic and allowed to migrate through an 8 µm pore size polycarbonic membrane in Transwell chambers. The invasive cells were stained and counted (n=4, Scale bar, 100 μm). (C, D) Animal experiments of tumor formation of OSCC cells were conducted using SCC9 cells. Tumor weights and volumes were measured (n=10, Student’s t-test, *p < 0.05).





Knockdown of miR-25-5 Promotes the Viability, Proliferation, and Inhibits the Apoptosis of OSCC Cells

To explore the role of miR-25-5p in OSCC, SCC9 cells were transfected with miR-25-5p inhibitor or NC inhibitor, and the cell viability, proliferation, and apoptosis were evaluated using MTT assay, colony formation assay, and TUNEL staining, respectively. First, the SCC9 cells were transfected with miR-25-5p inhibitor or NC inhibitor, and the expression of miR-25-5p was analyzed by RT-qPCR analysis (Figure 5A). As shown in Figure 5A, miR-25-5p inhibitor significantly inhibited miR-25-5p expression in SCC9 cells compared with NC inhibitor group (Figure 5A). Then, the transfected cells were selected for subsequent experiments. As shown in Figure 5B, knockdown of miR-25-5p markedly elevated the cell viability of SCC9 cells in comparison with the NC inhibitor group (Figure 5B). Furthermore, the number of colonies of SCC9 cells transfected with miR-25-5p inhibitor were significantly increased compared with SCC9 cells transfected with NC inhibitor (Figure 5C). Subsequently, TUNEL staining was utilized to determine the apoptosis of SCC9 cells. The results of TUNEL staining demonstrated that downregulation of miR-25-5p markedly suppressed the apoptosis of SCC9 cells compared with the NC inhibitor group (Figure 5D). The above results indicated that knockdown of miR-25-5p elevated the viability and proliferation but inhibited the apoptosis of OSCC cells.




Figure 5 | Knockdown of miR-25-5p promotes cell viability, proliferation, and inhibits the apoptosis of OSCC cells. (A) SCC9 cells transfected with miR-25-5p or NC inhibitor were used to analyze the expression of miR-25-5p with RT-qPCR. (B) MTT assay of cell viability in SCC9 cells in the presence of miR-25-5p or NC inhibitor. (C) Effect of miR-25-5p inhibitor on the proliferation ability of SCC9 cells (Scale bar, 100 μm). (D) The apoptosis of SCC9 cells detected by TUNEL staining. Nuclei were stained by DAPI (blue) stain and apoptotic cells were stained by TUNEL (green) (Scale bar, 200 μm). (n=4, Student’s t-test, **p < 0.01 ***p < 0.001).





Knockdown of miR-25-5p Accelerates the Migration, Invasion, and Tumor Formation of OSCC Cells

To explore the functions of miR-25-5p in OSCC, we employed the miR-25-5p inhibitor and NC inhibitor in cultured SCC9 cells. The results of the wound healing and transwell invasion assays indicated that transfection of the miR-25-5p inhibitor obviously promoted both migration (Figure 6A) and invasion (Figure 6B) of SCC9 cells. Meanwhile, the knockdown of miR-25-5p increased the tumor weights and tumor volumes of Balb/c nude mice (Figures 6C, D). To conclude, the knockdown of miR-25-5p accelerated the migration, invasion, and tumor formation of OSCC cells.




Figure 6 | Knockdown of miR-25-5p accelerates the migration, invasion, and tumor formation of OSCC cells. (A, B) The effects of miR-25-5p inhibitor on the migration and invasion of SCC9 cells were detected by wound healing assay and transwell invasion assay, respectively (n=4). (C, D) The SCC9 cells transfected with miR-25-5p inhibitor or NC inhibitor were injected subcutaneously into the flanks of the nude mice. After 4 weeks, the tumor nodules were collected and the tumor formation was examined (n=10). (Student’s t-test, *p < 0.05 and ***p < 0.001, Scale bar, 100 μm).





Inhibition of miR-25-5p Reverses the Inhibitory Effects of Melatonin in OSCC Cells

Then, we further investigated whether melatonin could exert the anti-proliferative, anti-invasive, and anti-migratory effects on OSCC cells by regulating the expression of miR-25-5p. According to the results of Figure 1C, the expression of miR-25-5p was the highest when the cells were treated with 1 mM melatonin. Therefore, the cells were treated with 1 mM melatonin and miR-25-5p inhibitor. MTT assay indicated that compared with the control group, the cell viability of OSCC cells were inhibited by 1 mM melatonin, while the inhibitory effects were abolished in the presence of miR-25-5p inhibitor (Figure 7A). As shown in Figure 7B, the number of colonies were markedly reduced by 1 mM melatonin, but it was increased in the OSCC cells treated with both 1 mM melatonin and miR-25-5p inhibitor (Figure 7B). Furthermore, the migratory ability of OSCC cells were obviously inhibited after 1 mM melatonin treatment. However, the inhibitory effects of melatonin on OSCC cell migration was offset by miR-25-5p inhibitor (Figure 7C). Transwell invasion analysis revealed that the inhibition of miR-25-5p could reverse the anti-invasive effects of melatonin in OSCC cells (Figure 7D). Above results indicated that melatonin exerted the anti-proliferative, anti-invasive, and anti-migratory effects on OSCC cells by regulating miR-25-5p.




Figure 7 | Inhibition of miR-25-5p reverses the inhibitory effects of melatonin in OSCC cells. (A) SCC9 cells were treated with melatonin at 1 mM and miR-25-5p inhibitor, and MTT assay was performed to detect the cell viability. (B) SCC9 cells were exposed to 1 mM melatonin and miR-25-5p inhibitor and then were subjected to colony formation assay to examine SCC9 cell proliferation ability. (C) Effects of melatonin on the migration of SCC9 cells in the presence of miR-25-5p by wound healing assay. (D) The invasion ability of SCC9 cells after melatonin treatment and miR-25-5p transfection by Transwell invasion assay. (n=4, One way ANOVA followed by the Tukey’s test, * indicated the differences compared with 0 mM Melatonin group,*p < 0.05, **p < 0.01, ***p < 0.001, Scale bar, 100 μm).





miR-25-5p Regulates OSCC Cell Proliferation, Invasion, and Migration via Targeting NEDD9

To determinate the mechanism underlying the effects of miR-25-5p in OSCC cells, the candidate target genes of miR-25-5p were predicted using the TargetScanHuman7.2 (http://www.targetscan.org/vert_72/) and miRWalk (http://mirwalk.umm.uni-heidelberg.de/). Among these target genes of miR-25-5p, KLK9, WNT3A, FGF18, SRSF4, FIBP, SOX12, TGFBI, and NEDD9 have been reported to participate in the development human cancers (42–49). Thus, we selected these genes for further investigation. The binding sequences between miR-25-5p and these target genes were shown in Figure 8A. The results of RT-qPCR indicated that among KLK9, WNT3A, FGF18, SRSF4, FIBP, SOX12, TGFBI, and NEDD9, the expression of NEDD9 was much higher in OSCC tissues than adjacent tissues. NEDD9 was the most obviously upregulated gene between OSCC tissues and adjacent tissues that isolated from OSCC patients (Figure 8B). Thus, we selected NEDD9 for further analysis. To further investigate the role of NEDD9, OSCC cells were transfected with miR-25-5p inhibitor, miR-25-5p inhibitor+siRNA-NEDD9 respectively. As shown in Figure 8C, compared with NC group, the proliferation ability of OSCC cells was elevated by miR-25-5p inhibitor, but it was inhibited in the presence of siRNA-NEDD9 (Figure 8C). The transwell assay showed that knockdown of miR-25-5p promoted the invasion ability of OSCC cells, which was reversed by siRNA-NEDD9 (Figure 8D). Furthermore, wound healing assay indicated that the migratory ability of OSCC cells in the miR-25-5p inhibitor group was higher than that in the NC group, while the elevated migratory ability was inhibited by NEDD9 siRNA (Figure 8E). To further confirm the relationship between miR-25-5p and NEDD9, dual-luciferase reporter assay was conducted. Luciferase reporter assay revealed that miR-25-5p mimic significantly decreased the luciferase activity in SCC9 cells transfected with NEDD9-WT, but not the NEDD9-MUT compared with NC group (Figure 8F). RT-qPCR analysis was conducted to determine the expression levels of NEDD9 in SCC9 cells after miR-25-5p modulation (Figure 8G). The results indicated that miR-25-5p mimic inhibited the mRNA expression of NEDD9, while miR-25-5p inhibitor elevated the mRNA expression of NEDD9 (Figure 8G). Western blot analysis demonstrated that miR-25-5p mimics reduced the protein level of NEDD9 and miR-25-5p inhibitor elevated the protein level of NEDD9 (Figure 8H). The results provided that NEDD9 was a direct target of miR-25-5p that regulated OSCC cell behaviors.




Figure 8 | miR-25-5p regulates OSCC cell proliferation, invasion, and migration via targeting NEDD9. (A) Schematic representation of the predicted miR-25-5p binding region in the 3′-UTR of target genes. (B) The expression of KLK9, WNT3A, FGF18, SRSF4, FIBP, SOX12, TGFBI, and NEDD9 in OSCC tissues and adjacent tissues. (C) Colony formation assay was used to examine the proliferation ability. (D) Transwell invasion assay was performed to detect the invasion ability. (E) Wound healing assay was applied to assess the migration ability. (F) Luciferase activity was analyzed to confirm the relationship between miR-25-5p and NEDD9. (G, H) RT-qPCR (G) and western blotting (H) were performed to examine the NEDD9 level in SCC9 cells transfected with miR-25-5p mimic or NC mimic. (n=4, B: Student’s t-test; C-H: One way ANOVA followed by the Tukey’s test, * indicated the differences compared with NC mimics/inhibitor group, *p < 0.05, **p < 0.01, ***p < 0.001, Scale bar, 100 μm).






Discussion

OSCC is one of the most malignant neoplasms worldwide and ranks first with 90% in oral cancers. There are about 0.3 billion new patients every year. Unhealthy living habits like smoking, alcohol uptake, and papillomavirus infection are the main risk factors of OSCC. With the progress of medical science in the recent decades, the 5-year survival rate of OSCC patients improves to approximate 50%. However, over 60% patients are at stage III or IV when diagnosed, which leaves a poor survival rate for these patients. It is necessary to clarify the mechanism of origination and development of OSCC, so as to find treatment targets and novel therapeutics (1–3).

Melatonin is an endogenous hormone secreted from pineal and could regulate circadian rhythms and mitochondrial homeostasis (12, 50, 51). Melatonin and its metabolites are proved to have an antioxidative role against oxidative stress (51). More interestingly, this hormone exerts anti-tumor effect on kinds of solid tumors via its receptor that exists in tumor tissues (13). It is thought that the anti-tumor effect of melatonin is based in its anti-oxidation and anti-inflammatory roles (52, 53). Melatonin inhibits triple negative breast cancer cell proliferation, migration via increasing miR-152-3p (54, 55). Melatonin inhibits breast tumor cell survival, migration, and invasion and upregulates miR-148a-3p (56). Melatonin represses 5-FU resistant colorectal cancer cell growth via miR-215-p/thymidylate synthase (TYMS) pathway (57). Melatonin inhibits gastric cancer cell growth via miR-16-5p/Smad3 pathway (58). Glioma cell proliferation and invasion are inhibited by melatonin via repressing miR-155 (59). In a random clinic trial, after neoadjuvant chemotherapy, melatonin was applied to treat OSCC patients. The residual tumor percentage and miR-210 were reduced. However, the decrease of miR-210 had no statistical significance (60). Thus, there could be other miRNAs downstream melatonin. After literature research, we chose miR-21, miR-133a, miR-148a-3p, miR-25-5p, and miR-155, which have been reported to regulate tumor progression in other cancers and have not been studied in OSCC. Among these miRNAs, miR-25-5p was downregulated in OSCC tissues and cells, and melatonin treatment upregulated miR-25-5p expression in OSCC cell. Further, we confirmed miR-25-5p was the downstream miRNA of melatonin in OSCC. Melatonin could inhibit multi tumor, like breast cancer, glioma, colorectal cancer, and gastric cancer. However, the involved pathways downstream melatonin in multi tumors are different.

MiRNAs, a cluster of noncoding RNAs, could regulate cell biological behaviors in tumors via targeting the 3’UTR of target genes (61). The role of miRNAs has been studied in multi tumors like breast and colon cancers (62, 63). In OSCC, the role of miRNAs has also been studied. Many miRNAs in the body fluids of OSCC patients are common, which indicated they could be set as biomarkers to predict diagnosis, prognosis, and therapeutic efficiency (64). MiRNAs are crucial therapeutic targets to handle oral cancer related pain (65). Thus, it might also be the targets to treat OSCC. According to the previous reports, miR-21, miR-133a, miR-148a-3p, miR-25-5p, and miR-155 participated in the development of various cancers. However, there were no studies that investigate the role of miR-21, miR-133a, miR-148a-3p, miR-25-5p, and miR-155 in OSCC cells and the relationship between melatonin and the expression of these miRNAs. Therefore, in our study, we performed RT-qPCR analysis to identify the dysregulated expression of miRNAs by using SCC9 cells, which were pretreated with melatonin at different concentrations. The results of RT-qPCR analysis revealed that no significant changes in miR-21 or miR-133a expression were observed under melatonin administration. As shown in the results, melatonin elevated the expression of miR-148a-3p and miR-25-5p, but it inhibited the expression of miR-155. Among these miRNAs, miR-25-5p was the most significantly upregulated miRNA after melatonin treatment. Therefore, we chose miR-25-5p for further analysis. MiR-25-5p has been reported to inhibit the proliferation of colorectal cancer cells (15, 66). In our study, melatonin upregulated the expression of miR-25-5p in vitro. Melatonin has been reported to upregulate lncRNA H19 via enhancing its transcription efficiency. H19 could target miR-675 to upregulate miR-675 expression (67). Thus, in this study, melatonin might upregulate miR-25-5p expression by promoting the expression of lncRNAs or transcription factors that binding to the promoter of miR-25-5p. This hypothesis needed further confirmation. The overexpression of miR-25-5p inhibited OSCC cell viability, proliferation, and induced cell apoptosis. The migration, invasion, and tumor formation were also inhibited by miR-25-5p. Our data confirmed the potential inhibitory role of miR-25-5p on OSCC. Besides, in our study, the results indicated that melatonin exerted anti-proliferative, anti-invasive, and anti-migratory effects on OSCC and promoted the expression of miR-25-5p. Further, inhibition of miR-25-5p could reverse the inhibitory effects of melatonin in OSCC cells. Therefore, we concluded that melatonin exerted anti-proliferative, anti-invasive, and anti-migratory effects on OSCC cells by regulating the expression of miR-25-5p.

As is widely known, miRNAs exert their posttranscriptional regulation role via inhibiting target genes expression. The potential target genes were predicted by two databases. There are lots of target genes of miR-25-5p according to the results of quick search on TargetScan databases. Among these target genes, KLK9, WNT3A, FGF18, FIBP, SOX12, TGFBI, and NEDD9 have been reported to participate in the development of human cancers (42–49). The results of RT-qPCR indicated that among KLK9, WNT3A, FGF18, SRSF4, FIBP, SOX12, TGFBI, and NEDD9, the expression of NEDD9 was much higher in OSCC tissues than adjacent tissues. NEDD9 displayed the most obviously upregulated gene between OSCC tissues and adjacent tissues that isolated from OSCC patients. Therefore, we speculated that NEDD9 might play a vital role in the development of OSCC. According to the results, NEDD9 might be the potential target gene of miR-25-5p, and we selected NEDD 9 for further analysis. Dual-luciferase reporter assay confirmed the interaction of miR-25-5p and NEDD9 mRNA. The mRNA expression of NEDD9 could be regulated by miR-25-5p. In OSCC cells, NEDD9 induced MMP9 secretion is an important process to form invadopodia (68). Abnormal expression of NEDD9 has been proved in colorectal cancer, lung cancer, and melanoma (69–71). The inhibition of NEDD9 could induce cancer cell apoptosis in colorectal cancer (15). NEDD9 could regulate many cellular behaviors like proliferation, invasion, mitosis, and migration (72). Overexpressed NEDD9 could enhance the metastasis of hepatocellular carcinoma, while inhibition of NEDD9 could suppress the metastasis (73).

In conclusion, our results proved miR-25-5p/NEDD9 was the downstream pathway of melatonin in OSCC. This study clarified a new mechanism and provided novel therapeutic targets in OSCC. Melatonin could be a potential treatment drug to handle OSCC.
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Hematogenous dissemination represents a common manifestation of squamous cell carcinoma of the head and neck, and the recommended therapeutic options usually consist of systemically administered drugs with palliative intent. However, mounting evidence suggests that patients with few and slowly progressive distant lesions of small size may benefit from various local ablation techniques, which have already been established as standard-of-care modalities for example in colorectal and renal cell carcinomas and in sarcomas. In principle, serving as radical approaches to eradicate cancer, these interventions can be curative. Their impact on local control and overall survival has been shown in numerous retrospective and prospective studies. The term oligometastatic refers to the number of distant lesions which should generally not surpass five in total, ideally in one organ. Currently, surgical resection remains the method of choice supported by the majority of published data. More recently, stereotactic (ablative) body radiotherapy (SABR/SBRT) has emerged as a viable alternative. In cases technically amenable to such local interventions, several other clinical variables need to be taken into account also, including patient-related factors (general health status, patient preferences, socioeconomic background) and disease-related factors (primary tumor site, growth kinetics, synchronous or metachronous metastases). In head and neck cancer, patients presenting with late development of slowly progressive oligometastatic lesions in the lungs secondary to human papillomavirus (HPV)-positive oropharyngeal cancer are the ideal candidates for metastasectomy or other local therapies. However, literature data are still limited to say whether there are other subgroups benefiting from this approach. One of the plausible explanations is that radiological follow-up after primary curative therapy is usually not recommended because its impact on survival has not been unequivocal, which is also due to the rarity of oligometastatic manifestations in this disease. At the same time, aggressive treatment of synchronous metastases early in the disease course should be weighed against the risk of futile interventions in a disease with already multimetastatic microscopic dissemination. Therefore, attentive treatment sequencing, meticulous appraisal of cancer extension, refinement of post-treatment surveillance, and understanding of tumor biology and kinetics are crucial in the management of oligometastases.




Keywords: head and neck cancer, oligometastatic, metastasectomy, surgery, stereotactic ablative body radiotherapy, immunotherapy, surveillance, cure



Introduction

Recent therapeutic achievements in head and neck cancer managed to reduce the risk of death from recurrences and metastatic dissemination or at least contributed to delaying disease progression and quality of life deterioration. Apart from new systemic modalities leveraging the immune cells to combat cancer, increasing attention has been drawn towards local ablative approaches, which either as complementary or stand-alone therapies demonstrated encouraging activity against distant lesions. In particular, cases with few slowly growing metastases seem to constitute the ideal candidates (1). These patients present with different forms of oligometastatic disease. Besides a de-novo diagnosis, it may develop in the context of a controlled primary tumor (oligorecurrence) or otherwise controlled polymetastatic disease (oligoprogression). Herein, we will discuss the current state of the art in management of oligometastatic head and neck cancer in order to assist physicians in finding the optimal spot in the disease course where such treatment brings the maximum benefit to patients. However, before doing that, we will briefly review some important facts about metastatic outgrowth defining the patients at risk, addressing different diagnostic methods, and introducing available treatment options.



Distant Metastases: Who, How, and What

Who is at risk of developing distant lesions? Compared with other malignancies, the proportion of head and neck cancer patients presenting with hematogenous dissemination is generally smaller and varies from 3%–17% at presentation (before any therapy). This may increase during the course of the disease to 10%–40% and can be even found higher at autopsy studies (40%–50%). The clinical presentations are variable according to the primary tumor site, disease stage, local and regional control, duration of follow-up, histological type, and delivered treatment. High-risk features include hypopharyngeal origin, advanced locoregional disease characterized by large tumors and extensive lymphadenopathies, poor histological differentiation, and the presence of extracapsular spread (2). Moreover, advanced age, black race, and radiological evidence of low jugular, posterior triangle, paratracheal, and contralateral lymph nodes were associated with increased risk of metastases (3, 4). The aforementioned features hold true for the most frequent histological type, i.e. squamous cell carcinoma, which will also be the principal subject of this article unless otherwise specified. Furthermore, some tumors both within this group, such as basaloid squamous cell carcinoma, and beyond, such as nasopharyngeal, adenoid cystic, and neuroendocrine carcinomas, are known for even a higher propensity to develop distant lesions (5). Typically involved sites are the lungs (70%–85% of patients with metastases), albeit a distinction from a primary pulmonary tumor can be challenging, then the bones (15%–39%) and liver (10%–30%), while skin (10%–15%) and brain (about 5%) affections remain less frequent (2). They usually occur within 2–3 years of diagnosis with the notable exception of a small proportion (probably more than 10%) of human papillomavirus (HPV)-positive oropharyngeal cancer cases, which continue to metastasize for a longer period of time, even beyond 6 years (6, 7). Interestingly, in a recent meta-analysis of seven studies, time to distant progression was 0.2–106 months and 0.2–33 months in HPV-positive and HPV-negative oropharyngeal cancer patients, respectively (8).

How to detect them? This is the pivotal question because imaging modalities differ in their diagnostic accuracy, which is partially responsible for the higher incidence of macrometastases found at autopsies than radiological surveys (5). In addition, our knowledge of micrometastases sometimes identified in tissue specimens remains elusive, including their clinical significance. Currently, fluorine-18-fluorodeoxyglucose (FDG) positron emission tomography with or without simultaneous computed tomography (PET/CT) scanning represents the optimal modality for detection of head and neck cancer distant spread at initial staging (9, 10). In a prospective trial of 233 patients, the addition of FDG-PET to a conventional work-up (physical examination, head and neck CT or magnetic resonance [MR], and thoracic CT) changed the M-stage in 8.6% of the study cohort (11). On the other hand, its role in follow-up of head and neck cancer survivors has been proved only for an early evaluation of regional control after definitive chemoradiotherapy but still needs to be defined for metastatic disease (12–14). One of the new, promising techniques that could find its place especially in surveillance protocols is liquid biopsy. It is based on early detection of circulating tumor deoxyribonucleic acid (DNA) mostly in the blood but also in saliva and other body fluids (15). Finally, special attention should be paid to patients with polymetastatic disease on systemic therapy, in whom close response monitoring by CT or PET/CT scans is usually performed every 6 to 12 weeks for a timely detection of disease progression, which in some highly selected cases may be treated with local ablation.

What are the treatment options? Although the traditional approach of oncology care in patients with metastatic tumors relies on systemic treatment with palliative intent, mounting evidence has demonstrated the utility of local ablation in certain clinical situations. Surgical resection of metastases, especially in the lungs, has been known to medical professionals since the 19th century. In 1882, Weinlechner removed sarcoma metastases localized near the primary tumor infiltrating the thoracic wall. However, the first pulmonary metastasectomy as a planned and separate procedure was carried out by Divis in Prague in 1926 (16). When in 1995 Hellman and Weichselbaum thus coined the term “oligometastatic state”, surgery had already been widely accepted as a curative approach to a rather small proportion of patients, typically with lung metastases from soft tissue sarcomas, osteosarcomas, and renal cell cancers and with hepatic metastases from colorectal cancer (17). More recently, the armamentarium of local approaches has been complemented by radiotherapy and thermal ablation treatments, such as radiofrequency ablation or cryotherapy, which spare patients from a more invasive procedure at the cost of unknown treatment margins. At present, patients with oligometastatic disease of various origins are routinely offered such a potentially curative treatment, sometimes using a sequential combination of different modalities, planned in a stepwise fashion and even repeatedly in the case of accessible recurrences (18, 19).



Approach to Oligometastatic Disease

Over the past year, growing efforts have been undertaken to define oligometastatic disease and its different states in order to standardize reporting thereof (20, 21). As a result, the following two conditions must be met: the maximum number of five metastases should not be surpassed, and all of them must be safely treatable, whereas a controlled primary is optional (21). According to the timing of its appearance, several distinct clinical presentations, discussed further in the text, are recognized (20–22). Since a standard approach has not been determined in these situations, all patients who could potentially be considered for a local approach should be discussed in multidisciplinary tumor boards. In this regard, we propose a multistep evaluation procedure respecting not only the technical feasibility of a given procedure but also its clinical relevance (Figure 1). While the former aspect is beyond the scope of this paper, we will address important pre-treatment factors here, some of which are specific for head and neck cancer, and then outline the main treatment modalities, among which the surgical approach is grounded in the strongest body of scientific evidence, followed by stereotactic radiotherapy reserved for inoperable cases. In the last section, we will deliberate over the intriguing role of combining systemic treatment with local therapies. The key message is that primary intent of these therapeutic endeavors is curative, although they may also be beneficial in consolidating response to systemic palliative treatment or postponing initiation or change thereof. Finally, the advantages of active approach should be weighed against watchful waiting, particularly in heavily pre-treated patients with repeatedly recurring and slowly progressing oligometastases.




Figure 1 | Multistep process of decision making in oligometastatic head and neck cancer patients. Patients with suspected hematogenous spread should be discussed at tumor board meetings in order to decide whether a biopsy confirmation is needed and whether local ablation can be proposed in case of an oligometastatic manifestation. Such treatment should not only be technically feasible but also clinically sound. Metastasectomy remains the treatment of choice and could be replaced by stereotactic body radiation or other local therapies in patients not suitable for a surgical intervention. Incorporating chemo- or immunotherapy or both, systemic treatment can be combined with local ablation according to the clinical setting. Watchful waiting is reserved for highly selected cases, usually as a temporary solution in heavily pre-treated patients with known disease kinetics.




Clinical Pre-Treatment Considerations

The following three patient-related factors should be acknowledged before performing a planned intervention, feasible from a technical point of view.

General health status. The majority of head and neck cancer cases occur in the elderly, and global epidemiological projections predict increasing proportions of older people, people with cancer, and also older people with head and neck cancer, which further stimulates the strengthening position of geriatric evaluation in oncology practices. Prior to a tumor-directed treatment, all cancer patients of 70 years of age or older should undergo a frailty screening test and, according to the result, be subjected to a comprehensive geriatric assessment comprising a thorough evaluation of functional status, comorbidities, cognition, nutritional status, social support, psychological state, and polypharmacy (23). These variables are relevant, albeit to lesser extent, to the younger counterparts as well, who have usually an overall higher life expectancy and functional reserve capacity, so that the medical assessment is often limited to the appraisal of performance status and comorbidities (24). Of note, frailty, characterized by at least three of the following five criteria: weakness (grip strength), slowness, low physical activity, exhaustion, and weight loss, or pre-frailty (comprising only one or two of these criteria) can develop even in younger patients, particularly in the presence of chronic diseases, socioeconomic deprivation, and specific lifestyle behaviors (smoking, obesity) (25). Estimating overall health status of an individual and detecting unknown deficits help select an appropriate local therapy and decide on its timing and possible combinations with systemic treatment.

Patient preference. Shared-decision making with a well-informed patient should be encouraged whenever possible and has particular importance in borderline cases, such as when watchful waiting is proposed. Sometimes, patients can decide whether they opt for an invasive procedure or radiotherapy or thermal ablation if assumed equipotent in a given situation.

Socioeconomic background. It has been well recognized that socioeconomic and other disparities negatively impact on cancer incidence and survival due to associated inequalities in harmful lifestyle behaviors (smoking, alcohol intake, dietary patterns, physical inactivity), screening, and treatment (26). In head and neck cancer, lower income, high school education or less, and older age correlate with decreased overall and disease-free survival, at least in the USA (27). All these factors are particularly relevant in resource-limited countries. Moreover, the COVID-19 pandemic has disrupted oncologic care in many areas and amplified the pre-existing gap in its delivery (28).

In order to optimize the planned therapeutic intervention, the following three disease-related factors should be taken into account in patients deemed suitable according to the above-mentioned characteristics.

Primary tumor site. Among squamous cell carcinomas of the head and neck, HPV-positive oropharyngeal cancer represents a separate entity with distinct biological and epidemiological behavior (29). Not only is overall survival after distant failure longer in these patients, but about one third of oligometastatic cases in the lungs can be cured with either surgery or radiotherapy (7, 30). Noteworthy, compared with their HPV-negative; counterparts, patients with HPV-positive oropharyngeal cancer present more often with dissemination to more than two organs (about one third of cases) that can also involve unusual localizations such as the skeletal muscles, pericardial lymph nodes, kidney, or pancreatic tail (6–8). Therefore, careful evaluation and sometimes even multiple biopsies are warranted in these cases. Another notable exception sharing with HPV-positive oropharyngeal cancer the prominent trend of developing distant metastases is nasopharyngeal carcinoma (31). Although less evidence is available on using local ablation alone to treat metastatic lesions in nasopharyngeal carcinoma, improved outcomes have been noted if palliative systemic therapy for disseminated disease is complemented with radiotherapy of the primary lesion (32, 33).

Disease kinetics. Pace of the disease is one of the critical decision-making factors in patients presenting with distant spread (34). When applying local ablation to eradicate a disseminated cancer, the major concern is that the few visible macroscopic lesions represent merely the inception of an explosive manifestation. Logically, a follow-up imaging in 2–3 months gives us the desired answer but that’s actually what we try to avoid doing in the majority of cases, if not deemed suitable candidates for a wait-and-watch strategy, due to the following three reasons. First, lesions that can be treated now may progress in a couple of months in size rendering them unsuitable for the initially planned procedure. Second, new distant lesions may develop, and third, the patient’s condition may alter, either because of disease progression or underlying comorbidities, to an extent which can contraindicate further antitumor efforts. In some cases, distant metastases, particularly in the lung parenchyma, can be traced back on preceding imaging methods carried out even for other, non-oncologic reasons. In other cases, we may encounter oligoprogression which means that one or a few nodules progress during systemic palliative therapy while at the same time multiple other lesions remain under control. Subsequently, retrospective review of tumor size and other characteristics will help estimate the disease kinetics. However, in the majority of patients, the decisive factor is whether the metastases were detected at the time of initial diagnosis or whether they appeared in the course of the disease. These aspects are detailed in the following paragraph.

Synchronous or metachronous metastases. In the former scenario, partially owing to the insufficient information on tumor kinetics, patients usually receive systemic treatment in the first place, and if the disease is well-controlled, a local therapy is delivered at some point later. In the latter setting, corresponding to oligorecurrence or oligoprogression, a series of imaging studies is sometimes available allowing a more accurate appraisal of the disease pace and facilitating decisions about a single-modality local therapy. According to an arbitrary definition, metachronous metastases occur after 3 months from the initial diagnosis, which typically means that at least one radiological survey had been carried out. In this respect, it should be noted that in the majority of head and neck cancer patients treated with curative intent, no radiological surveillance is recommended as it had not consistently demonstrated survival benefit, although this does not perhaps hold true for some patient subgroups, such as with HPV-positive oropharyngeal cancer, in whom periodic imaging might be warranted (14).



Surgical Treatment

Supported by the largest body of evidence, metastasectomy has been traditionally considered the gold standard in this setting. In 2015, a meta-analysis of 11 retrospective studies enrolling a total of 387 head and neck cancer patients calculated a 5-year overall survival rate at 29% after resection of metachronous pulmonary metastases (mostly single nodules). Various poor prognostic factors were reported in the included individual studies comprising the site of the primary tumor in the oral cavity, initial lymph node involvement, shorter interval from primary diagnosis to pulmonary dissemination, particularly if it occurred within 1 year, incomplete metastasectomy, and multiple pulmonary nodules (35). Literature on extrapulmonary surgery is less advanced but 5-year survival after resection of hepatic oligometastases may be in the same range (36). Additionally, the importance of new techniques should be brought to the forefront. In a retrospective cohort of different primary tumors, minimally invasive approaches, such as video-assisted thoracic surgery (VATS) and radiofrequency ablation (RFA), were associated with lower morbidity and similar local control and overall survival compared with an open resection (37). Besides that, surgical candidates are usually young patients in a good general condition, and this should also be kept in mind not only when making decisions in routine clinical practice but also when interpreting the results of available retrospective studies. Finally, the obtained full pathological specimen provides definitive diagnosis as well as additional material for immunohistochemical and molecular analyses if so needed. In this respect, differentiating a pulmonary metastasis from squamous cell lung carcinoma has been challenging and requires clinical and radiological inputs and in the case of oropharyngeal carcinoma also detection of high-risk HPV infection and not only p16 expression which can also be found in squamous cell carcinomas originating in the lungs, esophagus, and skin (38, 39).



Radiotherapy

In patients who are unwilling or unable to undergo an invasive procedure or deemed to be at high risk of postoperative complications due to underlying comorbidities, stereotactic (ablative) body radiotherapy (SABR/SBRT) has emerged as a viable alternative to a standard surgical intervention. Derived from intracranial stereotactic radiosurgery, the methodology was introduced to clinical practice by Lax and Blomgren at the Karolinska Hospital in Sweden in September 1991 (40, 41). Based on delivering precisely targeted high doses of radiation in one or several fractions, the concept of SABR has been rapidly adopted by many institutions to treat mainly small lung cancers either primary or secondary, liver metastases, and later on also bone, lymph node, and other less frequent locations (42, 43). The increasing popularity has been mirrored by a steadily rising implementation in treatment protocols which is expected to continue in the coming years (44). Multiple single-arm studies as well as several randomized trials showed that SABR can improve disease-free and overall survival in the oligometastatic setting while maintaining good tolerance (45–51). However, covering different primary tumor types and organ sites, the available data remain heterogeneous (44). Furthermore, no randomized trial comparing a standard surgical approach with SABR has been conducted so far.

Until now, the largest retrospective study in head and neck cancer evaluated 82 cases of different histological types presenting either with synchronous or metachronous oligometastases (less than three in total) or multiple metastases in the lungs. Among 43 patients with oligometastatic squamous cell carcinomas, 1- and 2-year local control was 96% and 90%, respectively, and 1- and 2-year overall survival was 74% and 66%, respectively (52). Focusing solely on oligometastatic disease, another retrospective study reported 1- and 2-year overall survival of 78% and 43%, respectively, in 27 squamous head and neck carcinoma patients with up to five synchronous and metachronous metastases mostly affecting the lungs but also other organs encompassing the bones, liver, lymph nodes, and soft tissues. Local control of treated lung nodules was 74% and 52% at 1- and 2-years, respectively (53). Contrary to the former study, in which histopathological confirmation of the lung lesions was obtained in almost 90% of cases, in the latter one, biopsy was not mandatory prior to radiotherapy.

Regarding prospective trials on the efficacy and safety of SABR in oligometastatic disease, only a few are randomized phase II trials while most of them are single arm studies with just a small number of head and neck cancer patients (54, 55). In the largest one, Sutera et al. recruited 147 patients with up to five metachronous, biopsy-proven metastases visualized on FDG-PET/CT in at most three organs comprising the lungs (52%), lymph nodes (17%), bones (15%), and other sites. There was a large variety of primary tumors with more than half of them represented by lung cancer (22%), colorectal cancer (21%), and head and neck cancer (11%). Owing to an excess of early deaths, median overall survival of 17.6 months in 16 patients with head and neck cancer, out of which 11 had squamous cell carcinoma, was inferior to that observed in other primary tumor subgroups. However, the 42% 5-year overall survival yielded in this cohort compares favorably to outcomes yielded in surgical studies but can be biased by the small patient number (43). As of yet, the only randomized trial exploring the addition of SABR to a standard systemic palliative treatment according to primary cancer was the SABR-COMET phase II study with a 2:1 randomization in favor of the experimental arm. Oligometastatic state was defined by a maximum of five metachronous lesions with not more than three of them per organ. Biopsy was optional, and participants were not considered candidates for surgery. The three most frequently included primary tumors were breast cancer (18%), colorectal cancer (18%), and lung cancer (18%), which were not balanced between the two study arms. The number of head and neck cancer patients was not specified except for a short comment in the supplementary materials on a case of oropharyngeal cancer treated for a lung metastasis of 3 cm in diameter complicated by a large pulmonary abscess a year later. In the whole cohort of 99 patients, SABR enhanced 5-year overall survival from 18% to 42% which is very much in line with the previous study that reported this parameter at 43% for the entire study population. The benefit observed in SABR-COMET came at the cost of increased grade 2 or worse treatment-related toxicity (29% versus 9%) including grade 5 adverse events (5% versus 0%), albeit with no impact on quality of life as measured using the FACT-G scores (48, 49). These results are encouraging and imply that even poor performance and frail patients may be considered for SABR. Nevertheless, such assumption needs to be validated in further trials involving a larger proportion of oligometastatic head and neck cancer patients.



Systemic Treatment

In the case of recurrent head and neck cancer not amenable to resection or irradiation, palliative systemic therapy can be initiated. Hematogenous metastases per se represent a sufficient criterion for this treatment, and the available registration trials did not allow consideration of local ablative methods for their management. At present, patients are usually treated with various combinations of traditional cytotoxic drugs (5-fluorouracil, platinum, taxanes) and targeted agents (cetuximab) including also immune checkpoint inhibitors (pembrolizumab, nivolumab) according to clinical factors (biological age, disease burden, pace of the disease) and programmed cell death ligand-1 (PD-L1) expression and depending also on previous treatment lines. Interested readers are referred to two of our recent publications (1, 34). Here, we would like to point out that if treated with immunotherapy in first line, patients achieve median overall survival slightly exceeding 1 year but about one third of them can still be alive at 3 years (56). Longer follow-up data are not available yet. It is also not clear whether such treatment can indeed lead to cure, and if so, then in what proportion of patients. Concerning second-line immunotherapy, only less than 10% of patients survive 3 years (57). Importantly, no studies have shown that postponing the initiation of systemic therapy has any impact on outcome, which holds true especially for indolent and slowly progressive cases, creating thus a window of opportunity for example for local ablation strategies (34, 58).



Combination Approaches

From the above mentioned it follows that combination of local and systemic approaches might be feasible and beneficial in terms of survival parameters. Even though rigorous evidence for that is lacking, a retrospective analysis of the National Cancer Data Base provided an indirect support by identifying patients with metastatic squamous cell carcinoma of the head and neck cancer who received systemic drugs with or without locoregional therapy. With a median follow-up of 52 months, 3,269 cases were included. In propensity score-matched cohorts, 2-year overall survival was significantly enhanced in the combined treatment arm (34% versus 21%, p<0.001). Notably, the improvement pertained merely to those who underwent high-intensity locoregional therapy (oncologic resection or at least 60 Gy of radiotherapy) and was more pronounced if such intervention was delivered early in the disease course, i.e. within the first 6 months of diagnosis than later (adjusted hazard radio: 0.26 versus 0.62) (59). These outcomes suggest the importance of not only treating the locoregional disease adequately but at the same time also synchronous metastases, opening thus avenues for possible integration of their ablation in the management of otherwise locally or locoregionally advanced disease. In this respect, induction chemotherapy may be followed by definitive chemoradiation or resection of the primary tumor with subsequent local ablation of the distant lesion or lesions if they remain well-controlled throughout the treatment (60). On the other hand, different concepts pertain to metachronous presentation. Here, local ablation can be used in parallel to immuno- and/or chemotherapy either to delay a change of systemic treatment line in oligoprogressive disease or as oligo-consolidation in responding patients to eradicate a few persisting nodules (22, 61).

Another area of research relates to the radiation-induced bystander effect, also known as the abscopal effect, which is characterized by regression of nonirradiated distant lesions (62). This phenomenon is very rare but has recently been brought back to the spotlight due to a possible synergism with immune checkpoint inhibitors (63). It is therefore of interest to explore the beneficial effect of immunotherapy combined with SABR in oligometastatic disease. A phase II trial of ipilimumab, a cytotoxic T-lymphocyte antigen 4 (CTLA-4) inhibitor, and sequential or concurrent SABR to metastatic lesions of the lungs or liver demonstrated disease control in nonirradiated tumor volume of 26% in 95 patients evaluable for response with the highest rate of 42% observed after sequential SABR to one lung lesion. This trial did not focus on oligometastatic disease but possibly enrolled some of these patients. There were only four cases of squamous head and neck carcinoma, and all of them progressed (64). The absence of radiological signs of an abscopal effect in head and neck cancer was very recently corroborated in a randomized phase II trial investigating the addition of SABR to the anti-PD-1 agent nivolumab (65). However, another report described two polymetastatic head and neck cancer patients in whom the addition of SABR to PD-1/PD-L1 inhibitors induced an abscopal effect with an overall tumor regression (66). Therefore, further confirmation is clearly needed before accepting the abscopal effect might have clinical relevance.




Clinical Practice Controversy

Despite the advantages of local ablation across different tumor types, the applicability in head and neck cancer remains to be established. Its role in the management of synchronous metastases still cannot be generalized, and radiological post-treatment follow-up in the primary disease setting in search for metachronous metastases has not been uniformly recommended in clinical practice because of its controversial impact on patient survival and the resulting low cost-effectiveness (14). However, oligometastatic disease amenable to local treatment tends to be asymptomatic due to its typical localization in the lungs, a paucity of nodules by definition, and their limited size and appears preferably late after the initial diagnosis. Such manifestation of cancer outgrowth can thus be detected only on imaging modalities, performed either as part of radiological surveillance, notwithstanding its unclear pertinence, or perhaps less frequently for other reasons.

As a result, the key issue is to define patient populations who should be exposed to a regular radiological assessment in order to be potentially able to undergo an aggressive local treatment with curative intent, acknowledging at the same time all the individuals who take these preventive measures in vain either because they will never become metastatic or will develop a distant recurrence not eligible for local treatment because of various patient- and disease-related factors. Moreover, even if a patient finally receives local ablation, it does not automatically mean cure, and in this difficult patient population, the majority of which had undergone bi- or trimodality treatment, severe late adverse events may sometimes have even more debilitating and life-threatening consequences than disease recurrence. We also need to understand that local therapy of hematogenous dissemination is rarely applied in head and neck cancer patients. Among 934 oropharyngeal cancer cases initially managed with radiotherapy with or without chemotherapy, 15% were later diagnosed with distant metastases, 4% had oligometastases (not more than five lesions confined to one organ), and disease-free survival of 1.9 to 7.7 years was seen in 10 patients (1% of the initial cohort), all of which had pulmonary oligometastases treated in 90% with local therapies. Of note, nine of these 10 cases were HPV-positive (30).



Conclusions

Local ablation of oligometastases gives a second chance of long-term survival to patients failing primary curative treatment, especially with colorectal and renal cell carcinomas and sarcomas. In head and neck cancer, the evidence for such benefit is less clear, and this treatment is rarely delivered in clinical practice. We still need to figure out who will derive most benefit, when the right moment is to intervene, and how to optimize our diagnostic modalities for a timely identification of potential candidates. Despite this level of uncertainty and a lack of randomized trials, we advocate using this approach in selected patients after a discussion at a multidisciplinary tumor board. At the same time, we would like to stress the importance of conducting dedicated studies for squamous head and neck carcinoma patients, particularly with HPV-positive oropharyngeal cancer. A direct comparison between surgery and SABR in fit patients seems to be indispensable for further improvement as is resolving the question of implementing local ablation early in the disease course, possibly with the help of innovative approaches to disease kinetics measurements in order to exclude an early phase of an explosive distant spread.
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Objective

Pleomorphic adenomas (PAs) with divergent clinical behavior, differing from the vast majority of PAs, were distinguished. “Fast” PAs are characterized by an unexpectedly short medical history and relatively rapid growth. The reference group consisted of “slow” PAs with very stable biology and long-term progression. We divide the PA group as a whole into three subsets: “fast,” “normal,” and “slow” tumors. Our goal is a multifactorial analysis of the “fast” and “slow” PA subgroups.



Methods

Consecutive surgeries in a tertiary referral center, the Department of Otolaryngology and Laryngological Surgery, Poznan University of Medical Sciences, Poland, were carried out between 2002 and 2011. Out of 1,154 parotid tumors, 636 (55.1%) were PAs. The data were collected prospectively in collaboration with the Polish National Registry of Benign Salivary Gland Tumors. The main outcome measure was the recurrence rate in “fast” and “slow” PA subgroups. All surgical qualifications and surgeries were performed by two experienced surgeons.



Results

Slow PAs, compared to fast PAs, presented in older patients (53.25 ± 15.29 versus 47.92 ± 13.44 years). Multifactor logistic regression analysis with recurrence (yes/no) as the outcome variable, fast/slow as the predictor variable and age, gender, margin, FN status as covariates showed that fast PAs were significantly predicting recurrence vs. slow PAs (p = 0.035). Fast PAs were increasing the risk of PAs 10-fold vs. slow PAs, exp β = 10.20, CI95 [1.66; 197.87]. The variables impacting relapse were recent accelerated growth of the tumor OR = 3.35 (SE = 0.56), p = 0.030, positive margins OR = 7.18 (SE = 0.57), p < 0.001, incomplete or bare capsule OR = 9.91 (SE = 0.53), p = 0.001 and location III OR = 3.12 (SE = 0.53), p = 0.033. In the multivariate model only positive margin was selected as the best predictor of relapse, OR = 5.01 (SE = 0.60), p = 0.007.



Conclusions

The simple clinical aspect of slow or fast PA progression is of great practical importance and can constitute a surrogate of the final histopathological information that is derived from the surgical specimen. The slow or fast nature of the PA to some extent indicates prognostic features such as recurrence risk. This finding requires correlation with histological and molecular features in further stages of research.
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Introduction

Pleomorphic adenomas (PA) are the most common parotid tumors and their trend of incidence is increasing (1, 2). These tumors are slow-growing and can remain asymptomatic and unrecognized, or unobtrusive enough that the patient decides not to undergo treatment. Though they may reach significant size over a period of years, some of them present misleadingly short histories constituting rather rapid development (3, 4).

It is important to accurately establish the histology of all benign salivary tumors in order to predict their clinical behavior, and this is particularly true in the case of PA due to its histological variants, different tumor entities, and the possibility of treatment failure (5, 6). The post-operative incidence of PA recurrence is significant and varies largely because of differences in surgical technique (1, 7, 8), as well as other factors including multi-nodularity and pseudopodia, tumor diameter, the age of the patient, and cellular and molecular changes (9–12). The risk of malignant transformation to carcinoma ex pleomorphic adenoma (Ca ex PA) occurs in only 1.8–6.2% of cases (13, 14), with a prevalence rate of 5.6 cases per 100,000 malignant tumors and an incidence rate of 0.17 tumors per million persons (15).

The histological diagnosis of the majority of PAs is straightforward. The tumor is usually well-circumscribed, encapsulated with a bosselated outer surface, and often presents with tongue-like protrusions or sometimes satellite nodules. Morphological patterns vary, with typically the following three components present: (1) epithelial and (2) myoepithelial cells, with (3) areas of mesenchymal differentiation. There are varying proportions of tubules, duct-like structures, and mesenchymal tissues (16) and different histological patterns of myoepithelial cells, which may appear as plasmacytoid, spindle, epithelioid, clear, or stellate (16, 17). Metaplastic changes and the foci of squamous cells are an integral feature of PAs, however extensive squamous metaplasia is uncommon and can easily be misinterpreted as squamous cell carcinoma (18).

Morphologic and genetic studies on PAs are scarce and there are still gaps in the knowledge concerning variations in clinical behavior and adverse outcomes (19). Furthermore, no pathological features of the tumor are available prior to surgery. We know only the tumor’s dimensions and the duration and speed of its growth. Our experience with 1,154 benign salivary gland tumors over a 10-year period has prompted us to distinguish a small group of PA tumors with clinical behavior that differs from the vast majority of PA. Progression, recurrence, and malignant transformation are well-known PA behavior, but the unusually fast growth of this benign tumor has always surprised clinicians. The impact of this phenomenon on the treatment failure rate is unknown. Our goal is a multifactorial analysis of fast versus slow PA tumors, with the main end result being recurrence and the main outcome measure being the correlation of this failure with the clinical nature of the tumor (slow/fast), tumor size, tumor volume, and additional factors such as age, gender, margins, and facial nerve (FN) status.



Materials and Methods

In total, 1,154 benign parotid tumors were consecutively operated on in a tertiary referral center, the Department of Otolaryngology and Laryngological Surgery, Poznan University of Medical Sciences, Poland, between 2002 and 2011. Of these, 636 (55.1%) were PA. The data were initially collected prospectively from a local database and, from 2015 onwards, from the Polish National Registry of Benign Salivary Gland Tumors. There were 224 (35.2%) men, 412 (64.8%) women, with ages ranging from 13 to 86 years, mean 47.93 ± 14.93 years and median 48 years. All patients were operated on by two experienced surgeons (MW, TK).

This study was conducted in accordance with a protocol approved by the Bioethics Committee of Poznan University of Medical Sciences (Resolution No. 781/16), and written consent was obtained from each patient.


Clinically “Fast” and “Slow” Tumors

The PA group was divided into three subsets: “fast,” “normal/stable,” and “slow” tumors, based on several clinical and radiological features. Three different criteria were used to categorize tumors. Objective criteria were history-based growth time and growth rate, determined by tumor increment in percent by volume, as per the patient’s description. The subjective criteria were the radiological features assessed by the doctor in one of the imaging modalities, predominantly ultrasonography. “Slow” tumors had over 10 years’ history and exhibited slow growth (<5% of tumor size over the last 10 years). “Stable” tumors constitute the vast majority of PA and are characterized by anamnesis >=3 years, stable size of the tumor or its slow growth (<5% of tumor size over the last 6 months); a well-visualized tumor capsule in the radiological investigation, and tumor homogeneity. The “fast” tumors are characterized by an unexpectedly short medical history and relatively rapid growth. The criteria were as follows: anamnesis <3 years; >5% growth of the tumor size within six months; and multi-polycyclic outline, heterogenic echostucture and loss of capsule echogenicity in radiological investigation. To accurately and unequivocally categorize a tumor as “fast,” all the criteria had to be obtained.



Variables Collected for PAs

The variables age, sex, place of residence, time between first symptoms and surgery, tumor location, margins, FN status after surgery, and recurrence were collected.

Tumor location was presented according to the European Salivary Gland Society’s (ESGS) classification of salivary gland surgeries (2, 20). The ESGS operative report includes the level removed, designated by the Roman numerals I to V in ascending order, and non-glandular structures removed, each identified through the use of specified acronyms.

Surgical approach. The classification of salivary gland surgeries was presented according to the ESGS (2, 20) and distinguishes two types of surgery: extracapsular dissection and parotidectomy. The ESGS operative report includes the glandular parenchyma level removed, designated by Roman numerals I to V. Extracapsular dissection, partial superficial parotidectomy, superficial parotidectomy, and total parotidectomy were noted.

Margins. In benign salivary gland tumors, there is no concept of positive or negative margins as there would be in malignant cancers. Positive margins were categorized by the following adverse findings: capsular rupture and intra-operative tumor spillage, the presence of incomplete or bare capsule or absence of encapsulation in the pathology specimen, and satellite nodules as distinct tumor nodules.

FN status. Function of the facial nerve using the House-Brackmann scale was recorded at 1 week, 1 month, and 12 months.

Follow up. Routine follow-up is based on ultrasonography performed once a year. In cases with a higher risk of recurrence, ultrasound is performed twice a year, and an additional MRI once a year if needed.

Furthermore, tumor features such as growth rate, capsule visualization in pre-operative imaging, and tumor homogeneity were taken into consideration. The main predictive value was categorization into “fast,” “normal,” and “slow” PA.

The outcome measure was the correlation of recurrence with tumor size, volume, and of recurrence with PA nature (“fast,” “normal,” and “slow”). The main outcome measure was the determination of whether tumor size, tumor nature (slow/fast), or the other variables influenced recurrence more. Subsequent multivariant analysis included additional factors such as age, gender, margins, and FN status.



Statistical Analysis

Analysis was conducted using R software version 3.5.1. Nominal variables are presented as n (% of group), and continuous variables as mean ± SD or median (Q1;Q3). Normality of distribution was validated using the Shapiro-Wilk test as well as a visual assessment of histograms, skewness, and kurtosis values. Comparison of fast and slow PA groups was conducted with a chi-square test or chi-square test with Yate’s correction for nominal variables and with t-test or Mann-Whitney U test for continuous variables, as appropriate. The mean/median difference (MD) with 95% confidence interval was calculated for continuous variables. To verify the impact of fast/slow PAs on recurrence, a multifactorial logistic regression model was calculated, with age, sex, margins, and FN status as covariates. Model assessment was conducted with the Hosmer–Lemeshow goodness of fit (GOF) test. Additionally, relapse-free survival (RFS) was calculated using Kaplan-Meier survival analysis, including 95% confidence interval. RFS stratified by independent variables (i.e., sex, location, margin, etc.) was compared with log-rank chi-square test. Cox regression model with Breslow method was used to identify parameters impacting relapse. First, univariate models were prepared for each of the independent variables, and based on those models, variables with p < 0.2 in Wald test were included to the final multivariate model. For location variables, due to their inter-dependence, location with the lowest p-value in univariate models was included in the final model. For the margins variable (positive/negative) and the reasons for positive variable: due to inter-dependence of both variables, the final model included the variable (positive/negative) that had a lower p-value in the univariate model. The final multivariate model was created using a stepwise approach. All tests were based on α = 0.05.




Results

Of the 636 PAs over a 10-year period, there were 84 (13.2%) fast, 73 (11.5%) slow, and 479 (75.3%) normal/stable PAs. The recurrence rate was 8.2% (52/636). All recurrences were ipsilateral. There was no difference in the frequency distribution of individual groups over the years.

There was also a statistically significant relationship between fast/slow PAs and tumor volume (p = 0.033). Smaller tumors (≤ 4 cm3) were more frequent with slow PAs (72.6%) vs. fast PAs (52.4%). (Table 1).


Table 1 | Comparison of criteria determining fast and slow PA categorization.



Next, we analyzed the categories of fast/slow tumors and the correlations with patient epidemiological data and tumor features: tumor location in individual regions of the salivary gland, margins, and condition of the facial nerve after surgery.

The time elapsed between the first symptoms and surgery was significantly different between fast (11.85 ± 6.47 months) and slow (52.03 ± 13.76 months) PA, MD = -40.18 CI95 [-43.50; -36.86]; (p < 0.001). There was no significant relationship between slow vs. fast PA and sex or place of residence. Slow PAs presented in older patients (53.25 ± 15.29 years vs. 47.92 ± 13.44 for fast PAs), MD = -5.33 CI95 [-9.90; -0.76]; (p = 0.021).

Relapse-free survival (RFS) for the whole group was 96.3% CI95 [94.6%; 98.1%]. RFS was significantly different in regard to the pace of recent rapid tumor growth (log-rank p = 0.020), positive/negative margins (log-rank p < 0.001), the reason for positive margin (log-rank p < 0.001), location of the tumor in area III (log-rank p = 0.020), and location in area V (log-rank p = 0.020). Log-rank test did not confirm statistically significant differences in RFS for the remaining variables (sex, FN status, location of the tumor in area I, II, IV, I–II, III–IV, parotidectomy type). Figure 1 demonstrates that the recurrence risk increased during the first 4.2 years after surgery and stabilized after this time.




Figure 1 | Kaplan-Meier survival curve for relapse-free survival (RFS). Dotted lines indicate 95% confidence interval for survival curve.



Localization of the tumor in area I, as designated by the ESGS classification, was significantly more frequent in slow PAs (63.0% vs. 45.2%, p = 0,012) while localization in areas II, III, and IV were more frequent in fast PAs (78.6%% vs. 52.1%, p < 0.001 for location II, 28.6% vs. 4.1%, p < 0.001 for location III, 14.3% vs. 0%, p = 0.002 for location IV). There was no significant relationship between location V and fast/slow PAs. Locations I and II combined, as well as locations I–IV combined were not significantly different when comparing fast vs slow PAs. However, locations III and IV combined were more frequent in fast PAs (33.3% vs. 4.1%, p < 0.001).

FN dysfunction of the marginal-mandibular branch occurred in 35 (7.3%) normal PAs, 18 (21.4%) fast Pas, and 3 (4.1%) slow PAs. Patients of 17 (3.5%) normal PAs, 9 (9.7%) fast Pas, and 2 (2.7%) slow PAs recovered facial function at 1 month; 12 (2.5%) normal PAs, 7 (8.3%) fast Pas, and 1 (1.4%) slow PA recovered facial function at 6 months, and 100% had recovered at 12 months. There were no cases of definitive involvement of FN.

The main outcome measure was the correlation of treatment failure, that is, recurrence with examined variables, with special regard to the fast/slow PA nature. Thus, the key question was, Which of the clinical parameters, age of onset, tumor volume, tumor growth rate, surgical approach, better correlated with a higher risk of recurrence? Based on univariate Cox regression models presented in Table 2, variables that were significantly impacting relapse were recent rapid tumor growth, OR = 3.35 (SE = 0.56), p = 0.030, positive margins vs. negative, OR = 7.18 (SE = 0.57), p < 0.001, incomplete or bare capsule vs. other reasons of positive margin, OR = 9.91 (SE = 0.53), p = 0.001 and location III vs. other, OR = 3.12 (SE = 0.53), p = 0.033. In the multivariate model only positive margin was selected as the best predictor of relapse, OR = 5.01 (SE = 0.60), p = 0.007.


Table 2 | Cox regression model for relapse.



As the two surgeons (MW, TK) performed all surgical qualifications as well as all surgeries, it can be assumed that such a standardization of surgical technique, considered for a given type of surgery, had a limited impact on the incidence of recurrence.

The analysis of fast and slow PA with special regard to recurrence is presented in Table 3. The relationship between fast/slow PAs and margins, condition of the FN after surgery, recurrence rate was significant. Positive margins were more frequent in fast PAs (47.9% vs. 17.4% of slow PAs, p < 0.001), and intact FN was also more frequent in fast PAs (21.4% vs. 4.1% of slow PAs, p = 0.001). PAs recurred in 17.9% of fast PAs vs. 1.4% of slow PAs (p = 0.002).


Table 3 | Analysis of fast and slow pleomorphic adenoma (PA).



Then two entities were compared in Table 4: recurrent tumors (r-PA) and those successfully treated. Patients with recurrence demonstrated significantly faster tumor growth in the last few years (44% in patients with recurrence vs. 20% in patients without recurrence, p < 0.001). There was no significant difference in age and tumor volume between recurrence groups.


Table 4 | Comparison of features in r-PA versus PA.



Thus, second, a multivariate analysis was performed. Using recurrence (yes/no) as the outcome variable, fast/slow categories as the predictor variable, and age, gender, margin, FN status as the covariates, multifactor logistic regression analysis showed that fast PAs significantly predicted recurrence vs. slow PAs (p = 0.035). Fast PAs were increasing the risk of recurrence 10-fold vs. slow PAs, exp β = 10.20, CI95 [1.66; 197.87]. Model assessment using Hosmer–Lemeshow GOF test (p = 0.743) confirmed good fit of the model to the data. Interpretation of logistic regression data for fast/slow categories indicates that in patients with fast PA, the risk of recurrence increases by 10.2-fold compared to patients with slow PA.



Discussion

PA progression rate, differences in tumor growth rate, and impact on recurrence still remain unclear. In this study, the authors aimed to show that one of the clinical parameters—tumor growth rate—significantly correlates with a higher risk of recurrence. Despite the progress in this field, the exact causes of PA recurrence remain elusive. It has been hypothesized that the various reasons for PA recurrence can be grouped into pathology-related (capsule thickness or lack of capsule (21, 22), pseudopodia, satellite nodules (23, 24), and multi-centricity) and surgery-related factors such as rupture of the tumor, spillage of tumor contents, insufficient margins of resection due to nerve branches, and inadequate excision related to the type of surgery (25). Conceptually, re-growth of the tumor as a result of inadequate initial resection could be defined as PA persistence rather than PA recurrence. Owing to the time frame between the initial surgery and recurrence, it is generally implied that the re-operation is performed by a different surgeon who tends to blame the first inadequate procedure (25). In our setting, we can abandon the hypothesis that tumor re-growth results from inadequate surgery, as the 1,154 benign salivary gland tumors observed over a 10-year period were operated on by only two experienced surgeons.

The initial medical interview allowed us to derive data concerning the speed of tumor progression, and it is on this basis that the patient was advised on the pressing necessity to undergo surgery. Thus, the surgeon was able to make short- or long-term considerations and plan the procedure precisely according to these indications. Clinical observation has led us to distinguish a small group of PAs demonstrating clinical behavior that differs from the vast majority of PAs.

Fast PAs are characterized by an unexpectedly short medical history and relatively rapid growth. Additionally, they exhibit imaging features that, while similar to other PAs, are extremely exaggerated, that is, presenting jagged fragments instead a smooth tumor capsule, with only polycyclic pseudopodia and satellites. In a diametrically different group, we distinguished from typical PAs a group of tumors demonstrating even calmer biology, with very slow, long-term progression. Thus, we divided the whole PA group into three subsets of “fast,” “normal,” and “slow” tumors. The criteria for such division were based on several clinical and radiological features that differed in this seemingly homogenous benign PA group (25–29).

So far, two clinical features—patient age and tumor size—have been associated with a higher risk of recurrence, and this finding is coherent with most conclusions in the literature. Larger PAs have a tendency to exhibit incomplete capsules and are additionally associated with more numerous satellite nodules (9, 24).

Based on fast/normal/slow PA categorization, we proved that this clinical aspect is of great practical importance. Not only does it allow for preliminary selection of patients for immediate surgery, they are under greater vigilance during surgery and are more frequently monitored for relapse. Surgical access can be potentially modified, such as forgoing extracapsular access in rapid tumors in favor of parotidectomy. One may also consider a lower threshold for postoperative RT in the event of tumor spillage. We conduct follow-up visits once a year for all PAs, while select tumors demonstrating adverse findings are followed up every six months for a period of 10 years. It is of note that tumor development over a shorter period is also very probable (1, 27, 30).

Our publication delineating the clinical aspect of the course and speed of PA development is innovative and unique. It measurably defines the clinical distinctiveness of PAs. Every experienced surgeon is aware of this problem and probably intuitively schedules earlier surgeries and closely monitors rapid tumors. Nevertheless, we have proven that this feature is statistically more significant than other features for the development of recurrence, and on this basis we recommend careful and longer monitoring of these patients.

The main limitations of our study include inconsistent imaging examinations in our patients. Magnetic resonance imaging (MRI), ultrasonography (US), and computed tomography (CT) are the most commonly ordered studies for PA because these protocols describe the precise location and size of the tumor (31). However, some of the patients received US or MRI while some received CT. Another limitation of this study is patient-reported symptom duration, where we can broadly assume that symptom duration was underestimated by a few months.



Conclusion

The simple clinical aspect of slow or fast PA development is of great practical importance and can constitute a surrogate of the final histopathological result derived from the surgical specimen. The slow or fast nature of the PA to some extent indicates prognostic features such as recurrence risk. This finding requires correlation with histological and molecular features in further stages of research.



Data Availability Statement

The original contributions presented in the study are included in the article/supplementary materials. Further inquiries can be directed to the corresponding author.



Ethics Statement

The studies involving human participants were reviewed and approved by Bioethics Committee of Poznan University of Medical Sciences (Resolution No. 781/16). The patients/participants provided their written informed consent to participate in this study.



Author Contributions

Conceptualization, KP, MW. Data curation, KP, PK. Formal analysis, PK, JC. Investigation, KP, EB, JC. Methodology, KP, EB, MW. Project administration, MW. Resources, KP, PK, MW. Software, EB, JC. Supervision, MW. Validation, KP, EB, MW. Visualization, KP, JC. Writing—original draft, KP, JC, MW. Writing—review and editing, KP, JC, MW. All authors contributed to the article and approved the submitted version.



References

1. Andreasen, S, Therkildsen, MH, Bjørndal, K, and Homøe, P. Pleomorphic adenoma of the parotid gland 1985-2010: A Danish nationwide study of incidence, recurrence rate, and malignant transformation. Head Neck (2016) 38(Suppl 1):E1364–9. doi: 10.1002/hed.24228

2. Wierzbicka, M, Piwowarczyk, K, Nogala, H, Błaszczyńska, M, Kosiedrowski, M, and Mazurek, C. Do we need a new classification of parotid gland surgery? Otolaryngol Pol (2016) 70:9–14. doi: 10.5604/00306657.1202390

3. Shome, S, Shah, N, Mahmud, SA, and Pal, M. A miscellany of cribriform pattern, squamous metaplasia and clear cells in pleomorphic adenoma of upper lip: A diagnostic paradox. J Oral Maxillofac Pathol (2020) 24:46. doi: 10.4103/jomfp.JOMFP_354_19

4. Sharma, S, Mehendiratta, M, Chaudhary, N, Gupta, V, Kohli, M, and Arora, A. Squamous Metaplasia in Pleomorphic Adenoma: A Diagnostic and Prognostic Enigma. J Pathol Transl Med (2018) 52:411–5. doi: 10.4132/jptm.2018.07.15

5. Hellquist, H, Paiva-Correia, A, Vander Poorten, V, Quer, M, Hernandez-Prera, JC, Andreasen, S, et al. Analysis of the Clinical Relevance of Histological Classification of Benign Epithelial Salivary Gland Tumours. Adv Ther (2019) 36:1950–74. doi: 10.1007/s12325-019-01007-3

6. Nonitha, S, Yogesh, TL, Nandaprasad, S, Maheshwari, BU, Mahalakshmi, IP, and Veerabasavaiah, BT. Histomorphological comparison of pleomorphic adenoma in major and minor salivary glands of oral cavity: A comparative study. J Oral Maxillofac Pathol (2019) 23:356. doi: 10.4103/jomfp.JOMFP_91_19

7. Valstar, MH, Andreasen, S, Bhairosing, PA, and McGurk, M. Natural history of recurrent pleomorphic adenoma: implications on management. Head Neck (2020) 42(8):2058-2066. doi: 10.1002/hed.26137

8. Riad, MA, Abdel-Rahman, H, Ezzat, WF, Adly, A, Dessouky, O, and Shehata, M. Variables related to recurrence of pleomorphic adenomas: outcome of parotid surgery in 182 cases. Laryngoscope (2011) 121:1467–72. doi: 10.1002/lary.21830

9. Zbären, P, and Stauffer, E. Pleomorphic adenoma of the parotid gland: histopathologic analysis of the capsular characteristics of 218 tumors. Head Neck (2007) 29:751–7. doi: 10.1002/hed.20569

10. Soares, AB, Demasi, APD, Altemani, A, and de Araújo, VC. Increased mucin 1 expression in recurrence and malignant transformation of salivary gland pleomorphic adenoma. Histopathology (2011) 58:377–82. doi: 10.1111/j.1365-2559.2011.03758.x

11. Salzman, R, Stárek, I, Kučerová, L, Skálová, A, and Hoza, J. Neither expression of VEGF-C/D nor lymph vessel density supports lymphatic invasion as the mechanism responsible for local spread of recurrent salivary pleomorphic adenoma. Virchows Arch (2014) 464:29–34. doi: 10.1007/s00428-013-1502-5

12. de Souza, AA, Altemani, A, Passador-Santos, F, Turssi, CP, de Araujo, NS, de Araújo, VC, et al. Dysregulation of the Rb pathway in recurrent pleomorphic adenoma of the salivary glands. Virchows Arch (2015) 467:295–301. doi: 10.1007/s00428-015-1804-x

13. Antony, J, Gopalan, V, Smith, RA, and Lam, AKY. Carcinoma ex pleomorphic adenoma: a comprehensive review of clinical, pathological and molecular data. Head Neck Pathol (2012) 6:1–9. doi: 10.1007/s12105-011-0281-z

14. Valstar, MH, de Ridder, M, van den Broek, EC, Stuiver, MM, van Dijk, BAC, van Velthuysen, MLF, et al. Salivary gland pleomorphic adenoma in the Netherlands: A nationwide observational study of primary tumor incidence, malignant transformation, recurrence, and risk factors for recurrence. Oral Oncol (2017) 66:93–9. doi: 10.1016/j.oraloncology.2017.01.004

15. Mariano, FV, Noronha, ALF, Gondak, RO, de A.M. Altemani, AM, de Almeida, OP, and Kowalski, LP. Carcinoma ex pleomorphic adenoma in a Brazilian population: clinico-pathological analysis of 38 cases. Int J Oral Maxillofac Surg (2013) 42:685–92. doi: 10.1016/j.ijom.2013.02.012

16. Dardick, I, van Nostrand, AW, Jeans, MT, Rippstein, P, and Edwards, V. Pleomorphic adenoma, I: Ultrastructural organization of “epithelial” regions. Hum Pathol (1983) 14:780–97. doi: 10.1016/s0046-8177(83)80301-3

17. Palmer, RM, Lucas, RB, and Langdon, JD. Ultrastructural analysis of salivary gland pleomorphic adenoma, with particular reference to myoepithelial cells. Histopathology (1985) 9:1061–76. doi: 10.1111/j.1365-2559.1985.tb02785.x

18. Lim, S, Cho, I, Park, J-H, and Lim, S-C. Pleomorphic Adenoma with Exuberant Squamous Metaplasia and Keratin Cysts Mimicking Squamous Cell Carcinoma in Minor Salivary Gland. Open J Pathol (2013) 2013:113–5. doi: 10.4236/ojpathology.2013.33020

19. Thielker, J, Weise, A, Othman, MAK, Carreria, IM, Melo, JB, von Eggeling, F, et al. Molecular cytogenetic pilot study on pleomorphic adenomas of salivary glands. Oncol Lett (2020) 19:1125–30. doi: 10.3892/ol.2019.11198

20. Quer, M, Guntinas-Lichius, O, Marchal, F, Poorten, VV, Chevalier, D, León, X, et al. Classification of parotidectomies: A proposal of the European Salivary Gland Society. Eur Arch Otorhinolaryngol (2016) 273(10):3307–12. doi: 10.1007/s00405-016-3916-6

21. Bankamp, DG, and Bierhoff, E. Proliferative activity in recurrent and nonrecurrent pleomorphic adenoma of the salivary glands. Laryngorhinootologie (1999) 78:77–80. doi: 10.1055/s-2007-996835

22. Stennert, E, Guntinas-Lichius, O, Klussmann, JP, and Arnold, G. Histopathology of pleomorphic adenoma in the parotid gland: a prospective unselected series of 100 cases. Laryngoscope (2001) 111:2195–200. doi: 10.1097/00005537-200112000-00024

23. Orita, Y, Hamaya, K, Miki, K, Sugaya, A, Hirai, M, Nakai, K, et al. Satellite tumors surrounding primary pleomorphic adenomas of the parotid gland. Eur Arch Otorhinolaryngol (2010) 267:801–6. doi: 10.1007/s00405-009-1149-7

24. Li, C, Xu, Y, Zhang, C, Sun, C, Chen, Y, Zhao, H, et al. Modified partial superficial parotidectomy versus conventional superficial parotidectomy improves treatment of pleomorphic adenoma of the parotid gland. Am J Surg (2014) 208(1)112-118. doi: 10.1016/j.amjsurg.2013.08.036

25. Dulguerov, P, Todic, J, Pusztaszeri, M, and Alotaibi, NH. Why Do Parotid Pleomorphic Adenomas Recur? A Systematic Review of Pathological and Surgical Variables. Front Surg (2017) 4:26 1-5. doi: 10.3389/fsurg.2017.00026

26. Kanatas, A, Ho, MWS, and Mücke, T. Current thinking about the management of recurrent pleomorphic adenoma of the parotid: a structured review. Br J Oral Maxillofac Surg (2018) 56:243–8. doi: 10.1016/j.bjoms.2018.01.021

27. Abu-Ghanem, Y, Mizrachi, A, Popovtzer, A, Abu-Ghanem, N, and Feinmesser, R. Recurrent pleomorphic adenoma of the parotid gland: Institutional experience and review of the literature. J Surg Oncol (2016) 114:714–8. doi: 10.1002/jso.24392

28. Rowley, H, Murphy, M, Smyth, D, and O’Dwyer, TP. Recurrent pleomorphic adenoma: uninodular versus multinodular disease. Ir J Med Sci (2000) 169:201–3. doi: 10.1007/BF03167696

29. Witt, RL, Eisele, DW, Morton, RP, Nicolai, P, Poorten, VV, and Zbären, P. Etiology and management of recurrent parotid pleomorphic adenoma. Laryngoscope (2015) 125:888–93. doi: 10.1002/lary.24964

30. Wittekindt, C, Streubel, K, Arnold, G, Stennert, E, and Guntinas-Lichius, O. Recurrent pleomorphic adenoma of the parotid gland: analysis of 108 consecutive patients. Head Neck (2007) 29:822–8. doi: 10.1002/hed.20613

31. Kato, H, Kawaguchi, M, Ando, T, Mizuta, K, Aoki, M, and Matsuo, M. Pleomorphic adenoma of salivary glands: common and uncommon CT and MR imaging features. Jpn J Radiol (2018) 36:463–71. doi: 10.1007/s11604-018-0747-y



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Piwowarczyk, Bartkowiak, Kosikowski, Chou and Wierzbicka. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




ORIGINAL RESEARCH

published: 22 February 2021

doi: 10.3389/fonc.2021.630123

[image: image2]


A Novel Treatment Concept for Advanced Stage Mandibular Osteoradionecrosis Combining Isodose Curve Visualization and Nerve Preservation: A Prospective Pilot Study


Gustaaf J. C. van Baar 1*, Lars Leeuwrik 1, Johannes N. Lodders 1, Niels P. T. J. Liberton 2, K. Hakki Karagozoglu 1, Tymour Forouzanfar 1 and Frank K. J. Leusink 1


1 Amsterdam UMC and Academic Centre for Dentistry Amsterdam (ACTA), Vrije Universiteit Amsterdam, Department of Oral and Maxillofacial Surgery/Pathology, Amsterdam, Netherlands, 2 Amsterdam UMC, Vrije Universiteit Amsterdam, Medical Technology, 3D Innovation Lab, Amsterdam, Netherlands




Edited by: 
Cesare Piazza, University of Brescia, Italy

Reviewed by: 
Achille Tarsitano, University of Bologna, Italy

Constantinus Politis, University Hospitals Leuven, Belgium

*Correspondence: 
Gustaaf J. C. van Baar
 g.vanbaar@amsterdamumc.nl

Specialty section: 
 This article was submitted to Head and Neck Cancer, a section of the journal Frontiers in Oncology


Received: 16 November 2020

Accepted: 05 January 2021

Published: 22 February 2021

Citation:
van Baar GJC, Leeuwrik L, Lodders JN, Liberton NPTJ, Karagozoglu KH, Forouzanfar T and Leusink FKJ (2021) A Novel Treatment Concept for Advanced Stage Mandibular Osteoradionecrosis Combining Isodose Curve Visualization and Nerve Preservation: A Prospective Pilot Study. Front. Oncol. 11:630123. doi: 10.3389/fonc.2021.630123




Background

Osteoradionecrosis (ORN) of the mandible is a severe complication of radiation therapy in head and neck cancer patients. Treatment of advanced stage mandibular osteoradionecrosis may consist of segmental resection and osseous reconstruction, often sacrificing the inferior alveolar nerve (IAN). New computer-assisted surgery (CAS) techniques can be used for guided IAN preservation and 3D radiotherapy isodose curve visualization for patient specific mandibular resection margins. This study introduces a novel treatment concept combining these CAS techniques for treatment of advanced stage ORN.



Methods

Our advanced stage ORN treatment concept includes consecutively: 1) determination of the mandibular resection margins using a 3D 50 Gy isodose curve visualization, 2) segmental mandibular resection with preservation of the IAN with a two-step cutting guide, and 3) 3D planned mandibular reconstruction using a hand-bent patient specific reconstruction plate. Postoperative accuracy of the mandibular reconstruction was evaluated using a guideline. Objective and subjective IAN sensory function was tested for a period of 12 months postoperatively.



Results

Five patients with advanced stage ORN were treated with our ORN treatment concept using the fibula free flap. A total of seven IANs were salvaged in two men and three women. No complications occurred and all reconstructions healed properly. Neither non-union nor recurrence of ORN was observed. Sensory function of all IANs recovered after resection up to 100 percent, including the patients with a pathologic fracture due to ORN. The accuracy evaluation showed angle deviations limited to 3.78 degrees. Two deviations of 6.42° and 7.47° were found. After an average of 11,6 months all patients received dental implants to complete oral rehabilitation.



Conclusions

Our novel ORN treatment concept shows promising results for implementation of 3D radiotherapy isodose curve visualization and IAN preservation. Sensory function of all IANs recovered after segmental mandibular resection.
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Introduction

Osteoradionecrosis (ORN) of the jaws is a common side effect of radiation therapy (RT) (1–4). ORN is defined as the process where irradiated bone becomes necrotic and exposed for a time period of at least 3 months, and fails to heal (5–8). It affects the mandible, in particular the body, more often than the maxilla or any other bone of the head and neck area (9) and has an incidence in the mandible between 2% and 22% (10, 11). Although ORN is often diagnosed within 2 years after RT, there is a lifelong risk for this severe complication (12).

Risk factors associated with ORN are well documented (8, 13–15), with the most prominent being the radiation dose. A radiation dose more than 60 Gy is reported as high risk and 50–60 Gy as intermediate risk (4, 8, 15–17). In the management of ORN prevention is crucial since the process is irreversible and progression is difficult to control. Once ORN is diagnosed conservative measurements are indicated (18–20). For advanced stages of ORN these conservative measurements alone are not sufficient.

There are different ORN classification systems described in the literature, however the Notani classification (21) seems to be the most reliable for determining progression of ORN in the mandible (Table 1) (22). In advanced stage ORN (Notani stage III), segmental mandibular resection may be indicated (13, 18, 19). However, determining resection margins may be difficult as the extent, severity, and location of ORN do not always correlate with radiographical imaging (23).


Table 1 | The Notani classification for mandibular osteoradionecrosis.



Computer-assisted surgery (CAS) is well known in mandibular resection and reconstruction since its introduction by Hirsch in 2009 (24, 25) introducing high accuracy results and shortened operation time (26–30). In addition, CAS can facilitate incorporation of intensity modulated radiation therapy (IMRT) data in the virtual planning of segmental mandibular resection and reconstruction. As radiation dose seems to correlate with the risk for ORN (15), Kraeima et al. (2018) incorporated RT isodose curves in the virtual planning of the resection using a three-dimensional image of the administered RT dose of 50 Gy (31). With this patient-specific technique, the mandibular resection can be planned highly accurate out of the irradiated bone, leading to a minimally invasive mandibular resection.

Although the inferior alveolar nerve (IAN) is not directly affected in ORN cases, the nerve is often sacrificed during mandibular resection. Injury of the IAN may have a significant negative impact on quality of life as it may cause chronic pain (32). Additionally, maintaining sensorimotoric function of the lower lip and chin may be beneficial for oral function such as speech and mastication (33). Free handed preservation of the IAN is time consuming (34, 35) and includes a considerable risk of iatrogenic nerve injury (36). The use of CAS techniques for preserving the IAN during segmental mandibular resection has been evaluated by previous studies (37–40), showing promising results to prevent sensory disturbance of the lip and chin region. After segmental resection of necrotic bone, mandibular continuity can be restored with a vascularized bone flap covering the defect with non-irradiated soft-tissue (41). Currently, the fibula free flap (FFF) is the most commonly used reconstruction approach (42–44).

In this prospective pilot study we combined RT isodose curve visualization with 3D guided IAN preservation in order to improve quality of life. Research to date has not yet combined these two CAS techniques. The accuracy of the mandibular reconstructions were evaluated postoperatively (45). In all cases the postoperative IAN sensory function was objectified and compared with the preoperative function. A visual analog scale-based questionnaire was used to evaluate subjective sensibility.



Materials and Methods


Patients

This study was conducted in the Department of Oral and Maxillofacial Surgery/Oral Pathology, Amsterdam UMC, VU University Medical Center Amsterdam (the Netherlands) and was approved by the Medical Ethics Review Committee of VU University Medical Center (FWA 00017598). Between November 2017 and March 2019 all ORN stage III patients (minimum age of 18 years) who received IMRT in the past with an indication for segmental mandibular resection were included. Patients with diagnosed malignancies were excluded.



Preoperative Imaging

A preoperative multi-detector row computed tomography (MDCT) scan (kVp 120, mAs 300, slice thickness 0.625 mm) was made of the skull using a GE Discovery CT750 HD 64-slice MDCT scanner (GE Healthcare, Little Chalfont, Buckinghamshire, UK). The lower leg was scanned with CT angiography (CTA) for visualization of the fibula including vessel anatomy. Both Digital

Imaging and Communications in Medicine (DICOM) files were uploaded in Mimics Medical 21.0 software (Materialise, Leuven, Belgium) and converted into 3D models using the thresholding tool; voxels with an HU above a selected threshold value are included in the ROI and transformed into 3D surface models in the Standard Tessellation Language (STL) file format (46).



Isodose Curve Visualization

In the RT software (Eclipse™, external beam planning V15.6, Varian medical systems, Palo Alto, CA, USA) the 50 Gy isodose borders from the IMRT data were determined, converted into a 3D model, and superimposed on the 3D model of the mandible. Subsequently the mandibular resection margins were determined on the mandible, taking into account the above mentioned isodose curve visualization and the optimal direction of the osteotomy planes for FFF reconstruction. Remnant mandibular bone outside the resection was checked for the signs of ORN on CT (mono- or bicortical destruction, central necrosis, and sequestration) (23). Figure 1 shows an example of a 3D model with the bone that had been exposed to a high risk dose of 50 Gy or more.




Figure 1 | On the left an axial and coronal CT image with superimposed the field of view exposed to 50 Gy or more. On the right a 3D image of the superimposed 50 Gy field on the 3D model of the mandible. The vertical red lines on the mandible mark the planned resection margins.





IAN Localization

The mandibular canal was traced using the tool “trace thin structure” in Mimics Medical 21.0 in a coronal view from the mandibular foramen to the mental foramen in steps of 2 mm. Once the canal was marked, the tracing was checked in sagittal view of the CT scan. The same procedure was used for the other side. The traced canals were exported in STL format. The mandible was also segmented and exported in STL format (Figure 2).




Figure 2 | Frontal view of a 3D model of the mandible including inferior alveolar nerve tracing (in purple) on the left and the right.





Guide Design and Manufacturing

ProPlan CMF 2.1. software (Materialise, Leuven, Belgium) was used to design the osteotomy planes on the mandible and to determine the optimal position and configuration of the fibula segments to reconstruct the mandibular defect (25) (Figure 3). This virtual model was 3D printed and figured as a template to pre-bent a KLS Martin 2.7 mm reconstruction plate into a patient specific reconstruction plate (PSRP) (Figure 4). Subsequently a CT scan of the PSRP was made, converted to STL format, and used further along in the virtual planning to determine the locations of the fixation screws.




Figure 3 | Frontal view of a 3D model of the virtual planned reconstruction in Proplan CMF.






Figure 4 | KLS Martin 2.7 mm reconstruction plate bent on a 3D model of the reconstructed mandible, creating a patient specific reconstruction plate.



All cutting guides were designed using 3-Matic Medical software 14.0 (Materialise, Leuven, Belgium). To preserve the IAN a two-step mandibular guide was created with a free margin of 2 mm cranially to allow two-step deroofing of the superior and lateral cortex of the mandibular canal. When using CT data for manual mandibular canal tracing a safety zone of 1.7 mm should be taken into account (47). A template design with cutting guides is shown in Figure 5. The STL files of the cutting guides were 3D printed in PA12 material in compliance to ISO 13485 and sterilized.




Figure 5 | Lateral view of a cutting guide, allowing two-step exteriorization of the inferior alveolar nerve. The purple line indicates the inferior alveolar nerve. The guide shows three drilling holes on the left for plate fixation surrounded by small holes for water cooling during drilling. The guide also includes a saw box to create the osteotomy plane. The two small holes surrounding the saw box and the two small holes on the right side of the guide are used for fixation.





Surgical Procedure

Once surgical access and mandibular exposure was obtained, the cutting guide was positioned and fixed to the mandible with four titanium screws (4× KLS Martin 1.5. × 7 mm screws). The resection started with a horizontal osteotomy 2 mm above the mandibular canal (Figure 6A) and completed with two vertical osteotomies on both sides. The superior part of the mandible was subsequently removed (Figure 6B). After removing the upper part of the IAN cutting guide with a reciprocal saw (Figure 6C), the superior and buccal cortex of the mandibular canal are exposed (Figure 6D) and can be removed with a hard steel burr (Figure 6E). The IAN can be exposed along its entire path with this technique. Once secured, mandibular resection is proceeded as planned (Figure 6F). The full surgical process is shown in Figure 6.




Figure 6 | (A) Deroofing of the upper part of the mandible. (B) Removed upper part of the mandible after two vertical osteotomies on both sides. (C) Removal of the upper part of the guide. (D) Accessible buccal bone and 2 mm roof of the IAN. (E) Buccal corticotomy to expose the IAN. (F) Resected part of the mandible without the right IAN. (G) Fitting of the fibula segments fixated to the patient specific reconstruction plate into a 3D printed mandible including the planned resection. (H) Reconstruction in situ.





Outcome Evaluation

Accuracy of the mandibular reconstruction was evaluated according to the evaluation method for computer-assisted surgery in mandibular reconstruction described by Van Baar et al (45, 46)..

A review of Poort et al. (2009) recommends the use of Semmes Weinstein monofilaments as a reliable and reproducible test for measuring sensation in the mental nerve area, in combination with a patient’s subjective function by using the visual analogue scale (VAS). We used five Semmes-Weinstein monofilaments (Baseline® tactile™ monofilament evaluator case) to objectify sensory function of the IAN (in order 300, 40.0, 2.0, 0.4, and 0.07 gram) (48). The monofilaments were placed perpendicular to the front of the chin and lower lip and pressed until the filament begins to deform. At this point, a known reproducible pressure is applied. The monofilaments are placed on a grid of 24 locations on the front of the chin and lower lip (i.e. innervation of one IAN was divided into a 12-point grid). Each approach at each individual measuring point of the grid contains two moments of attention in which either a test stimulus or a fake stimulus is applied. The fake stimulus is performed by approaching the lower lip/chin with an averted monofilament. The order of test/fake stimulus in the two moments of attention is randomized. A stimulus (test or fake) is preceded by the words spoken: “test 1” and “test 2.” After each offer, the patient indicates whether the test stimulus was administered during attention moment 1 or 2. If the patient does not know exactly, they have to guess (“two alternative forced choice” test procedure). The sensitivity test score is positive if the test stimulus is correctly detected in seven consecutive offers. With seven offers, the chance that a correct result will be achieved by means of guessing is less than 0.01 (<0.5). At the first error in the series of seven, the test can be terminated immediately with a negative result (49). The total amount of positive reactions were added up for all five monofilaments on each of the 12 locations (i.e. no function of the IAN resulted in a 12 × 0 score of 0 and full function resulted in a 12 × 5 score of 60). Eventually, the score was converted into a score between 0 and 5 for statistical analysis.

For subjective IAN sensory function two Visual Analog Scales (VAS) were used (Supplementary Figure 1), asking the following questions: “How would you describe the sensation of your lower lip and chin. Place a vertical mark on the line below to indicate the sensation on your lower lip and chin today” and “Place a vertical mark on the line below to indicate the level of sensation on your lower lip and chin you find acceptable in daily life.” Both vertical marks were transformed to a score on a scale from 1 “no feeling” to 10 “normal feeling.”

Subjective and objective function of the IAN were determined one day preoperatively (T0) and 2–4 weeks (T1), 2–3 months (T2), 6–7 months (T3), and 1 year or more (T4) postoperatively.



Statistical Analysis

SPSS Software package (version 26.0 Inc., Chicago, IL, USA) was used for statistical analysis. A paired samples T-test was executed for both subjective and objective IAN function between T0 measurements and T1-T4 measurements. Statistical significance was reached with a two-tailed p value of <0.05. As T0 measurements were expected to be different for cases with a pathologic fracture and those without, these cases were analyzed separately.




Results


Patients

Between November 2017 and March 2019 five patients were included with a mean age of 53.4 years (49,50,51,52,53,54,55,56,57). A total of seven IAN were preserved (two patients required bilateral IAN preservation). All patient characteristics are shown in Table 2. No patients developed peri-operative complications, in particular there were no clinical or radiological signs of recurrent ORN or non-union for at least 1 year after surgery.


Table 2 | An overview of the included patients and their characteristics.





Accuracy

Table 3 shows all angle deviations (AD) in degrees per angle. The mandibular defect classification of Brown et al. was used (50). Figure 7 shows the panoramic radiographs preoperatively, postoperatively, and after implant placement, with the 3D plan and accuracy measurements added in between.


Table 3 | Angle deviations in degrees (°) between the preoperative virtual plan and the postoperative result.






Figure 7 | Panoramic radiographs of all included cases preoperatively, postoperatively, and after implant placement, with the 3D plan and accuracy measurements added in between.





Nerve Evaluation

The objective IAN function results are shown in Figures 8A, B. As can be seen in Figure 8B, there were two patients with a pathologic fracture (IAN 1 and IAN 4). Patients without a pathologic fracture had an average preoperative score of 4.8. At T1 these patients had an average score of 1.9, which was significantly lower than T0 (p = 0.00) (Table 4). However, the objective IAN function improved at T2 up to an average score of 4.3 at T4 for patients without a pathologic fracture (p = 0.07) (Table 5).




Figure 8 | (A) Results of the light touch test. (B) Average results of the light touch test, differentiated on pathologic fracture. (C) VAS-score results. (D) Average VAS-score results, differentiated on pathologic fracture.




Table 4 | Paired samples T-test between T0 and T1 for objective IAN function in patients without a pathologic fracture (n = 5). α = 0,05.




Table 5 | Paired samples t-test T0–T4. Light touch test. Without pathologic fracture (n = 5). α = 0,05.



As shown in Figure 8C, D, the subjective IAN function (VAS-scores) showed similar results as the objective IAN function (Figures 8C, D). The light touch test results for the three control IANs were consistent throughout every evaluation moment.




Discussion

ORN of the jaw is still a common side effect of RT, even after the introduction of intensity-modulated radiotherapy (1–3). ORN can be treated with conservative measures, but in more severe cases (Notani stage III) a segmental resection followed by a vascularized reconstruction flap should be considered (13, 18, 19). Due to new CAS techniques, preservation of the IAN during mandibular resection is more feasible than ever. Previous studies have evaluated these new CAS techniques for preservation of the IAN during mandibular resection (37–40). These studies have published promising results for postoperative sensory disturbance, but none of them used reliable and reproducible clinical neurosensory tests which are advised for sensory evaluation of trigeminal nerve branches (48, 51). In addition, the study groups consisted of patients with different preoperative diagnoses.

This study included only patients diagnosed with ORN. The sensory disturbance of the IAN was evaluated using the light touch test with Semmes-Weinstein monofilaments. We also used a VAS-score questionnaire to measure subjective feeling. Poort et al. recommended to use a follow-up regimen of 1 week, 1 month, 3 months, and 1 year (48). However, in this study we did not follow this exact regimen for patient load reasons.

Our results show that IAN preservation using CAS is possible. None of the patients experienced reoccurring ORN within at least 1 year, which suggests enough infected bone was resected. This study suggests that the use of RT isodose curves set to 50Gy can therefore be safely implemented in determining osteotomy planes. Our results show that there was some sensory disturbance of the IAN after surgery, but the mental nerve area regains its sensitivity each following evaluation moment to almost its preoperative sensitivity after 1 year. The cases with a pathological fracture, which already had an IAN sensitivity disturbance, regained even more sensitivity than before the surgery.

The statistical analysis of the average IAN sensitivity (light touch test and VAS) of the “pathological fracture” cases (n = 2) did not show a significant difference, this may be a result of the low case number. The “no pathological fracture” cases did show statistical significant results during analysis. We did not take the double inclusion of patients (two “bilateral patients”) into account, which may be a weakness of the executed analysis. The three unaffected IANs, used as controls, did not show different sensitivity levels for each evaluation moment, meaning the light touch test with Semmes-Weinstein monofilaments was consistent.

The sensitivity survival and recovery indicates that the nerve tracking technique was sufficient: mandibular canal tracing in steps of 2 mm in coronal view on the CT of the skull. For the design of the IAN preservation guide we considered the discrepancy of the virtual traced IAN location and the actual location by designing a two-step deroofing process. Once the upper part of the guide was removed, the IAN was still covered with bone and could be carefully exteriorized. By approaching the IAN from the buccal side (buccal corticotomy), it could be lifted easily from the mandibular canal.

In our treatment concept, a virtual model was 3D printed and figured as a template to pre-bent a reconstruction plate into a patient specific reconstruction plate (PSRP) (Figure 4). Subsequently a CT scan of the pre-bent PSRP was made, converted to STL format, and used further along in the virtual planning. This has the same advantages as a 3D printed titanium patient specific reconstruction plate, but saves on the high costs of the selective laser sintering manufacturing technique (52). Another advantage of this treatment concept is that no third party is involved in the planning phase, which speeds up the workflow for hospitals with its own 3D lab. Our systematic review of accuracy in mandibular reconstruction using CAS showed that 14 out of the 42 included studies used a standard reconstruction plate which was pre-bent on a 3D printed model of the virtually planned reconstruction and 12 studies used a 3D printed PSRP. Even though the studies were difficult to compare, there were no striking differences in accuracy or postoperative complications between the studies using a pre-bent reconstruction plate or a 3D printed PSRP (53).

The measured accuracy of the reconstructions did not show any extreme deviations. Since the accuracy is on such a high level, we believe it is possible to perform computer guided mandibular reconstructions with direct dental implant placement in ORN cases. Especially since in ORN cases the neomandible is constructed with well vascularized donor bone and postoperative RT is not indicated. All patients received dental implants after an average time of 11.6 months (min. 8/max. 19 months). The use of immediately placed dental implants will improve dental rehabilitation time significantly. Any data on acceptable outcome ranges regarding immediately placed dental implants during mandibular reconstruction has yet to be published.

A shortcoming of this study was the low case number, caused by small numbers of ORN cases. Future multi-center prospective studies need to be carried out in order to validate the results of our novel treatment concept.



Conclusion

Our novel ORN treatment concept shows promising results for implementation of 3D radiotherapy isodose curve visualization and IAN preservation. Sensory function of all IAN recovered after segmental mandibular resection.
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Infection with specific pathogens and alterations in tissue commensal microbial composition are intricately associated with the development of many human cancers. Likewise, dysbiosis of oral microbiome was also shown to play critical role in the initiation as well as progression of oral cancer. However, there are no reports portraying changes in oral microbial community in the patients of Indian subcontinent, which has the highest incidence of oral cancer per year, globally. To establish the association of bacterial dysbiosis and oral squamous cell carcinoma (OSCC) among the Indian population, malignant lesions and anatomically matched adjacent normal tissues were obtained from fifty well-differentiated OSCC patients and analyzed using 16S rRNA V3-V4 amplicon based sequencing on the MiSeq platform. Interestingly, in contrast to the previous studies, a significantly lower bacterial diversity was observed in the malignant samples as compared to the normal counterpart. Overall our study identified Prevotella, Corynebacterium, Pseudomonas, Deinococcus and Noviherbaspirillum as significantly enriched genera, whereas genera including Actinomyces, Sutterella, Stenotrophomonas, Anoxybacillus, and Serratia were notably decreased in the OSCC lesions. Moreover, we demonstrated HPV-16 but not HPV-18 was significantly associated with the OSCC development. In future, with additional validation, this panel could directly be applied into clinical diagnostic and prognostic workflows for OSCC in Indian scenario.
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Introduction

Oral squamous cell carcinoma (OSCC), a subset of head and neck squamous cell carcinoma (HNSCC), is the most common oral malignancy, representing approximately 90% of all cancers in the oral cavity (1, 2). It is the sixth most common cancer worldwide and every year around 400,000 new cases are diagnosed (3, 4). The number of newly diagnosed cases is predicted to increase by 62% in 2035 (5). The prevalence of oral cancer is highest in India and it represents most prevailing cancer in male population and fifth most common cancer among women (6, 7). Despite easy accessibility of the oral cavity during physical examination as well as several technological advancements in surgical procedures in addition to adjuvant radiotherapy and chemotherapy, due to the lack of early diagnosis based on appropriate molecular markers, OSCC patients are often diagnosed at more advanced stages, leading to poor survival outcomes. The overall 5-year survival rate of OSCC patients is roughly 50% across the globe (8–10). Thus, early detection, identification of biomarkers and understanding the role of various etiological agents can significantly improve the current situation of OSCC treatment. In developing countries like India, excessive tobacco usage including smoking, chewing betel quid and areca nut along with alcohol consumption are the major risk factors for OSCC development (7, 11). However, oral cancer often arises in patients without a history of tobacco usage or alcohol consumption, indicating contribution from other potential risk factors including genetic/epigenetic alterations or microbial infection (2, 6, 12). A number of oncogenic viruses including high risk human papillomavirus (HPV) genotypes and Epstein-Barr virus (EBV) have been identified as infectious etiological agents for OSCC (13–15). However, association of these oncoviruses with OSCC development is not strong, contributing approximately 20% of all oral cancers (13, 14). Thus, identification of other microbial factors influencing OSCC development is warranted.

Human body harbors a plethora of microbial species referred to as ‘commensal microbiota’ including bacteria, yeast, fungi, protozoa, archaea and viruses and develops a symbiotic ecosystem without eliciting a decimating immune response. However, alterations of the microbiome architecture (dysbiosis) often lead to a variety of human diseases including cancer (16, 17). The advent of next-generation sequencing technologies for example the 16S rRNA gene amplicon based sequencing has allowed an affordable and culture-free approach of identification of overall bacterial composition in cancerous lesions and its effect on the progression of the disease (18). As one of the prime territories of microbiome in human body, the oral cavity contains distinct niches with dynamic microbial communities (19). Oral microbial ecology is a critical factor in controlling both human physiology and pathophysiology. The oral microbiome and their produced metabolites translocate through gastrointestinal tract or due to periodontal pocket ulceration can affect various distant tissues and are associated with the development of a number of diseases like cardiovascular disorder, diabetes, rheumatoid arthritis and premature birth (20–23). The dysbiosis of oral microbiome is associated with a number of clinical symptoms that ranges from dental caries, periodontal disease to oral cancer (24–28). Importantly, chronic periodontitis has also been suggested as potential risk factor for the onset of oral pre-cancerous and cancerous lesions (27). There is, however, no consensus among reports regarding microbiome signature associated with the development of OSCC. For example, Schmidt et al. demonstrated depletion of Firmicutes and Actinobacteria in a study of 15 oral cancer patients (29), while Mager et al. using DNA hybridization technique reported elevation of Capnocytophaga gingivalis, Provatella melaningtoenica, and Streptococcus mitis in the saliva of OSCC patients (30). Recently, Zhao et al. demonstrated that a cluster of periodontitis associated taxa such as Fusobacterium, Dialister, Peptostreptococcus, Filifactor, Peptococcus, Catonella, and Parvimonas was enriched in OSCC lesions (31). AI-hebshi et al. reported that several inflammatory bacterial species including Pseudomonas aeruginosa and Fusobacterium nucleatum are elevated in OSCC patients’ samples (32). Another report by Lee et al. demonstrated that salivary microbiome particularly five genera including Bacillus, Enterococcus, Parvimonas, Peptostreptococcus, and Slackia significantly varied between samples from the epithelial precursor and OSCC lesions (33), indicating a potential prognostic marker for OSCC development. Börnigen et al. identified a number of differentially abundant genera in oral cancer samples specifically Dialister as enriched and Scardovia as depleted (34). Overall, given the diversity of identified microbiome composition as well as limited number of samples, more in depth investigations with larger-scale epidemiologically designed cohorts are warranted to assess the role of microbiome dysbiosis in OSCC development.

Despite the highest oral cancer incidence in India, till date no efforts have been made in understanding the oral microbial imbalance during OSCC development among Indian patients. Here, in an aim to explore OSCC-associated bacterial composition fifty OSCC lesions and their anatomically matched normal tissue regions was profiled using 16S rRNA gene amplicon based sequencing by targeting the hypervariable V3-V4 region. Our analyses revealed while top five genera such as Prevotella, Corynebacterium, Pseudomonas, Deinococcus and Noviherbaspirillum were significantly enriched, while genera including Actinomyces, Sutterella, Stenotrophomonas, Anoxybacillus, and Serratia were notably depleted in the OSCC lesions as compared to matched control adjacent tissue samples. In sum, our results provided evidence of alterations of oral bacterial community during OSCC development and indicated the possibility of utilizing the identified microbiome signature as prognostic marker of oral malignancies in patients of Indian subcontinent.



Materials and Methods


Ethics Statement

The study was approved by the Institutional Ethics Committee for Human Research, Indian Statistical Institute, Kolkata, India. Written informed consent was obtained from all participants and all methods in this study were performed in accordance with the relevant guidelines and regulations.



Sample Information

After the clinical diagnosis of oral squamous cell carcinoma (OSCC) the patients from Dr. R Ahmed Dental College and Hospital, were enlisted for the study. 50 patients were included in the study after confirmation of well-differentiated squamous cell carcinoma from histopathological reports. All participants were not on any local or systemic antibiotics prior to sample collection. Tissue samples were collected by incisional and 3 mm punch biopsy sample collection method from both the regions of cancerous lesions (N=50) and the adjoining clinically uninvolved normal area (matched control, N=50) for each of the 50 patients recruited in this study. A portion of the tissue samples were collected in RNA Later (Invitrogen, Thermo Fisher Scientific Inc., Waltham, MA, USA) and stored at -80°C for future use. Another portion was fixed in the formalin and used for histopathological evaluations.



DNA Extraction

DNA was isolated from the cancerous lesion and adjacent unaffected normal tissue regions using DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) according to manufacturer’s protocol. The quality and quantity of isolated DNA was determined by the A260/280 ratio using Synergy H1 Multimode Microplate Reader (BioTek Instruments, Inc., VT, USA). DNA samples were frozen at -20°C for further analysis. Approximately 50 ng of genomic DNA from each sample was used for 16S rRNA V3-V4 amplicon sequencing.



16S Ribosomal RNA Sequencing and OTU Assignment

16S ribosomal RNA (rRNA) amplicon sequencing for metagenomics studies was performed on a MiSeq platform (Illumina, San Diego, CA, USA) using 2×250 bp chemistry. Clonal libraries for 16S rRNA V3-V4 hypervariable region were prepared using NEBNext Ultra DNA Library preparation kit (New England Biolabs, Ipswich, MA, USA) with the forward primer (5′-CTTTCCCTACACGACGCT CTTCCGATCTACGGRAGGCAGCAG-3′) and the reverse primer (5′-GGAGTTCAGACGTGTGCT CTTCCGATCTTACCAGGGTATCTAATCCT-3′). The amplicons were subjected to a number of enzymatic reactions for end-repairing, dA-tailing followed by adapter ligation and cleaning up using Solid Phase Reversible Immobilization (SPRI) technology (Beckman Coulter, Indianapolis, IN, USA). The adapter ligated fragments were indexed by limited PCR cycle to generate final libraries for paired-end sequencing. The concentration of the purified amplicons was measured using Qubit fluorometer (Thermo Fisher Scientific Inc., Waltham, MA, USA) and the quality was checked using Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). The multiplex amplified libraries were pooled in equimolar concentrations with unique indices, mixed with 15% PhiX control and sequenced using MiSeq reagent kit v2 (Illumina, San Diego, CA, USA) according to manufacturer’s instruction.

The raw FASTQ sequencing files were further processed after checking base quality, base composition and GC content using FASTQC toolkit. The targeted amplicons were filtered out from other superfluous sequences by detecting the specific conserved region. Forward and reverse reads were stitched together with a minimum overlap of 30 bp and maximum overlap of 250 bp. De-replication was performed using USEARCH (35) (v11) for the identification of unique sequences and chimera sequences were filtered out using the UCHIME (36) algorithm in USEARCH package. Sequences that had a similarity of 97% were grouped together under a single operational taxonomic unit (OTU) against the GreenGenes database (release 2013-08: gg_13_8_otus) using UPARSE (37) method. The taxonomy classification and relative abundance assignments were performed using ‘Quantitative Insights Into Microbial Ecology’ (QIIME v. 1.9.0) (38) pipeline and singletons were discarded from the dataset to minimize the effect of low abundance sequences. To confirm the annotation, the resulting OTU representative sequences were then searched against the Ribosomal Database Project naïve Bayesian classifier (RDP 10 database, version 6) (39, 40) database, using the online program SEQMATCH (40). The taxonomy classifications at the phyla, order, family, genera and species level were performed using the GreenGenes and RDP databases.



Diversity and Bacterial Enrichment Analyses

MicrobiomeAnalyst (41) was used for statistical analysis. The α-diversity indexes including observed OTU numbers, Chao index, Simpson index, and Shannon index and the β-diversity – Bray-Curtis dissimilarity measurements were calculated. Evolutionary relation of the genera unique to the OSCC samples and the normal counterparts were analyzed and a cladogram was generated using Galaxy (42). The variation in genera as well as the unique bacterial composition in the normal and OSCC samples was identified using Random Forest (43) classification analysis within MicrobiomeAnalyst (41).

To estimate β-diversity, un-weighted and weighted UniFrac distances by Bray-Curtis method were calculated from the OTU abundance and utilized in Principal Component Analysis (PCoA) to analyze the unique clustering genera for the normal and OSCC affected tissue samples. PERMANOVA (44) algorithm on un-weighted and weighted UniFrac distance matrices was applied to generate PCoA plots. The differential abundances of OTUs and specific OTU enrichment between OSCC samples and matched controls were determined using LEfSe based on Kruskal–Wallis H test. Pairwise OTU enrichment analysis was performed to specifically identify the OTU abundance in each sample pair by comparing their true abundance values in the OSCC sample and its normal counterpart.



Functional Prediction of Distinct Bacterial Communities

Functional compositions of the bacterial communities among two different groups were predicted using Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt) (45) according to the Kyoto Encyclopedia of Genes and Genomes (KEGG) database (46).



Real-Time PCR Primer Designing and Data Output

Primer-BLAST tool (https://www.ncbi.nlm.nih.gov/tools/primer-blast/) in National Center for Biotechnology Information (NCBI) database was used to design primers for real-time quantitative PCR (qPCR) analyses. Primers for conserved sequence of bacterial 16S rRNA gene, human Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene and human oncogenic viruses HPV16, HPV18 and EBV are listed in Table S2. qPCR primers were obtained from Integrated DNA Technologies, Inc. (Coralville, IA, USA). The optimum primer melting temperature (Tm) was chosen at 60°C and the maximum GC content was kept at 55%. qPCR analysis was performed using iTaq Universal SYBR Green Supermix (BIO-RAD, Hercules, CA, USA) in CFX Connect Real-Time PCR detection System (BIO-RAD, Hercules, CA, USA) with the following thermal profile – one cycle: 95°C for 10 min; 40 cycles: 95°C for 10 s followed by 60°C for 10 s; and finally the dissociation curve at – 95°C for 1 min, 55°C 10 s, and 95°C for 10 s. Unless and otherwise stated, each sample was performed in duplicate and calculation was made using a −ΔCT method to quantify relative abundance compared with human genomic GAPDH control. The -ΔCt values of each OSCC samples and their match controls were plotted using GraphPad Prism 8.0.1.




Results


Subject Characteristics and Oral Microbiota Profiling by 16S rRNA V3-V4 Amplicon Sequencing

To investigate changes in the oral microbiome associated with OSCC development, we prospectively collected cancerous lesions and anatomically matched adjacent normal tissue samples from four OSCC patients. Prior to proceeding into 16S rRNA amplicon based metagenomics studies, a preliminary verification was conducted for confirmatory presence of bacterial species in the isolated genomic DNA from the clinical samples. A real time quantitative PCR (qPCR) assay was performed using primer against the 16S rDNA conserved region. Excellent PCR amplification curves and -ΔCt values calculated against the housekeeping human GAPDH gene demonstrated the presence of bacterial species in both OSCC samples and their normal counterparts (Figure S1). To expand and substantiate our initial observations, we further collected another 46 pair of OSCC lesions and adjacent healthy tissue samples. The bacterial DNA was isolated from all 50 pair specimens (Table S1), followed by PCR amplification targeting the 16S rRNA V3–V4 hypervariable region. The 16S amplicons were purified, and a second round of index PCR was performed. The multiplex amplified libraries were pooled at equimolar concentrations and sequenced on an Illumina MiSeq platform. A total of 477,411 raw sequences were generated and after quality trimming and chimera checking, 322,656 high quality sequences were recovered for downstream analysis, with an average of 3,226 reads, ranging from 1,703 to 11,411 reads per sample.



Genera Abundance and Diversity of Oral Microecology Were Depleted During OSCC Development

FASTQ files generated in 16S rRNA gene sequencing of all 50 samples containing high quality sequences were further analyzed using MicrobiomeAnalyst, a web-based online tool for comprehensive statistical analysis of microbiome data (41). Rarefaction plot generated from the mapped reads indicated a clear difference of the OTU (Operational Taxonomic Unit) richness at the genus level between OSCC and normal samples (Figure 1A). Most of the samples, though not entirely, reached a saturated plateau phase, indicating further sequencing would possibly generate additional genera in those samples (Figure 1A). The average data of rarefaction plot demonstrated elevated genus richness in anatomically matched controls (samples 1–50) as compared to the paired contralateral OSCC lesions (samples 51–100), signifying a potential loss of certain genera during OSCC progression (Figure 1A). The OTU richness was further analyzed by calculating alpha diversity of oral microbiota, indicating the differences and similarities of the identified genera between the two sample groups (Figures 1B–E). The Observed genus (p = 0.000463) and Chao1 index (p = 0.00101) indicated that the OTU richness was significantly depleted in the OSCC samples as compared to the matched controls. The diversity estimator Shannon index (p = 0.00849) indicated that relative diversity of bacterial genera was significantly decreased in cancerous lesions in contrast to the normal tissue sections (Figures 1B–D respectively). A similar trend of depletion in relative diversity of bacterial genera in OSCC samples as compared to the normal counterparts was also observed by employing Simpson index, although the data was not statistically significant (p = 0.070680) (Figure 1E).




Figure 1 | Comparison of oral microbiome compositions in the oral squamous cell carcinoma (OSCC) lesions and contralateral normal healthy groups. (A) Rarefaction analysis of bacterial 16S rRNA gene sequences of normal (red) and OSCC lesions (blue). Each line represents one sample. (B–E) Box-Whisker plots of (B) Observed operational taxonomic units (OTUs), (C) Chao 1 and (D) Shannon Index, (E) Simpson Index respectively.





Anatomically Matched OSCC and Normal Samples Comprised of Distinct Microbiome Composition

The beta diversity indicates the difference in the composition of bacterial community among different sample groups (47). To estimate β-diversity, weighted UniFrac distances as well as Bray-Curtis dissimilarity metric were calculated from the OTU abundance and utilized in Principal Component Analysis (PCoA) (47). Permutational Multivariate Analysis of Variance (PERMANOVA) (44) algorithm on Bray-Curtis dissimilarity and weighted UniFrac distance matrices was applied to generate PCoA plots (Figures 2A, B, respectively). The bacterial communities in the cancerous lesions and the anatomically matched controls clustered discretely, suggesting the overall structures of the bacterial communities in the groups were significantly different (p < 0.002 and p < 0.009, respectively in two analyses) (Figures 2A, B).




Figure 2 | Beta diversity analyses among cancerous and normal samples. Principal Component Analysis (PCoA) plots based on (A) Bray-Curtis dissimilarity and (B) weighted UniFrac distance matrices with respect to the bacterial abundance and composition among oral squamous cell carcinoma (OSCC) lesions and adjacent normal tissue samples. (A) Axis 1 (PCoA1): 19.4% of variation explained. Axis 2 (PCoA2): 16.5% of variation explained. (B) Axis 1 (PCoA1): 26.6% of variation explained. Axis 2 (PCoA2): 16.3% of variation explained. (C) The error plots identified from random forest classification analyses. Red-line indicates the overall genera present in both OSCC and normal samples, green-line indicates the distinct genera present in the normal samples and the blue-line indicates the specific genera present in the OSCC lesions.



A ‘Random Forest’ algorithm (43) was applied to further confirm the difference in bacterial community among the OSCC samples and anatomically matched healthy controls (Figure 2C). The decision trees extracted from the random forest classification identified distinct bacterial composition in diseased samples when compared with the normal counterparts. In the error plots identified from random forest analyses, while the red-line indicated the overall genera present in both OSCC and normal samples, green-line indicated the distinct genera present in the normal samples and the blue-line indicated the specific genera present in the OSCC lesions (Figure 2C). Moreover, in the total of 50 OSCC samples, 32 samples revealed unique and 18 samples demonstrated overlapping genera; whereas in case of contralateral paired 50 normal tissue samples, 38 samples exhibited unique and 12 samples showed overlapping genera (Figure 2C).



Phylogenetic Analysis Revealed Variations Among Common and Distinct Taxa in OSCC Lesions and Anatomically Matched Healthy Controls

The bacterial communities in the OSCC lesions and the anatomically matched healthy controls were first analyzed at phylum level (Figures 3A, B). The top five most abundant phyla including Firmicutes, Proteobacteria, Fusobacteria, Bacteroidetes, and Actinobacteria collectively comprised of 97.3% and 93% of all sequences in matched controls and OSCC lesions, respectively (Figure 3B). Firmicutes was the most abundant phylum in all samples, accounting for 36.1% of sequences in matched controls and 30.5% in OSCC lesions. In contrast, the abundances of the other detected phyla, including Epsilonbacteraeota, Spirochaetes, Patescibacteria, Tenericutes, Synergistetes, and Deinococcus, were less than 4.0%, ranges from 0.3% to 3.96%. While abundance of phyla including Firmicutes, Proteobacteria and Actinobacteria were reduced, Fusobacteria, Bacteroidetes, Epsilonbacteraeota, and Spirochaetes were elevated in OSCC lesions compared to normal healthy controls (Figures 3A, B). At the genus level, Streptococcus, Leptotrichia, Fusobacterium, Serratia, Neisseria, Haemophilus, Gemella, Campylobacter, Veillonella, Capnocytophaga, Prevotella, Porphyromonas, Rothia, Bifidobacterium, and Bacteroides were the fifteen most abundant genera, comprising of 13.63%, 8.77%, 6.42%, 6.14%, 4.97%, 4.28%, 2.96%, 2.67%, 2.47%, 2.24%, 2.12%, 1.87%, 1.87%, 1.85%, and 1.84% sequence coverage, respectively (Figures S2A-C). Of all genera detected, 137 taxa were found common in all samples, while 26 and 29 taxa were distinctly present OSCC lesions and anatomically matched controls, respectively (Figure S2D). The shared genera among OSCC lesions and normal samples collectively represented more than 97.0% of all detected sequences in oral microbiota (Figure S2).




Figure 3 | Composition of bacterial communities across samples at the phylum and genus levels. (A) Actual and (B) relative abundance of bacterial communities at phylum level of OSCC lesions and anatomically matched controls. (C) Phylogenetic tree with operational taxonomic unit (OTU) abundances between OSCC and normal samples.



In order to further determine the differential presence and abundance of oral microbial community a phylogenetic tree was generated up to class level by MicrobiomeAnalyst (Figure 3C). The result demonstrated that Rudrobacteria class under phylum Actinobacteria was exclusively present in normal samples, whereas Deinococcus phylum was exclusively present in OSCC lesions (Figure 3C). A number of bacterial genera under the classes of Gammaproteobacteria, Clostridia, Negativicutes, Bacilli, Actinobacteria, Bacteroidea and Fusobacteria demonstrated an elevated abundance in both groups without significant deference in distribution between OSCC lesions and anatomically matched normal samples (Figure 3C).



Enrichment Analysis Identified Unique Genera for OSCC and Adjacent Normal Tissue Samples

Cladistic analysis allows for a precise definition of biological classification in which organisms are categorized in ‘clades’ (or groups) based on the most recent common ancestor and are best depicted by cladogram models indicating the relation between the different levels of clades in multiple sample groups. Identification of differential microbial ecology at phylum level would thus further facilitate to correlate their potential effect on OSCC progression. A cladogram was generated using Galaxy (42), a web-based platform for bioinformatic analysis, to visualize significantly enriched bacteria taxa identified in OSCC lesions and anatomically matched adjacent control tissue samples (Figure 4A). The result demonstrated that while Bacteroidetes phylum was phylogenetically predominant, a number of phyla including Firmicutes and Actinobacteria were depleted in the cancerous lesions as compared to the healthy controls (Figure 4A).




Figure 4 | Cladogram and enrichment analysis among among oral squamous cell carcinoma (OSCC) lesions and clinically normal tissue samples. (A) Cladogram for phylogenetic relation of Normal and OSCC genus. Cladogram was constructed using the Linear Discrimination Analysis (LDA) Effect Size (LEfSe) method to indicate the phylogenetic distribution of bacteria that were significantly enriched in the tumor and normal groups. LDA scores showed significant bacterial differences within groups OSCC and clinically normal counterparts at the (B) phylum level and (C) genus level.



Linear Discrimination Analysis (LDA) Effect Size (LEfSe) algorithm allows identifying high dimensional biomarkers among multiple study groups (48). To identify the distinguishing taxa within OSCC lesions and matched controls, we applied LEfSe method (Figures 4B, C). At the phylum level, Bacteroidetes and Deinococcus were significantly enriched in OSCC lesions, while Proteobacteria, Firmicutes and Actinobacteria were considerably diminished (Figure 4B). At the genus level, 22 taxa including Serratia, Anoxybacilus, Stenotrophomonas, Sutterella, Actinomyces, Bacillus, Lysobacter, Paenibacillus, Ammoniphilus, Bifidobacterium, Megamonas, Collinsella, Brevibacillus, Megasphaera, Blautia, Methylobacterium, Prevotella_9, Roseburia, Phenylobacterium, Pseudopropionibacterium, Parabacteroides, and Anaerobacillus were significantly declined in the OSCC lesions as compared to the healthy controls (Figure 4C). In contrast, only five taxa including Prevotella_7, Corynebacterium1, Pseudomonus, Deinococcus, and Noviherbaspirillum were significantly enriched in the OSCC lesions as compared to the anatomically matched control samples (Figure 4C). Box-Whisker dot plots along with the pair-wise genus enrichment analysis were also performed to clearly visualize the differential enrichment pattern of top five bacterial genera identified by the LEfSe analyses between OSCC lesions and contralateral anatomically matched healthy controls (Figure S3).

In addition, a ‘Random Forest’ algorithm was employed to further assess the diversity in bacterial community at the species level among the OSCC samples and anatomically matched healthy controls (Figure S4A). The decision trees extracted from the random forest classification identified distinct bacterial species in OSCC lesions when compared with the normal samples (Figure S4A). The results demonstrated that in the total of 50 OSCC samples, 34 samples exhibited unique and 16 samples showed overlapping species, while in normal counterparts, 30 samples exhibited unique and 20 samples showed overlapping species (Figure S4A). LEfSe analyses further revealed Capnocytophaga, unidentified Micrococcaceae and uncultured Cornebacterium 1 species were considerably enriched in OSCC lesions, 29 different species, however, mostly unidentified and uncultured species, were significantly declined as compared to the paired contralateral anatomically matched controls (Figure S4B). Recent studies suggested that 16S rRNA based sequencing technologies targeting one or more hypervariable regions allow reliable identification of bacterial genera, but can potentially misguide identification of bacterial species (49, 50). In agreement to this, our study also demonstrated that the sequencing depth was not sufficient to accurately identify the oral microbial composition at the species level responsible for OSCC development. Therefore, to nullify the false positives at the species level, we have limited our analyses up to genus level for further investigation and subsequent conclusion.



Functional Prediction of Oral Microbiome Associated With OSCC Development

To envisage oral microbial functions connected to the development of OSCC, we employed the Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt) (45) and accordingly Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways (46) were generated specific for OSCC lesions and anatomically matched healthy controls (Figure 5). The LEfSe outputs demonstrated that function related to nucleotide synthesis and maintaining the fundamental functions of a cell such as pyrimidine and purine metabolism, DNA repair and recombination proteins, DNA replication, transcription machinery, amino and nucleotide sugar metabolism, protein translation related function such as ribosome, amino acid related enzymes, aminoacyl tRNA biosynthesis, peptidases, as well as peptidoglycan biosynthesis were associated with the progression of OSCC (Figure 5A). In contrast, parameters related to flagellar assembly, butanoate metabolism, secretion system, bacterial motility proteins, two-component system and ABC transporters, were inversely associated with OSCC development (Figure 5A). PCoA analyses also demonstrated that the predicted functions of bacterial compositions in two groups – OSCC lesions and the anatomically matched controls were significantly clustered (p < 0.05) (Figure 5B).




Figure 5 | Functional analyses of identified microbial compositions in cancerous lesions and clinically normal samples. (A) Linear Discrimination Analysis (LDA) scores predicting gene function enriched among two different groups of oral squamous cell carcinoma (OSCC) lesions and normal samples using Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt) according to the Kyoto Encyclopedia of Genes and Genomes (KEGG) database. (B) Principal Component Analysis (PCoA) of bacterial functions associated OSCC lesions and contralateral matched controls. Axis 1 (PCoA1): 47.0% of variation explained. Axis 2 (PCoA2): 23.7% of variation explained.





Quantitative PCR Profile of Oncogenic Viruses Revealed Significant Association of HPV16 With OSCC Development

Studies suggest that a number of human oncogenic viruses including human papilloma viruses (HPVs) and Epstein-Barr virus (EBV) are associated with OSCC development (13–15). To assess the potential involvement of viral etiology in our samples we designed real time PCR primers against EBV encoded EBNA3A oncogene (GeneID: 3783762) along with two high risk HPV isotypes HPV-16 encoded E2 oncogene (GeneID: 1489080) and HPV-18 encoded E6 oncogene (GeneID: 1489088) and subsequently employed in quantitative PCR (qPCR) analyses (Figures 6A–C). The housekeeping gene human GAPDH gene was utilized as control assuming the genomic segment bearing GAPDH gene remained unaffected in both normal and OSCC affected tissue sections. A higher negative -ΔCt (average GAPDH Ct value – average target primer Ct value) indicated elevated presence of the virus in the sample as detected by specific primer set targeting specific viral gene. Our results clearly demonstrated that only HPV-16 (p = 0.004) was significantly associated with OSCC lesions as compared to the control tissue sections (Figure 6A). In contrast, no significant association for both HPV-18 (p = 0.221) and EBV (p = 0.326) between the two sample groups was observed (Figures 6B, C, respectively). However, -ΔCt values for both HPV-18 and EBV were higher than that of HPV-16, indicating a higher prevalence in oral tissue samples (compare Figures 5B, C with 5A). Altogether these oncogenic viruses might regulate the onset as well as progression of oral cavity oncogenesis and thereby demands their detection along with bacterial dysbiosis.




Figure 6 | Quantitative PCR (qPCR) and co-occurrence analysis of human oncogenic viruses with identified bacterial genera in normal and oral squamous cell carcinoma (OSCC) samples. Comparative qPCR data of (A, B) high risk human papilloma viruses (HPVs) - (A) HPV-16 (B) HPV-18 and (C) Epstein-Barr virus (EBV). PCR calculation was performed by −ΔCT method to quantify relative abundance of each tumor virus using human genomic GAPDH as control. The -ΔCt values of each sample were plotted using GraphPad Prism 8.0.1. (D) Pearson correlations among human oncogenic viruses and the top 27 most abundant bacterial genera identified by Linear Discrimination Analysis (LDA) Effect Size (LEfSe) analyses were calculated and analyzed. Correlation values range from −1.00 (red) to 1.00 (blue).



Next, the co-occurrence and co-exclusion patterns of these oncogenic viruses with the 27 most abundant bacterial genera identified in LEfSe analyses in each group of OSCC lesions and contralateral matched controls were further investigated (Figure 6D). Overall, there was no negative correlation found in our analyses. In matched normal controls, Prevotella_9 was found to be positively correlated with a number of bacterial genera. For example, Prevotella_9 and Blautia were the most positively correlated (ρ = 0.926), followed by Megamonas (ρ = 0.872), Collinsella (ρ = 0.852), Serratia (ρ = 0.679), Bifidobacterium (ρ = 0.673), and Parabacteroides (ρ = 0.626). HPV-18 demonstrated moderate positive correlation with most of these genera – including Prevotella_9 (ρ = 0.683), Blautia (ρ = 0.660), Megamonas (ρ = 0.509), Collinsella (ρ = 0.527), and Parabacteroides (ρ = 0.514) (Figure 6D, Table S3). In contrast, HPV-16 demonstrated no positive correlation with any bacterial genera identified in cancerous lesions (Figure 6D). Although Corynebacterium1 was significantly associated with OSCC lesions, it demonstrated positive correlation with several bacterial taxa abundantly enriched in normal samples (Figure 6D). Among these, the most positively correlated genera were Corynebacterium1 and Prevotella_9 (ρ = 0.785) followed by Megamonas (ρ = 0.657), Blautia (ρ = 0.643), and Collinsella (ρ = 0.601) (Figure 6D, Table S3).




Discussion

In spite of the highest oral cancer incidence, accounting to 30% of all cancers in India (6, 7), so far there are no reports describing changes of oral microbiome in OSCC among Indian patients. The purpose of the current investigation was to profile the dysbiosis of oral microbiota between OSCC lesions and contralateral anatomically matched control tissue samples prospectively collected from fifty patients of eastern region of India. In agreement with Guerrero-Preston et al. study (51), we also observed a significant loss in richness and diversity of oral bacterial communities in OSCC lesions compared to matched controls. However, several reports revealed enhanced diversity of bacterial communities in OSCC samples (31, 52, 53). Nevertheless, dysbiosis of oral microbiome appears to be strongly associated with OSCC development. Overall, the results demonstrated that Prevotella, Corynebacterium, Pseudomonas, Deinococcus, and Noviherbaspirillum genera were significantly enriched, while genera including Actinomyces, Sutterella, Stenotrophomonas, Anoxybacillus, and Serratia were depleted in the OSCC lesions as compared to the matched healthy controls.

Previously, several models of microbial infection and potential oral microbiome signature link to the pathology of a number of oral diseases including cancer have been established. For example, certain oral bacterial pathogens, including Porphyromonas gingivalis and Fusobacterium nucleatum have been reported to disrupt the equilibrium of oral microbiome and along with deregulated immune response eventually initiate periodontal diseases (periodontitis) (54–56). These well studied periodontal organisms subsequently prompted researchers to further investigate the precise role of dysbiotic oral micrbiota in developing oral cancer (57, 58). In general, our results agreed with the previously published data of enriched and depleted microbes associated with the OSCC development. Overall, five of the most abundant phyla including Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes, and Fusobacteria identified in our study were consistent with those found in previous studies. However, the less abundant phyla including Tenericutes, Deinococcus, and Patescibacteria detected were significantly varied among multiple studies. In addition, in line with the previous studies (29, 52, 53) Firmicutes was also found as the most abundant phylum in overall oral microbiome in our study. Of the significantly elevated genera in cancerous lesions, Prevotella and Pseudomonus were previously shown to be highly abundant in both periodontitis and OSCC samples when compared to healthy controls (32, 53, 59). Importantly, periodontitis has been suggested as a self-governing risk factor for OSCC development (27). Interestingly, in contrast to our finding, Corynebacterium was previously found to be decreased in oral cavity cancer (OCC) and oropharyngeal cancers (OPC) (60). Our results indicated presence of a unique genus Deinococcus although relatively less abundantly only in cancerous lesions and could not be detected in control tissue sections. Since in our study design, paired OSCC lesion and control tissue samples were obtained from single patient, it nullified the possibilities of inter-individual variation. Thus even small differences of bacterial communities among two these groups would represent significance in OSCC development. Species of the Deinococcus genus are recognized for their extreme resistance to ionizing radiation and oxidative stress and other damaging conditions (61). Although a number of earlier studies indicated the presence of Deinococcus genus (62, 63), the precise role of the members of this genus in OSCC is yet to be defined.

In our study, although Fusobacteria was identified as one of the most abundant phyla in overall oral bacteriome, its abundance showed no significant difference between OSCC lesions and normal tissue samples. This is in contrast to a number of recent reports which demonstrated significant abundance of several members of Fusobacteriem in OSCC lesions when compared to normal samples (31, 32). Mager et al. detected F. periodonticum in the saliva sample from OSCC patients using specific bacteria probes, but its abundance showed no significantly difference between OSCC-positive and OSCC-free patients (30). Yang et al. determined significant elevation of F. periodonticum species in OSCC lesions, whereas no significant difference was observed in case of F. nucleatum between tumor and normal samples (52). In contrast, Al-Hebshi et al. indicated that F. nucleatum was the most significantly enriched species in OSCC lesions as compared to the control normal tissues (32). The diverse presence of different members of Fusobacterium species identified in OSCC samples in multiple studies possibly arose due to varied sample types as well as subjects recruited of different ethnicity across the world. In addition, Fusobacterium nucleatum was also identified as one of the highly enriched bacterial species in colorectal cancer (64). Moreover, Komiya et al. showed that patients with colorectal cancer (CRC) have identical strains of Fusobacterium nucleatum in their CRC tissue section and oral cavity (65). Given the importance of Fusobacterium in various human cancers, further in depth investigation is required to verify Fusobacterium association with OSCC in Indian scenario with larger patients sample size.

Nucleotide metabolism is an important pathway that provides purine and pyrimidine molecules for DNA replication, RNA biogenesis, as well as cell bioenergetics. Increased nucleotide metabolism supports uncontrolled proliferation of cancer cells and thus represents a hallmark of cancer (66). Apart from nucleotide metabolisms, several critical pathways like DNA repair, recombination, protein synthesis and transcription machineries are frequently altered in tumor cells (67–69). Moreover, inhibitors that specifically blocks DNA replication and induce DNA damages have been widely used as chemotherapeutic agents against numerous cancers (70). In agreement to this, our PICRUSt analyses showed that function related to nucleotide metabolisms including both purine and pyrimidine synthesis as well as basic cell functions like DNA repair and replication and functions related to mRNA translation including ribosome, amino acid related enzymes, aminoacyl tRNA biosynthesis and peptidases were significantly linked to OSCC development. Although Yost et al. using metatranscriptomic analyses suggested importance of these pathways for OSCC development (71), so far there are no robust studies that directly linked microbes with these pathways in a tumor microenvironment. Moreover, in contrast to our study, Yang et al. demonstrated that parameters related to protein and amino acids metabolisms were inversely associated with OSCC progression from stage 1 to stage 4 patients (52). Previously a number of reports demonstrated that pathways related to bacterial chemotaxis and flagellar assembly were remarkably enriched in the OSCC group (32, 59). However, in contrast, our study showed that pathways related to flagellar assembly and bacterial motility proteins were inversely associated with the OSCC development.

A growing body of evidence suggested a potential association of several human tumor viruses with oral cancers (13–15, 72). For example, while low risk HPV subtypes including HPV-6 and HPV-11 are associated with a variety of oral benign papillomatous lesions such as oral squamous papilloma, oral verruca vulgaris, oral condyloma accuminatum and focal epithelial hyperplasia, high risk HPV subtypes including HPV-16 and HPV-18 are associated with malignant lesions (72–75). The transformation of normal oral mucosa in OSCC is potentially linked to precancerous lesions, such as OLP (76, 77). Although the precise role of viral mediated malignant transformation of precancerous lesions is not clear, HPV infection is significantly associated with OLP (72, 78). Overall, previous studies suggested that HPV-16 is the most frequently detected HPV subtype in oral cancers (79) and accordingly in 2012 the International Agency of Research of Cancer (IARC) acknowledged the significant association of HPV-16 high risk group with oral cancer development (14). In agreement to this, our results also demonstrated that HPV-16 but not HPV-18 was significantly associated with OSCC lesions as compared to anatomically matched control tissue sections.

In sum, using a carefully controlled patients’ cohort, herein we identified specific microbial signature associated with OSSCC development. However, the current study has several limitations including constraints associated with the 16S rRNA gene amplification based sequencing technologies (49, 50). Recent studies suggested although more than 99% of sequencing reads could be correctly classified at the genus level, a significant proportion at the species level might be misclassified during identification of bacterial populations by targeting various variable regions of the 16S rRNA gene. In agreement to this, our study also showed that the sequencing depth was not adequate to precisely classify the oral microbiota at the species level and thus, in order to nullify false positives, we restricted our analyses up to genus level. Another limitation of this study was relatively smaller sample size. In future, to validate the results a larger sample size with distinct cancer stages among population in different regions and different socioeconomic background would be highly preferable. We additionally lacked information on the involvement of other organisms particularly fungus and the association of different viruses with OSCC development. Strategies such as whole genome sequencing and metabolomics would allow in identification of changes of overall oral microbiota and their metabolities during OSCC development. Moreover, whole genome shotgun sequencing (metagenomics) would further validate the functional inferences from 16S rRNA amplicon sequences obtained using PICRUSt. Since the current study was conducted using tissue biopsy samples, it would be interesting to investigate whether the results could be extended in a non-invasive method by utilizing saliva samples. Altogether, longitudinal research activities are greatly demanded to explore the functional implications of the oral microbiota in terms of diagnosis and risk assessment of OSCC development, as well as potential expansion of current therapeutic strategies to restore the health of the oral ecosystem.
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Supplementary Figure 1 | Preliminary quantitative PCR (qPCR) analyses of four OSCC and anatomically matched normal samples. PCR calculation was performed by −ΔCT method to quantify relative abundance of overall bacteria using primers against the conserved region of 16S rRNA gene and human genomic GAPDH gene segment as control. The -ΔCt values of each sample were plotted using GraphPad Prism 8.0.1.

Supplementary Figure 2 | Differentially abundant genera in OSCC lesions and anatomically matched normal samples. Relative abundance (%) of the taxa at the genus level in (A) all samples, (B) anatomically matched control tissues and (C) OSCC lesions. (D) Venn diagram depicts distinct and overlapped genera among OSCC and normal samples.

Supplementary Figure 3 | Top five taxa at genus level identified in the LEfSe analysis among OSCC lesions and healthy matched controls. Box Whisker Plot (top) and Pair-wise (bottom) genus enrichment analysis of top five bacterial genera identified in LEFSe analysis as described in Figure 4among (A) normal samples and (B) OSCC lesions.

Supplementary Figure 4 | Bacterial composition at the species level between paired OSCC lesions and contralateral normal tissue samples. (A) The error plots identified from random forest classification analyses. Red-line indicates the overall species present in both OSCC and normal samples, green-line indicates the distinct species present in the normal samples and the blue-line indicates the specific species present in the OSCC lesions. (B) Linear discriminant analysis effect size (LEfSe) analysis demonstrating differential bacterial composition at the species level between the OSCC lesions and anatomically matched healthy controls.


Supplementary Table 1 | Clinical characteristics of patients’ samples.



Supplementary Table 2 | Real time PCR primers.




Supplementary Table 3 | Pearson correlations among HPV-16, HPV-18, EBV and the top 27 most abundant bacterial genera identified by LEfSe analyses.



References

1. Vigneswaran, N, and Williams, MD. Epidemiologic trends in head and neck cancer and aids in diagnosis. Oral Maxillofac Surg Clin North Am (2014) 26(2):123–41. doi: 10.1016/j.coms.2014.01.001

2. Rischin, D, Ferris, RL, and Le, QT. Overview of Advances in Head and Neck Cancer. J Clin Oncol (2015) 33(29):3225–6. doi: 10.1200/JCO.2015.63.6761

3. Parkin, DM, Bray, F, Ferlay, J, and Pisani, P. Global cancer statistics, 2002. CA Cancer J Clin (2005) 55(2):74–108. doi: 10.3322/canjclin.55.2.74

4. Warnakulasuriya, S. Causes of oral cancer–an appraisal of controversies. Br Dent J (2009) 207(10):471–5. doi: 10.1038/sj.bdj.2009.1009

5. Nunez-Gonzalez, S, Delgado-Ron, JA, Gault, C, and Simancas-Racines, D. Trends and Spatial Patterns of Oral Cancer Mortality in Ecuador, 2001-2016. Int J Dent (2018) 2018:6086595. doi: 10.1155/2018/6086595

6. Basu, B, Chakraborty, J, Chandra, A, Katarkar, A, Baldevbhai, JRK, Dhar Chowdhury, D, et al. Genome-wide DNA methylation profile identified a unique set of differentially methylated immune genes in oral squamous cell carcinoma patients in India. Clin Epigenet (2017) 9:13. doi: 10.1186/s13148-017-0314-x314

7. Byakodi, R, Byakodi, S, Hiremath, S, Byakodi, J, Adaki, S, Marathe, K, et al. Oral cancer in India: an epidemiologic and clinical review. J Community Health (2012) 37(2):316–9. doi: 10.1007/s10900-011-9447-6

8. Tajmirriahi, N, Razavi, SM, Shirani, S, Homayooni, S, and Gasemzadeh, G. Evaluation of metastasis and 5-year survival in oral squamous cell carcinoma patients in Isfahan (2001-2015). Dent Res J (Isfahan) (2019) 16(2):117–21. doi: 10.4103/1735-3327.250974

9. Geum, DH, Roh, YC, Yoon, SY, Kim, HG, Lee, JH, Song, JM, et al. The impact factors on 5-year survival rate in patients operated with oral cancer. J Korean Assoc Oral Maxillofac Surg (2013) 39(5):207–16. doi: 10.5125/jkaoms.2013.39.5.207

10. Rogers, SN, Brown, JS, Woolgar, JA, Lowe, D, Magennis, P, Shaw, RJ, et al. Survival following primary surgery for oral cancer. Oral Oncol (2009) 45(3):201–11. doi: 10.1016/j.oraloncology.2008.05.008

11. Parra, C, Jodar-Sanchez, F, Jimenez-Hernandez, MD, Vigil, E, Palomino-Garcia, A, Moniche-Alvarez, F, et al. Development, Implementation, and Evaluation of a Telemedicine Service for the Treatment of Acute Stroke Patients: TeleStroke. Interact J Med Res (2012) 1(2):e15. doi: 10.2196/ijmr.2163

12. Bagan, J, Sarrion, G, and Jimenez, Y. Oral cancer: clinical features. Oral Oncol (2010) 46(6):414–7. doi: 10.1016/j.oraloncology.2010.03.009

13. Gupta, K, and Metgud, R. Evidences suggesting involvement of viruses in oral squamous cell carcinoma. Patholog Res Int (2014) 2013:642496. doi: 10.1155/2013/642496

14. Kim, SM. Human papilloma virus in oral cancer. J Korean Assoc Oral Maxillofac Surg (2016) 42(6):327–36. doi: 10.5125/jkaoms.2016.42.6.327

15. She, Y, Nong, X, Zhang, M, and Wang, M. Epstein-Barr virus infection and oral squamous cell carcinoma risk: A meta-analysis. PloS One (2017) 12(10):e0186860. doi: 10.1371/journal.pone.0186860PONE-D-17-18573

16. Cho, I, and Blaser, MJ. The human microbiome: at the interface of health and disease. Nat Rev Genet (2012) 13(4):260–70. doi: 10.1038/nrg3182

17. Elinav, E, Garrett, WS, Trinchieri, G, and Wargo, J. The cancer microbiome. Nat Rev Cancer (2019) 19(7):371–6. doi: 10.1038/s41568-019-0155-310.1038/s41568-019-0155-3

18. Malla, MA, Dubey, A, Kumar, A, Yadav, S, Hashem, A, and Abd Allah, EF. Exploring the Human Microbiome: The Potential Future Role of Next-Generation Sequencing in Disease Diagnosis and Treatment. Front Immunol (2019) 9:2868:2868. doi: 10.3389/fimmu.2018.02868

19. Deo, PN, and Deshmukh, R. Oral microbiome: Unveiling the fundamentals. J Oral Maxillofac Pathol (2019) 23(1):122–8. doi: 10.4103/jomfp.JOMFP_304_18JOMFP-23-122

20. Beck, JD, and Offenbacher, S. Systemic effects of periodontitis: epidemiology of periodontal disease and cardiovascular disease. J Periodontol (2005) 76(11 Suppl):2089–100. doi: 10.1902/jop.2005.76.11-S.2089

21. Bingham, CO, and Moni, M. Periodontal disease and rheumatoid arthritis: the evidence accumulates for complex pathobiologic interactions. Curr Opin Rheumatol (2013) 25(3):345–53. doi: 10.1097/BOR.0b013e32835fb8ec

22. Daniel, R, Gokulanathan, S, Shanmugasundaram, N, Lakshmigandhan, M, and Kavin, T. Diabetes and periodontal disease. J Pharm Bioallied Sci (2012) 4(Suppl 2):S280–2. doi: 10.4103/0975-7406.100251JPBS-4-280

23. Walia, M, and Saini, N. Relationship between periodontal diseases and preterm birth: Recent epidemiological and biological data. Int J Appl Basic Med Res (2015) 5(1):2–6. doi: 10.4103/2229-516X.149217IJABMR-5-2

24. Curtis, MA, Zenobia, C, and Darveau, RP. The relationship of the oral microbiotia to periodontal health and disease. Cell Host Microbe (2011) 10(4):302–6. doi: 10.1016/j.chom.2011.09.008

25. Preza, D, Olsen, I, Aas, JA, Willumsen, T, Grinde, B, and Paster, BJ. Bacterial profiles of root caries in elderly patients. J Clin Microbiol (2008) 46(6):2015–21. doi: 10.1128/JCM.02411-07

26. Chhour, KL, Nadkarni, MA, Byun, R, Martin, FE, Jacques, NA, and Hunter, N. Molecular analysis of microbial diversity in advanced caries. J Clin Microbiol (2005) 43(2):843–9. doi: 10.1128/JCM.43.2.843-849.2005

27. Tezal, M, Sullivan, MA, Hyland, A, Marshall, JR, Stoler, D, Reid, ME, et al. Chronic periodontitis and the incidence of head and neck squamous cell carcinoma. Cancer Epidemiol Biomarkers Prev (2009) 18(9):2406–12. doi: 10.1158/1055-9965.EPI-09-0334

28. Karpinski, TM. Role of Oral Microbiota in Cancer Development. Microorganisms (2019) 7(1):20. doi: 10.3390/microorganisms7010020

29. Schmidt, BL, Kuczynski, J, Bhattacharya, A, Huey, B, Corby, PM, Queiroz, EL, et al. Changes in abundance of oral microbiota associated with oral cancer. PloS One (2014) 9(6):e98741. doi: 10.1371/journal.pone.0098741PONE-D-13-34607

30. Mager, DL, Haffajee, AD, Devlin, PM, Norris, CM, Posner, MR, and Goodson, JM. The salivary microbiota as a diagnostic indicator of oral cancer: a descriptive, non-randomized study of cancer-free and oral squamous cell carcinoma subjects. J Transl Med (2005) 3:27. doi: 10.1186/1479-5876-3-27

31. Zhao, H, Chu, M, Huang, Z, Yang, X, Ran, S, Hu, B, et al. Variations in oral microbiota associated with oral cancer. Sci Rep (2017) 7(1):11773. doi: 10.1038/s41598-017-11779-910.1038/s41598-017-11779-9

32. Al-Hebshi, NN, Nasher, AT, Maryoud, MY, Homeida, HE, Chen, T, Idris, AM, et al. Inflammatory bacteriome featuring Fusobacterium nucleatum and Pseudomonas aeruginosa identified in association with oral squamous cell carcinoma. Sci Rep (2017) 7(1):1834. doi: 10.1038/s41598-017-02079-310.1038/s41598-017-02079-3

33. Lee, WH, Chen, HM, Yang, SF, Liang, C, Peng, CY, Lin, FM, et al. Bacterial alterations in salivary microbiota and their association in oral cancer. Sci Rep (2017) 7(1):16540. doi: 10.1038/s41598-017-16418-x10.1038/s41598-017-16418-x

34. Bornigen, D, Ren, B, Pickard, R, Li, J, Ozer, E, Hartmann, EM, et al. Alterations in oral bacterial communities are associated with risk factors for oral and oropharyngeal cancer. Sci Rep (2017) 7(1):17686. doi: 10.1038/s41598-017-17795-z10.1038/s41598-017-17795-z

35. Edgar, RC. Search and clustering orders of magnitude faster than BLAST. Bioinformatics (2010) 26(19):2460–1. doi: 10.1093/bioinformatics/btq461

36. Edgar, RC, Haas, BJ, Clemente, JC, Quince, C, and Knight, R. UCHIME improves sensitivity and speed of chimera detection. Bioinformatics (2011) 27(16):2194–200. doi: 10.1093/bioinformatics/btr381

37. Edgar, RC. UPARSE: highly accurate OTU sequences from microbial amplicon reads. Nat Methods (2013) 10(10):996–8. doi: 10.1038/nmeth.2604

38. Caporaso, JG, Kuczynski, J, Stombaugh, J, Bittinger, K, Bushman, FD, Costello, EK, et al. QIIME allows analysis of high-throughput community sequencing data. Nat Methods (2010) 7(5):335–6. doi: 10.1038/nmeth.f.303

39. Wang, Q, Garrity, GM, Tiedje, JM, and Cole, JR. Naive Bayesian classifier for rapid assignment of rRNA sequences into the new bacterial taxonomy. Appl Environ Microbiol (2007) 73(16):5261–7. doi: 10.1128/AEM.00062-07

40. Cole, JR, Wang, Q, Fish, JA, Chai, B, McGarrell, DM, Sun, Y, et al. Ribosomal Database Project: data and tools for high throughput rRNA analysis. Nucleic Acids Res (2014) 42(Database issue):D633–42. doi: 10.1093/nar/gkt1244

41. Dhariwal, A, Chong, J, Habib, S, King, IL, Agellon, LB, and Xia, J. MicrobiomeAnalyst: a web-based tool for comprehensive statistical, visual and meta-analysis of microbiome data. Nucleic Acids Res (2017) 45(W1):W180–W8. doi: 10.1093/nar/gkx295

42. Afgan, E, Baker, D, Batut, B, van den Beek, M, Bouvier, D, Cech, M, et al. The Galaxy platform for accessible, reproducible and collaborative biomedical analyses: 2018 update. Nucleic Acids Res (2018) 46(W1):W537–W44. doi: 10.1093/nar/gky379

43. Basu, S, Kumbier, K, Brown, JB, and Yu, B. Iterative random forests to discover predictive and stable high-order interactions. Proc Natl Acad Sci U.S.A. (2018) 115(8):1943–8. doi: 10.1073/pnas.1711236115

44. Kelly, BJ, Gross, R, Bittinger, K, Sherrill-Mix, S, Lewis, JD, Collman, RG, et al. Power and sample-size estimation for microbiome studies using pairwise distances and PERMANOVA. Bioinformatics (2015) 31(15):2461–8. doi: 10.1093/bioinformatics/btv183

45. Langille, MG, Zaneveld, J, Caporaso, JG, McDonald, D, Knights, D, Reyes, JA, et al. Predictive functional profiling of microbial communities using 16S rRNA marker gene sequences. Nat Biotechnol (2013) 31(9):814–21. doi: 10.1038/nbt.2676

46. Kanehisa, M, and Goto, S. KEGG: kyoto encyclopedia of genes and genomes. Nucleic Acids Res (2000) 28(1):27–30. doi: 10.1093/nar/28.1.27

47. Goodrich, JK, Di Rienzi, SC, Poole, AC, Koren, O, Walters, WA, Caporaso, JG, et al. Conducting a microbiome study. Cell (2014) 158(2):250–62. doi: 10.1016/j.cell.2014.06.037

48. Segata, N, Izard, J, Waldron, L, Gevers, D, Miropolsky, L, Garrett, WS, et al. Metagenomic biomarker discovery and explanation. Genome Biol (2011) 12(6):R60. doi: 10.1186/gb-2011-12-6-r60

49. Johnson, JS, Spakowicz, DJ, Hong, BY, Petersen, LM, Demkowicz, P, Chen, L, et al. Evaluation of 16S rRNA gene sequencing for species and strain-level microbiome analysis. Nat Commun (2019) 10(1):5029. doi: 10.1038/s41467-019-13036-110.1038/s41467-019-13036-1

50. Winand, R, Bogaerts, B, Hoffman, S, Lefevre, L, Delvoye, M, Braekel, JV, et al. Targeting the 16s Rrna Gene for Bacterial Identification in Complex Mixed Samples: Comparative Evaluation of Second (Illumina) and Third (Oxford Nanopore Technologies) Generation Sequencing Technologies. Int J Mol Sci (2019) 21(1):298. doi: 10.3390/ijms21010298

51. Guerrero-Preston, R, Godoy-Vitorino, F, Jedlicka, A, Rodriguez-Hilario, A, Gonzalez, H, Bondy, J, et al. 16S rRNA amplicon sequencing identifies microbiota associated with oral cancer, human papilloma virus infection and surgical treatment. Oncotarget (2016) 7(32):51320–34. doi: 10.18632/oncotarget.9710

52. Yang, CY, Yeh, YM, Yu, HY, Chin, CY, Hsu, CW, Liu, H, et al. Oral Microbiota Community Dynamics Associated With Oral Squamous Cell Carcinoma Staging. Front Microbiol (2018) 9:862:862. doi: 10.3389/fmicb.2018.00862

53. Su, SC, Chang, LC, Huang, HD, Peng, CY, Chuang, CY, Chen, YT, et al. Oral microbial dysbiosis and its performance in predicting oral cancer. Carcinogenesis (2020) 4:bgaa062. doi: 10.1093/carcin/bgaa062

54. Nagy, KN, Sonkodi, I, Szoke, I, Nagy, E, and Newman, HN. The microflora associated with human oral carcinomas. Oral Oncol (1998) 34(4):304–8. doi: 10.1016/S1368-8375(98)80012-2

55. Bolz, J, Dosa, E, Schubert, J, and Eckert, AW. Bacterial colonization of microbial biofilms in oral squamous cell carcinoma. Clin Oral Investig (2014) 18(2):409–14. doi: 10.1007/s00784-013-1007-2

56. de Andrade, KQ, Almeida-da-Silva, CLC, and Coutinho-Silva, R. Immunological Pathways Triggered by Porphyromonas gingivalis and Fusobacterium nucleatum: Therapeutic Possibilities? Mediators Inflammation (2019) 2019:7241312. doi: 10.1155/2019/7241312

57. Whitmore, SE, and Lamont, RJ. Oral bacteria and cancer. PloS Pathog (2014) 10(3):e1003933. doi: 10.1371/journal.ppat.1003933PPATHOGENS-D-13-03323

58. Hajishengallis, G, and Lamont, RJ. Beyond the red complex and into more complexity: the polymicrobial synergy and dysbiosis (PSD) model of periodontal disease etiology. Mol Oral Microbiol (2012) 27(6):409–19. doi: 10.1111/j.2041-1014.2012.00663.x

59. Zhang, L, Liu, Y, Zheng, HJ, and Zhang, CP. The Oral Microbiota May Have Influence on Oral Cancer. Front Cell Infect Microbiol (2019) 9:476:476. doi: 10.3389/fcimb.2019.00476

60. Lim, Y, Fukuma, N, Totsika, M, Kenny, L, Morrison, M, and Punyadeera, C. The Performance of an Oral Microbiome Biomarker Panel in Predicting Oral Cavity and Oropharyngeal Cancers. Front Cell Infect Microbiol (2018) 8:267:267. doi: 10.3389/fcimb.2018.00267

61. Pavlopoulou, A, Savva, GD, Louka, M, Bagos, PG, Vorgias, CE, Michalopoulos, I, et al. Unraveling the mechanisms of extreme radioresistance in prokaryotes: Lessons from nature. Mutat Res Rev Mutat Res (2016) 767:92–107. doi: 10.1016/j.mrrev.2015.10.001

62. Zhang, Z, Yang, J, Feng, Q, Chen, B, Li, M, Liang, C, et al. Compositional and Functional Analysis of the Microbiome in Tissue and Saliva of Oral Squamous Cell Carcinoma. Front Microbiol (2019) 10:1439:1439. doi: 10.3389/fmicb.2019.01439

63. Chang, C, Geng, F, Shi, X, Li, Y, Zhang, X, Zhao, X, et al. The prevalence rate of periodontal pathogens and its association with oral squamous cell carcinoma. Appl Microbiol Biotechnol (2018) 103(3):1393–404. doi: 10.1007/s00253-018-9475-610.1007/s00253-018-9475-6

64. Yu, T, Guo, F, Yu, Y, Sun, T, Ma, D, Han, J, et al. Fusobacterium nucleatum Promotes Chemoresistance to Colorectal Cancer by Modulating Autophagy. Cell (2017) 170(3):548–63 e16. doi: 10.1016/j.cell.2017.07.008

65. Komiya, Y, Shimomura, Y, Higurashi, T, Sugi, Y, Arimoto, J, Umezawa, S, et al. Patients with colorectal cancer have identical strains of Fusobacterium nucleatum in their colorectal cancer and oral cavity. Gut (2018) 68(7):1335–7. doi: 10.1136/gutjnl-2018-316661

66. Siddiqui, A, and Ceppi, P. A non-proliferative role of pyrimidine metabolism in cancer. Mol Metab (2020) 35:100962. doi: 10.1016/j.molmet.2020.02.005

67. Dietlein, F, Thelen, L, and Reinhardt, HC. Cancer-specific defects in DNA repair pathways as targets for personalized therapeutic approaches. Trends Genet (2014) 30(8):326–39. doi: 10.1016/j.tig.2014.06.003

68. Bradner, JE, Hnisz, D, and Young, RA. Transcriptional Addiction in Cancer. Cell (2017) 168(4):629–43. doi: 10.1016/j.cell.2016.12.013

69. Lee, LJ, Papadopoli, D, Jewer, M, Del Rincon, S, Topisirovic, I, Lawrence, MG, et al. Cancer Plasticity: The Role of mRNA Translation. Trends Cancer (2020) 7(2):134–45. doi: 10.1016/j.trecan.2020.09.005

70. Berdis, AJ. Inhibiting DNA Polymerases as a Therapeutic Intervention against Cancer. Front Mol Biosci (2017) 4:78:78. doi: 10.3389/fmolb.2017.00078

71. Yost, S, Stashenko, P, Choi, Y, Kukuruzinska, M, Genco, CA, Salama, A, et al. Increased virulence of the oral microbiome in oral squamous cell carcinoma revealed by metatranscriptome analyses. Int J Oral Sci (2018) 10(4):32. doi: 10.1038/s41368-018-0037-710.1038/s41368-018-0037-7

72. Miller, CS, and Johnstone, BM. Human papillomavirus as a risk factor for oral squamous cell carcinoma: a meta-analysis, 1982-1997. Oral Surg Oral Med Oral Pathol Oral Radiol Endod (2001) 91(6):622–35. doi: 10.1067/moe.2001.115392

73. Prabhu, SR, and Wilson, DF. Human papillomavirus and oral disease - emerging evidence: a review. Aust Dent J (2013) 58(1):2–10; quiz 125. doi: 10.1111/adj.12020

74. Gupta, S. Role of human papillomavirus in oral squamous cell carcinoma and oral potentially malignant disorders: A review of the literature. Indian J Dent (2015) 6(2):91–8. doi: 10.4103/0975-962X.155877IJDENT-6-91

75. Feller, L, Khammissa, RA, Wood, NH, and Lemmer, J. Epithelial maturation and molecular biology of oral HPV. Infect Agent Cancer (2009) 4:16. doi: 10.1186/1750-9378-4-16

76. Scheifele, C, and Reichart, PA. [Oral leukoplakia in manifest squamous epithelial carcinoma. A clinical prospective study of 101 patients]. Mund Kiefer Gesichtschir (1998) 2(6):326–30. doi: 10.1007/s100060050081

77. Sudbo, J, and Reith, A. Which putatively pre-malignant oral lesions become oral cancers? Clinical relevance of early targeting of high-risk individuals. J Oral Pathol Med (2003) 32(2):63–70. doi: 10.1034/j.1600-0714.2003.00054.x

78. van der Waal, I. Potentially malignant disorders of the oral and oropharyngeal mucosa; present concepts of management. Oral Oncol (2010) 46(6):423–5. doi: 10.1016/j.oraloncology.2010.02.016

79. Licitra, L, Perrone, F, Bossi, P, Suardi, S, Mariani, L, Artusi, R, et al. High-risk human papillomavirus affects prognosis in patients with surgically treated oropharyngeal squamous cell carcinoma. J Clin Oncol (2006) 24(36):5630–6. doi: 10.1200/JCO.2005.04.6136



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Sarkar, Malik, Laha, Das, Bunk, Ray, Chatterjee and Saha. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.











	
	ORIGINAL RESEARCH
published: 04 March 2021
doi: 10.3389/fonc.2021.626394






[image: image2]

Photodynamic Therapy as an Alternative Therapeutic Tool in Functionally Inoperable Oral and Oropharyngeal Carcinoma: A Single Tertiary Center Retrospective Cohort Analysis

Arnaud Lambert1,2, Lotte Nees1, Sandra Nuyts3,4, Paul Clement5, Jeroen Meulemans1, Pierre Delaere1 and Vincent Vander Poorten1,2*


1Department of Otorhinolaryngology, Head and Neck Surgery, University Hospitals Leuven, Leuven, Belgium

2Department of Oncology—Section Head and Neck Oncology, KU Leuven, Leuven, Belgium

3Department of Oncology—Section Experimental Radiotherapy, KU Leuven, Leuven, Belgium

4Radiation Oncology, University Hospitals Leuven, Leuven, Belgium

5Department of Oncology—Section Experimental Oncology, KU Leuven, Leuven, Belgium

Edited by:
Cesare Piazza, University of Brescia, Italy

Reviewed by:
Catriona M. Douglas, NHS Greater Glasgow and Clyde, United Kingdom
 Thomas Gander, University Hospital Zürich, Switzerland

*Correspondence: Vincent Vander Poorten, vincent.vanderpoorten@uzleuven.be

Specialty section: This article was submitted to Head and Neck Cancer, a section of the journal Frontiers in Oncology

Received: 05 November 2020
 Accepted: 08 February 2021
 Published: 04 March 2021

Citation: Lambert A, Nees L, Nuyts S, Clement P, Meulemans J, Delaere P and Vander Poorten V (2021) Photodynamic Therapy as an Alternative Therapeutic Tool in Functionally Inoperable Oral and Oropharyngeal Carcinoma: A Single Tertiary Center Retrospective Cohort Analysis. Front. Oncol. 11:626394. doi: 10.3389/fonc.2021.626394



Background: Head and neck cancer is typically treated with surgery, radiotherapy, chemoradiation, or a combination of these treatments. This study aims to retrospectively analyse oncological outcomes, adverse events and toxicity of treatment with temoporfin-mediated photodynamic therapy at a single tertiary referral center. More specifically, in a selected group of patients with otherwise (functionally) inoperable oral or oropharyngeal head and neck squamous cell carcinoma.

Methods: Twenty-six consecutive patients who received photodynamic therapy for oral or oropharyngeal squamous cell carcinoma from January 2002 until July 2019 at the University Hospitals Leuven were included. These were (1) patients with an accessible recurrent or new primary tumor in an extensively treated area of the head and neck, not suitable for standard treatment, or (2) patients that were judged medically unfit to undergo standard treatment modalities.

Results: Complete tumor response immediately after PDT was obtained in 76.9% of cases. During follow-up, a proportion of CR patients did recur, to reach recurrence-free rates at six months, one year and two years of 60.6%, 48.5% and 32.3%. Local control at the PDT treated area was 42.3% with a median recurrence free interval time of 9 months. Recurrence-free interval was statistically more favorable for oropharyngeal squamous cell carcinoma (with or without oral cavity extension) in comparison to oral cavity squamous cell carcinoma alone (p < 0.001). During a median follow-up period of 27 months, we report new tumor activity in 80.8% of patients. Median overall and disease-specific survival time was 31 and 34 months, respectively. Most reported adverse events were pain after treatment and facial edema. At the end of follow-up, swallowing and upper airway functionality were preserved in 76.9 and 95.7% of patients, respectively.

Conclusion: Photodynamic therapy is a valuable treatment option in highly selected patients with oral and/or oropharyngeal (functionally) inoperable head and neck squamous cell carcinoma. Treatment with this alternative modality can induce durable local control in an important fraction of treated patients, with an acceptable toxicity profile.

Keywords: photodynamic therapy, oral, oropharyngeal, outcome, head and neck squamous cell carcinoma


INTRODUCTION

Head and neck cancer is a major health problem with substantial morbidity and mortality. Worldwide, this is the sixth most common cancer (1) and the eight most common cause of cancer-related death (2). In Belgian men, it is the fourth most common cancer, with an incidence of 36.2 per 100,000 people in 2016. The median age of patients with oral cavity and pharyngeal cancer at diagnosis in Belgian patients is 63.7 years in men and 65.8 years in women. For newly diagnosed cases in Belgium from 2012 until 2016, the 5-year relative survival rate is 51.2 and 59.4% for men and women, respectively (3). Despite the progress in standard treatment, tumor recurrence and second primary tumors occur in many patients after extensive combined treatment, which poses the need for novel therapies.

In this study, we investigate the oncological outcome and adverse events (AE) of photodynamic therapy (PDT), as a mildly invasive treatment alternative for head and neck cancer. It combines a photosensitizing agent, oxygen and a light source of a specific activating wavelength to establish a cytotoxic effect (4). The intravenously injected photosensitizing agent concentrates preferably in tumor tissue as compared to adjacent healthy tissue because it is taken up by cells with an elevated metabolic rate that have, in addition, less potency to get rid of the drug by exocytosis compared to healthy cells. Approximately 4–5 days (96–120 h) following injection, the ratio of photosensitizer concentration in tumor as opposed to healthy tissue is maximal. Illumination is performed by a laser that is set to a specific wavelength in relation to the absorption characteristics of the administrated photosensitizer. The activation of the photosensitizer by the emitted photons during illumination, creates an excited state that can either emit fluorescence to lose excess energy or form a triplet state of the photosensitizer. Combined with oxygen, this activated state interacts with organic molecules producing free radicals that are cytotoxic and vasculotoxic, provoking apoptosis, and a local inflammatory response which can cause a systemic antitumor immunological reaction (5, 6). Consequently, it causes tumor necrosis and ischemia. The tissue neighboring the illuminated area is, in part, spared because of the significantly lower concentration of photosensitizer stored in healthy cells. As a result, its architecture and collagen framework is protected and this facilitates recovery (7). In the past, PDT was not used very widely because of the lack of an appropriate photosensitizer. Since the development of second-generation photosensitizers that have more depth of penetration and less side effects, there is an increasing interest in PDT (8). We use one of the most potent available second generation photosensitizers, meta-tetra(hydroxyphenyl)chlorin (mTHPC), which has a maximal absorption peak at 652 nm, necessitating a diode laser with exactly this wavelength (9).

Ablative surgery and radiation therapy with or without chemotherapy are the most commonly used therapeutic options in head and neck oncology. PDT offers an alternative treatment modality, in well-selected patients possibly providing local tissue preservation resulting in less post-treatment morbidity and a better functional outcome while maintaining adequate local tumor control. In contrast, ablative surgery in these instances can result in significant loss of function regarding speech and swallowing as well as a poor cosmetic outcome (5, 10). Radiotherapy, especially re-irradiation, while sparing the local anatomy, is at risk of rendering the tissue afunctional due to radiation induced fibrosis or necrosis (11). PDT, however, also has complications, such as pain, burns and edema of the tongue (5, 7).

In PDT, the photosensitizer can be activated by superficial illumination to a depth of 2–10 mm due to the physical properties of the used wavelength of light in combination with the tissue properties; as such it is effective only for superficial tumors. For tumors with a depth of more than 10 mm, interstitial PDT (iPDT), i.e., bypassing the issue of depth of tumor invasion by implanting the tumor with light sources (laser fibers) (5) can be an alternative. A systematic review by De Visscher et al. illustrated that PDT for head and neck squamous cell carcinomas (HNSCC) in the palliative setting enhanced the quality of life in patients with limited remaining treatment options. In a curative setting, they concluded that there were not enough data to support its use (12).

We conducted this retrospective cohort study in our tertiary care center to evaluate treatment with Temoporfin-mediated PDT for oral cavity and oropharyngeal cancer. This treatment option is offered to a small selected subgroup of patients with a history of head and neck cancer already treated with conventional therapeutic strategies, especially when a significant functional impairment is expected when treated with either salvage surgery or (re-)irradiation. Provided the tumor is locally accessible for illumination, our multidisciplinary tumor board typically advises the use of PDT as a means to offer a less invasive and less toxic alternative as opposed to major ablative surgery or (re-)irradiation, respectively. In this study, patient characteristics, outcome and reported adverse effects were investigated and subsequently compared to data in the literature.



MATERIALS AND METHODS


Patients

In this retrospective cohort study, all consecutive patients with oral cavity and or oropharyngeal cancer treated with mTHPC photodynamic therapy at the University Hospitals Leuven from January 2002 until July 2019 were included. All PDT treatments were performed by one senior head and neck surgeon (Vander Poorten V.). Treatment with mTHPC was offered if the tumor board concluded no other conventional treatment option to be suitable other than palliative chemotherapy or immunotherapy. Patients were selected for this treatment in case of (1) local recurrence or a new primary, without evidence distant metastasis, following extensive previous treatments including surgery, radiation or chemoradiation, where salvage surgery or re-irradiation is not an option, (2) surgically unacceptable functional impairment [functional inoperability (13)] or (3) patient refusal or being medically unfit to undergo conventional treatments. The accessibility of the tumor for superficial illumination was a prerequisite for PDT treatment selection. In tumors more difficult to access with perpendicular superficial illumination, interstitial PDT was used. The study population consists of 26 patients (10 women, 16 men) with a median mean age of 59 years old. Data of all included patients were extracted from their electronic medical file. The patient characteristics including substance abuse risk factors are listed in Table 1.


Table 1. Patient characteristics: Age, gender, and risk factors for n = 26 patients, with oral cavity and/or oropharyngeal cancer treated with photodynamic therapy.
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Methods

Upon selection, the tumor location was specified and the tumor area and invasion depth were measured using high resolution CT scan, MRI scan or clinically if there was no evidence for the presence of a tumor on imaging or the measurements were not specified. A senior pathologist evaluated the histology. Previous treatments details for the index head and neck tumor (radiation, surgery, or chemotherapy) and smoking and alcohol consumption were extracted from the patient's medical file. The TNM classification (UICC 7th edition) was used to describe the locoregional anatomical extent of the tumor. Seventy-two to one-hundred and twenty hours (mean: 97.8 h, SD: 9.4) following intraveneous mTHPC administration, laser illumination was performed under general anesthesia using a Ceralas® 652 nm diode laser with microlens fiber (Biolitec, Jena, Germany). Taking into account a healthy tissue margin around the tumor of 5–10 mm, the remaining surrounding tissue was protected with black shielding wax (Figure 1). Patients were treated with superficial or/and interstitial PDT. During follow-up the treatment specific adverse events, swallowing and upper airway function, and the patients' alcohol use and smoking habits were recorded. Treatment modalities following the (first) PDT session were listed as well. All patients were repeatedly examined in the head and neck area to look for any tumor recurrence or other primary tumor, following a fixed follow-up protocol: 1 visit every 2 months the first 2 years, then every 3 months the 3rd year, every 4 months the 4th year, every 6 months the 5th year, and finally yearly until 10 years of follow-up. Baseline imaging using MRI (magnetic resonance imaging) was routinely obtained within a 2–6 months period for treatment response evaluation (14).
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FIGURE 1. Left panel: Superficial Illumination of a tumor located on the soft palate (T2N0M0). Black shielding wax protects the surrounding tissue during illumination, including a margin of 1 cm. This patient had already received radiotherapy at this site. Right panel: tumor site necrosis of the tumor in the same patient 4 weeks after PDT.


The primary outcomes of this study were:

1. tumor response to PDT, according to the RECIST1.1 (15) criteria: complete response (CR), partial response (PR) (≥30% reduction), stable disease (SD) (30% reduction – 20% increase) and progressive disease (PD) (≥20% increase). “Complete response” means complete resolution without clinical and radiological (MR/CT) evidence of tumor activity after PDT;

2. overall survival (time between the mTHPC injection and death or censoring/last follow-up), disease-free survival (time between mTHPC injection and first tumor recurrence/second primary tumor or last follow-up without disease) and disease-specific survival (time between mTHPC injection and death, patients that died from another cause being censored).

Secondary outcome was the occurrence of adverse events. Recorded adverse events were: pain, skin burns (due to inadvertent light exposure of the skin during the hypersensitive period following Temoporfin injection; graded and followed-up by our burns center), edema (as occurring in the entire head and neck region: facial, oral cavity, pharyngeal, and laryngeal edema). “Injection site reaction” was defined as every deviation from an uncomplicated injection at the site of mTHPC injection, including erythema during or after the administration, burns, pain, itch, hematoma, and swelling. Necrosis of the illuminated area is an expected consequence of PDT. This can be an adverse event if it is too extensive. Our policy is that every side effect is systematically noted in the electronic patient file. If there were no adverse events documented in the medical file, this means none had occurred. If any AE was documented more than 1 year after PDT, this was not assumed to be caused by PDT.



Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics (version 27). Overall and disease-specific survival were assessed using the Kaplan-Meier method, as well as the recurrence-free interval. Univariate log-rank analysis was used to compare survival data between subgroups. An unpaired T-test was used to compare the means of two subgroups. Chi-square analysis was used to detect significant correlations between independent variables. Statistical significance was defined at the p < 0.05 level.



Ethical Considerations

This study was carried out according to the prevailing ethical standards after obtaining approval by the Ethical Committee of the University Hospitals Leuven (approval number: MP010447).




RESULTS


Patient Characteristics

Twenty-six patients received PDT in the University Hospitals Leuven. Two out of three patients were male (n = 16, 61.5%). The mean age at PDT was 61 years, with a minimum age of 47 and a maximum age of 79 years old. The vast majority of our patient population (n = 21, 80.8%) had a history of combined smoking and alcohol abuse. Three patients consumed alcohol alone. Of the remaining two patients, one was only a smoker and the other had no history in alcohol or smoking consumption whatsoever (Table 1). More than half (n = 14, 53.8%) of the patient population had undergone a combination of ablative surgery and radiotherapy before receiving PDT, six patients (23.1%) had a history of primary radiotherapy treatment, two patients (7.7%) received concurrent chemo- and radiotherapy before PDT and two patients (7.7%) had ablative surgery alone before PDT. One patient had a history of concurrent chemoradiation as well as ablative surgery before receiving PDT. Evidently, most of the patient population already had an extensive head and neck cancer history. In one patient PDT was selected as a suitable primary treatment modality: this patient had a large erythroplakia lesion with some invasive SCC spots located on the soft palate with extensions to the right retromolar trigone. This patient was very frail with a history of alcohol abuse, Korsakoff disease, and chronic kidney failure, making her unsuitable for ablative surgery or a full course of radiotherapy. The oncological and treatment history in terms of primary head and neck tumors before the oral cavity/oropharyngeal tumor treated with PDT is listed in Table 2, as well as an overview of recurrences before PDT treatment in Table 3. The mean time between the first primary tumor and the tumor treated with PDT varied from 7 to 348 months, with a median time of 66.5 months or 5.5 years.


Table 2. Tumor characteristics of primary head and neck SCC before diagnosis and treatment of the PDT tumor in 26 patients.
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Table 3. Tumor characteristics of head and neck SCC recurrences before diagnosis and treatment of PDT tumor in 26 patients.

[image: Table 3]



Tumor Characteristics

The most common anatomical site where PDT treatment was performed, was the oropharynx (n = 14, 53.8%), followed by the oral cavity (n = 8, 30.8%) and a combination of both locations (n = 4, 15.4%). Compared to the site of the first primary head and neck tumor in each patient, half of the tumors (n = 13, 50%) treated with PDT were located at a different site than their primary head and neck tumor; resulting in twelve patients (46.2%) with a new primary tumor and one patient where the tumor was in fact the first primary. The other half of tumors treated with PDT presented either as a first recurrence of the first primary (n = 7, 26.9%), a second recurrence of the first primary (n = 4, 15.4%) or a first recurrence of a second primary (n = 2, 7.7%). Of oropharyngeal anatomical subsites, the tumors treated with PDT were most frequently located on the soft palate (n = 10, 38.5%). Other subsites were more or less equally distributed between the lateral tonsillar wall or glossotonsillar sulcus (n = 2, 7.7%), the base of the tongue or vallecula (n = 3, 11.5) and the posterior pharyngeal wall (n = 3, 11.5%). The retromolar trigone or inner cheek area was mostly affected in the oral cavity (n = 8, 30.8%), usually in continuity with an adjacent subsite of the oral cavity (hard palate, lateral tongue) or oropharynx (soft palate). Only two cases presented as an isolated retromolar trigone tumor. Tumor characteristics and PDT treatment specifics per case are illustrated in Tables 4, 5 respectively.


Table 4. Tumor specific characteristics of 26 patients receiving photodynamic therapy for cancer of the oral cavity or oropharynx with oral cavity extension.
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Table 5. Photodynamic treatment type and associated interventions for 26 patients receiving therapy for cancer of the oral cavity or oropharynx with oral cavity extension.
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Treatment Characteristics

mTHPC was administered to the patients at a dose of 0.15 mg/kg. This resulted in a mean dose of 9.28 mg (median: 9.15 mg, range 5.55–12.90 mg) during a mean intravenous infusion time of 7.7 minutes (median: 8 min, range 5–10 min). The laser illumination had a mean total energy of 0.66 Watt per spot (median: 0.67 Watt, range 0.1–1.45 Watt). The superficially illuminated area consisted of one or more spots, with a mean spot size of 3 cm and a maximum spot size of 4 cm. If larger areas needed to be illuminated, several overlapping spots were used, with a mean of 3 spots (median: 3, range 1–4 spots). As a standard for superficial PDT every spot was illuminated for 200 s. Superficial PDT with surface illumination alone was performed in 76.9% (n = 20) of the patients, interstitial PDT in 7.7% (n = 2) and a combination of both surface and interstitial PDT in 15.4% (n = 4) of the patients. Of the 26 patients, two patients received interstitial PDT and four patients received a combination of interstitial PDT and superficial illumination. For interstitial PDT, minimum 4 and maximum 14 bare fibers were placed in the tumor tissue (mean: 9 fibers). The mean length of stay in the hospital was 17 days (median: 12.5 days, range 7–40 days). This includes pre-operative evaluation at the first date of admission, as well as any concomitant treatments performed before illumination (e.g., planned tracheotomy, neck dissection). After PDT illumination, the median length of stay in the hospital was 7 days (range 3–34 days). Follow-up ranged from 2 to 129 months, with a median time of 29.5 months. Out of our group of 26 patients 76.9% (n = 20) died during follow-up and six patients were alive at the end of follow-up. Median follow-up in these 6 patients is 22.5 months with a minimum of 3 months and a maximum of 62 months (median 22.5 months).



Tumor Response

Complete response was obtained in 76.9% (n = 20) of the treated tumors at a mean follow-up time of 36.55 months (min: 2, max 129, and median 30.5 months). A partial tumor response was seen in 11.5% (n = 3) with a median follow-up time of 15 months. An equal amount of patients (11.5%, n = 3) presented with progressive disease within a median follow-up time of 6 months. Out of the 20 patients treated with surface illumination alone, 17 tumors showed complete response, one partial response and two tumors exhibited progressive disease. Four patients were treated with a combination of surface illumination and interstitial PDT, resulting in two complete and two partial responses. Finally, two patients were treated with interstitial PDT alone, showing complete response in one and progressive disease in the other. In Table 6, we provide an overview of the tumor response per PDT modality in relation to anatomical site subgroup (oral cavity alone vs. oropharynx ± oral cavity extension). Chi-square analysis shows a significant correlation favoring complete tumor response in the oropharynx subgroup (p = 0.03). No significant difference was found between superficial PDT, interstitial or combined PDT.


Table 6. Overview of tumor response according to RECIST criteria per subgroup and per PDT modality.
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Recurrence

Recurrence at the same site as the illumination area or at another site in the head and neck region (new primary tumor) occurred in the majority of the patients (80.8%, n = 21). In our case series 42.3% (n = 11) of tumors did not recur at the illuminated area. The median follow-up period of these patients was 27 months (range: 2–90; mean: 29.55 months). Consequently 57.7% (n = 15) did recur locally at a median follow-up time of 5 months (mean: 8.6 months). Overall recurrence, locally as well as at other sites in the head and neck area, occurred after a median time of 8 months, with a minimum of 22 days and a maximum of 90 months. The median follow-up time in the overall non-recurring patient group was 31 months (range: 2–52 months). About one third of our patients (n = 9, 34.6%) developed a separate primary tumor outside of the head and neck region in their follow-up period after PDT. Notably, the sites of these new primary tumors are also notoriously associated with alcohol abuse and smoking: esophageal cancer (n = 4), lung cancer (n = 3), breast cancer (n = 1), and bladder cancer (n = 1). Other separate primary tumors were prostate cancer and sarcoma. Six patients out of the 21 with a recurrence, developed this recurrence at a different or adjacent site in relation to the PDT treated area. This could be in the same subsite, but not in the illuminated tissue area, otherwise the recurrence was labeled as a local recurrence. Hence, the other 15 recurrences were identified as local recurrences, specifically at the level of the oropharynx (n = 8/15, 53.3%), the oral cavity (n = 5/15, 30%) or a combination of both (n = 2/15, 13.3%). In 90.5% (n = 19/21) of the patients who had head and neck tumor recurrence, local or otherwise, this was proven with a biopsy. In only two patients (n = 2/21, 9.5%), recurrence was based on clinical and radiological findings. Both these patients presented with a local recurrence in the previously illuminated site. Figure 2 shows a Kaplan–Meier plot of the recurrence-free interval after PDT. Two patients received more than one treatment with PDT. More specifically, one patient underwent a second (surface illumination) and third (interstitial) treatment with PDT because of incomplete response (oral cavity) and recurrence (oropharynx), respectively, with 5 and 7 months in between treatments, respectively. The second patient received a second treatment with surface illumination because of recurrence in the oropharynx, at another location as the first tumor treated with PDT 27 months earlier. After 6 months there was a new recurrence at the same site.
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FIGURE 2. Kaplan–Meier plot showing overall survival of PDT patients, starting from illumination date to endpoint defined as either overall death or alive at last follow-up (FU).


Median recurrence-free interval (RFI) is 9 months. Recurrence-free rates at 6 months, 1, and 2 years are 60.6, 48.5, and 32.3%. Five patients remained recurrence-free during the follow-up period. There was no statistically significant difference in RFI between tumors originating from a recurrence of an earlier primary in comparison to PDT tumors being a new primary (p = 0.209). A significantly worse RFI (p < 0.001) was observed in patients presenting with an oral cavity (OC) tumor alone, as opposed to those with an oropharyngeal tumor with or without oral cavity extension (OP ± OC). Median RFI was 3 months in the OC alone group and 22 months in the OP ± OC group (Figure 4).



Survival

A lot of heterogeneity existed in whether or not the primary head and neck cancer was actually related with the tumor treated for PDT. Therefore, even though most patients were already under follow-up and care for a previous primary head and neck cancer, starting point for the survival plots was taken as the date of PDT illumination. Median overall survival (OS) of all treated patients was 31 months (mean: 36.6 months, range 2–129 months). Of 26 patients, three are alive to date and still in follow-up at 14, 46 and 47 months. Overall survival at 6 months, 1, and 2 years was 88.1, 80.1, and 59.2%, respectively. The 5-year overall survival was 24.2% (Figure 1). The majority of the patients died because of the tumor (n = 16, 61.5%), 26.9% (n = 7) died due to another cause (e.g., subdural hematoma, heart failure, other tumors, or unknown causes). The median disease-specific survival (DSS) was 34 months (mean: 51 months). Disease-specific survival at 6 months, 1, and 2 years was 91.7, 83.3, and 61.6%, respectively. The 5 year DSS was 36.6%. In comparing the PDT tumors regarded as a new primary in comparison to those being recurrences from earlier head and neck tumors, no statistically significant difference in survival was found (OS p = 0.209; DSS p = 0.907, and RFS p = 0.665). Similarly, there were no significant differences between the OC alone group and the OP ± OC when comparing OS (p = 0.399) and DSS plots (p = 0.210). Figures 2, 3 show the Kaplan–Meier plots on OS and DSS after PDT. Other factors such as age, gender, TNM classification, and substance abuse were examined but had no statistical significant impact on any survival plot. No significant difference was found in regards to PDT treatment type (superficial PDT vs. interstitial ± superficial PDT). Notably, complete tumor response as opposed to incomplete response (defined as partial response, stable disease, or progressive disease) showed no significant difference in terms of overall or disease specific survival.
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FIGURE 3. Kaplan–Meier plot showing disease-specific survival from PDT illumination date to endpoint defined as either tumor related death, other cause of death or alive at last follow-up (FU).




Adverse Events and Toxicity of Treatment

During hospitalization and follow-up, all adverse events (AE) were documented in the patient files. To get a clear view on PDT toxicity, we collected information on the frequency and duration of pain, swallowing impairment and the need for tube feeding, airway management (tracheostomy), treated area (tumor site) necrosis and duration of tissue healing, as well as any other local or systemic adverse event potentially linked to PDT.

All patients required a variable level of pain medication during and after treatment. Our department monitors pain daily with a visual analog pain scale (VAS 0–10) since 2010, so we only have scored data on pain during hospitalization in PDT patients treated after 2010 (n = 13, 50%). Median pain level at the day of treatment was a VAS score of 8 (n = 10, range: 0–10), at 1 day post-illumination the median pain level was VAS score of 5 (n = 13, range 0–7) and after 7 days we noted a median VAS score of 3 (n = 13, range 0–6). Lastly, to assess the need for pain medication after discharge we reviewed the documented pain medication intake 1 month post PDT. We divided the need for pain medication in the following categories: no need for pain medication, conventional oral medication only (paracetamol, NSAID), conventional oral pain medication in conjunction with oral opioid medication and lastly the necessity for transcutaneous continuous opioid pain medication. In five patient case files there was no mention of pain medication and this was regarded as missing data. At 1 month, a minority of patients was pain free without any medication (n = 7, 26.9%), over half of our patients (n = 14, 53.8%) had controlled pain levels using appropriate pain medication. Of these, five (35.7%) needed conventional pain medication only, three (21.4%) needed an additional oral opioid and six (42.9%) were dependent on continuous transcutaneous opioid medication for pain relief. After discharge we documented four readmissions (15.4%) within 1 month after discharge, three because of pain and dysphagia, one patient was admitted due to an aspiration pneumonia. One patient only reported inadequate pain relief and was discharged 2 days later. Another patient with mainly dysphagia received a reintroduction of nasogastric tube for feeding and was discharged with the nasogastric tube 6 days later. The last patient who was readmitted presented with pain and secondary dysphagia, after adjusting the pain medication discharge was possible at day 11.

Swallowing capacity of these patients is undeniably affected by PDT treatment in the short-term post-treatment period. Partially on its own due to tissue necrosis and loss of function to some degree, but also due to the associated pain. Over half of the patient population did not require any tube feeding (n = 15, 57.5%) in the hospital. Planned tube feeding was foreseen for the remaining eight patients. The majority of planned tube feeding was anticipated for the oropharyngeal tumors (n = 4 NGT, n = 2 PEG, n = 1 pre-existing PEJ) as opposed to the oral cavity tumors (n = 1 NGT). Five patients received a nasogastric tube at the time of hospitalization, two patients a planned percutaneous gastrostomy (PEG) tube, and one patient had a pre-existing percutaneous jejunostomy (PEJ) tube. The remaining three patients that required unplanned nasogastric tube feeding for dysphagia in the short term period were: two patients during readmission and one patient due to an unforeseen emergency tracheotomy and admittance to the ICU. Four out of the five patients with planned nasogastric tube feeding had their feeding tubes successfully removed by a median time of 13.5 days (range: 5–8 days, mean 12.5). Unfortunately two patients out of those four needed their nasogastric tube reintroduced within the short term follow-up period of 1 month. One patient out of the total five could not be accounted for, regarding timing of tube removal, due to transfer to another center for revalidation purposes. Standardized swallowing scores were not routinely used to assess swallowing capabilities outside of prospective controlled studies, as this is a retrospective case study we have no standardized evaluation data to report. However, clinically at the end of a median follow-up time of 29.5 months, the majority of patients (n = 18, 69.2%) had full oral intake. In those remaining eight who did eventually receive a PEG/PEJ tube (either planned or otherwise), two patients had their PEG tube successfully removed, two patients were co-dependent on tube feeding and oral feeding, three patients had hardly any oral feeding capability and mainly relied on tube feeding. Finally, one patient was entirely dependent on tube feeding due to aspiration risk. Thus, a clinically functional and preserved swallowing function could be observed for 76.9% (n = 20/26) of cases. Partially preserved swallowing function was present in 7.7% (n = 2/26) and dysfunctional swallowing with persistent dysphagia was present in 11.5% (n = 3/26) of patients. Only one patient (3.8%) showed complete loss of swallowing function due to treatment and was completely dependent on PEG tube.

The overall majority of patients was treated with PDT without a planned tracheotomy (n = 15, 57.7%). Three patients already had a permanent tracheostoma due to a laryngectomy in the past (n = 3, 11.5%). Most tracheostomies (n = 7, 26.9%) were planned and performed in the same hospitalization as the PDT treatment, before mTHPC injection and illumination. All planned tracheostomies were performed for patients that had PDT in the oropharynx. Namely, two out of three base of tongue carcinomas and three out of eight soft palate tumors. All (n = 3) posterior oropharynx tumors had airway management: two received a planned tracheostomy and one had a pre-existing tracheostomy. In only one case an urgent unplanned bedside tracheotomy under local anesthesia was necessary, 2 days after PDT illumination, due to laryngeal edema following prolonged illumination during difficult fiberoptic intubation. Notably this patient in particular had a history of a hemi-laryngectomy with reconstruction and closure of previous tracheostoma. Median duration until decannulation for the planned tracheostomy patients was 24.5 days (n = 6, range: 11–127 days, mean 50 days). Thus, tracheotomy dependency is low with 85.7% decannulation rate (n = 6/7) after PDT treatment. One patient was never decannulated due to progressive disease.

The most expected local adverse event of tumor site necrosis (Figure 1) occurred in 88.5% (n = 23) of cases. In one of three cases without necrosis, progressive disease was present. In the other two cases complete tumor response was observed. We observed that local healing was complete at a median local healing time of 107 days (3–4 months; mean 143, n = 21, range: 30–604 days). In 5 patients failure of observing full healing was due to tumor recurrence in 4 and to a tumor-unrelated death (acute CVA) in the early follow-up period. Out of the four patients with recurrence, according to the RECIST tumor response criteria (15), two presented stable disease and the other two progressive disease at a median follow-up time of 57 days (n = 4, range 22–85 days, mean 55 days). Other local adverse effects in order of prevalence were: facial edema (n = 13, 50%), nasal regurgitation (n = 9, 34.6%), injection site reaction (n = 7, 26.9%), spontaneous burns of various degrees (n = 7, 26.9%), trismus (n = 7, 26.9%), phlebitis (n = 5, 19.2%), necrotizing stomatitis (n = 5.19.2%), oronasal fistula (n = 1, 3.8%) (Figure 5) and velopharyngeal insufficiency (n = 1, 3.8%). Systemic incidental indirect adverse events during hospital stay illustrate the frailty of this patient population and the impact of PDT treatment in this instance: delirium, takotsubo cardiomyopathy, cardiac arrhythmia, urinary retention, aspiration pneumonia, acute cerebrovascular accident (CVA).




DISCUSSION

We studied 26 patients with oral and/or oropharyngeal cancer treated with photodynamic therapy (PDT). Complete tumor response occurred in 20 out of 26 patients (76.9%). Partial response was noted in three cases (11.5%) and progressive disease was observed in the remaining three cases (11.5%). Tan et al. (4) in a multicenter study of 39 patients, report a complete response in 49% of cases. In our study, local control was obtained in 42.3% (n = 11) of the patients. In case of recurrence (n = 21), almost two thirds (n = 5, 71.4%) of the tumors appeared at the same or adjacent site as the illuminated tumor. A possible explanation is field cancerization, which involves the expansion and migration of clonally related preneoplastic cells (16), first described by Slaughter et al. (17) who found histologically altered tissue surrounding squamous cell carcinoma.

In our case series mTHPC (Foscan) was used as the photosensitizing agent, as it is the most potent second generation photosensitizing agent currently available and approved in Europe since 2001 for the palliative use in squamous cell carcinoma of the head and neck (18). Newer alternative photosensitizers, with a more favorable photophysical and pharmacokinetic profile, are in development due to need of prolonged protection from sunlight and other sources of bright light after PDT treatment with mTHPC (19). However, further studies with larger patient populations and longer follow-up are needed to confirm the clinical efficacy of these newer agents. Targeted delivery methods of photosensitizers with various nanoparticles as a carrier system, are also being explored, hopefully further expanding the application of PDT for thick and bulky HNSCC without the need for interstitial PDT (20). In the present study, no significant difference in survival and functional outcome was observed between superficial PDT in comparison to interstitial or combined PDT.

Twenty-one of these patients (80.8%) had a history of combined smoking and alcohol abuse. A synergistic effect is proven of smoking and alcohol on the risk of oral cancer (21, 22). Four patients (15.4%) continued to combine smoking and alcohol consumption after receiving PDT. The higher number of isolated alcohol consumption (n = 9, 34.6%) post-PDT is most likely due to the fact that part of the combination abusers gave up smoking but were not able to stop alcohol consumption entirely. It is no surprise that all but one of these patients had an extensive oncological history in head and neck squamous cell carcinoma (HNSCC) at various sites (Table 2). All were histologically typed as squamous cell carcinoma (SCC) to a variable degree of differentiation, with one verrucous carcinoma. This is in line with the overall percentage of SCC, which accounts for more than 90% of all head and neck cancers (21). Only two patients had a definite negative p16 status, one in each subgroup. The p16 status of the tumors in this study was not systematically assessed, since the cohort spans a broad time-line, dating back to January 2002, before routine p16 staining and HPV in situ hybridization was introduced in our center.

The conventional treatment modalities of HNSCC in the curative setting are primary radio(chemo)therapy, ablative surgery alone, or a combination of both treatments (6). In this retrospective study, 15 patients (57.7%) were treated with a combination of radio(chemo)therapy and ablative surgery prior to illumination. Only one patient received PDT as a first treatment modality, and had not received any prior tumor management. Ablative surgery with broad margins is usually preferred due to higher survival rates. On the other hand, surgery has the disadvantage of being mutilating at times, and depending on the localization, size, and distribution of the tumor, the patient can be functionally inoperable or even oncologically unresectable. When performing PDT however, tumor margins need to be taken in account as well. In the multicenter study by D'cruz et al. (8) a minimal margin of 5 mm was used. Likewise, we also implemented a minimal margin of 5–10 mm healthy tissue margin whenever anatomically possible.

Common morbidity after head and neck oncological surgery for HNSCC is observed in swallowing (dysphagia), loss of speech and/or articulation, unfavorable cosmesis, etc. Nonetheless, radiotherapy also has some common non-negligible complications such as: xerostomia, dysgeusia, dysphagia, and osteoradionecrosis (6).

About one third of our patients (n = 9, 34.6%) developed a separate primary tumor outside of the head and neck region in their follow-up period after PDT. Notably, the sites of these new primary tumors are also notoriously associated with alcohol abuse and smoking: esophageal cancer, lung cancer, breast cancer, and bladder cancer. Other separate primary tumors were prostate cancer and sarcoma (23–25).

Median overall survival in the systematic review of by De Visscher et al. (12) was 8–16 months. In our patient population, median overall survival (OS) was 31 months (2–129 months). We created Kaplan–Meier plots for OS, and DSS (Figures 2, 3, respectively) and reported the median outcome 6 months, 1, 2, and 5 years after PDT. We looked at different variables including gender, age, TNM classification, substance abuse, and number of recurrences for which treatment with PDT. No statistically significant factor with an impact on OS or DSS was identified. This is most likely at least in part due to the small sample size and the rarity of this treatment modality as well as its indication, which defines a selection of patients with superficial tumors without lymph node involvement or distant metastasis. Nevertheless, the long median survival is remarkable. Particularly in oropharyngeal SCC with or without oral cavity extension, we observed a durable local control. These patients were found to have a significantly better recurrence-free interval (p < 0.001) compared to oral cavity SCC alone (Figure 4). This difference in outcome could be due to a fraction of oropharyngeal SCC being HPV-induced, unfortunately the lack of consistent HPV/p16 data prevents us from substantiating this possibility. On the other hand, it is not unlikely that most of these oropharyngeal cancers were not HPV related: most (n = 10, 71.4%) were soft palate tumors and all patients had a strong tobacco and alcohol past. The rate of soft palate tumors in oropharyngeal cases is comparable to the literature, showing a 75% occurrence in the oropharyngeal tumors analyzed in the systematic review by De Visscher et al. (12). We presume that a more favorable exposure for PDT illumination may also have played a role. Finally, more than half (n = 11, 61%) of the oropharyngeal tumors were new primary lesions, whereas tumors in the oral cavity subgroup were more often recurrences (n = 6, 75%). The higher rate of new primary lesions in the oropharynx subgroup might contribute to help explain the significant difference in recurrent free interval. Although a significant correlation was not observed in our case series, De Visscher et al. (12) showed a 83% complete tumor response rate for first primary tumors as opposed to 67% in non-primary tumors (p = 0.001). There is a paucity of data available in regards to HPV status in PDT studies. Many noteworthy reviews (5, 21), case series (4, 19), and systematic reviews (6, 12) make no comment on it. Interestingly, a recent in vitro research study on HPV related sensitivity toward radiation and PDT showed an unexpected but significant difference in sensitivity patterns: Kessel et al. (26) found that a cell line derived from a donor with a HPV infection was more responsive to radiation, but significantly less responsive to PDT than a cell line derived from an HPV-free patient. The authors of this study cannot postulate a simple explanation for this finding, as they observed no impaired photosensitizer uptake or decreased reactive oxygen species formation in the HPV positive cell line. The primary goal of this study was to examine the responsiveness of HPV-negative cells to PDT through paraptosis. Their research shows morphologic evidence for paraptosis after PDT to HPV negative cells, and a significantly less responsive effect from radiotherapy in comparison with PDT due to an impaired apoptosis pathway (26).
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FIGURE 4. Kaplan–Meier plot showing statistically significant difference in recurrence-free interval (p < 0.001) for oropharyngeal squamous cell carcinoma (with or without oral cavity extension) treated with photodynamic therapy, compared to oral cavity tumors alone. Starting point in time is PDT illumination date until local recurrence. OC, oral cavity; OP ± OC extension, oropharyngeal squamous cell carcinoma with or without oral cavity extension.


Further in vitro studies, as well as clinical data, is necessary in order to better understand the effect on PDT in relation to the HPV status of the tumor.

Besides the oncological outcome, we also studied adverse events and toxicity of PDT. When evaluating PDT as a potential treatment modality, a thorough assessment of treatment toxicity on target organ functionality is paramount. Preserved swallowing function, defined as complete oral feeding with no supplementation, was observed at the end of follow-up for 76.9% of cases in our study. Upper airway functionality remained uncompromised in 95.7% of patients that did not have a pre-existing permanent tracheostoma at the end of follow-up. Thus, tracheotomy dependency is low with a 85.7% decannulation rate after PDT treatment with planned tracheotomy. Only one patient was never decannulated due to progressive disease. The decision to perform prophylactic tracheotomy was based on a case per case evaluation of tumor stage, tumor site, and anticipated difficult airway. In general, when planning PDT for a large tumor surface area located in the oropharyngeal region (base of tongue, soft palate, and posterior pharyngeal wall), a preventive tracheotomy was performed, especially in case of risk factors for a difficult airway, such as trismus, a history of radiation or extensive surgery to the head and neck.

In first instance, out of all adverse events, pain and dysphagia are to be expected. Secondly, facial edema, injection site reactions, burns, nasal regurgitation, trismus, and phlebitis are not uncommon. Tumor necrosis can explain pain after treatment and facial edema. Extensive necrosis can cause exposed bone and oronasal fistula (Figure 5) and even cerebrospinal fluid leakage in case of PDT on the skull base. In our study, complete local healing was observed at a median time of 107 days or 3–4 months healing time. Four patients recurred before complete local healing could occur at a median follow-up time of 57 days. In other words, when no progressive healing or rather suspicious tissue is observed after ~2 months, tumor progression or early recurrence needs to be considered and a low threshold for biopsy is warranted. Phlebitis and injection site reactions are caused by intravenous administration of mTHPC. Burns occur due to the phototoxic effects of mTHPC. Trismus, dysphagia and nasal regurgitation are possible complications because of tissue scarring and the development of fistula after PDT. Delirium, arrhythmia, and cardiomyopathy might be explained by intrinsic factors of the patient population, namely a frail elderly population with a history of smoking and alcohol abuse and stress caused by hospitalization. The adverse events due to photodynamic therapy are mostly mild, but in one case laryngeal edema caused an upper airway obstruction. Adverse events reported in the literature are largely similar to those in our patient population: injection site reactions (11%), edema (11%) (8), trismus (8%), necrotizing stomatitis (5%), vomiting (5%), and dysphagia(13%) (4). Local pain, pruritus (5), burns, orocutaneous fistula, skin necrosis, and acute airway obstruction (7) have also been described. Burns can be avoided if the patient stays inside, away from bright light (6). In the post-PDT illumination period, our patients are instructed on the safety measures regarding light and sun exposure. A commercially available LUX-meter is provided for each patient, which is used during the hospital admission and at home after discharge, to monitor light exposure. The PDT patients are instructed to progressively increase the light exposure by no more than 100 Lux each day. In addition, every patient receives a brochure with a timeline on progressive light exposure and the necessary information on preventive measurements such as clothing and the avoidance of certain light-emitting appliances (computer, smart phone screens, etc.). In case of burns secondary to the PDT treatment a careful evaluation and follow-up by a specialized burn unit is essential, as second degree burns due to accidental light exposure is not uncommon. During the hospital admission local and systemic effects are monitored, pain is controlled with paracetamol, NSAID and/or opioid pain medication. Usually a prolonged course of 1.5 g metronidazole was administered in three divided daily doses for several weeks to prevent local bacterial colonization of the necrotic tumor site. Evidently, regular debridement of the necrotic tissue is indicated to further reduce the risk of surinfection and promote mucosal healing. Corticosteroid administration is ideally reserved for cases of manifest edema and possible airway risk, as it may inhibit the potential systemic antitumor immunological reaction.
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FIGURE 5. Photodynamic therapy patient with oronasal fistula, 3 months after PDT illumination of the hard palate.


Limitations of this study are the relatively small number of patients treated with PDT over a long period of time, the lack of quality of life measurements, the retrospective study design, and the fact that this study does not compare PDT to standard treatment. Quality of life increase in PDT patients with HNSCC has been demonstrated in the past (4, 8, 12), however, comparative studies to conventional treatment options are currently still lacking. New prospective trials should aim to conduct systematic quality of life assessments before, during, and after PDT therapy to better illustrate the added value of this treatment modality. Due to the long time interval of inclusion, and the inherent long history of HNSCC in many of these patients, the 7th TNM classification system was mostly implemented at the time of diagnosis. Similarly, p16 staining and HPV in situ hybridization was not yet routine practice. The strong prevalence of substance abuse in this population as well as the development of multiple different sites of HNSCC, suggests these tumors to be clinically p16 negative. Still, the lack of p16 staining and unknown HPV status is a limitation in this study concerning the tumor biology. There is an overall paucity on data and research on the effects of PDT in HPV positive HNSCC, further in vitro research and clinical studies are necessary in order to determine a possible difference in tumor response. Strong points of this analysis are the consistency of treatment protocol and single treating physician, which has remained unchanged over the entire treatment period. Few studies comparing outcomes of PDT to surgical treatment have been published, with mainly positive results (10, 27). However, survival rates should not be compared to those of primary surgical cases, as these tumors treated with PDT are highly selected patients with most often recurrences of previously failed management. More importantly, toxicity and preserved organ function need to be taken into account when comparing PDT to other treatments. To date, there is not much data to support PDT as a primary treatment modality for invasive SCC. Still, a recent systematic review of Vohra et al. (28) showed that PDT is effective in the overall management of oral premalignant lesions.

To further prove the value of PDT in clinical practice, future prospective and controlled randomized studies with a specific treatment protocol and systematic quality of life measurements before, during, and after PDT should be carried out, comparing these outcomes to conventional therapy (6).



CONCLUSION

The oncological outcome in this retrospective study is comparable to what has been previously reported in the literature. A complete response was obtained in 76% of the patients, with local control in 42.3%. Median overall survival was 24 months. The main cause of death was head and neck cancer (65%). Multiple but transient adverse events were reported in our study, mostly PDT specific.

In summary, PDT is a valuable treatment option in selected patients with oral and/or oropharyngeal HNSCC that induces durable local control in an important fraction of treated patients. The technique has an acceptable toxicity profile.
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Background: Head and neck cancer (HNC) is one of the more common malignant tumors that threaten human health worldwide. Multidisciplinary team management (MDTM) in HNC treatment has been introduced in the past several decades to improve patient survival rates. This study reviewed the impact of MDTM on survival rates in patients with HNC compared to conventional treatment methods.

Methods: Only cohort studies were identified for this meta-analysis that included an exposure group that utilized MDTM and a control group. Heterogeneity and sensitivity also were assessed. Survival rate data for HNC patients were analyzed using RevMan 5.2 software.

Results: Five cohort studies (n = 39,070) that examined survival rates among HNC patients were included. Hazard ratios (HR) were calculated using the random effect model. The results revealed that exposure groups treated using MDTM exhibited a higher survival rate [HR = 0.84, 95% CI (0.76–0.92), P = 0.0004] with moderate heterogeneity (I2 = 68%, p = 0.01). For two studies that examined the effect of MDTM on the survival rate for patients specifically with stage IV HNC, MDTM did not produce any statistically significant improvement in survival rates [HR = 0.81, 95% CI (0.59–1.10), p = 0.18].

Conclusions: The application of MDTM based on conventional surgery, radiotherapy, and chemotherapy improved the overall survival rate of patients with HNC. Future research should examine the efficacy of MDTM in patients with cancer at different stages.

Keywords: multidisciplinary team management, MDTM, head and neck cancer, HNC, survival rate, meta-analysis


INTRODUCTION

Head and neck cancer (HNC) consists of a group of malignant neoplasias involving different anatomical regions, including the oral cavity, pharynx, larynx, paranasal sinuses, nasal cavity, and salivary glands (1). HNC is the sixth most common type of cancer among humans, and every year, over 650,000 HNCs are diagnosed worldwide, contributing to more than 330,000 deaths annually (2, 3). High rates have been reported on the Indian subcontinent and other parts of Asia, with male incidence rates exceeding 10 per 100,000 annually (4, 5). HNC presents with the characteristics of invasion and malignancy, and 90% of HNCs are squamous cell carcinoma (HNSCC) (6). Among the cases of HNSCC, oral squamous cell carcinoma (OSCC) comprises the majority of HNCs and accounts for approximately 90% of all oral malignancies (7). Although HNC usually is curable if diagnosed early, the lack of patient awareness of early warning signs makes early diagnosis challenging. About two-thirds of HNC patients already have advanced to stages III and IV at the time of diagnosis, leading to increased postoperative recurrence and metastasis (8, 9). The resulting poor prognosis leads to a 5-year survival rate of ~50% for HNC patients (10, 11).

To promote better cancer treatment outcomes, medical institutions have established multidisciplinary team management (MDTM). MDTM refers to the method of clinical diagnosis and treatment drawn from two or more related disciplines with the participation of representatives from each relevant medical specialty. The core activity of MDTM utilized to improve patient prognosis is to hold MDT meetings, at which all new cases of HNC are discussed, and each patient receives a personalized diagnosis and treatment plan (12). Also, patients undergoing surgery, radiotherapy, or chemotherapy for HNC are suggested to have weekly discussions for the duration of their treatment (13). MDTM integrates the professional knowledge associated with various disciplines and breaks down professional boundaries of these disciplines, resulting in improved diagnosis and treatment. The MDTM teams usually include a trained head and neck surgeon. In addition to medical oncology and radiation oncology, MDTM teams can include radiologists, speech therapy, nutritional experts, pathology, dental services, nurses, and social work (14). However, there is no international consensus concerning the necessary professional team members from participating disciplines to be included on MDTM teams established for HNC (15, 16).

The time consumption and financial burden of regular MDT meetings are high, and some researchers believe that the cost for MDTM exceeds its benefits (17, 18). For patients with HNC, one of the greatest benefits of MDTM is improved survival rates. Recently, researchers have explored the impact of the application of MDTM to conventional surgery, radiotherapy, and chemotherapy on patient survival rates, but the results are controversial (19–22). The therapeutic effect of MDTM in improving HNC outcomes has not been studied thoroughly. In this paper, it was hypothesized that MDTM improved the survival rate of patients with HNC.



METHODS

This meta-analysis study was prepared according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (23) and the Meta-analysis of Observational Studies in Epidemiology (MOOSE) guideline (24). It was conducted using the methodology recommended by the Cochrane Collaboration (25).


Selection Criteria

Studies were included in data analyses if they met the following criteria. (1) The studies were cohort studies and published as original studies. (2) They assessed head and neck cancers with MDTM as an exposure and had conventional surgery, radiotherapy, or chemotherapy treatment measures as a control for comparison. (3) The studies analyzed survival rate as an outcome measure. (4) The studies used appropriate statistical analyses, such as hazard ratios and effect sizes or translatable data between the exposure and control groups.



Search Strategy

PubMed, Cochrane, EMBASE, and Web of Science English databases were systematically searched for publications on MDTM of HNC patients. Searches were limited to articles published in English until January 2020. The main search terms included “head and neck squamous cell carcinoma,” “oral cancer,” “mouth tumor,” “nasopharyngeal tumor,” “sino-nasal tumor,” “pharyngeal tumor,” “laryngeal tumor,” “multidisciplinary team,” and “survival.” Titles, abstracts, and keywords were carefully examined to retrieve all relevant articles. In addition, the reference lists from the retrieved articles also were examined, and Medical Subject Headings (MeSH) were used to identify relevant studies.



Data Extraction

Two reviewers (CS and LF) independently screened articles retrieved from databases using the inclusion criteria mentioned above. The full text of the articles was carefully reviewed, and data were extracted from each selected study. In cases of disagreement and inconsistencies, a third researcher (JH) was consulted for adjudication. For each study, the publication year, country, research type, sample size, exposure factors, and outcome measures were extracted.



Quality Assessment

Currently, the Newcastle-Ottawa scale (NOS) is the most commonly used bias risk assessment tool for cohort studies (26). The NOS is divided into two parts, which are appropriate to evaluate cohort and case-control studies. Each part has three columns, including study population selection, comparability, and exposure or outcome evaluation, and eight items in total. The NOS bias risk was evaluated using a semi-quantitative star system, with a full score of nine stars. Two evaluators (CS and LF) evaluated the methodological quality for each cohort study included in this meta-analysis. Discrepancies were resolved when a consensus was reached with the third researcher (JH).



Statistical Analysis

The effects of MDTM were presented using hazard ratios (HR) and 95% confidence intervals (CI). The study heterogeneity was evaluated using Chi-square tests or Q tests for I2 values. The I2 value of heterogeneity was categorized as no, small, moderate, and large heterogeneity with values of 0, 25, 50, and 75%, respectively. When the heterogeneity was small (PQ ≥ 0.1 or I2 ≤ 50%), the combined HR and 95% CI were calculated using the Mantel-Haensel fixed-effect model. The Dersimonian-Laird random-effect model was used if the heterogeneity between studies was large (PQ < 0.1 or I2 > 50%). The impact of individual studies on combined HR values was estimated using reassessment and missing mapping in each study. Subgroup analysis was performed to explore the source of heterogeneity. All analyses were performed using Review Manager (RevMan) version 5.2 (The Cochrane Collaboration, The Nordic Cochrane Centre, Copenhagen, Denmark) and Stata version 12.0 (StataCorp LP, College Station, TX, USA). P-values <0.05 were considered statistically significant.




RESULTS


Search Results

Two hundred thirty-three articles were retrieved from the initial search (Figure 1), and 25 were removed due to duplication. A further 178 articles were excluded after the titles and abstracts were reviewed. Fourteen articles were excluded due to inappropriate research methods. Of the 16 remaining articles, four were excluded because of duplication, and seven failed to meet the inclusion criteria.


[image: Figure 1]
FIGURE 1. Flow chart showing the selection of papers.




Characteristics of the Eligible Studies

Five studies involving 39,070 patients were included in this meta-analysis (see Table 1). All five studies used HR as the outcome measure (13, 19, 20, 27, 28). The proportion of males ranged from 72 to 93.21%, and the average age ranged from 51 to 61.4 years. All five studies were adjusted for confounding effects (e.g., sex, age, race, disease stage, tumor location, hospital level, and others) to evaluate the association between MDTM and the survival of patients with HNC using survival models.


Table 1. Main characteristics of studies included in the meta-analysis.
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Methodological Quality of the Included Studies

As shown in Table 2, the baseline consistency between the exposed group and the control group in each study was satisfactory and comparable. The median of the NOS quality evaluation for the five cohort studies was an average value of 6.00 ± 0.71 (range 5–7).


Table 2. NOS of studies included in the meta-analysis.
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Primary Outcome
 
The Effect of MDTM on the Survival Rate of Patients With HNC

The five studies included in this analysis demonstrated moderate heterogeneity (I2 = 68%, p = 0.01). Therefore, a random-effect model was used to estimate the MDTM treatment effect. The model suggested that MDTM resulted in a significantly higher survival rate in HNC patients compared to conventional methods [Overall HR: 0.84, 95% CI (0.76–0.92), Z = 3.52, P = 0.0004]. Thus, MDTM produced a 16% improvement in survival rate (Figure 2).


[image: Figure 2]
FIGURE 2. Forest plot of MDTM patients' survival rate.




Meta-Analysis of the Effect of MDTM on the Survival Rate of Patients With Stage IV HNC

Of the five articles included in the analysis, two studies described the effects of MDTM management on the survival rate of patients with stage IV HNC (19, 20). The cancer stages were determined by the Union for International Cancer Control (UICC) cancer staging system in Friedland's study (19); while the American Joint Committee on Cancer (AJCC) cancer staging system was used in Tsai's study (20). Greater heterogeneity was observed between these two studies (I2 = 80%. P = 0.03). Although MDTM showed a trend toward an improved survival rate among patients with stage IV HNC, it did not reach statistical significance [combined HR = 0.81, 95% CI (0.59–1.10), Z = 1.35, P = 0.18, Figure 3].


[image: Figure 3]
FIGURE 3. Forest plot of MDTM survival rate of stage IV cancer patients.





Sensitivity Analysis

Two models were used to assess sensitivity, including removing the highest gravity study (20) and removing the lowest gravity study (13) (Figure 4). The results of the two models were similar (HR with the removal of the highest gravity = 0.82; HR with the removal of the lowest gravity = 0.85). However, the heterogeneity reached zero when the highest gravity study was removed (I2 = 0%), indicating that the removed study was a major source of the heterogeneity (Table 3).


[image: Figure 4]
FIGURE 4. Forest plot of MDTM survival rate removing the highest and lowest weight.



Table 3. Sensitivity Analysis.
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Subgroup Analyses

Subgroup analyses were performed according to the nationality of the study subjects to determine possible sources of heterogeneity. Three of the five studies (20, 27, 28) were from Asia, while the other two (13, 19) were conducted in Australia and the United States. The heterogeneity for studies from Asia was high (I2 = 81%, p = 0.005), while the heterogeneity for the other two countries was low (I2 = 0%, p = 0.47). HRs for studies from Asia and non-Asian countries were 0.86 and 0.76, respectively, (both p-values <0.01), and were not significantly different between Asia and non-Asian countries (p = 0.27).




DISCUSSION

Since HNC consists of a collection of complex and heterogeneous malignant tumors, it requires a range of treatment strategies. MDTM combines evidence-based treatment models, local experience, and well-developed management skills. To promote efficient and effective evidence-based management of HNC cases, most medical centers have established a process for MDTM that includes the participation of representatives from each relevant medical specialty. Treatment plans are made based on accurate tumor staging and other factors, including physical rehabilitation, mental health, and economic conditions that are tailored for different individuals in the MDTM meetings. A recent study evaluated multidisciplinary team meetings in a national tertiary referral center in Morocco and found that out of 105 patients (50.72%) who were scheduled for a MDTM meeting, 79 (38%) received and completed the MDTM meeting before treatment (29). According to the classification statistics for the different treatment methods for patients who were scheduled for a MDTM meeting, the proportion of patients who completed the MDTM meeting was 68% for surgery, 35% for medical treatment, and 19% for radiotherapy. Of the patients discussed at the MDTM meetings, 4–45% received changes in the post-meeting diagnostic reports, and they were more likely to receive more accurate and complete preoperative staging and new neo-adjuvant or adjuvant treatment (18).

We reviewed two retrospective studies that evaluated the role of MDTM in HNC. Nguyen et al. reviewed 225 patients with locally advanced HNC to identify how treatment outcomes were affected by MDTM recommendations. The authors concluded that MDTM approaches provided optimal treatment outcomes for locally advanced HNC (30). Birchall et al. found that patients assessed using MDTM experienced improved 2-year survival outcomes compared with patients who were not assessed using MDTM (p = 0.03) (31). The MDTM approach for treating patients with HNC has improved the organization of standard clinical guidelines, but this development has yet to translate into a demonstrable impact on survival (21). Croke et al. reported that articles showing that MDTM improved the prognosis of tumor patients have great heterogeneity after statistical analysis, so the relationship between MDTM and the prognosis of tumor patients is not clear (22). We found evidence that supported the concept that MDTM significantly influenced clinical decision-making and treatment recommendations. However, scant evidence suggested that MDTM improved patient outcomes. Because the relationship between MDTM and the survival rate of patients with HNC is still uncertain, we conducted this meta-analysis.

Based on the literature search, we did not find meta-analysis research on this specific topic. Therefore, this was the first meta-analysis to evaluate the influence of MDTM on the survival rate of HNC patients. We found that the survival rate of patients with HNC was positively correlated with the use of MDTM. Compared to conventional treatments, MDTM improved the survival rate of patients with HNC, with a combined-effect HR of 0.84. Through sensitivity analysis, we observed that the change in the estimated value of the combined effect quantity was not apparent when the highest gravity was removed and subsequently the lowest gravity. These observations indicated that the results of this meta-analysis were stable. However, after removing the highest proportion item, the heterogeneity disappeared, indicating that the eliminated study was a dominant source of heterogeneity. This study included five cohort studies. Therefore, this study might have been affected by a range of biases. Specifically, the overall management quality of the MDTM in the exposure group and the baseline consistency in the control group were affected, resulting in bias. Using subgroup analysis, we determined that the differences observed in the study scope where the research was conducted might have been the source of heterogeneity. There were no subgroup analyses of the HNCs for different stages in this study because most reports did not provide relevant data or lacked complete data to conduct such analyses. Other influencing factors, including gender, occupation, and use of tobacco and alcohol, also contributed to bias. Therefore, additional high-quality cohort studies are needed for large-scale meta-analysis to reduce bias and confirm the reliability of the above conclusions.

The advantages of MDTM are as follows. (1) MDTM is targeted to develop the best treatment, minimize misdiagnoses, and reduce the ineffective treatment of patients. (2) A reasonable treatment plan can be formulated by many experts using MDTM, which avoids inefficient and less effective treatment plans resulting from multiple referrals, repeated examinations, and treatment plan changes that often occur with the traditional treatment protocols. Clear, straightforward, and effective treatment plans can help produce emotional stability in patients that might improve their compliance with the treatment, which is conducive to a more positive outcome of the disease. (3) MDTM can avoid the need for patients to change departments numerous times. This continuity improves treatment and can shorten the time patients must wait for treatment, which also can help improve the prognosis. (4) MDTM enables multiple professional medical experts to consult on and discuss specific cases, which promotes communication and understanding between different departments. Such cooperation ensures the formulation and implementation of optimal treatment plans and facilitates the development of clinical and basic scientific research. This cooperation is critical to allow younger medical students to learn from each other and gain valuable information by participating in the MDTM meetings. (5) Finally, MDTM promotes the improvement of the hospital's overall treatment levels and the survival rates of tumor patients (32).

Among the five studies included in this meta-analysis, Tsai et al. reported that MDTM had a strong beneficial effect on the survival rate of stage IV patients but limited effects on stage I-III patients (20). Friedland et al. did not observe any significant differences in the 5-year survival rates between the MDTM group and the non-MDTM group for stage I–III patients, but the 5-year survival rate for stage IV patients in the MDTM group was significantly higher than the non-MDTM group (19). Although these two studies suggested that MDTM could improve the survival rate of patients with stage IV HNC, the results of this meta-analysis indicated that the impact of MDTM on the survival rate of patients with stage IV HNC was not clear.

There are only two published reports on stage IV HNC at present, which are not enough to prove the effectiveness of MDTM. The limited influence of MDTM on the survival rate of patients with stage IV HNC could be due to several reasons. (1) Patients with stage IV HNC are in the late stages of cancer, and their condition is more severe. The treatments in late-stage cancer are primarily palliative treatments, and the effects of treatment measures on patient survival rates are limited. (2) The survival rate of patients with stage IV HNC is affected by the physical resilience of patients and the degree of cancer metastasis. (3) The distribution of HNC stages is unique, with a distribution skewed toward stage IVA/B in regionally advanced stages (Table 4). The UICC stages IVA and IVB can be treated with the possibility of cure, whereas stage IVC is a metastatic disease that has spread to distant regions of the body. For stage IVC patients, oncologists only treat the metastatic disease and do not treat the primary lesions. It should be noted that among the five studies included in the current analysis, cancer stages were determined by AJCC cancer staging system in three studies and UICC cancer staging system (Sixth Edition) was used in one study. In all five studies, the authors categorized cancer stages from I to IV, however no further subcategorization within stage IV cancers were given.


Table 4. HNC Stage (UICC Version 6th).

[image: Table 4]

Several limitations of this study should be acknowledged. First, though the overall sample size is large, the number of studies examined is small. Second, the confounding factors controlled in each study were different, which might result in estimation bias. Third, there might be differences in MDTM levels, which could be the source of heterogeneity observed in the research results. Because only five studies were included in this meta-analysis, a funnel plot could not be used to analyze the publication bias. Fifth, MDTs are a relatively recent (past decade) introduction to the management of HNC patients. Therefore, the improvement in survival might reflect the increase in HPV oropharyngeal cancer and the improved treatment of those patients rather than the MDTM itself. Thus, conclusions should be drawn with caution. The impact of MDTM on the survival rate of patients with stage IV HNC is not clear, and more research is needed.



CONCLUSION

MDTM plays a prominent role in cancer treatment. We systematically evaluated the impact of MDTM on the survival rate of HNC patients. MDTM demonstrated a higher survival rate for HNC patients overall. This paper provided evidence for the successful application of MDTM in the treatment of HNC patients. Thus, MDTM is recommended in the treatment of HNC.

At present, there are few reports on the differences in survival rates for patients with different stages of HNC when MDTM was used. Although two studies claimed that the positive impact of MDTM on the survival rate of patients with stage IV HNC was greater than that of patients with stage I-III, the results of this meta-analysis did not demonstrate a statistical difference. Therefore, future research should focus on the difference of the effects of MDTM on the survival rate of HNC patients in different stages of the disease. This information would allow doctors and patients to judge the necessity of using MDTM, reduce unnecessary time and money invested by patients, and conserve valuable medical resources.
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Oral squamous cell carcinoma (OSCC) forms a major health problem in many countries. For several decades the management of OSCC consisted of surgery with or without radiotherapy or chemoradiotherapy. Aiming to increase survival rate, recent research has underlined the significance of harnessing the immune response in treatment of many cancers. The promising finding of checkpoint inhibitors as a weapon for targeting metastatic melanoma was a key event in the development of immunotherapy. Furthermore, clinical trials have recently proven inhibitor of PD-1 for treatment of recurrent/metastatic head and neck cancer. However, some challenges (including patient selection) are presented in the era of immunotherapy. In this mini-review we discuss the emergence of immunotherapy for OSCC and the recently introduced biomarkers of this therapeutic strategy. Immune biomarkers and their prognostic perspectives for selecting patients who may benefit from immunotherapy are addressed. In addition, possible use of such biomarkers to assess the response to this new treatment modality of OSCC will also be discussed.
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Introduction

Survival rate of oral squamous cell carcinoma (OSCC) is about 50% of affected cases. Advances in traditional treatments (surgery, radiotherapy, chemotherapy) of OSCC have failed to increase survival and, at the same time, they have been associated with significant side effects. Prediction of survival in oral cancer depends on classical parameters such as tumor grade and depth of invasion, although many biomarkers have been introduced as potential prognosticators of OSCC (1, 2).

Recent research has introduced immunotherapy as an effective treatment option for OSCC. The hypothesis of immunotherapy was based on a theory that was introduced for more than a century ago postulating an ability of the immune system to repress cancer cells and aid in patient recovery (3). The significance of cancer immunotherapy was recognized more universally when the Nobel Prize in Physiology or Medicine was awarded for the development of such therapies in 2018 (4). For OSCC, immunotherapy was firstly approved for recurrent/metastatic cases (similar to other cancers of head and neck region) (5). Of note, neoadjuvant immunotherapy administered preoperatively has been recently introduced for untreated OSCC (6).

With the success of immunotherapy in the treatment of OSCC, it has become important to find parameters to select patients who might benefit from this treatment strategy as well as to find a predictive marker/s for following treatment response. In this mini-review we will discuss different methods that have been introduced to assess the immune response and immune biomarkers in OSCC.



Assessment of Immune Response as a Part of Grading Systems of OSCC

Immune cells are among the main cellular components of cancer stroma tissue (7). The interaction of immune cells with tumor cells has been widely studied as one of the factors that influence tumor progression (8, 9). It has been reported in many cancers that active antitumor immune response is a feature of good prognosis (9, 10). Many proposals have suggested to assess the immune response as a part of histopathologic grading of OSCC. For example, an early study by Anneroth et al. (11) suggested to incorporate the assessment of the inflammatory cell infiltrate as a part of their malignancy grading system (11). They scored lymphoplasmacytic infiltrates into four categories as marked, moderate, slight or none (11). That system was modified later by Bryne et al. (12) who assessed malignancy grade (including the lymphoplasmacytic infiltrate) at the invasive front of OSCC (12). Brandwein-Gensler et al. (13) assessed the immune response as a part of a histologic risk score including three parameters: worst pattern of invasion, perineural invasion and lymphocytic host response (13). Most recently (2020), Bjerkli et al. proposed a histo-score based on the assessment of the lymphocytic infiltrate and tumor differentiation, and showed that the score gave a good prediction of survival in oral tongue cancer (14). Our group (15) proposed stromal classification, based on the assessment of tumor-infiltrating lymphocytes and tumor-stroma ratio, with a promising prognostic value in early oral tongue cancer.

From the above historically accumulated evidence, it seems that incorporation of the immune response as a part of the grading system of OSCC is a useful and important step which has not yet been implemented in pathology practice. A clinically relevant grading system with a robust association with tumor behavior and outcome, which considers the immune response is expected to become very useful for future immunotherapy of OSCC.



Histologic Semiquantitative Assessment of Tumor-Infiltrating Lymphocytes

Morphological evaluation of tumor-infiltrating lymphocytes (TILs), using routine hematoxylin eosin (HE)-stained tumor sections, has been reported in many cancers including OSCC (16). A standardized method for the assessment of TILs has been introduced by the International TILs Working Group (9). Accumulating evidence has shown the significance of this method in various cancers (17–19). In OSCC, our group (15) has recently reported that the assessment of stromal TILs [as proposed by TILs Working Group (9)] can be used as a significant prognostic tool for the prediction of overall survival, disease-specific survival and disease-free survival in a large multicenter cohort of early oral tongue cancer. This assessment method has also been used successfully for other subsites of head and neck cancers (16). After further validation in large cohorts, this simple method for the assessment of TILs can be used to monitor response to immunotherapy. In addition to validation, it is important to overcome some limitations such as lack of consensus on the morphologic evaluation of TILs in OSCC and difficulty in assessing TILs using the preoperative diagnostic biopsies (20).



Progress of Research on Immune Biomarkers of OSCC

In order to predict cancer response to immunotherapy, recent research (21) has tried to identify the immune profile of tumors classified into cold tumor (also known as immune desert) or hot tumor (also known as inflamed tumor). Using immunohistochemistry, several researchers have studied immune checkpoint molecules and the expression of specific TILs to identify the immune profile of OSCC. The mechanisms of such immune molecules were described in other articles (22, 23). Because so many studies have been published on immune biomarkers, we will focus here on the accumulated evidence from systematic reviews and meta-analyses. For example, Sievilainen et al. (24) in their recent systematic review covering the period from 1985 to 2017, on the prognostic value of immune checkpoints of OSCC have noted that seven immune checkpoints (PD‐L1, FKBP51, B7‐H4, B7‐H6, ALHD1, IDO1, and B7‐H3) had been reported to have an association with worse survival. In a meta-analysis of the prognostic value of TILs in OSCC, Huang et al. (25) found that high infiltration of CD8+ TILs, CD45RO+ TILs and CD57+ TILs associated with good survival; while high infiltration of CD163+ and CD68+ macrophages had an association with poor prognosis. In another meta-analysis, Hadler-Olsen et al. (26) found that CD163+ M2 and CD57+ had a promising relationship with outcome in patients with OSCC. Findings from these systematic reviews and meta-analyses should be considered as a cornerstone for future research in identifying the clinically most relevant immune biomarkers. It is necessary to acknowledge that the above-mentioned findings were reported from studies including samples mainly from patients treated with surgery and other traditional strategies, such as radiotherapy and/or chemotherapy.

For head and neck cancer including OSCC, treatment with anti-programmed cell death-1 (anti-PD-1) and anti-programmed cell death ligand-1 (anti-PD-L1) antibodies are crucial in the currently approved immunotherapy (27, 28). To identify which cases are more likely to benefit from such treatment, many researchers have studied the two relevant biomarkers (i.e. PD-1 and PD-L1) using samples from patients treated with immunotherapy. As an example, expression of PD-L1 showed a significant association with response to durvalumab (an anti-PD-L1 antibody) in recent studies of head and neck cancer (5, 29).These studies found that a cutoff of 25% of cancer cells staining with PD-L1 is suitable to determine the patient´s response to durvalumab immunotherapy (5, 29). In another study on the anticancer activity of pembrolizumab-based immunotherapy, however, Chow et al. (30) suggested to consider scoring of PD-L1 in both cancer cells and immune cells with a cutoff point of 1%. Similarly, Emancipator et al. (31) reported that a “combined positive score”, which evaluates the ratio of the number of PD-L1-expressing cells (including cancer cells and immune cells) to the number of all viable cancer cells multiplied by 100, is a powerful tool in assessing the response to pembrolizumab.

In a phase 3 trial including 361 patients with recurrent HNSCC who received nivolumab, the patient survival was improved with this kind of immunotherapy (32). However, expression of PD-L1 was not that significant in the assessment of response to the treatment (32). This might highlight the difficulty in comparing the findings across the studies that have used PD-L1 as a predictive marker if the immunotherapeutic agents were different. In addition, it is important to take into consideration that the above-mentioned findings on PD-1 and/or PD-L1 were reported from studies that included different subsites of head and neck cancer with well-known variation in their clinical behavior. Therefore, further trials should consider specific studies on OSCC to confirm the usefulness of PD-1 and PD-L1 in predicting the response to immunotherapy. In addition, whether to evaluate the expression of PD-L1 in both cancer cells and immune cells or only in immune cells needs to be determined based on the future studies. Furthermore, methods other than immunohistochemistry to assess immune biomarkers, such as immune-related signature, should be tested in OSCC cases treated with immunotherapy as this method has showed a good predictive value to immunotherapy in other tumors (33, 34).



Immunoscore for OSCC

Recent research efforts have introduced an immune-based assay known as immunoscore based on the assessment of a combination of immune biomarkers to identify the outcome of cancer (35). The most promising results with immunoscore have been reported in colorectal cancer where a scoring system for the quantification of CD3 and CD8 were standardized and showed a promising predictive power superior to TNM staging system (36) and showed successful results in phase 3 clinical trials (37). For oral carcinoma, identification of immune feature-based prognostic score has been recently introduced by Zhou et al. (38) who reported a promising prognostic value for an immunoscore based on the evaluation of CD3 in central areas and at invasive margins of OSCC; CD8, CD45RO, and FOXP3 in the central part of OSCC; FOXP3 and CD45RO at invasive margins of OSCC. However, the proposed immunoscore for OSCC will require further validation.



Digital Pathology and Immune Biomarkers

Automated assessment of immune biomarkers has been widely studied in different cancers with successful performance (39–41). In OSCC, such assessment is still at an early stage as only few studies have reported on this concept. However, those few reports have shown promising findings. Shaban et al. (2019) reported a digital score for objective quantification of TILs that can successfully predict disease-free survival in OSCC and showed a better prognostic value than the manual assessment of TILs (42). Of note, this method of assessing TILs using whole-slide images of hematoxylin and eosin (HE)-stained sections was also successfully used in other cancers (43). In another recent study, Huang et al. (44) reported a promising value for digital image analysis of CD8 in a large cohort of tongue cancers. This approach of evaluating immune markers using digital analysis can be a simple tool to assess the immune response of OSCC and therefore validation studies are required.



Other Factors to Assess Response to Immunotherapy

In addition to immune response and immune biomarkers, other existing factors including tumor mutational burden and mutational signatures might be associated with response to immunotherapy (45). Tumor mutational burden, referring to number of somatic mutations per coding area of a tumor genome, has shown a prognostic value in many cancers (46). Of note, recent research has showed that tumor mutational burden has a significant value in prediction of response to the immunotherapy (45). In a cohort including cases of head and neck cancer, Cristescu et al. (47) found that tumor mutational burden and T cell-inflamed gene expression profile can together predict the clinical responses to immunotherapy with pembrolizumab, and a longer survival was reported with higher levels of these two factors. Although pembrolizumab has been recommended for cases with high tumor mutational burden (≥ 10 mutations/megabase), some researchers have caveated against such universal threshold, and highlighted the fact that patients with cancer are often receiving cytotoxic chemotherapies that might cause higher level of tumor mutational burden (48). Thus, it is still necessary to determine the optimal cutoff point for tumor mutational burden in each tumor type to identify the group that might benefit from immunotherapy. In addition, it is necessary to take into consideration that the tumor immune microenvironment is characterized by a complexity that warrants assessment of the clinical response from different aspects, and the measurement of tumor mutational burden being one of them.



Conclusions and Perspectives

In the rapidly evolving field of immunotherapy, identification of biomarkers to predict the immune response can make such a therapy one of the clinically effective treatments of OSCC. There are many parameters/biomarkers and methods that have been introduced during the last three decades for the assessment of immune response. Ongoing research efforts include use of immune response in grading of OSCC, and identification of an immunoscore for OSCC. A successful clinically relevant assessment of the immune response can be considered as a cornerstone in identifying patients who will benefit from immunotherapy and also for following up the treatment response. Evidence from recent collaborative studies and/or meta-analyses highlighting the importance of evaluation of TILs and other immune biomarkers as a robust tool reveal the status of the immune response and have a strong correlation with survival outcome. There is an urgent need for validation studies to confirm the findings on these biomarkers, thus, to aid in identification of an ideal biomarker/s to select OSCC cases that can benefit from immunotherapy and to assess the patient´s response. Digital assessment of immune biomarkers in OSCC are still at an early stage and require further research. Similarly, findings on the predictive value of tumor mutational burden and mutational signatures still require further research before they can be added in the personalized prediction of OSCC treatment response.
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One of the most common side effects of radiotherapy in head and neck cancers is mucositis. Despite all the studies conducted on new therapies proposed for oral mucositis caused by radiation therapy, a single standard treatment strategy has not been developed yet. In the present study, for the first time, the effectiveness of the treatment with a combined mouthwash containing vitamin E (as an antioxidant), triamcinolone (as an anti-inflammatory agent) and hyaluronic acid (HA) (as a local reducer used for reducing the effects of ROS on the mucosa, with ameliorative effects (improving the healing process) compared to triamcinolone mouthwash alone was investigated in patients with radiotherapy-induced oral mucositis. This study was a randomized triple-blind clinical trial performed on 60 patients underwent radiotherapy on an outpatient basis. The combined mouthwash containing vitamin E, triamcinolone, and hyaluronic acid compared to triamcinolone mouthwash alone was prescribed for 4 weeks. The severity of oral mucositis was assessed based on the WHO classification and the intensity of pain was assessed using the numerical pain intensity scale. According to the analysis performed in the first, second, third and fourth weeks, the reduction of oral mucositis grade in the intervention group was significantly higher than in the comparison group. In the first, second, third, and fourth weeks, the reduction in pain intensity in the intervention group was significantly higher than in the comparison group (P < 0.001). The combined mouthwash containing vitamin E, hyaluronic acid and triamcinolone acetonide can be used as an effective treatment for oral mucositis caused by radiation therapy, which is probably the result of antioxidant, anti-inflammatory and improved healing process mechanisms due to the biological nature of the components of this mouthwash.


Trial registration

This study was registered in the WHO Primary registry (IRCT) with the code IRCT20190428043407N. Registered on 20 July 2019, https://www.irct.ir/trial/39231.
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Introduction

One of the most common side effects of radiotherapy in head and neck cancers is mucositis (1). Studies have shown that 73–100% of patients treated with intensity-modulated radiation therapy (IMRT) experienced grade 3 and 4 mucositis (2). Finding a cure for mucositis is important in several ways. Oral mucositis is often painful and manifests as erythema or sores in the oral mucosa and can also affect the mucous membranes of the throat, larynx, and esophagus (3). Therefore, it can be said that mucositis significantly affects nutrition, oral care, and quality of life. In severe cases, mucositis can lead to the need of reducing the dose of chemotherapy and undesirable breaks in radiation therapy, which would consequently have a negative effect on treatment prognosis (4).

Several mechanisms have been identified in the etiology of oral mucositis. One of them is the Nuclear Factor NF-κB signal transduction pathway. In oral mucositis, NF-κB is involved in the initial inflammatory damage to connective tissue by increasing the expression of pro-inflammatory cytokines, including TNF-a, MMPs, COX-2, TGF-B, and IL-1B (5). Another mechanism is the production of free radicals during radiation and the generation of oxidative stress (6).

Despite all the studies conducted on new therapies for oral mucositis caused by radiation therapy, a single standard treatment strategy has not yet been developed, and studies carried out on the prevention and/or treatment of oral mucositis compared with the control group have been accompanied by contradictory results and have not been fully confirmed (7). Each of these studies has introduced some materials or biomaterials in this field to block the pathway involved in the development of mucositis.

Due to the production of free radicals during radiation, several efforts have been made to use vitamin E ointment as an antioxidant and free radical scavenger (8). The main ingredient in vitamin E, alpha-tocopherol is an antioxidant that can react with free radicals and remove them from the body and better control inflammation caused by oral mucositis. Previous studies conducted on vitamin E as a radioprotective agent have reported good results (9).

Hyaluronic acid (HA) is a natural polysaccharide with a linear chain, which is known as an important element of the extracellular matrix of many tissues in the human body (10). Hyaluronic acid, while creating a protective physical barrier (coating), repairs tissues and promotes cell proliferation by regulating inflammatory responses, and besides stimulating the proliferation of basal layer keratinocytes, gives rise to re-epithelialization, improves the healing process and plays a role in reducing the size of the erosive/injured areas of the oral mucosa (11).

Due to the pathogenesis of mucositis, corticosteroid compounds such as triamcinolone acetonide are among the common treatments for this lesion. Triamcinolone is effective in reducing pain and the course of oral mucositis caused by radiation therapy. By reducing the expression of the NFKB/P65 gene and protein, these compounds reduce the levels of anti-inflammatory cytokines such as TNF-a and IL-6, and by the same mechanism, they can reduce ulcers and inflammation in oral mucositis (12).

In the present study, for the first time, the effectiveness of treatment with a combined mouthwash containing vitamin E (as an antioxidant), triamcinolone (as an anti-inflammatory agent) and hyaluronic acid (HA) (as a local reducer used for reducing the effects of ROS on the mucosa, with ameliorative effects (improving the healing process) compared to triamcinolone mouthwash alone was investigated in patients with radiotherapy-induced oral mucositis.



Materials and Methods

This study was a randomized triple-blind clinical trial registered in the WHO Primary registry with the code (IRCT20190428043407N1) and approved by the ethics committee with the code (IR.TUMS.DENTISTRY.REC.1398.043). This study was conducted in parallel design to compare the effectiveness of a combined mouthwash containing vitamin E, hyaluronic acid and triamcinolone with triamcinolone mouthwash alone for the treatment of oral mucositis (grades 3 and 4) caused by radiotherapy. The patients entered the study by signing an informed consent form. Their ratio in the two study groups was one to one.

The study population included patients with any type of head and neck malignancy undergoing radiotherapy (IMRT) on an outpatient basis who referred to the university’s cancer institute. The patients were treated by radiotherapy up to a total dose of 60–66 Gy during 30–33 treatment sessions. Most of the patients included in this study were in the range of 10th–25th sessions of radiation therapy. The average number of previous sessions of the treatment before the start of the study was 18.57 for the intervention group and 18.58 for the control group. This study aimed to investigate the therapeutic effect of mouthwash on grades 3 and 4 of oral mucositis, so the dose delivered to the oral cavity as an OAR (Organ at Risk) was not evaluated as an independent parameter.

After the start of radiotherapy, the patients’ oral mucosa was examined every week for the incidence of oral mucositis by a specialist in oral and maxillofacial diseases.

The inclusion criteria included:

	- The definitive diagnosis of head and neck cancer according to a histopathological examination and undergoing radiotherapy

	- Aged at least 18 years old (no maximum age limit)

	- Observing oral hygiene in a way that does not preclude the diagnosis of the degree of severity of mucositis.

	- Having the ability to use mouthwash

	- Patients with grades 3 and 4 of oral mucositis according to the WHO criteria, were selected for the study

	- Having no history of allergy to the drugs studied (questioning patients before entering the study)

	- Not having undergone other selected treatments for oral mucositis



The exclusion criteria included pregnant women, patients’ use of vitamin E and other complementary antioxidants in the last 3 weeks, suffering from other active lesions in their mouth like pests, history of alcohol or drug use, history of any previous radiation therapy and current chemotherapy (for better matching the case and control groups in terms of the type of treatment and the presence or the absence of chemotherapy affects the tissue response to treatment), and bone marrow transplantation. Additionally, systemic diseases affecting the healing process of mucosal wounds (such as diabetes and hypertension) or with oral complications (such as kidney disease and autoimmune disorders) were excluded.

The Karnofsky performance status scale below 60 is known as an index used to evaluate dysfunction, as that the smaller the number, the lower the patient’s survival rate. Moreover, some patients with an index below 60 require hospitalization.

The drug was prepared in the Medicinal Chemistry Laboratory of Tehran University of Medical Sciences by a Pharmacist according to the above-mentioned method. Thereafter, the drugs were prepared in similar bottles and then coded by a person who was not involved in the study.

The random allocation method was based on the simple randomization method using Microsoft Excel software and the randomization was performed by a person who was independent of the study.

To provide the same conditions for all the patients, candidiasis was monitored to be treated if necessary. Oral hygiene was also recommended for all the patients.

In this study, researchers, patients, and statistical analyzers did not know whom patients were in the intervention group and whom were in the control group. Enrolments of the subjects are shown in the CONSORT diagram.


Intervention Group

The combined mouthwash was prepared with 0.1% triamcinolone (13), 0.2% vitamin E (14), and 0.2% hyaluronic acid (15). Triamcinolone acetonide powder along with vitamin E and hyaluronic acid (with the mentioned percentages) were dissolved in propylene glycol solvent and were then brought to the required volume with double-distilled water and packed in identical glass containers unrecognizable from the glass containers of the comparison group with the dropper.



Comparison Group

0.1% triamcinolone mouthwash alone:

0.1% Triamcinolone (13) was dissolved in propylene glycol solvent, was brought to the required volume with double-distilled water, and then packed in identical glass containers that were unrecognizable from the glass containers of the intervention group with the dropper by a person who was not involved in the study, so that the drugs used for the intervention and comparison groups were similar in terms of volume and shape.

In both intervention and comparison groups, mouthwash was used for 4 weeks (16, 17), three times a day (morning, noon and night) at a rate of 2 ccs each time (without the need for dilution) and for at least one minute, without swallowing any mouthwash. It was recommended eating and drinking be avoided for 15 minutes after using the mouthwash.

During the use of mouthwash, any symptoms that indicated an allergy, such as swelling of the lips, tongue, and eyelids, hives and itching in the body gave us the permission to interrupt the intervention.

The following actions were performed during the follow-up study of patients to ensure the correct use of the drug: asking the patient’s companion about regular use of mouthwash, learning how to use mouthwash properly, patients’ weekly follow-up schedule, checking the amount of medicine left over in the glass bottle in the last week, and making phone calls.

Our patients’ cooperation in using the patient’s diaries seemed unlikely due to their illness. Therefore, as mentioned earlier, some other ways such as telephone call to the patient during the treatment period and the amount of leftover medicine were used.



Outcome Measurements


The Severity of Oral Mucositis

The severity of oral mucositis was determined based on the WHO classification (13). After beginning the intervention, this variable was evaluated in the first, second, third and fourth weeks. The grade of mucositis was determined by the same oncologist. The scale was then re-examined by the same oral medicine specialist who has been trained in this field.



Pain Intensity

Pain intensity was assessed using the numerical pain intensity scale [a segmented numeric version of the visual analog scale (VAS)]. In this regard, a score of 10 is allocated to indescribable and severe pain and a score of 0 is for the painless state. Thus, the patient’s oral condition, including the grade of oral mucositis and pain intensity, and baseline were recorded in the first, second, third, and fourth weeks as well as weak zero, respectively.




Statistical Analysis

The outcome variable of oral mucositis grade, which is a qualitative ranked variable, was reported as the number and percentage in each group, and the Mann-Whitney test was used to compare the two groups.

The outcome variable of the numerical pain intensity scale is a qualitative variable whose distribution was examined and considered abnormal and median and interquartile range (IQR) were therefore used to describe this variable. The Mann-Whitney test was used to compare the two groups. The level of statistical significance was set at p < 0.05.




Results

The patients in the intervention group included 29 individuals and the patients in the comparison group included 30 individuals. Demographics, Tumor, and Radiotherapy characteristics of the patients are given in Table 1.


Table 1 | Demographics, Tumor, and Radiotherapy characteristics.



Oral mucositis grade, represented as a percentage at 0, 1, 2, 3, and 4 weeks in the comparison group is shown in Figure 1 and oral mucositis grade in the intervention group is given in Figure 2.




Figure 1 | Percentage of oral mucositis grades in the comparison group in weeks 0-1-2-3 and 4.






Figure 2 | Percentage of oral mucositis grades in the intervention group in weeks 0-1-2-3 and 4.



According to the analysis performed in the first, second, third, and fourth weeks, the reduction of oral mucositis grade in the intervention group was significantly higher than that of the comparison group (P < 0.001).

The pain intensity expressed as the median and interquartile range (IQR) is shown in Figure 3. In the first, second, third, and fourth weeks, the reduction in pain intensity in the intervention group was significantly higher than in the comparison group (P < 0.001). A photograph of a patient in the intervention group is shown in the first and fourth sessions (Photos 1 and 2).




Figure 3 | Description of the intensity of pain in the middle and the distance between the quarters. Ο: outlier; *: extreme outlier.





Discussion

The results of the present study showed that the combined mouthwash of vitamin E, hyaluronic acid and triamcinolone acetonide could be significantly (P < 0.001) effective on reducing the oral mucositis grade and pain intensity during the first, second, third and fourth weeks of follow-up. One of the side effects of radiation therapy and chemotherapy for head and neck cancers is the occurrence of oral mucositis, which at severe stages, besides increasing medical costs and creating negative psychological and social consequences, causes many limitations such as the prolonged hospitalization time, using liquid diets or total parenteral nutrition (TPN), the increased drug use, and the use of antibacterial, antifungal, and antiviral drugs, which can ultimately lead to the cessation of treatment processes (18). Unfortunately, research conducted from 1980 to 2019 has failed to identify an effective global intervention for the prevention and treatment of oral mucositis. Therefore, oral mucositis treatment remains a medical challenge and requires a standard evidence-based treatment approach (18).

The main bases in the management of radiotherapy-induced oral mucositis are nutritional support, pain alleviation, prophylaxis, and treatment of secondary infections. The previously suggested treatments are locally applied agents (such as Glycyrrhetinic acid/povidone/sodium hyaluronate gel, l-Glutamine, manganese superoxide dismutase, local anesthetics, corticosteroids mouthwashes, and vitamins), systemically applied agents (cyclooxygenase-2 inhibitors, N-acetyl cysteine, transforming growth factor-β3, and systemic corticosteroids), and oral microbial load reduction agents such as antimicrobial and antifungal agents (14).

It is important to recognize and target the pathophysiological processes leading to oral mucositis in order to develop effective preventive and/or therapeutic strategies in this regard. Radiation-induced mucosal damage is actually the result of complex biological and cellular events that occur mainly under the mucosa and eventually lead to epithelial damage (6). Due to the initiating role of reactive oxygen species (ROS) produced during radiation therapy in epithelial cell damage, vitamin E as an antioxidant, and by stabilizing the cell membrane (protecting the cell membrane) against radiation, limit the tissue damage caused by ROS and reduces the severity of oral mucositis during the treatment of head and neck cancers (HNC). Accordingly, that in some studies, it was considered as the main mechanism used to prevent tissue damage (9). In various studies, the desired therapeutic effect of topical vitamin E in oral mucositis has been reported (9, 19). In a meta-analysis in 2017, the significant effect of vitamin E on reducing the severity of oral mucositis in all three groups of patients underwent radiation therapy and/or without chemotherapy and chemotherapy alone was confirmed. This study also showed that the topical form of vitamin E was more effective than its systemic form (8). According to the above-mentioned explanations, in our study, vitamin E was used as one of the components of the combined mouthwash to treat the patients with oral mucositis caused by radiation therapy. However, for the treatment of mucositis, despite its complex pathophysiology, which has been mentioned earlier, the use of a drug with antioxidant properties is not sufficient, and the reason for the temporary effectiveness of single-drug treatments on mucositis is probably due to the failure to observe this point.

Due to the high turnover of the epithelial mucosa, it is exposed to direct damage in chemotherapy and radiotherapy (20). To help repair this mucosal rupture, biological drugs with the ability to stimulate fibroblasts and keratinocytes can be used in topical treatments. In 2001, the U.S. Food and Drug Administration (FDA) approved a gel containing hyaluronic acid as a substance useful in the treatment of oral mucositis and relieving pain (15). Although the exact mechanism associated with the effectiveness of hyaluronic acid in improving the healing process of oral mucositis is not well known, some studies have shown the role of hyaluronic acid compounds only as a physical barrier (coating) between the oral environment and oral mucosa, which reduces pain and possibly improves the healing process (21). Hyaluronic acid (HA) may give rise to re-epithelialization, improve the healing process, and play a role in reducing the size of the erosive/injured areas of the oral mucosa by regulating inflammatory responses and stimulating the proliferation of basal layer keratinocytes (22).

Triamcinolone was chosen as the standard treatment for mucositis, which can be used both as a treatment for the control group and as a base material to be added to vitamin E and hyaluronic acid. Triamcinolone is a kind of fluoride-containing synthetic corticosteroid and an anti-inflammatory compound with medium to high power, which can inhibit all stages of the inflammatory response, from redness and erythema to cell proliferation and wound healing (12). Studies investigating the effects of corticosteroids on mucositis have shown that triamcinolone, as an antioxidant molecule and/or cell protector in the treatment of oral mucositis, can reduce the degree of oral mucositis and the intensity of the pain (12, 20). Furthermore, in previous studies conducted on the treatment of oral mucositis, the compounds of vitamin E, hyaluronic acid and triamcinolone acetonide alone have shown relatively good effects. In the present study, for the first time, the effect of a combined mouthwash containing vitamin E (as an antioxidant), triamcinolone (as an anti-inflammatory agent), and hyaluronic acid (HA) (as a local reducer used for reducing the effects of ROS on the mucosa, with ameliorative effects (improving the healing process) compared to triamcinolone mouthwash alone (comparison group) was investigated in terms of the degree of oral mucositis (according to the WHO criteria) and the severity of pain (according to the VAS criteria). The new composition used substances that have benefits for the treatment of mucositis without the fear of complications of primary tumor growth or increased mortality. For example, studies on the administration of growth factors and cytokines and their side effects are still ongoing (23).

Due to the high molecular weight of vitamin E in combination with the two above-mentioned substances, it was not possible to use the orabase form, which has a longer shelf life in the mouth, and this limitation led to the use of its mouthwash form in this study.

In this study, the WHO classification was used to select patients, which is a combination of objective criteria such as mucosal changes including redness and ulcers and functional criteria such as inability to eat. Studies have shown that this criterion is significantly correlated with the clinical signs and symptoms of mucositis (24).

Due to the lack of a common treatment protocol for the treatment of mucositis, some studies have conducted clinical trials without placing treatment in the control group (25). One of the advantages of the present study was the use of a combination therapy base (triamcinolone) as a control group treatment, which made it possible to compare the effect or non-effect of added substances to the base compared to the base material alone and prevented unreal magnification of the results.

Moreover, previous studies have not reported any significant side effects regarding the use of separate compounds of vitamin E, hyaluronic acid and triamcinolone acetonide in the treatment of oral mucositis, and in the present study, no side effects such as swelling of the lips, tongue, and eyelids, hives or itching in the body were observed in patients either.

According to the results of our study, the use of a combined mouthwash containing vitamin E, hyaluronic acid and triamcinolone acetonide can be an effective treatment in patients with radiotherapy-induced oral mucositis. One of the limitations in the current study was the lack of quality of life’s evaluation. It is suggested to add quality of life’s evaluation through questionnaires into outcome measurements.

In this study, the combined mouthwash of vitamin E, hyaluronic acid and triamcinolone acetonide was found to be effective in the treatment of oral mucositis caused by radiation therapy and positive results were reported in this regard as well, probably due to the antioxidant, anti-inflammatory and improved healing process mechanisms, which are the results of the biological nature of the components of this mouthwash.
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Objective

The depth of invasion (DOI) is considered an independent risk factor for occult lymph node metastasis in oral cavity squamous cell carcinoma (OCSCC). It is used to decide whether an elective neck dissection (END) is indicated in the case of a clinically negative neck for early stage carcinoma (pT1/pT2). However, there is no consensus on the cut-off value of the DOI for performing an END. The aim of this study was to determine a cut-off value for clinical decision making on END, by assessing the association of the DOI and the risk of occult lymph node metastasis in early OCSCC.



Methods

A retrospective cohort study was conducted at the Erasmus MC, University Medical Centre Rotterdam, The Netherlands. Patients surgically treated for pT1/pT2 OCSCC between 2006 and 2012 were included. For all cases, the DOI was measured according to the 8th edition of the American Joint Committee on Cancer guideline. Patient characteristics, tumor characteristics (pTN, differentiation grade, perineural invasion, and lymphovascular invasion), treatment modality (END or watchful waiting), and 5-year follow-up (local recurrence, regional recurrence, and distant metastasis) were obtained from patient files.



Results

A total of 222 patients were included, 117 pT1 and 105 pT2. Occult lymph node metastasis was found in 39 of the 166 patients who received END. Univariate logistic regression analysis showed DOI to be a significant predictor for occult lymph node metastasis (odds ratio (OR) = 1.3 per mm DOI; 95% CI: 1.1–1.5, p = 0.001). At a DOI of 4.3 mm the risk of occult lymph node metastasis was >20% (all subsites combined).



Conclusion

The DOI is a significant predictor for occult lymph node metastasis in early stage oral carcinoma. A NPV of 81% was found at a DOI cut-off value of 4 mm. Therefore, an END should be performed if the DOI is >4 mm.





Keywords: oral cancer, squamous cell carcinoma of head and neck, depth of invasion, occult metastasis, elective neck dissection



Introduction

Oral cavity cancer has a worldwide incidence of 350,000, with a male:female ratio of 2.1:1 (1). The 5-year survival rate is approximately 50% in Europe (2). Histologically, more than 90% of all oral cavity cancers are squamous cell carcinoma (OCSCC) (3). The most common risk factors for developing OCSCC are tobacco and alcohol consumption (4). In Southern Asia (India, Sri Lanka, China, and Thailand), the incidence of OCSCC is even higher due to the chewing of tobacco with or without betel quid (2). The estimated annual mortality in patients with OCSCC is 145,000 worldwide (5).

Factors that are known to contribute to a patients prognosis are tumor size, regional lymph node involvement and distance metastasis (TNM classification), tumor differentiation grade, perineural invasion (PNI), and lymphovascular invasion (LVI) (6). The treatment of choice is surgery with tumor resection and neck dissection in case of clinical lymph node involvement. An elective neck dissection in OCSCC patients is recommended if the risk of occult lymph node metastasis is >20% (7).

An END increases the disease-specific survival (DSS) and overall survival (OS) compared to watchful waiting (WW), supported by a therapeutic lymph node dissection when needed (8, 9). A neck dissection can be associated with several adverse effects such as edema, pain, and disability of the shoulder. The severity of these effects is often related to the extent of dissection; neck and shoulder discomfort is still reported even if the vital structures are well preserved (10, 11). Therefore, the current international consensus is that an END should only be performed if the risk of occult lymph node metastasis is >20%.

The DOI and sentinel lymph node biopsy are currently the best predictors for occult lymph node metastasis (12). Sentinel node biopsy has high accuracy for identifying occult lymph node metastasis (13–15). However, this accuracy is very dependent on experience and technical expertise, which makes the sentinel node biopsy procedure difficult for wide implementation (12).

The DOI is used as a marker for elective neck dissection (END) in a number of centers, including ours. However, there is no unanimous cut-off value, varying from 2 mm - 10 mm between the centers (16, 17). The lack of common definition and guidelines on how to measure DOI has led to this large variation. This shortcoming has been recently addressed by the 8th edition of the cancer staging manual from the American Joint Committee on Cancer (AJCC) (18).

The aim of this study was to estimate a cut-off value of DOI for clinical decision making on END, by assessing the association of DOI and the risk of occult lymph node metastasis in early OCSCC.



Method


Study Design and Patients

A single-center retrospective cohort study was conducted at the Erasmus University Medical Center (Erasmus MC), Rotterdam, the Netherlands after Institutional Review Board approval (MEC-2016-751). Surgically treated patients with primary OCSCC (pT1 or pT2, based on the 8th edition of the AJCC) and clinically negative lymph nodes (cN0) were identified from January 2006 until December 2012 (18). Clinical lymph node status was determined by palpation of the neck, and/or by imaging (ultrasound with fine-needle aspiration biopsy, CT, and/or MRI).

Exclusion criteria were a history of head and neck cancer, presence of synchronous oral cavity tumor, unreliable assessment of the DOI, and loss to follow-up.

All patient and tumor characteristics, except the DOI, were recorded from the patient files, including age, gender, tumor localization, cTNM, pTN, differentiation grade, perineural invasion (PNI), and lymphovascular invasion (LVI). Lymphovascular invasion was regarded as positive when appreciated in the tumor and/or in the cases of a positive lymph node (pN+).

Neck lymph node treatment (i.e., END or WW), follow-up (e.g., local recurrence, regional recurrence, and cause of death) were also recorded. Patients were divided into two groups based on the neck treatment: the END group and the WW group. All patients were followed for at least 5 years. Patients from the END group received clinical examination and ultrasonography when indicated. Patients in the WW group always underwent ultrasonography in the first 2 years of follow-up in addition to clinical examination. The frequency of the follow-up in the first 2 years was every 2–3 months, in the 3rd year 4–6 months, and in the 4th and 5th years 6–12 months. If regional recurrence occurred, the side (ipsilateral or contralateral) was recorded.



Measurement of the Depth of Invasion

The DOI was measured for all surgical specimens based on the hematoxylin and eosin slide. The DOI was defined and measured as a plumb-line from the basal membrane of the closest normal adjacent mucosa to the deepest point of invasion, in line with the recommendation from the 8th edition of the AJCC (18).

All hematoxylin and eosin slides were collected from the Department of Pathology of the Erasmus University Medical Center and scanned by the NanoZoomer 2.0-HT slide scanner (Hamamatsu Photonics, Hamamatsu, Japan). Slides were reviewed by a head and neck pathologist (SK) using the NanoZoomer digital pathology (NDP) viewer 2.5.19 (Hamamatsu Photonics, Hamamatsu, Japan).

The patients were divided based on DOI into a group with DOI ≤4 mm and a group with DOI >4 mm, based on the DOI cut-off value >4 mm used at our institute.



Statistical Analysis

Statistical analysis was performed using the IBM SPSS Statistics version 25 software. Patients’ characteristics between the two groups (DOI ≤ 4 mm DOI > 4 mm) were compared using student T-test for continuous variables and Chi-square test for categorical variables. Univariate logistic regression was performed to assess the correlation between predictor variables and occult lymph node status. A Receiver Operator Curve (ROC) was utilized to determine the optimal cut-off value for predicting occult lymph node metastasis using DOI, for all sub-sites combined. Follow-up was calculated from the date of surgery. Regional recurrence-free survival (i.e., time until an isolated regional recurrence occurs; RRFS) and disease-specific survival (i.e., time until death due to disease; DSS) were assessed by Kaplan–Meier analysis and log-rank test for the DOI ≤4 mm and >4 mm and for the WW and END in the DOI group ≤4 mm. The overall survival (i.e., time until the death of patients; OS) was assessed by Kaplan–Meier analysis and log-rank test for the DOI ≤4 mm and >4 mm. Two-tailed statistical tests were performed. A p-value of less than 0.05 was considered statistically significant.




Results


Study Population

A total of 318 patients were seen in our hospital with pT1/pT2 OCSCC during the study period. Patients were excluded due to the following reasons: a history of head and neck tumor (n = 91), unreliable assessment of the depth of invasion (n = 3), loss to follow-up (n = 2). After exclusion, 222 patients were included for the final analysis, Table 1. Of the 222 patients included, the cN0 status was determined by both, clinical examination and imaging in 124 patients (55.9%), by clinical examination only in 51 patients (23%), and by imaging only in 42 patients (18.9%). For the remaining five patients (2.2%) no data was available.


Table 1 | Patient and tumor characteristics.





Depth of Invasion

Median DOI for all cases was 4.48 mm; mean was 4.8 mm with a standard deviation of 2.5 mm. In 97 cases the DOI was ≤4 mm and in 125 cases the DOI was >4 mm. Of all adverse histopathologic characteristics, only PNI was associated with DOI >4 mm (p = 0.001). The other adverse tumor characteristics such as differentiation grade and LVI were similar in both groups, Table 2.


Table 2 | Comparison of patient and tumor characteristics for the two depth of invasion groups.





Elective Neck Dissection Versus Watchful Waiting

Thirty-nine patients of the 166 patients treated with an END had occult lymph node metastasis. The DOI of all patients was categorized into whole mm (0 mm < DOI ≤ 1 mm, 1 mm < DOI ≤ 2 mm, etc), Table 3. A separate analysis was performed for 128 patients with SCC of the tongue, Table 4.


Table 3 | Association between depth of invasion and occult lymph node metastasis.




Table 4 | Association between depth of invasion and occult lymph node metastasis in tongue.



Figure 1 shows predictions from a logistic regression analysis. This leads to a cut-off value of 4.3 mm, considering the 20% risk (NPV = 80%) (7). In the logistic regression analysis for the tongue population, the risk of 20% (NPV = 80%) is reached between 3 mm and 4 mm.




Figure 1 | Association between depth of invasion and occult lymph node metastasis.





Predictors for Occult Lymph Node Metastasis

Univariate logistic regression analysis showed depth of invasion (OR = 1.3 per mm DOI; 95% CI: 1.1–1.5, p = 0.001) and tumor diameter (OR = 2.0; 95% CI: 1.3–3.1, p = 0.002) as predictors for occult lymph node metastasis. Perineural invasion (p = 0.204) and differentiation grade (p = 0.194) were non-predictors for occult lymph node metastasis.



Follow-Up

The mean follow-up was 67 ± 34 months, ranging from 0.2 to 156 months. No difference was found in the duration of follow-up between the DOI ≤4 mm and >4 mm, p = 0.969 (66.7 ± 33.5 months; 66.5 ± 34.9 months, respectively).

No difference was found between the groups DOI ≤ 4 mm and > 4 mm in local recurrence, and distant metastasis. Local recurrence occurred in 19 patients, 8 patients (8.2%) in the group DOI ≤ 4 mm and 11 patients (8.8%) in the group DOI > 4 mm, p = 1.0. Distant metastasis occurred in 12 patients, 6 patients (6.2%) in the group DOI ≤ 4 mm and 6 patients (4.8%) in the group DOI > 4 mm, p = 0.878.

Regional recurrence was also analyzed per DOI group (≤4 mm versus >4 mm) and per type of treatment (WW versus END), Table 5. Regional recurrence occurred in 15 patients (15.5%) in the group DOI ≤4 mm and in 12 patients (9.6%) in the group DOI >4 mm, p = 0.263.


Table 5 | Regional recurrence for the two depth of invasion groups.



In the WW group, regional recurrence was seen in 13 patients (23.2%) (11 in the group DOI ≤4 mm and two in the group DOI >4 mm) and 14 patients (8.4%) in the END group (four in the group DOI ≤4 mm and 10 in the group DOI >4 mm), p = 0.007.

In this END group, in nine of 14 cases regional recurrence was contralateral (tumor subsite: tongue six, floor of mouth two, and retromolar trigone one). In the remaining five cases the regional recurrence was ipsilateral, four in a level which was not included in the END, one in the level that was included.

Regional recurrence-free survival was similar for a DOI ≤4 mm and a DOI >4 mm (5-year RRFS 86.0 vs 90.1%, logrank test p = 0.317).

Disease specific survival was similar for a DOI ≤4 mm and a DOI >4 mm (both 5-year DSS 89.1 vs 91.3%, log-rank test p = 0.605).

Overall survival was similar for a DOI ≤4 mm and a DOI >4 mm (5-year OS 73.6 vs 70.1%, log-rank test p = 0.527).

The differences in RRFS and DSS were calculated between WW and END only for the group DOI ≤4 mm, because in the group DOI >4 mm the number of patients with WW was not sufficient for statistical analysis.

For the group DOI ≤4 mm, the RRFS for patients with an END compared to those with WW was not different (5-year RRFS 92.2 vs 78.4%, log-rank test p = 0.055), Figure 2.




Figure 2 | The 5-year regional recurrence-free survival.



For the DOI ≤4 mm, the DSS was similar for the END and WW (5-year DSS 94.3 vs 82.6%, log-rank test p = 0.097).




Discussion

Several studies report the DOI as a predictor of occult lymph node metastasis, and it is used as a criterion to decide on END in early OCSCC (19–26).

However, large differences exist between studies in regard to the definition and reliable measurement of the DOI and in the number of cases included from different subsites. This makes comparison of the results between studies unreliable.

The lack of consensus on the DOI cut-off value for the clinical decision on END is caused by the fact that it is used interchangeably with tumor thickness (TT) in different studies (16, 17, 19, 20, 27, 28). The DOI is considered a better prognostic factor than TT because it compensates for exophytic or ulcerative tumors (28). The 8th edition of the AJCC guideline, published in January 2017, provides a clear definition of the DOI (i.e., the distance between the basal membrane of normal adjacent mucosa and the deepest point of tumor invasion) (18). Therefore, many studies are outdated (9, 19, 28–30). Moreover, the studies published after the release of the 8th edition of the AJCC show large variances. A number of studies do not confirm the DOI cut-off value of 4 mm. For instance, Faisal et al. showed 10 mm DOI cut-off value for decision making on END, Tam et al. showed 7.25 mm, and Kozak et al. did not specify another DOI cut-off value (23, 24, 31). On the other hand, van Lanschot et al. confirmed the DOI cut-off value of 4 mm, and Brockhoff et al. calculated DOI cut-off values for most subsites (i.e., tongue = 2mm, floor of mouth = 3mm, and Proc alv/hard palate = 4mm) (20, 22).

The strength of the current study is that the DOI was measured for all cases, according to the current AJCC guideline, on digital H&E slides with high precision. In order to have comparable data, it would be desirable that in future studies the DOI is used and that the conclusions of already published studies based on TT are reassessed based on the DOI.

It is known that the frequency of occult lymph node metastasis differs per OCSCC subsite. It has been reported that occult lymph node metastasis is present in 20–30% of the cases for tongue cancer, 41.7% for the floor of mouth, and 15.4% for the buccal mucosa (20, 32). Therefore, the DOI cut-off value should be determined per subsite. The limited number of cases per subsite included in this study did not allow this analysis.

Aside from the DOI, other tumor characteristics like diameter, differentiation grade, worst pattern of invasion, perineural invasion, and tumor budding can also be associated with occult lymph node metastasis (33–36). In this study, it was not possible to confirm the other tumor characteristics because the multivariate analysis was not performed due to the incomplete pathology reporting between 2006 and 2012. Data on LVI, PNI, and tumor diameter were sometimes missing. Besides, margin status was often not annotated exactly. Instead of numerical values, there was only a description of margins (e.g., radical, free of tumor). The previously published study on this subject by our group involved a relatively recent cohort (2013–2018), in which our protocol for END was based on the DOI (>4 mm = END). On contrary, in the current study an older cohort was involved for which the guideline for END was based on either DOI >5 mm or tumor diameter >1.0 cm. Moreover, for the old cohort the reliable data for LVI, PNI, tumor diameter and margin status were missing and therefore not further analyzed and compared with the newer cohort. Finally, the patient outcome (locoregional recurrence and survival) in the previously published study may be influenced by the fact that our institute started with intra-operative assessment of resection margins in 2013 (22, 37, 38).

However, it was shown that a predictive model for occult lymph node metastasis including all the tumor characteristics is the best approach (39). Objective methods for predicting occult lymph node metastasis are being investigated, like gene-expression profiling or molecular markers (40–43).

In this study, we showed that the DOI is a significant predictor for occult lymph node metastasis (p = 0.001) in OCSCC. Therefore, the DOI can be regarded as a parameter for decision making on END. At our institute, the DOI cut-off value >4 mm is used, based on the National Comprehensive Cancer Network (NCCN) guideline (12). Here we confirm with a NPV of 81% the DOI cut-off value >4 mm for decision making on END.

We showed that performing an END in patients with an DOI ≤4 mm had no significant effect on the 5-year DSS compared to WW (94.3 vs 82.6%, log-rank test p = 0.097). The strength of this study is that this analysis was possible because of the large number of patients treated with an END in the group with a DOI ≤4 mm. In this group, the RRFS reached near significance (p = 0.055) for END, when compared to WW. For the group DOI >4 mm, the difference in DSS and RRFS could not be calculated because the number of patients was not sufficient for statistical analysis.

Despite the fact that END was performed, regional recurrence occurred in 8.4% of patients (14 of 166). The recurrences were either ipsilateral and mostly at a neck level that was not included in the END (5), or contralateral (9) to END side. The effectiveness of END is shown by the fact that only one patient had a regional recurrence at a level that was included in the END.

Most authors base their decision on END according to 20% (NPV 80%) risk of occult lymph node metastasis (19, 20, 22–26). The origin of this risk cut-off value is the publication of Weiss et al. in 1994 (7). In this study, the decision for intervention was determined by the side effects of surgery (END) and radiotherapy at that time. It may be assumed that nowadays, 25 years later, the treatment modalities have substantially improved. Therefore, we suggest that a risk lower than 20% should be taken into consideration when deciding on END. This of course, should only be done in agreement with patients, based on the clear information on both, side effects of the END and the risk of occult lymph node metastasis.
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Background/Purpose

Surgery followed by postoperative radiotherapy (RT) has been considered the standard treatment for oral cavity squamous cell carcinoma (OCSCC) of advanced stages or with adverse prognostic factors. In this study, we compared the outcomes in patients with OCSCC who received postoperative concurrent chemoradiotherapy (CCRT) or postoperative RT alone using modern RT techniques.



Methods

A total of 275 patients with OCSCC treated between 2002 and 2018 were retrospectively analyzed. Adverse prognostic factor was defined as extranodal extension (ENE), microscopically involved surgical margin, involvement of ≥2 lymph nodes, perineural disease, and/or lymphovascular invasion (LVI). In total, 148 patients (54%) received CCRT and 127 patients (46%) received RT alone. More patients in the CCRT group had N3 disease and stage IVB disease (46.6% vs. 10.2%, p<0.001), ENE (56.1% vs. 15.7%, p<0.001), LVI (28.4% vs. 13.4%, p=0.033).



Results

With a median follow-up of 40 (range, 5–203) months, there were no significant differences in the 5-year overall survival (OS) and PFS between treatment groups. In the subgroup analysis according to high risk, the concurrent use of chemotherapy showed significantly improved OS in patients with ENE (HR 0.39, p=0.003).



Conclusion

Our retrospective study showed that postoperative CCRT group had comparable survival outcomes to those in the RT alone group for advanced OCSCC in the era of modern RT techniques and indicated that concurrent chemotherapy should be administered to patients with ENE. Prospective randomized studies for confirmation are needed.





Keywords: oral cancer, intensity modulated radiotherapy, chemotherapy, treatment outcome, prognosis



Introduction

Squamous cell carcinoma (SCC) is the most common malignancy of the oral cavity  (1). It is estimated that 35,130 people will be diagnosed with oral cavity cancer in 2019  (2). Surgery followed by postoperative radiotherapy (PORT) is considered the standard treatment for oral cavity SCC (OCSCC) of advanced stages or with adverse prognostic factors. In general, patients with OCSCC tend to have worse local and regional control compared to other head and neck subsites  (3–5).

Evidence for the concurrent use of chemotherapy was established by the European Organization for Research and Treatment of Cancer (EORTC) 22931 and Radiation Therapy Oncology Group (RTOG) 9501 trials  (6, 7). Concurrent chemotherapy with cisplatin was administrated for high risk patients and reported that 5-year overall survival (OS) was approximately 50%.

With advances in radiotherapy (RT) techniques, intensity-modulated RT (IMRT) has been the standard RT for head and neck tumors. In this study, we compared the outcomes in patients with oral cavity SCC (OCSCC) who received postoperative concurrent chemoradiotherapy (CCRT) or PORT alone using modern RT techniques.



Materials and Methods


Study Population

A list of consecutive patients who were diagnosed with OCSCC and received RT between 2002 and 2018 was extracted from an institutional cancer registry; a total of 486 patients were identified. The inclusion criteria were as follows: pathologically confirmed SCC of oral cavity, resection of primary tumor with/without neck node dissection, and received postoperative RT using three-dimensional conformal RT (3D-CRT) or IMRT. Exclusion criteria were as follows: PORT followed by salvage resection after recurrence of disease (n = 145); pathologically not a SCC, such as adenoid cystic carcinoma or sarcoma (n = 41); palliative treatment due to distant metastasis (n = 21); and OCSCC with double primary lung cancer (n = 4). After all exclusions, the data of 275 patients were analyzed.

The procedures followed in this study were in accordance with the Helsinki Declaration of 1975, as revised in 2000. This study was approved by our Institutional Review Board (IRB # 4-2019-0401).



Treatment

Pretreatment evaluation included a complete history, physical examination and laboratory studies including a complete blood cell count and serum chemistry profile. Patients underwent imaging studies such as computed tomography (CT), magnetic resonance imaging for primary tumor and neck node involvement evaluation, and positron emission tomography (PET) for systemic evaluation.

The surgical techniques included resection either by open approaches or by trans-oral robotic surgery using da Vinci Robot (Intuitive Surgical Inc., Sunnyvale, CA). Neck dissection was performed on the involved side or both sides of neck in order to examine the regional lymph node involvement.

RT was delivered using megavoltage photons (≥6 MV). Using 3D-CRT, a cone-down technique was used. Using IMRT, the simultaneous integrated boost technique was used in all patients. The high-risk clinical target volume (CTV)1 encompassed the primary tumor bed (based on preoperative imaging, physical examination, and operative findings) and extranodal extension (ENE) or microscopically involved surgical margin lesions (RM+). The intermediate-risk CTV2 encompassed the pathologically positive hemi neck; this frequently required coverage of nodal levels I, IIa-b, III, and IV for most cases. The low-risk CTV3 usually encompassed the prophylactically treated neck with a low risk of harboring microscopic disease (e.g., the uninvolved low or contralateral neck). For the planning target volume (PTV), a 2–5 mm margin was applied to the CTV. The intended total dose for PTV1 was 60–66 Gy in 2.0 Gy per fraction. If ENE or RM+ were present, the region was treated with 64–66 Gy. The intended total doses for PTV2 and PTV3 were 60 Gy and 45-50 Gy, respectively. The target volume was delineated on simulation CT fused with PET and other images. Helical tomotherapy (HT), an image-guided IMRT system using megavoltage CT (MVCT) that provides precise delivery, was used in IMRT. HT was demonstrated to have better target volume dose conformity and homogeneity than other IMRT  (8). The daily MVCT images were fused with the original treatment planning based on soft tissue and bony structures at each fraction. The position was corrected manually to align target volume after automatic registration  (9).

Concurrent chemotherapy was added to RT in patients with high risk OCSCC. High risk was defined by ENE, RM+, perineural invasion (PNI), lymphovascular invasion (LVI), and/or multiple nodes involvement. ENE was defined as extension of cancer cells through the lymph node capsule. The pathological margins were classified as negative (>5 mm), close (≤5 mm), and positive (presence of cancer cells microscopically [RM+]). Patients received concurrent chemotherapy as follows: cisplatin was administered as a weekly dose of 25–40 mg/m2 or a triweekly dose of 100 mg/m2 from the first day of RT.

Each patient was examined by a dental team for pre-radiotherapy dental care, which was completed before the initiation of PORT. In addition to clinical examination, radiographic examination was performed to determine the periodontal status and the presence of periapical inflammation and other dental diseases. Each patient was examined at least once a week to monitor treatment-related toxicities. Treatment-related toxicities were graded according to the Common Toxicity Criteria for Adverse Events version 5.0.

Patterns of first failure were defined as loco-regional failure or distant metastases. The date of failure was the date of tissue confirmation or imaging study showing evidence of failure. Local failure was defined as failure occurring within the same site of the primary tumor, regional failure if occurring within the regional lymph nodes, and distant failure if occurring outside of the local and regional areas.



Statistical Analysis

Statistical analyses were conducted using IBM SPSS version 25.0 (IBM Corp., Armonk, NY). The differences in characteristics and toxicities were compared using chi-square tests, and the Kaplan–Meier method was used to calculate the OS, progression-free survival (PFS), loco-regional failure-free survival and distant metastasis-free survival; differences between the curves were analyzed using the log-rank test. Cox proportional hazards models were used to assess the association of variables with the survival and hazard ratio (HR) and confidence interval (CI). Statistical significance was defined as p < 0.05. Factors showing p < 0.10 in the univariate analyses were included in the multivariate analyses.




Results


Patient Characteristics

The patient and pathologic characteristics are summarized in Table 1. The median age of patients was 58 years (range, 18–86) and the male-to-female ratio was 6:4. The most common primary site was the oral tongue (54%, n = 148), followed by the buccal mucosa (13%, n = 37), retromolar trigone (12%, n = 32), and alveolar ridge (12%, n = 32). The most common pathologic T and N status were T4 (36%, n = 98) and N3 (30%, n = 82). A total of 119 patients (43%) had stage IVA disease according to American Joint Committee On Cancer (AJCC) 8th edition and 82 patients (30%) had stage IVB disease. A total of 103 patients (37%) had ENE and 72 patients (26%) had RM+.


Table 1 | Patient characteristics.



The characteristics that differed by treatment group included pathologic N status, AJCC stage, ENE, resection margin status, RT dose and RT modality. More patients in the CCRT group had N3 disease and AJCC stage IVB disease (46.6% vs. 10.2%, p<0.001), ENE (56.1% vs. 15.7%, p<0.001), LVI (28.4% vs. 13.4%, p=0.033). The mean RT dose was higher in the CCRT group (62.2 Gy vs. 60.9 Gy, p=0.002) and fewer patients received IMRT (7.4% vs. 19.7%, p=0.004). The other characteristics were well balanced between treatment groups.

Ipsilateral neck dissection was performed for 268 patients (98%), of whom 129 (47%) received modified radical neck dissection (mRND), 121 (44%) received supra-omohyoid neck dissection (SOND), and 18 (7%) received selective neck dissection (SND). Contralateral neck dissection was performed for 87 patients (32%), of whom 10 (4%) received mRND, 58 (21%) received SOND, and 19 (7%) received SND.

A total of 36 patients (13%) received 3D-CRT and 239 patients (87%) received IMRT. The median RT dose was 63 Gy (range, 50–67.5), median high risk CTV fractional dose was 2.1 Gy (range, 1.8–2.5) and median fraction number was 30 (range, 20-36). The median treatment day of RT was 42 days (range, 32–70) and total treatment time from surgery to finish of RT was 82 days (range, 63–177). A total of 148 patients (54%) received concurrent chemotherapy, three patients received induction chemotherapy consisting of cisplatin and gimeracil, also known as TS-1, before surgery, and one patient received maintenance gimeracil chemotherapy after RT. The median cumulative dose of cisplatin was 200 mg/m2 (range, 40–300 mg/m2). Most patients (66%, n = 97) completed chemotherapy without interruption. A total of 17 patients (12%) discontinued concurrent chemotherapy because of grade 3 poor oral intake (n = 7), grade 3 fatigue (n = 5), and grade 3 neutropenia (n = 5). Furthermore, the chemotherapy dose was reduced in 15 (10%) patients because of grade 3 fatigue (n = 8), and grade 3 neutropenia (n = 7).



Survival Analysis, Prognostic Factors

With a median follow-up of 40 months (range, 5–203), the 5-year OS and PFS rates were 65% and 61%, respectively (Figure 1). Median OS was not reached, and median PFS was 140 months (95% CI, 67.6–212.4). According to primary site, the 5-year OS were follows: oral tongue (69%), buccal mucosa (64%), retromolar trigone (55%), gingiva and alveolar ridge (56%), floor of mouth (76%), hard palate (42%).




Figure 1 | Overall survival and progression free survival.



The prognostic factors associated with OS are summarized in Table 2. Univariate analysis revealed that pathologic T and N status, AJCC stage, ENE, and PNI were significant prognostic factors associated with OS. In the multivariate analysis, pathologic T status and PNI were associated with poorer OS. The prognostic factors associated with PFS are summarized in Table 3. Univariate analysis revealed that pathologic T and N status, AJCC stage, ENE, and PNI were significant prognostic factors associated with PFS. In the multivariate analysis, pathologic T status and PNI were associated with poorer PFS.


Table 2 | Prognostic factors for overall survival.




Table 3 | Prognostic factors for progression free survival.





Outcomes According to Treatment Group

There were no significant differences in the 5-year OS (64% vs. 65%, p = 0.974) and PFS (62% vs. 60%, p=0.846) between treatment groups (Figure 2). No significant difference was observed in the 5-year loco-regional failure-free survival (79% vs. 77%, p = 0.599) and distant metastasis-free survival (78% vs. 81%, p = 0.475).




Figure 2 | (A) Overall survival stratified by concurrent chemotherapy. (B) Progression free survival stratified by concurrent chemotherapy.



In the subgroup analysis according to high risk (ENE, RM+, PNI, LVI, and multiple node), the concurrent use of chemotherapy showed significantly improved OS in patients with ENE (HR 0.39, 95% CI 0.21–0.43, p = 0.003, Figure 3), while there was no advantage in OS in patients with RM+, PNI, LVI, and multiple node.




Figure 3 | Overall survival in treatment groups.





Outcomes According to Indications of Chemotherapy

In total, 103 and 72 patients had ENE and RM+, respectively; 22 patients had both ENE and RM+ and 153 patients had either ENE or RM+. Concurrent chemotherapy significantly improved the 5-year OS in patients with ENE (56% vs. 32%, p = 0.002); however, it did not improve the 5-year OS in patients with RM+ (64% vs. 64%, p = 0.899). Moreover, concurrent chemotherapy was not beneficial in patients with either ENE or RM+ (p = 0.116), but it was beneficial in terms of survival in patients with both ENE and RM+ (p < 0.001). The mean RT dose for patients with ENE was statistically higher than that for patients without ENE (62.7 Gy vs. 60.9 Gy, p < 0.001). Similarly, the mean RT dose for patients with RM+ was statistically higher than that for patients without RM+ (62.6 Gy vs. 61.2 Gy, p < 0.001).

The most common first pattern of failure in patients with ENE was distant failure (26%), followed by local (16%) and regional failures (15%). In patients with RM+, the rates of local (13%), regional (15%), and distant (13%) failures were similar. The overall rates of distant failure in patients with ENE, RM+, and negative resection margins were 32%, 21%, and 16%, respectively.



Patterns of First Failure

Treatment failure occurred in 48 and 59 patients in the RT alone and CCRT groups, respectively. The patterns of first failure are summarized in Figure 4. A total of 37 patients (13%) had local failures, 33 patients (12%) had regional failures, and 37 patients (13%) had distant failures (Figure 4A). The most common patterns of failure in CCRT was distant failure (15%) followed by regional (14%) and local (11%) (Figure 4B), and the most common patterns of failure in RT alone was local failure (17%), followed by distant (12%) and regional failures (9%) (Figure 4C).




Figure 4 | Patterns of first failure (A) All patients, (B) Concurrent chemoradiotherapy, (C) Radiotherapy alone.





Toxicity

A total of 105 patients (38.2%) had grade 3 mucositis, and three patients had grade 3 skin reaction. With respect to late toxicities, 10 patients (3.6%) suffered from osteoradionecrosis (ORN) of the mandible and five patients had orocutaneous fistula. Among the 10 patients with ORN, five patients had a primary tumor near the mandible (one with retromolar trigone and four with gingiva), five had pathologic T4a disease and eight received more than 60 Gy of RT. Among the five patients with orocutaneous fistula, all patients had pathologic T4a disease and received more than 60 Gy, and three had RM+.




Discussion

This study reports outcomes for patients with OCSCC treated with surgery followed by CCRT or RT alone. A total of 239 patients (87%) were treated with IMRT. With a median follow-up of 40 months, there were no significant differences in the OS and PFS between treatment groups. Considering the fact that patients in the CCRT group had more N3 disease, ENE, and LVI, use of concurrent chemotherapy had beneficial effect on survival than RT alone.

In the EORTC 22931 and RTOG 9501 trials  (6, 7), ENE and/or RM+ were the most significant prognostic factors, and the concurrent chemotherapy with PORT appeared to improve the survival of patients with OCSCC. The 10-year follow-up results were reported to examine long-term outcomes  (6). In the subset analysis limited to patients with ENE and/or RM+, local-regional failure rates were 33.1% vs. 21.0% (p=0.02) and the OS was 19.6% vs. 27.1% (p=0.07). These results demonstrated improved disease control with concurrent administration of chemotherapy. In our study, there showed improved survival with concurrent administration of chemotherapy for patients with ENE  (6). In the subgroup analysis, the mean RT dose for patients with ENE or RM+ was statistically higher than that for patients without ENE or RM+. Radiation dose escalation for RM+ could explain the similar rates of local, regional, and distant failures.

Hsieh C.H. et al. reported that PORT with image guidance results in better OS and LCR than postoperative RT without image guidance  (10). Patients who received image-guided IMRT had a better 5-year OS than patients who received non-image-guided IMRT (87% vs. 48%). In our institution, all the patients with head and neck cancer received image-guided HT, and patients were verified every day with MVCT. In case of weight loss or change in body shape, we made an adaptive plan for these patients.

According to the report by the Memorial Sloan Kettering Cancer center (MSKCC), 44 of 1,023 patients (4.3%) developed ORN. Patients with ORN had poor periodontal status, a history of heavy alcohol use, and received a higher radiation dose  (11). Patients with oropharyngeal cancer are prone to develop ORN compared to patients with OCSCC because patients with oropharyngeal cancer receive a higher radiation dose. Similar results were observed in our analysis. Among 10 patients with ORN, most of them received a higher radiation dose and had a primary tumor near the mandible. In a report of oropharyngeal cancer from our institution, approximately 30% of patients had overall grade ≥3 acute toxicities treated with definitive RT  (12). In this study, 38% of patients had grade 3 mucositis in the results of OCSCC treated with surgery followed by PORT. With respect to late toxicities, our data showed acceptable results.

Several studies have reported outcomes for specific subsites within the oral cavity. Wang Ling et al. reported the survival outcomes of 210 patients with SCC of the tongue  (13). The 5-year OS rate for patients who underwent surgery and surgery with PORT were 58.2% and 45.6%, respectively. PORT was performed for stage III-IV patients, while stage I-II patients received surgery alone. In our data, the 5-year OS for patients with tongue cancer was 65%. Moreover the MSKCC reported the results of SCC of the gingivobuccal complex  (14). The 5-year OS rate for patients with tongue (n = 936) and gingivobuccal cancer (n = 486) were 67.8% and 61%, respectively. PORT was performed for 40% of tongue cancer patients and 26% of gingivobuccal cancer patients. Patients with gingivobuccal cancer were more likely to be older and have more advanced disease. In our data, the 5-year OS rate was 64% for patients with buccal mucosa cancer. Nishi H. et al. reported 45 patients with retromolar trigone cancer and reported a 3-year OS rate of 59.8%, as well as pathologic LN involvement as a prognostic factor  (15). In our data, the 3-year OS rate for patients with retromolar trigon cancer was 60%. According to a previous retrospective cohort study using the SEER database (Surveillance, Epidemiology, and End Results), the 5-year OS rate for patients with floor of mouth cancer was 40%  (16). In our data, the 5-year OS rate for patients with floor of mouth cancer was 76%, although only 18 patients had floor of mouth cancer.

The current study has several limitations. There was heterogeneity of tumor subsites, surgery techniques including neck dissection methods, and radiation dose and field; these differences may have influenced the local, regional, and distant tumor response. Furthermore, after the first failure, the salvage methods were not uniform. Some patients received re-operation, chemotherapy only, and/or re-irradiation for recurrent tumor; this might have influenced the OS. Because this study was retrospective, the incidence of treatment-related toxicities could be underestimated. However, the current study evaluated a large number of patients with OCSCC who received surgery followed by PORT, and determined the impact of concurrent chemotherapy. Because the EORTC 22931 and RTOG 9501 trials (6, 7) included a heterogeneous group of patients, including those with cancers of the oral cavity, oropharynx, larynx, or hypopharynx, prospective randomized controlled trials are needed for OCSCC. This study could be considered as a preliminary study for such trials. Until such trials have been reported, the recommendation based on the combined analysis of EORTC 22931 and RTOG 9501 still need to be followed  (7).

In conclusion, our retrospective study showed that postoperative CCRT group had comparable survival outcomes to those in the RT alone group for advanced OCSCC in the era of modern RT techniques and indicated that concurrent chemotherapy should be administered to patients with ENE. Prospective randomized studies for confirmation are needed.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by IRB #4-2019-0401. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

This study was designed and directed by TK and CL. I-HC, EC, HRK, HJK, S-HK, and KK contributed to the data collection and analysis. The manuscript was written by TK and CL, and commented on by all authors. All authors contributed to the article and approved the submitted version.



References

1. Kademani, D. Oral cancer. Mayo Clin Proc (2007) 82(7):878–87. doi: 10.4065/82.7.878

2.Cancer Facts & Figures. (2019). American Cancer Society.

3. Ooishi, M, Motegi, A, Kawashima, M, Arahira, S, Zenda, S, Nakamura, N, et al. Patterns of failure after postoperative intensity-modulated radiotherapy for locally advanced and recurrent head and neck cancer. Jpn J Clin Oncol (2016) 46(10):919–27. doi: 10.1093/jjco/hyw095

4. Yao, M, Chang, K, Funk, GF, Lu, H, Tan, H, Wacha, J, et al. The failure patterns of oral cavity squamous cell carcinoma after intensity-modulated radiotherapy-the university of iowa experience. Int J Radiat Oncol Biol Phys (2007) 67(5):1332–41. doi: 10.1016/j.ijrobp.2006.11.030

5. Chan, AK, Huang, SH, Le, LW, Yu, E, Dawson, LA, Kim, JJ, et al. Postoperative intensity-modulated radiotherapy following surgery for oral cavity squamous cell carcinoma: patterns of failure. Oral Oncol (2013) 49(3):255–60. doi: 10.1016/j.oraloncology.2012.09.006

6. Cooper, JS, Zhang, Q, Pajak, TF, Forastiere, AA, Jacobs, J, Saxman, SB, et al. Long-term follow-up of the RTOG 9501/intergroup phase III trial: postoperative concurrent radiation therapy and chemotherapy in high-risk squamous cell carcinoma of the head and neck. Int J Radiat Oncol Biol Phys (2012) 84(5):1198–205. doi: 10.1016/j.ijrobp.2012.05.008

7. Bernier, J, Cooper, JS, Pajak, TF, van Glabbeke, M, Bourhis, J, Forastiere, A, et al. Defining risk levels in locally advanced head and neck cancers: a comparative analysis of concurrent postoperative radiation plus chemotherapy trials of the EORTC (#22931) and RTOG (# 9501). Head Neck (2005) 27(10):843–50. doi: 10.1002/hed.20279

8. Murthy, V, Mallik, S, Master, Z, Sharma, PK, Mahantshetty, U, and Shrivastava, SK. Does helical tomotherapy improve dose conformity and normal tissue sparing compared to conventional IMRT? A dosimetric comparison in high risk prostate cancer. Technol Cancer Res Treat (2011) 10(2):179–85. doi: 10.7785/tcrt.2012.500193

9. Lee, TF, Fang, FM, Chao, PJ, Su, TJ, Wang, LK, and Leung, SW. Dosimetric comparisons of helical tomotherapy and step-and-shoot intensity-modulated radiotherapy in nasopharyngeal carcinoma. Radiother Oncol (2008) 89(1):89–96. doi: 10.1016/j.radonc.2008.05.010

10. Hsieh, CH, Shueng, PW, Wang, LY, Huang, YC, Liao, LJ, Lo, WC, et al. Impact of postoperative daily image-guided intensity-modulated radiotherapy on overall and local progression-free survival in patients with oral cavity cancer. BMC Cancer (2016) 16:139. doi: 10.1186/s12885-016-2165-9

11. Owosho, AA, Tsai, CJ, Lee, RS, Freymiller, H, Kadempour, A, Varthis, S, et al. The prevalence and risk factors associated with osteoradionecrosis of the jaw in oral and oropharyngeal cancer patients treated with intensity-modulated radiation therapy (IMRT): The Memorial Sloan Kettering Cancer Center experience. Oral Oncol (2017) 64:44–51. doi: 10.1016/j.oraloncology.2016.11.015

12. Park, S, Cho, Y, Lee, J, Koh, YW, Kim, SH, Choi, EC, et al. Survival and Functional Outcome after Treatment for Primary Base of Tongue Cancer: A Comparison of Definitive Chemoradiotherapy versus Surgery Followed by Adjuvant Radiotherapy. Cancer Res Treat (2018) 50(4):1214–25. doi: 10.4143/crt.2017.498

13. Ling, W, Mijiti, A, and Moming, A. Survival pattern and prognostic factors of patients with squamous cell carcinoma of the tongue: a retrospective analysis of 210 cases. J Oral Maxillofac Surg (2013) 71(4):775–85. doi: 10.1016/j.joms.2012.09.026

14. Gupta, P, Migliacci, JC, Montero, PH, Zanoni, DK, Shah, JP, Patel, SG, et al. Do we need a different staging system for tongue and gingivobuccal complex squamous cell cancers? Oral Oncol (2018) 78:64–71. doi: 10.1016/j.oraloncology.2018.01.013

15. Nishi, H, Shinozaki, T, Tomioka, T, Maruo, T, and Hayashi, R. Squamous cell carcinoma of the retromolar trigone: Treatment outcomes. Auris Nasus Larynx (2018) 45(2):337–42. doi: 10.1016/j.anl.2017.05.011

16. Saggi, S, Badran, KW, Han, AY, Kuan, EC, and St John, MA. Clinicopathologic Characteristics and Survival Outcomes in Floor of Mouth Squamous Cell Carcinoma: A Population-Based Study. Otolaryngol Head Neck Surg (2018) 159(1):51–8. doi: 10.1177/0194599818756815



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Kim, Cha, Choi, Kim, Kim, Kim, Keum and Lee. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




ORIGINAL RESEARCH

published: 24 March 2021

doi: 10.3389/fonc.2021.626602

[image: image2]


Deep Learning for Automatic Segmentation of Oral and Oropharyngeal Cancer Using Narrow Band Imaging: Preliminary Experience in a Clinical Perspective


Alberto Paderno 1*, Cesare Piazza 1, Francesca Del Bon 1, Davide Lancini 1, Stefano Tanagli 1, Alberto Deganello 1, Giorgio Peretti 2, Elena De Momi 3, Ilaria Patrini 3, Michela Ruperti 3, Leonardo S. Mattos 4 and Sara Moccia 4,5,6


1 Department of Otorhinolaryngology—Head and Neck Surgery, ASST—Spedali Civili of Brescia, University of Brescia, Brescia, Italy, 2 Department of Otorhinolaryngology—Head and Neck Surgery, IRCCS San Martino Hospital, University of Genoa, Genoa, Italy, 3 Department of Electronics, Information and Bioengineering, Politecnico di Milano, Milan, Italy, 4 Department of Advanced Robotics, Istituto Italiano di Tecnologia, Genoa, Italy, 5 The BioRobotics Institute, Scuola Superiore Sant’Anna, Pisa, Italy, 6 Department of Excellence in Robotics and AI, Scuola Superiore Sant’Anna, Pisa, Italy




Edited by: 
Wojciech Golusiński, Poznan University of Medical Sciences, Poland

Reviewed by: 
Remco De Bree, University Medical Center Utrecht, Netherlands

Giuseppe Mercante, Humanitas University, Italy

*Correspondence: 
Alberto Paderno
 albpaderno@gmail.com

Specialty section: 
 This article was submitted to Head and Neck Cancer, a section of the journal Frontiers in Oncology


Received: 06 November 2020

Accepted: 08 March 2021

Published: 24 March 2021

Citation:
Paderno A, Piazza C, Del Bon F, Lancini D, Tanagli S, Deganello A, Peretti G, De Momi E, Patrini I, Ruperti M, Mattos LS and Moccia S (2021) Deep Learning for Automatic Segmentation of Oral and Oropharyngeal Cancer Using Narrow Band Imaging: Preliminary Experience in a Clinical Perspective. Front. Oncol. 11:626602. doi: 10.3389/fonc.2021.626602




Introduction

Fully convoluted neural networks (FCNN) applied to video-analysis are of particular interest in the field of head and neck oncology, given that endoscopic examination is a crucial step in diagnosis, staging, and follow-up of patients affected by upper aero-digestive tract cancers. The aim of this study was to test FCNN-based methods for semantic segmentation of squamous cell carcinoma (SCC) of the oral cavity (OC) and oropharynx (OP).



Materials and Methods

Two datasets were retrieved from the institutional registry of a tertiary academic hospital analyzing 34 and 45 NBI endoscopic videos of OC and OP lesions, respectively. The dataset referring to the OC was composed of 110 frames, while 116 frames composed the OP dataset. Three FCNNs (U-Net, U-Net 3, and ResNet) were investigated to segment the neoplastic images. FCNNs performance was evaluated for each tested network and compared to the gold standard, represented by the manual annotation performed by expert clinicians.



Results

For FCNN-based segmentation of the OC dataset, the best results in terms of Dice Similarity Coefficient (Dsc) were achieved by ResNet with 5(×2) blocks and 16 filters, with a median value of 0.6559. In FCNN-based segmentation for the OP dataset, the best results in terms of Dsc were achieved by ResNet with 4(×2) blocks and 16 filters, with a median value of 0.7603. All tested FCNNs presented very high values of variance, leading to very low values of minima for all metrics evaluated.



Conclusions

FCNNs have promising potential in the analysis and segmentation of OC and OP video-endoscopic images. All tested FCNN architectures demonstrated satisfying outcomes in terms of diagnostic accuracy. The inference time of the processing networks were particularly short, ranging between 14 and 115 ms, thus showing the possibility for real-time application.
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Introduction

Surgical data science (SDS) (1) is an emerging field of medicine aimed at extracting knowledge from medical data and providing objective measures to assist in diagnosis, clinical decision making, and prediction of treatment outcomes. In this context, image segmentation, an essential step in computer vision, can be defined as the task of partitioning an image into several non-intersecting coherent parts (2). It is also well known that segmentation is a prerequisite for autonomous diagnosis, as well as for various computer- and robot-aided interventions. Many methodologies have been proposed for image segmentation (3), but the most recent and successful approaches are based on fully convolutional neural networks (FCNNs), applying convolutional filters that learn hierarchical features from data (i.e., input images), and then collecting them in maps. In general, a high number of filters will give better results up to a certain point, when a further increase in their number either does not improve the segmentation performance, or deteriorates it (4).

FCNNs applied to video-analysis are of particular interest in the field of head and neck oncology, since endoscopic examination (and its storage in different ways and media) has always represented a crucial step in diagnosis, staging, and follow-up of patients affected by upper aero-digestive tract cancers. In this view, Narrow Band Imaging (NBI) represents an already consolidated improvement over conventional white light endoscopy, allowing for better and earlier identification of dysplastic/neoplastic mucosal alterations (5–8). However, so far, NBI-based endoscopy remains a highly operator-dependent procedure, and its standardization remains particularly challenging, even when employing simplified pattern classification schemes (9–14). In fact, even though such bioendoscopic tools are aimed at identifying pathognomonic superficial vascular changes in forms of abnormal intrapapillary capillary loops, a relatively long learning curve and intrinsic subjectivity of subtle visual evaluations still hamper their general and widespread adoption in daily clinical practice. Furthermore, subtle differences in NBI patterns according to the head and neck subsite to be analyzed have also been described. This is especially true considering the oral cavity (OC) in comparison with other upper aero-digestive tract sites (9).

The aim of this study was to test FCNN-based methods for semantic segmentation of early squamous cell carcinoma (SCC) in video-endoscopic images belonging to OC and oropharyngeal (OP) subsites to pave the way towards development of intelligent systems for automatic NBI video-endoscopic evaluations.



Materials and Methods

This study was performed following the principles of the Declaration of Helsinki and approved by the Institutional Review Board, Ethics Committee of our academic hospital (Spedali Civili of Brescia, University of Brescia, Brescia, Italy). The workflow of the approach used is shown in Figure 1. In particular, informative NBI frames were selected from videos of OC and OP SCC through a case by case evaluation (“Original frames”, Figure 1). Each frame was manually annotated by an expert clinician contouring the lesion margins, thus creating a mask referring to every frame (“Original mask”, Figure 1). The original frames and masks were then employed to train the FCNNs in order to obtain an automatic tumor segmentation.




Figure 1 | Workflow of the approach used for detection of mucosal SCC in videoendoscopic frames by NBI.




Mucosal Cancer Segmentation

Two datasets were retrieved from the institutional registry analyzing 34 and 45 NBI endoscopic videos of OC and OP, respectively. Each video was from a different patient affected by SCC, clinically presenting as a leuko- or erythroplastic lesion. Image acquisition was performed at the Department of Otorhinolaryngology – Head and Neck Surgery, ASST Spedali Civili, University of Brescia, Brescia, Italy between January 2010 and December 2018. Only video-endoscopies of biopsy-proven OC and OP SCC were included in the study. Patients with previous surgical and/or non-surgical treatments for tumors of these anatomical sites and frankly ulcerated neoplasms with significant loss of substance were excluded from the analysis.

All videos were acquired under white light and NBI by a rigid telescope coupled to an Evis Exera II HDTV camera connected to an Evis Exera II CLV-180B light source (Olympus Medical Systems Corporation, Tokyo, Japan). From the total amount of frames constituting the NBI videos, non-informative frames (i.e., blurred, out of focus, dark, or with signs of bleeding) were discarded through a case by case evaluation. After this selection process, the dataset referring to the OC was composed of 110 frames, while a total of 116 frames composed the OP dataset. Table 1 shows the number of frames tested per patient for each dataset and the relative total amount of frames and patients involved. Each frame in these databases was manually annotated by an expert clinician contouring the lesion margins. The correspondent mean lesion size in percentage of pixels with respect to the entire frame size for each dataset is reported in Table 2.


Table 1 | Investigated datasets for mucosal SCC segmentation task and corresponding number of NBI videoframes per patient.




Table 2 | Investigated datasets for mucosal SCC segmentation task and corresponding amount of mean percentages of lesion pixels per frame and relative standard deviations.



Before segmenting the tumor area with FCNNs, the images underwent a cropping procedure to remove black borders. Given the different dimensions and shapes of extracted NBI video-frames, the cropping was customized for each of them. For memory constraints, frames were down-sampled to dimensions of 256×256 pixels to prevent exceeding the available GPU memory (∼14858 MB). Prior to FCNN-based segmentation, images were standardized sample-wise, namely the image mean was removed from each image. Given the small size of the two datasets, data augmentation was performed to avoid overfitting and to increase the ability of the model to better generalize the results. Hence, the training set was augmented by ∼10 times at each cross-validation, imposing the following random transformations to the frames (and corresponding gold-standard masks obtained with manual segmentation): image rotation (random rotation degree in range 0°-90°), shift (random shift in range 0-10% of the frame side length for both width and height), zoom (with zoom values in range 0 and 1), and horizontal and vertical flip.

Three FCNNs were investigated to segment neoplastic images in OC and OP. The architectures tested were:

	U-Net, a fully convolutional U-shaped network architecture for biomedical image segmentation (15);

	U-Net 3, consisting of the previous deep network improved by Liciotti et al. (16) to work with very few training images and yield more precise segmentations;

	ResNet, composed of a sequence of residual units (17).





Technical Definitions

FCNNs are a type of artificial neural networks that have wide application in visual computing. Their deep hierarchical model roughly mimics the nature of mammalian visual cortex, making FCNNs the most promising architectures for image analysis. FCNNs present an input layer, an output layer, and a variable number of hidden layers, that transform the input image through the convolution with small filters, whose weights and biases are learned during a training procedure.

U-Net is a fully convolutional U-shaped neural networks that is especially suitable for biomedical images. The descending path U-Net is made of repeated 3x3 convolutions and max-pooling, for down-sampling the input image. This path acts as an encoder for feature extraction. The ascending path consists of 3x3 convolutions and up-sampling, for restoring the original input image size. This path acts as decoder for feature processing to achieve the segmentation. The encoder and decoder are linked to each other via long skip connections. U-Net3 is inspired by U-Net but introduces batch normalization, which makes the training process faster. ResNet is also divided in two parts: the descending and ascending paths, each consisting of 5 blocks. Each block of the descending path is made of a convolutional sub-block and two identity sub-blocks, whereas in the ascending path there is one up-convolutional sub-block and two identity sub-blocks. The convolutional and identity sub-blocks follow the implementation of (17) and are made of convolution filters. In order to study the complexity of ResNet, in this work we also tested the performance of ResNet considering 1 block, 3 blocks, and 4 blocks per path. In each block, we kept the number of filters for each convolution equal to 16. We also investigated the ResNet with 1 block per path and 8 filters per convolution instead of 16: this represents the simplest model.



Data Analysis

FCNN performance was evaluated for each network tested and compared to the gold standard represented by manual annotation performed by expert clinicians. A contingency table considering true positive (TP), true negative (TN), false negative (FN), and false positive (FP) results was used. The overall accuracy (Acc) was calculated and defined as the ratio of the correctly segmented area by the algorithm over the annotated area by the expert examiner. The positive and negative samples refer to pixels within and outside the segmented region, respectively. Precision (Prec) was defined as the fraction of relevant instances among the retrieved ones (i.e., positive predictive value = true positives over true and false positives). Recall (Rec) was defined as the fraction of the total amount of relevant instances that were actually retrieved (i.e., true positive rate = true positives over true positives and false negatives). The Dice Similarity Coefficient (Dsc) was evaluated as overlapping measure. The Dsc is a statistical validation metric based on the spatial overlap between two sets of segmentations of the same anatomy. The value of Dsc ranges from 0, indicating no spatial overlap between two sets of binary segmentation results, to 1, indicating complete overlap. Tumor detection performance was evaluated by measuring the computational time required by each of the FCNN architectures investigated to perform automatic segmentation per frame.

Analysis of variance (Anova test) with a significance level of 0.05 was performed to check whether the averages of the computed metrics significantly differed from each other. When significant differences were found, a pairwise T-test for multiple comparisons of independent groups was performed.




Results


Oral Cavity Dataset

For FCNN-based segmentation of the OC dataset, the best results in terms of Dsc were achieved by ResNet with 5(×2) blocks (5 for the descending and 5 for the ascending path) and 16 filters, with a median value of 0.6559, as reported in Figure 2. The comparison in terms of Acc in Figure 3 for the tested FCNN architectures showed the best results in terms of median for the U-Net, with a value of 0.8896. Both the abovementioned architectures showed the best results in terms of other metrics. Specifically, ResNet with 5(×2) blocks and 16 filters appeared to be the best in terms of Rec, with a median value of 0.7545, as reported in Figure 4. U-Net, in contrast, showed the best result in terms of Prec, with a median value of 0.7079, as reported in Figure 5. All FCNNs tested presented very high values of variance, leading to very low values of minima for all metrics evaluated.




Figure 2 | Boxplots of Dsc for the OC dataset, obtained for (a) U-Net architecture, (b) U-Net 3, (c) ResNet with 4(×2) blocks and 16 filters, (d) ResNet with 1(×2) blocks and 8 filters, (e) ResNet with 1(×2) blocks and 16 filters, (f) ResNet with 3(×2) blocks and 16 filters, and (g) ResNet with 5(×2) blocks and 16 filters. Green triangles indicate the mean values, while the orange numbers at the top of each boxplot are the corresponding median values.






Figure 3 | Boxplots of Acc for the OC dataset, obtained for (a) U-Net architecture, (b) U-Net 3, (c) ResNet with 4(×2) blocks and 16 filters, (d) ResNet with 1(×2) blocks and 8 filters, (e) ResNet with 1(×2) blocks and 16 filters, (f) ResNet with 3(×2) blocks and 16 filters, and (g) ResNet with 5(×2) blocks and 16 filters. Green triangles indicate the mean values, while the orange numbers at the top of each boxplot are the corresponding median values.






Figure 4 | Boxplots of Rec for the OC dataset, obtained for (a) U-Net architecture, (b) U-Net 3, (c) ResNet with 4(×2) blocks and 16 filters, (d) ResNet with 1(×2) blocks and 8 filters, (e) ResNet with 1(×2) blocks and 16 filters, (f) ResNet with 3(×2) blocks and 16 filters, and (g) ResNet with 5(×2) blocks and 16 filters. Green triangles indicate the mean values, while the orange numbers at the top of each boxplot are the corresponding median values.






Figure 5 | Boxplots of Prec for the OC dataset, obtained for (a) U-Net architecture, (b) U-Net 3, (c) ResNet with 4(×2) blocks and 16 filters, (d) ResNet with 1(×2) blocks and 8 filters, (e) ResNet with 1(×2) blocks and 16 filters, (f) ResNet with 3(×2) blocks and 16 filters, and (g) ResNet with 5(×2) blocks and 16 filters. Green triangles indicate the mean values, while the orange numbers at the top of each boxplot are the corresponding median values.



No significant difference was found when analyzing variance with the Anova test (p>0.05) to the Dsc, Acc, Rec, and Prec vectors constituted by the metrics of each architecture.

The computational times required by the FCNNs for the automated segmentation task for one image are reported in Table 3. It is worth noticing that less deep networks, such as ResNet with 1(×2) blocks and 8 filters, and ResNet with 1(×2) blocks and 16 filters, achieved automated segmentation in shorter times than the others. In particular, ResNet with 1(×2) blocks and 8 filters took only 14 ms to predict a single frame.


Table 3 | Tested FCNNs and the corresponding times of inference for each single frame, expressed in milliseconds (ms).





Oropharyngeal Dataset

Considering FCNN-based segmentation for the OP dataset, the best results in terms of Dsc were achieved by ResNet with 4(×2) blocks and 16 filters, with a median value of 0.7603, as reported in Figure 6. The comparison in terms of Acc in Figure 7 for the FCNN architectures showed the best results in terms of median for the ResNet with 3(×2) blocks and 16 filters, with a median value of 0.8364. Both the abovementioned architectures also showed the best results in terms of Rec, with a median value of 0.8560 for both, as reported in Figure 8.




Figure 6 | Boxplots of Dsc for the OP dataset, obtained for (a) U-Net architecture, (b) U-Net 3, (c) ResNet with 4(×2) blocks and 16 filters, (d) ResNet with 1(×2) blocks and 8 filters, (e) ResNet with 1(×2) blocks and 16 filters, (f) ResNet with 3(×2) blocks and 16 filters, and (g) ResNet with 5(×2) blocks and 16 filters. Green triangles indicate the mean values, while the orange numbers at the top of each boxplot are the corresponding median values.






Figure 7 | Boxplots of Acc for the OP dataset, obtained for (a) U-Net architecture, (b) U-Net 3, (c) ResNet with 4(×2) blocks and 16 filters, (d) ResNet with 1(×2) blocks and 8 filters, (e) ResNet with 1(×2) blocks and 16 filters, (f) ResNet with 3(×2) blocks and 16 filters, and (g) ResNet with 5(×2) blocks and 16 filters. Green triangles indicate the mean values, while the orange numbers at the top of each boxplot are the corresponding median values.






Figure 8 | Boxplots of Rec for the OP dataset, obtained for (a) U-Net architecture, (b) U-Net 3, (c) ResNet with 4(×2) blocks and 16 filters, (d) ResNet with 1(×2) blocks and 8 filters, (e) ResNet with 1(×2) blocks and 16 filters, (f) ResNet with 3(×2) blocks and 16 filters, and (g) ResNet with 5(×2) blocks and 16 filters. Green triangles indicate the mean values, while the orange numbers at the top of each boxplot are the corresponding median values. The star indicates a significant difference has been found (Anova test, p<0.05).



Conversely, considering the comparison in terms of Prec in Figure 9, the best result was achieved with a deeper network, the ResNet with 5(×2) blocks and 16 filters. However, no significant difference was found when analyzing variance with the Anova test (p>0.05) to the Dsc vectors constituted by the Dsc of each architecture.




Figure 9 | Boxplots of Prec for the OP dataset, obtained for (a) U-Net architecture, (b) U-Net 3, (c) ResNet with 4(×2) blocks and 16 filters, (d) ResNet with 1(×2) blocks and 8 filters, (e) ResNet with 1(×2) blocks and 16 filters, (f) ResNet with 3(×2) blocks and 16 filters, and (g) ResNet with 5(×2) blocks and 16 filters. Green triangles indicate the mean values, while the orange numbers at the top of each boxplot are the corresponding median values. The star indicates a significant difference (Anova test, p<0.05).



A significant difference among the available FCNNs was found applying the same test to the Rec vectors (Figure 8). A further investigation was performed using a pairwise T-test for multiple comparisons of independent groups that demonstrated a p value of 0.043 between U-Net 3 and ResNet with 1(×2) blocks and 8 filters, demonstrating that architectures with skip connections (i.e., all the architectures tested except for U-Net and U-Net 3) had greater performances in detecting mucosal sites affected by SCC.

Moreover, a significant difference among the various FCNNs was also found by applying the Anova test to the Prec vectors (Figure 9). A further investigation using a pairwise T-test for multiple comparisons of independent groups showed a p value of 0.0454 between ResNet with 5(×2) blocks and 16 filters, and ResNet with 1(×2) blocks and 8 filters, demonstrating that deeper architectures were more precise in detecting SCC.

Samples of original frames, manual masks, and relative predicted masks for the OC and OP are shown in Figures 10–12 in order to provide a visual input on the characteristics of correctly and incorrectly segmented tumors, and non-diagnostic cases.




Figure 10 | Sample of original OC frames, manual masks, and relative predicted masks for ResNet with 5 (x2) blocks and 16 filters. The red and green boxes correspond to values of Dsc less than 45% (Dsc <0.45) and Dsc greater than 85% (Dsc >0.85), respectively.






Figure 11 | Sample of original OP frames, manual masks, and relative predicted masks for ResNet with 4 (x2) blocks and 16 filters. The red and green boxes correspond to values of Dsc less than 45% (Dsc <0.45) and Dsc greater than 85% (Dsc >0.85), respectively.






Figure 12 | Sample of original frames excluded from the boxplot comparisons due to their Dsc less than 5% (Dsc <0.05) assessed by ResNet with 4 (x2) blocks and 16 filters for OP frames, and ResNet with 5 (x2) blocks and 16 filters for OC frames. The manual masks and relative predicted masks are also reported.






Discussion

This study presents a computer-aided method for segmentation of SCC through FCNN-based evaluation of NBI video-endoscopic frames afferent to two frequently involved upper aero-digestive tract sites (OC and OP), and evaluates its performance in distinguishing between neoplastic and healthy areas. The overall median Dsc for OC and OP frames of the best performing FCNN [ResNet with 1(×2) blocks and 8 filters] with the shortest time of inference (14 ms) were 0.5989 and 0.6879, respectively.

Of note, this was the first attempt to automatically segment SCC in complex anatomical regions from NBI video-frames. Considering the absence of deep-learning methods in the head and neck literature from which to draw inspiration, this early experience can be considered as a practical approach for segmentation of pathological areas in endoscopic videos, applicable in real time during routine clinical activities, given the short time of inference needed per frame.

Moreover, this approach demonstrates the value of SDS in OC/OP examination and could motivate more structured and regular data storage in the clinic. Indeed, large amounts of data would lead to the possibility of further exploring deep-learning-based algorithms for semantic segmentation, covering a more substantial variability of tissues classification scenarios. In addition, associating such diagnostic videos to subsequently obtained radiologic imaging, pathological specimens, and prognostic characteristics, could pave the way to data mining aimed at understanding adjunctive tumor features (e.g., HPV status, depth of infiltration, risk of regional/distant metastasis) by simple video-endoscopy (18).

In this field, few methodologies have been presented for automatic diagnosis of tumors of the upper aero-digestive tract. As in the present series, most were focused on optimizing the analysis by providing adjunctive features (e.g., NBI, autofluorescence) complementing those obtained by conventional white light endoscopy. Taking advantage of the value of autofluorescence in the OC, Song et al. (19) developed an automatic image classification using a smartphone-based system for OC lesions employing CNNs that evaluated dual-modality images (white light and autofluorescence). The final model reached an accuracy of 87%, sensitivity of 85%, and specificity of 89%.

Conversely, different approaches aimed at maximizing extraction of features focusing on tissue vascularization. Specifically, Barbalata et al. (20) proposed a method for automated laryngeal tumor detection based on post-processing of images. Laryngeal tumors were detected and subsequently classified, focusing on their abnormal intrapapillary capillary loops through anisotropic filtering and matched filter. This further reinforces the rationale of using NBI data for our analysis, since this light-filtering system better highlights blood vessels, thus increasing the quality and quantity of data to be analyzed in each image. This concept was also confirmed by Mascharak et al. (21) who took advantage of naïve Bayesian classifiers trained with low-level image features to automatically detect and quantitatively analyze OP SCC using NBI multispectral imaging. The authors showed a significant increase in diagnostic accuracy using NBI compared to conventional white light video-endoscopy.

Recent studies confirmed the potential of FCNNs in the automatic diagnosis of benign and malignant diseases of the upper aero-digestive tract (22–26), demonstrating an outstanding Acc, comparable with that of experienced physicians. However, these studies were only focused on tumor detection and did not include OC and anterior OP tumors since the examination was only based on transnasal/transoral flexible video-endoscopy. Furthermore, no attempt at segmentation of the precise tumor margins was made.

Considering segmentation and margin recognition tasks, a study by Laves et al. (3) put effort into using FCNN to segment a dataset of the human larynx. The dataset, consisting of 536 manually segmented endoscopic images obtained during transoral laser microsurgery, was tested in order to monitor the morphological changes and autonomously detect pathologies. The Intersection-over-Union metric reached 84.7%. To date, no attempt to a precise visual segmentation by FCNN has been described in the pertinent OC/OP cancer literature.

It should be underlined that our investigation is only a preliminary assessment of feasibility and future potential that could encourage collection of additional evidence and support more extensive studies. The datasets, in fact, were relatively small and partially patient-unbalanced, denoting their high variability. In particular, the OC dataset was composed of a relatively low number of frames in relation to its considerable anatomical complexity and variability of epithelia with different histological and NBI-associated features (27). Moreover, the mean percentage of lesion pixels in each frame was only 22.82 ± 11.68% (with respect to the 38.04 ± 18.54% of the OP dataset). Hence, the high values of Acc might be partially due to the small size of the OC lesions with respect to the entire size of each frame presented in the dataset. Finally, it is worth noticing that all FCNNs tested presented very high values of variance, leading to low values of minima. This is probably due to the difficult task related to the small size of datasets and the significant tissue variability in the regions analyzed. Additionally, OC and OP are characterized by very different endoscopic superficial appearances, with the richness in lymphoid tissue of the latter being one of the most prominent diagnostic obstacles when searching for small tumors of this site even by NBI (27). The lower overall accuracy of FCNNs in the OP observed in the present study may be a sign of such a potential confounding factor.

In general, the type of FCNN did not lead to radical differences in the diagnostic performance in both subsites (while some minor differences may be observed in the OP). The same holds true considering inference times, that were always in the range of “real-time detection” (between 14 and 115 ms). However, in the OP it was possible to observe a higher precision in deeper architectures, demonstrating that an added layer of complexity may improve diagnostic results. Still, deeper architectures were also those needing higher inference times, thus requiring more processing power, and potentially impacting on the aim of real-time segmentation. In this view, when dealing with automatic detection and segmentation of mucosal neoplastic lesions, it will be essential to find a balance between depth of the FCNN and time needed to detect lesions and delineate their margins.

At a subjective evaluation, all FCNNs tended to detect malignant areas where illumination was more prominent, usually in the middle of the picture (Figures 10–12). This factor hints at the importance of optimal and homogeneous illumination, which should be equally distributed throughout the visual field, and not directed only on its central portion. In fact, the operator usually centers the endoscopic image on the lesion to be identified, leading to a significant bias in automatic segmentation by FCNNs. The key role of illumination has also been emphasized by others (22, 23), even showing different diagnostic performances in relation to the types of endoscopic device employed (23). In this view, novel advances in the field of image analysis should be supported by a parallel technical evolution of endoscopes, especially in terms of homogeneous illumination, high definition, colors, and optimization of image clarity.

An adjunctive limitation of this type of studies is that the “ground truth” (i.e., the image segmentation defining true tumor margins) was defined through a single expert opinion. This issue is related to the current impossibility in creating a histopathologic image to be superimposed to the endoscopic view, defining tumor margins at a microscopic level. However, independent evaluations by multiple experts may lead to a more accurate definition of endoscopic tumor margins.



Conclusions

SDS has promising potential in the analysis and segmentation of OC and OP video-endoscopic images. All tested FCNN architectures demonstrated satisfying outcomes in terms of Dsc, Acc, Rec, and Prec. However, further advances are needed to reach a diagnostic performance useful for clinical applicability. On the other hand, the inference time of the processing networks were particularly short, ranging between 14 and 115 ms, thus showing the possibility for real-time application. Future prospective studies, however, should take into account the number and quality of training images, optimizing these variables through accurate planning and data collection.
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Introduction

Achieving adequate resection margins during oral cancer surgery is important to improve patient prognosis. Surgeons have the delicate task of achieving an adequate resection and safeguarding satisfactory remaining function and acceptable physical appearance, while relying on visual inspection, palpation, and preoperative imaging. Intraoperative assessment of resection margins (IOARM) is a multidisciplinary effort, which can guide towards adequate resections. Different forms of IOARM are currently used, but it is unknown how accurate these methods are in predicting margin status. Therefore, this review aims to investigate: 1) the IOARM methods currently used during oral cancer surgery, 2) their performance, and 3) their clinical relevance.



Methods

A literature search was performed in the following databases: Embase, Medline, Web of Science Core Collection, Cochrane Central Register of Controlled Trials, and Google Scholar (from inception to January 23, 2020). IOARM performance was assessed in terms of accuracy, sensitivity, and specificity in predicting margin status, and the reduction of inadequate margins. Clinical relevance (i.e., overall survival, local recurrence, regional recurrence, local recurrence-free survival, disease-specific survival, adjuvant therapy) was recorded if available.



Results

Eighteen studies were included in the review, of which 10 for soft tissue and 8 for bone. For soft tissue, defect-driven IOARM-studies showed the average accuracy, sensitivity, and specificity of 90.9%, 47.6%, and 84.4%, and specimen-driven IOARM-studies showed, 91.5%, 68.4%, and 96.7%, respectively. For bone, specimen-driven IOARM-studies performed better than defect-driven, with an average accuracy, sensitivity, and specificity of 96.6%, 81.8%, and 98%, respectively. For both, soft tissue and bone, IOARM positively impacts patient outcome.



Conclusion

IOARM improves margin-status, especially the specimen-driven IOARM has higher performance compared to defect-driven IOARM. However, this conclusion is limited by the low number of studies reporting performance results for defect-driven IOARM. The current methods suffer from inherent disadvantages, namely their subjective character and the fact that only a small part of the resection surface can be assessed in a short time span, causing sampling errors. Therefore, a solution should be sought in the field of objective techniques that can rapidly assess the whole resection surface.





Keywords: oral cancer, squamous cell carcinoma, margin status, intraoperative assessment (IOA), specimen-driven, defect-driven, soft tissue, bone tissue



Introduction

Every year, around 350,000 new patients are diagnosed worldwide with oral cavity cancer. Oral cavity squamous cell carcinoma (OCSCC) is the most prevalent oral cavity cancer type. The worldwide mortality rate is 175,000 per year and the 5-year overall survival is 64.8% (1–4).

Surgery is the primary treatment for OCSCC. The goal of surgery is the complete resection of the tumor with an adequate resection margin (i.e., the shortest distance between the tumor border and the resection surface is > 5 mm) while preserving as much healthy tissue as possible to minimize the loss of function (such as, mastication and swallowing) and facial disfigurement. The resection margin is an important predictor for patient outcome and is the only oncological prognostic factor that pathologists and surgeons can influence (5–7).

For soft tissue, according to the Royal College of Pathologist (RCP), the resection margin is classified as clear when it is more than 5 mm, close when it is 1 to 5 mm, and positive when it is less than 1 mm (8). Clear margins are regarded as adequate, whereas close and positive margins are regarded as inadequate. For bone, the RCP indicates that a resection is adequate when the bone resection surfaces are cancer-negative (5).

It has been proven that inadequate resection margins in soft tissue result in a need for adjuvant therapy (re-excision or post-operative (chemo-) radiotherapy) (8). Adjuvant therapy brings an additional burden for the patient and results in increased morbidity and reduced quality of life (9). Furthermore, inadequate resection margins in soft tissue have a significantly negative effect (almost two fold reduction) on overall survival and disease-free survival (5, 7, 10). Patients with positive bone margins have a twofold reduction of disease-free and overall survival compared to patients with adequate bone margins (11–13).

However, achieving adequate resection margins in the oral cavity is often difficult due to its complex anatomy. During the operation the surgeon relies on pre-operative imaging, visual inspection and palpation.

Recent studies have shown that adequate margins are only achieved in a minority (15% - 26%) of the cases of soft tissue OCSCC (5, 7, 10). Segmental mandible resections have shown considerable improvement over the last years (0% - 14.6% positive bone margins). However, marginal mandible resections and partial maxillectomies still show a high rate of positive bone margins (16% - 35.7% and 44% - 60%, respectively) (11, 13–16).

These results indicate that visual inspection, palpation, and preoperative imaging do not warrant adequate tumor resection. Besides, the final margin status is only known a few days (soft tissue) or weeks (bone) after surgery. If at that point an inadequate margin is encountered, a second surgery is not an option, nor effective, because an accurate relocation of the site of an inadequate margin is almost impossible in most cases (6).

Furthermore, in the case of bone resections, an immediate bone reconstruction is performed (often with a free flap) to limit the loss of continuity and the adverse effects on function and aesthetics, making the second surgery undesirable.

Therefore, for optimal control of resection margins, the surgeon needs additional information during surgery. Intraoperative assessment of resection margins (IOARM) can provide this valuable information, enabling revision of margins (additional tissue resection) during the initial surgery to turn an inadequate resection into an adequate resection (6).

Two methods for soft tissue IOARM can be distinguished: the traditional defect-driven method and the specimen-driven method.

According to a 2005 survey, around 76% of the surgeons perform defect-driven IOARM, while only 14% perform specimen-driven IOARM during OCSCC surgery (17). However, the evidence that specimen-driven IOARM is superior to defect-driven IOARM is growing (5, 18–21). Therefore, the American Joint Committee on Cancer (AJCC) has recommended specimen-driven IOARM as the standard of care since 2017 (22).

In the traditional defect-driven approach, the surgeon samples one or more suspicious pieces of tissue from the wound bed for analysis by frozen section (FS) (i.e., a tissue sample that has been quick-frozen, cut by a microtome, and stained immediately for rapid microscopic diagnosis). The major disadvantage of defect-driven IOARM is that it can only indicate the presence of a tumor-positive margin and it cannot provide the exact margin value in millimeters. In the recently recommended specimen-driven method, the margins are assessed on the specimen by visual inspection and palpation followed by perpendicular incisions with or without sampling of tissue for FS examination (6). This approach provides immediate feedback on whether an additional resection is needed.

Here we review the performance of IOARM methods used during OCSCC surgery in predicting margin-status. The impact on patient outcome was assessed with respect to overall survival, disease-specific survival, local recurrence and the need for adjuvant therapy.



Materials and Methods


Search Strategy

A search was conducted in the following databases: Embase, Medline, Web of Science Core Collection, Cochrane Central Register of Controlled Trials, and Google Scholar. The following keywords and synonyms were used in the search filter: “oral cavity squamous cell carcinoma”, “resection margin” and “intraoperative”. Only studies written in English from inception of the database to the 23rd of January 2020 were considered.

The studies were first assessed for eligibility based on the title and abstract. The following inclusion criteria were used: 1) the majority (> 90%) of the patients were surgically treated for OCSCC and 2) the performance of an IOARM method was investigated. The following exclusion criteria used were: 1) the study did not follow the resection margin definition of the RCP, 2) the study comprised a non-human population; 3) the study is a review, a commentary or a letter to the editor. The full text of studies that met the previous criteria was screened to extract and analyze the data.



Data Analysis


Data Extraction

The included studies were divided based on the type of tissue assessed: soft tissue (group 1), and bone tissue (group 2).

The following patient and tumor characteristics were extracted independently by 3 researchers, when available: number of patients, male/female ratio (M/F), mean/median age (years), anatomical subsite, pathological TNM (pTNM) classification, and percentage of patients treated for primary disease. Type of IOARM was extracted from each of the included studies. The following IOARM performance variables were collected: true positives, true negatives, false positives, false negatives, accuracy (Acc.), sensitivity (Sens.), specificity (Spec.), positive predictive value (PPV) and negative predictive value (NPV). IOARM impact on patient outcome (e.g., overall survival (OS), disease-specific survival (DSS), local recurrence (LR) and the need for adjuvant therapy) was also collected.



Analysis of IOARM Performance and Impact on Patient Outcome

Based on the extracted data, IOARM sampling and interpretation errors (a), and the reduction in inadequate resections (b) were calculated.


Sampling and Interpretation Errors

Two types of error can occur during IOARM: sampling error (SE) and interpretation error (IE).

SE is the proportion of inadequate resections that are not identified during IOARM. It occurs due to non-representative sampling of tissue resulting in underestimation of inadequate margins (e.g., tissue is sampled from two suspicious regions but final histopathology indicates that there is a close margin in a region not regarded as suspicious during IOARM).

Interpretation error refers to incorrect diagnosis of the sampled tissue, resulting in under or overestimation of inadequate margins during IOARM.



Reduction of Inadequate Resections

The reduction in the number of inadequate resections (IR) based on IOARM was calculated using

	

where:

IRi is the number of initially inadequate resections, without revision (additional resection);

IRRev is the number of inadequate resections after revision.






Results

A total of 1265 records were found in the different databases. After removing duplicates, 699 remained and were screened on title and abstract, see Figure 1. This resulted in exclusion of 626 records based on the criteria applied. Of the remaining 43 records, the full text was screened resulting in further exclusion of 25 records based on the criteria of this study, as mentioned above.




Figure 1 | Flow diagram of the study selection process.




Group 1 – IOARM in Soft Tissue

Ten studies investigated the performance of IOARM methods in soft tissue (19, 23–31). The patients and tumor characteristics of the studies are shown in Table 1.


Table 1 | IOARM in soft tissue: patients and tumor characteristics.



The description of the IOARM methods and their performance in the studies included are shown in Table 2.


Table 2 | IOARM methods in soft tissue: description and performance.



The non-weighted average performance parameters for both methods were calculated over all studies that reported the necessary information (Table 3).


Table 3 | The non-weighted average IOARM performance parameters for soft tissue: specimen-driven vs defect-driven method.



For the specimen-driven method the reduction of inadequate resections after revision was 47.1%, based on the report of 5 studies (23, 25, 26, 28, 30). For the defect-driven method, one study has reported that the reduction in inadequate resections amounted 51.3% (27).


IOARM Impact on Patient Outcome


Overall Survival

One study reported that at 5 years follow-up there was no significant difference between defect-driven IOARM and no IOARM (p=0.836) (24). None of the other studies reported on OS.



Disease-Specific Survival

Pathak et al. showed that at 5 years follow-up there was no significant difference between defect-driven IOARM and no IOARM (24). None of the other studies reported on DSS.



Local Recurrence

Three studies reported results on LR (24, 27, 28). Two studies used defect-driven IOARM and one study used specimen-driven IOARM. For defect-driven LR of 14.4% (after 180 months of follow-up) and 23% (after 60 months of follow-up) were shown. For specimen-driven LR of 7.3% (after 14 months of follow-up) was shown (24, 27, 28). From the 3 articles reporting LR, only Pathak et al. compares the defect-driven IOARM group (supported by FS) with a control group without IOARM (22). They showed that the IOARM group had 20.1% of primary failure rate (i.e. LR), while the control group had 25.2% of primary failure rate.



Adjuvant Therapy

Two studies have described the influence of IOARM on the need for adjuvant therapy (19, 30). Datta et al. showed that there was no significant reduction in the need for adjuvant therapy when comparing two groups of patients, patients treated with IOARM vs patients that did not receive IOARM (30). Amit et al. reported that from all patients that underwent defect-driven IOARM 35% required adjuvant therapy. In the specimen-driven IOARM group 8% required adjuvant therapy (19).





Group 2 – IOARM in Bone Tissue

Eight studies investigated the performance of IOARM on bone tissue (11, 12, 32–37). The patients and tumor characteristics are shown in Table 4.


Table 4 | IOARM in bone tissue: patients and tumor characteristics.



The description of the IOARM methods and their performance are shown in Table 5.


Table 5 | IOARM methods in bone tissue: description and performance.



The non-weighted average performance parameters for both methods were calculated over all studies that reported the necessary information (Table 6).


Table 6 | The non-weighted average IOARM performance parameters for bone tissue: specimen-driven vs defect-driven method.



For the specimen-driven method the reduction of inadequate resections after revision was 78.4%, based on the report of 4 studies (11, 32, 35, 36). For the defect-driven method, one study has reported that the reduction in inadequate resections amounted 33% (37).


IOARM Impact on Patient Outcome


Overall Survival

Nieberler et al. demonstrated that at 3 years follow-up OS was higher for patients treated with specimen-driven IOARM compared to the control group (OS: 70% vs 20%, respectively) (11). None of the other studies reported on OS.



Disease-Specific Survival

Nieberler et al. showed that at 3 years follow-up disease-free survival was higher for patients treated with specimen-driven IOARM compared to the control group (DSS: 80% vs 40%, respectively) (11). None of the other studies reported on DSS.



Local Recurrence

None of the studies demonstrated the impact of IOARM on LR.



Adjuvant Therapy

Nieberler et al. have also demonstrated that the group of patients treated with specimen-driven IOARM had a slightly lower rate of adjuvant therapy than the control group (52% RT vs 58% RT, respectively) (11). None of the other studies reported on the impact of IOARM on adjuvant therapy.






Discussion

Surgical treatment of OCSCC patients aims for complete tumor resection with adequate margins, which is the most important prognostic factor. This goal is seldom achieved, underlining that insufficient intraoperative information is available for optimal control of resection margins. IOARM can provide such information.

Here we review the literature reporting on IOARM in OCSCC surgery. The performance of different IOARM methods in predicting margin-status, and their impact on patient outcome were studied.

Despite the pressing need for improving OCSCC surgery, only 18 studies were found that have reported on the performance of IOARM methods; 10 regarding soft tissue resection margins, and 8 regarding bone resection margins.

Of the 10 studies that investigated the performance of IOARM for soft tissue, 6 reported on the specimen-driven method, 3 on the defect-driven method and one on both.

In the majority of the specimen-driven studies (4/6), the assessment was performed by gross examination of mucosal and deep margins, followed by FS analysis of locations judged suspicious for inadequate margins (25, 28, 30, 31).

Mair et al. have assessed whether gross examination alone can be as accurate as gross examination combined with FS analysis and found no statistically significant difference in overall incidence of inadequate margins in both groups (28).

In the 3 defect-driven IOARM-studies inspection of the wound bed by the surgeon followed by FS analysis of suspicious mucosal and deep margins was performed (19, 27, 29).

Patient outcome parameters are negatively affected by inadequate resections (5, 7, 10). The studies show that IOARM improves the rate of adequate operations and as a result leads to a decrease in adjuvant therapy. Amit et al. explicitly excluded patients that received adjuvant therapy for other reasons than inadequate resections and showed that of all patients that underwent defect-driven IOARM, 35% required adjuvant therapy while only 8% of all patients that underwent specimen-driven IOARM required adjuvant therapy (19). Only Datta et al. has compared results of adjuvant therapy between patients who received IOARM and those who did not (i.e., control group). The authors demonstrated there was no significant reduction. This result can be explained by the fact that some patients receive adjuvant therapy for other reasons than an inadequate resection (e.g., extra-capsular spread and perineural involvement) (30). Future studies should be designed to study the impact of IOARM by also including the need for adjuvant therapy, next to other prognostic parameters (e.g., LR, RR, OS, DSS).

Of the 8 studies that investigated the performance of IOARM for bone tissue, 6 reported on the specimen-driven method and 2 on the defect-driven method. Cytological methods were developed for this.

Nieberler et al. demonstrated that the 3 years disease-free survival and overall survival were higher for patients treated with specimen-driven IOARM compared to the control group (DSS: 80% vs 40%; OS: 70% vs 20%). They have also demonstrated that based on specimen-driven IOARM of bone resection margins a number patients did not need to receive adjuvant radiotherapy (11).

When comparing specimen-driven IOARM with defect-driven IOARM we can conclude that for both, soft tissue and bone tissue, the SE and IE are higher for defect-driven IOARM, Tables 3 and 6. Consequently, the performance (e.g., average accuracy, sensitivity, specificity, PPV and NPV) of specimen-driven IOARM is better (Tables 3 and 6). However, it is important to stress that this conclusion is limited by the low number of available studies reporting performance results for defect-driven IOARM.

Another interesting finding was the discrepancy in the reported rate of initially adequate resections for soft tissue specimens. Some recent studies, report adequate resections in only a small minority (15%-26%) of the cases (5, 7, 10). Other studies have shown much higher rates of adequate resections, varying from 48.7% to 81.2% (23, 25–28, 30, 31).

Differences in oral subsite of the tumor might be a reason for this discrepancy. While in Asian countries, a large proportion of the patients have buccal SCC, in Europe and North-America, patients are more often treated for tongue SCC. It has been shown that tongue SCC is significantly more aggressive (more often poorly differentiated) compared to buccal SCC (38). It is harder to achieve a complete resection in poorly differentiated SCC (39). Moreover, differences in surgical approach may play a role; i.e. a difference in balancing the need to remove the tumor, while sparing healthy tissue. However, this information is not available in the papers that were studied.

This literature review shows that there is a low number of studies on the performance of IOARM available. This is the main limitation of this study. However, we firmly believe that with upcoming awareness on the need for IOARM there will be enough evidence in the literature to perform a thorough systematic review/meta-analysis, in the near future. Another limitation of this review is that the studies included performed IOARM according to different protocols. Moreover, the outcome was often evaluated according to different criteria. This makes a comparison of the studies unreliable.

Nevertheless, some conclusions can be drawn: IOARM improves patient outcome and the performance of specimen-driven IOARM is superior to the performance of defect-driven IOARM.

There can be no doubt that IOARM reduces the rate of inadequate margins (average IR Rev. for soft tissue: 47.8%; average IR Rev. for bone tissue: 78.4%), but it still shows low sensitivity (average Sens. for soft tissue: 62.1%; average Sens. for bone tissue: 71.7%) caused by a high SE (average SE for soft tissue: 42.6%; average SE for bone tissue: 24.3%), Tables 3 and 6. The best-performing method; specimen-driven IOARM, is logistically demanding and time-consuming. In addition, grossing fresh tissue is counter-intuitive to most pathologists for fear of interfering with final pathologic assessment. This will continue to stand in the way of IOARM widespread adoption, despite the significant improvement in OCSCC resection results, unless standard protocols and educational programs exist. At our institute we have a comprehensive IOARM protocol including a relocation protocol (6, 40).

The development of objective technology is needed to address these practical hurdles and key to facilitating specimen-driven IOARM in OCSCC. An example of such technology is Raman spectroscopy; an optical technique which has been shown to discriminate between OCSCC and surrounding healthy tissue with high sensitivity and specificity (soft and bone tissue) (41–43). A dedicated instrument employing a fiber optic needle probe for rapid assessment of resection margins on OCSCC specimen is currently under development (44).
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Objective

The prognostic role of age among patients affected by Oral Tongue Squamous Cell Carcinoma (OTSCC) is a topic of debate. Recent cohort studies have found that patients diagnosed at 40 years of age or younger have a better prognosis. The aim of this cohort study was to clarify whether age is an independent prognostic factor and discuss heterogeneity of outcomes by stage and treatments in different age groups.



Methods

We performed a study on 577 consecutive patients affected by primary tongue cancer and treated with surgery and adjuvant therapy according to stage, at European Institute of Oncology, IRCCS. Patients with age at diagnosis below 40 years totaled 109 (19%). Overall survival (OS), disease-free survival (DFS), tongue specific free survival (TSFS) and cause-specific survival (CSS) were compared by age groups. Multivariate Cox proportional hazards models were used to assess the independent role of age.



Results

The median follow-up time was 5.01 years (range 0–18.68) years with follow-up recorded up to February 2020. After adjustment for all the significant confounding and prognostic factors, age remained independently associated with OS and DSF (respectively, p = 0.002 and p = 0.02). In CSS and TSFS curves, the role of age seems less evident (respectively, p = 0.14 and p = 0.0.37). In the advanced stage sub-group (stages III–IV), age was significantly associated with OS and CSS with almost double increased risk of dying (OS) and dying from tongue cancer (CSS) in elderly compared to younger groups (OS: HR = 2.16 95%, CI: 1.33–3.51, p= 0.001; CSS: HR = 1.76 95%, CI: 1.03–3.01, p = 0.02, respectively). In our study, young patients were more likely to be treated with intensified therapies (glossectomies types III–V and adjuvant radio-chemotherapy). Age was found as a prognostic factor, independently of other significant factors and treatment. Also the T–N tract involved by disease and neutrophil-to-lymphocyte ratio ≥3 were independent prognostic factors.



Conclusions

Young age at diagnosis is associated with a better overall survival. Fewer younger people than older people died from tongue cancer in advanced stages.





Keywords: tongue cancer, age, prognosis, head neck cancer, T-N tract, overall survival



Introduction

One of the hot topics in the field of head and neck tumors concerns the increased incidence of oral tongue squamous cell carcinoma (OTSCC) in young people (1, 2). The reason for these new epidemiological data is still undefined. Above all, etiopathogenesis and prognosis remain unclear when compared to the traditional population affected by oral tongue cancer, which is generally composed of people of over fifty years old with known risk factors such as heavy smoking and alcohol habits (3, 4).

The incidence of mobile tongue cancer in young patients is reported as increasing worldwide, especially in the last three decades (5–8). In particular, the analysis carried out by the National Cancer Institute Surveillance, Epidemiology and End Results Program (SEER) in 2011 on North American data shows that the overall incidence of OTSCC remained stable from 1975 to 2007 but increased in women and more specifically in the sub-population of young white women (9). Many conflicting groups have been published on the etiology, natural history, and prognosis of OTSCC in young adults. As early as 1970, tongue cancer in young people was supposed to be a distinct clinical entity that needed to be treated more aggressively than that in older adults (10). In 2011, Patel et al. also hypothesized a possible hormonal influence as the cause of these tumors (9). In this scenario, also chronic mucosal trauma is considered a possible cause for OTSS in young patients (11).

It is well known that the onset of OTSCC is related to smoking and alcohol abuse and in some countries with the habit of chewing betel leaves (12, 13). In addition, some authors have reported that gender distribution is different depending on the age of onset of oral cancer (12, 14, 15). While in the elderly, males account for over 70% of cases, this percentage drops to 50–65% under 45 years of age. This difference is consolidated if we consider that most of the young, non-smoking and non-drinking patients are reported to be women (12, 14, 15).

Currently, the primary treatment strategy for OTSCC is upfront surgery followed, in advanced stages, by radiotherapy or radio-chemotherapy based on final histopathological findings, according to international guidelines (16, 17).

Locoregional control of OTSCC has improved in recent decades; the reason could be more aggressive surgical resections supported by modern reconstructive methods with free flaps and advances in adjuvant treatment (18–21).

However, despite improved locoregional control, survival rates have remained stable or slightly improved over the past two decades with 5-year overall survival (OS) of approximately 60% for all stages and 33–54% in patients with locally advanced disease (16, 22).

Other treatment strategies such as neoadjuvant chemotherapy followed by surgery or upfront radio-chemotherapy have been employed for OTSCC without any significant improvement in survival (22–24).

In young patients, the prognosis of OTSCC is still controversial. Several early reports on squamous cell carcinoma (SCC) concluded that the disease was more aggressive and the prognosis lower in young adults compared to older patients (10, 25–27). However, recent studies have not found any significant differences in OS between different age groups (2, 28–32). At the same time, several other investigators claim that younger OTSCC patients have better survival compared to elderly patients (6, 8, 29, 33, 34). Conversely, the Memorial Sloan-Kettering Cancer Center reported that younger OTSCC patients had a higher rate of locoregional recurrence, with no significant difference in survival between young and old groups (35).

Many studies reported no difference in biological behavior among young and elderly patients with OTSCC (36–41). In particular, the latest next-generation sequencing techniques indicated that genomic profiles and mutations in the guide genes were very similar among young and elderly OTSCC patients, with similar mechanisms of tumorigenesis (36–41). Moreover, gene-specific mutation and copy number alteration frequencies were the same between young and old OTSCC patients in two independent cohorts (40).

Different results on prognosis and etiology may be attributed both to the small size of the patient cohorts and the different cut-off to define “young” age. Furthermore, there was a considerable heterogeneity both between and also within samples (i.e., matched/unmatched, early/advanced tumor stage). Finally, they did not specify whether or not studies were adjusted for factors such as treatment modality, stage of the disease, presence and absence of metastatic lymph nodes, and percentage of patients between the two age groups. With these premises, the fundamental question about the role of age in cancer outcome of oral tongue cancer remains unanswered.

The aim of the study was to investigate the prognostic role of age and its influence on OTSCC cancer relapse and survival. We collected information on clinical and demographic characteristics of a retrospective cohort of OTSCC patients treated with homogenous modality in our institution, to define which factors could mostly influence survival outcomes.



Material and Methods

Between January 2000 and December 2018, a total of 891 patients with oral cavity cancer underwent surgery at the Division of Otolaryngology and Head and Neck surgery of the European Institute of Oncology, IRCCS (IEO). The inclusion criteria were: patients with a histologically confirmed primary diagnosis of OTSCC and primary surgical treatment received at IEO. Among these, 173/891 patients were excluded because of previous surgery and/or excisional biopsy which were considered as a complete surgical therapy and not as a mere diagnostic procedure; 105/891 patients were excluded due to histology other than SCC, and 13/891 were excluded because the tumor origin was attributable to the base of the tongue. At the end of the selection, 577 patients with primary diagnosis of OTSCC and primary surgical treatment received at IEO were included in the study cohort.

The current study was approved by the IEO Ethics Committee (cod. IEO 225).

Staging referred to the TNM classification in accordance with the 7th edition American Joint Committee on Cancer system, and all cases were re-classified according to the 8th edition (42, 43). We reported the clinical stages according the 7th TNM editions and the pathological stages in both 7th and 8th TNM editions for completeness of results.

For the study of the paper outcomes, we used the new staging system (8th TNM edition) because it is the prognostic TNM currently used.

Preoperative diagnoses were assessed by a simple biopsy of the lesion, while magnetic resonance imaging or a computed tomography scan was performed for local disease study. Positron emission tomography/computedtomography or total body computed tomography was used for the pre-operative patients’ systemic evaluation.

The retrospective information extracted from the electronic medical records included:

	- anthropometric and demographic patient characteristics: height, weight, age, gender, pre-operative neutrophil-to-lymphocyte ratio (NLR);

	- epidemiologic data: smoking history, family history for tongue cancer and other cancers, alcoholic habits;

	- histopathologic features and staging: surgical margins, clinical and pathological TNM 7th and 8th editions, tumor grading, the status of T–N tract (44, 45);

	- performed treatment: type of surgery, glossectomies I to V according to the Ansarin et al. classification (from transoral to total glossectomy) (46), adjuvant treatment strategies (radiotherapy and/or chemotherapy)

	- follow-up information: type of recurrence (local/locoregional) and/or distant metastases, secondary primary and the patients’ status at the last follow-up.



The definition of pack–years of cigarette smoking was used for the evaluation of tobacco consumption (47). Smoking and alcohol status at diagnosis were collected to classify patients as current, former, and never-smoking/drinking.

About the “neck lymph node” status we considered clinical (c)/pathological (p) Nx, N0, N+ as distinct variables. All patients’ follow-up were collected and updated to assess their status at the last clinical evaluation and the last contact. Patient deaths and their possible causes were assessed using the Italian national death register.

The NLR cutoff of < or ≥3 was determined based on prior publications (48–51).

All the data were collected in a well-designed database according to good clinical practice guidelines.

In previous studies of OTSCC the most frequent used age cutoff to define young adulthood was 40; moreover, it is reported that the role of risk factors, as smoke and alcohol, start to be significant after the age of 40 (1, 52–54). Thus, the main analysis was carried out considering 40 years of age as the cutoff of interest.


Treatment Modality

All patients received the standard surgical treatment according to the IEO protocol for tongue cancer (46). The clinical early stages (clinical stags I and II) underwent trans-oral glossectomies (type I or II) followed by delayed (within 30 days) neck dissection (I–IV levels) in cases of deep of infiltration (DOI)>3 mm in the tongue. The “wait and see” policy was chosen where DOI was less than 3 mm.

The variable “neck dissection” (Table 1) refers to neck dissections performed en bloc with the tongue cancer (glossectomies types III to V) or as prophylactic neck dissection after 4 weeks from trans-oral glossectomies (types I or II) for tumor DOI.


Table 1 | Patients’, tumor and treatments characteristics according to age.




Tumor clinically staged as intermediate and advanced (III and IV) were treated with glossectomies types III–to V en bloc neck dissection removing the T–N tract in pull-through or with trans-mandibular approaches (compartmental tongue surgery). Adjuvant treatment, such as radiotherapy or radio-chemotherapy, was recommended based on definitive histopathological findings.



Definition of Endpoints

Local recurrence was defined as recurrence in the original tumor bed with the same histopathologic features of the primary tumor in the first three years after treatment. Regional recurrence was described as a metastatic disease in the head and neck region. Distant recurrence was defined as the presence of metastatic disease in all other locations. Any recurrence was reported as any local, regional, or distant metastasis, whichever occurred first. Disease-free survival (DFS) was defined as the time from surgery until any kind of tumor recurrence, including the occurrence of a second primary tumor or death from any cause, or the last contact date if alive with no recurrence. The last contact date was considered the last follow-up visit performed with the patient or the last telephone call ascertaining the patient’s state of health.

We considered the second tumor as an event of interest if it appeared after three years of treatment in the oral cavity or in other districts at any time after treatment (55).

Overall survival (OS) was defined as the time from surgery until the date of death from any cause, or the last contact date if alive (56). Patients’ deaths were assessed using the Italian national death registers.

The following tumor-specific clinical outcomes were also evaluated: Cause-specific survival (CSS) defined as the time from surgery until the date of death for tongue cancer. In case of no death for tongue cancer the observation was censored at the last follow-up visit or the date of death for other causes. Tongue specific free survival (TSFS) included the period after a successful treatment during which there were no signs and symptoms of the disease that was treated (tongue cancer) (56–59). The events considered for the TSFS were: local, locoregional recurrence and metastases only for tongue cancer. In case of no events or death for tongue cancer, the observation was censored at the last follow-up visit or the date of death for other causes.



Statistical Analysis

Patient clinical-pathological and tumor characteristics were expressed as relative frequencies and percentages according to age. We choose 40 years old as a cutoff point for age in compliance with previous published studies that evaluated age in head and neck cancer (1, 10, 60–62). We conducted also a sensitivity analysis looking for the best cutoff point in our group for each survival outcome, and we investigated the role of age also as a continuous variable.

Univariate models were performed to evaluate the association of age and other prognostic factors (e.g., smoking pack/year, T–N tract, surgery and stage of 8th TNM edition) with clinical outcomes (DFS, OS, CSS and TSFS). Differences between survival curves were investigated with Log-rank tests and estimated using the Kaplan–Meier method. We assessed the independent prognostic role of age for each outcome with multivariate Cox Proportional Hazard models adjusted for all significant prognostic factors. Hazard ratio (HR) with 95% confidence intervals (CIs) from multivariate Cox proportional hazard models were reported. Sub-group analyses were conducted to investigate whether stage (8th TNM edition) and surgery were associated with any cancer event as local recurrence, secondary primary (DFS) or death of any cause (OS) and recurrence related only to tongue cancer (TSFS) or death of tongue cancer (CSS) depending on age (56–59). We used a Chi-squared test to assess the association of age with frequencies of patients diagnosed recently (between 2010 and 2020), to investigate the influence of time of diagnosis and whether recent diagnoses were associated with sex. Finally, we evaluated whether the proportion of young patients (≤40 years old) was significantly associated with the type of surgery and stage (8th TNM edition). All analyses were carried out with R 4.0 software (http://cran.r-project.org/), and p-values <0.05 were considered statistically significant.




Results


Patients’ Characteristics

Clinical-pathological and tumor characteristics of the study population are reported in Table 1. Among the young group (n = 109), the median age was 32 (range 27–37), while the median age was 61 (range 50–71) in the elderly group (n = 468).

We did not find any significant difference between the two groups (young and elderly) in terms of sex, BMI, family history for oral tongue tumor, tumor stage (I–IV, 7th and 8th TNM editions), pT (7th and 8th TNM editions), cT and cN according the 7th TNM edition, the status of post-surgery margins, and radiotherapy (RT) as adjuvant treatment.

Among the elderly patients, we found a significantly higher number of current/former smokers (65.38 vs 51.38% for older vs younger respectively, p = 0.01) as well as patients with family history for other family members with SCC (47.01 vs 24.77% for older vs younger respectively, p = 0.001). Moreover, comparing the two groups, the youngest population was significantly more treated with type III–V glossectomies (54.9 vs 68.8% for older vs younger respectively; p =0.01) and with neck dissections (67.31 vs 78.9% for older vs younger, respectively; p = 0.02).

In the two age groups considered, the preoperative NLR ratio was highly significant for the population over >40 years old with a value equal or greater than 3 (p = 0.006).

Also, for the pathological state of the lymph nodes (pN 7th and 8th editions) and of the T–N tract status (free from disease, involved by disease, not removed), we find a difference between the two populations under examination (p = 0.05 and p = 0.02, respectively). Moreover, adjuvant radio-chemotherapy was administered more in young patients than in elderly (14.96 vs 26.61% for older vs younger respectively; p = 0.005).

In our sample, the proportion of young diagnoses (≤40 years old) does not seem to be significantly increased over the years: 55% were ≤40 years old between 2000 and 2010, while they were 45% between 2010 and 2020 (p = 0.63).

Furthermore, we also found that the proportion of female cancers was not different from the past: 53% female patients were found between 2000 and 2010, while they totaled 47% between 2010 and 2018 (p = 1).



Events During Follow-Up

The median follow-up time was 5.01 years (range 0–18.68 years) with follow-up recorded up to February 2020.

Overall, we observed 149 (25.8%) locoregional recurrences, 38 (6.5%) distant metastases, and 15 (2.6%) locoregional with synchronous distant metastases as the first site of relapse.

Two hundred and forty-six patients (42.6%) died: 66% died from primary tumor (locoregional-distant recurrence), 10% died from a second different tumor, 12% from no cancer related causes, and 12% died from unknown causes.

Forty-six patients had a second primary tumor, of whom two were ≤40 years old.

Regarding OS, elderly 5-year survival was 62% compared to 73% among younger patients, while elderly 10-year survival was 51%, and 70% in younger patients (log rank test p = 0.0006, Figure 1).




Figure 1 | Survival probability: overall survival (OS) (A), cause-specific survival (CSS) (B), tongue specific free survival (TSFS) (C), disease-free survival (DFS) (D) according to age.



CSS 5-year survival was 68 and 75% in elderly and younger patients, respectively; CSS 10-year survival was 63 and 72% among elderly and younger patients (log rank test p = 0.12, Figure 1).

TSFS at 5-year was 67% for elderly patients and 70% for younger patients; 10-year TSFS was 40% in case of the elderly compared to 50% in younger patients (log-rank test p = 0.32, Figure 1).

DFS at 5-year was 51% in elderly than 60% in younger patients; DFS at 10-year was 38 and 53% in elderly and younger patients, respectively (log-rank test p = 0.02, Figure 1).

We presented OS, CSS, TSFS, and DFS curves by age, T–N tract involvement and stage 8th edition (Figures 1–3). Data on OS, CSS, TSFS, and DFS on smoking pack/year (p/y) with 20 p/y as cutoff point, type of intervention (III–V vs I, II glossectomies) and stage 8th edition by univariate analysis in association with age (≤/>40) were not significant (data not shown).




Figure 2 | Survival probability: overall survival (OS) (A), cause-specific survival (CSS) (B), tongue specific free survival (TSFS) (C), disease-free survival (DFS) (D) according to T–N tract status.






Figure 3 | Survival probability: overall survival (OS) (A), cause-specific survival (CSS) (B), tongue specific free survival (TSFS) (C), disease-free survival (DFS) (D) according to stages I–II and III–IV according to the 8th edition.



In particular, we found that the elderly group was associated with worse overall survival (log-rank test p < 0.001) (Figure 1). These results were confirmed by the multivariate analysis, after adjusting for all significant prognostic factors, revealing an almost double risk of death in elderly patients (HR = 1.85 95%, CI: 1.24–2.76; p = 0.002) (Table 2). Age was still significantly associated with DFS, as a categorical variable, both in univariate (log-rank test p = 0.02) and multivariate Cox models with a 49% increased risk of relapse in elderly patients (HR = 1.49 95%, CI: 1.05–2.12; p = 0.02) (Figure 1, Table 3).


Table 2 | Multivariate Cox model for OS.




Table 3 | Multivariate Cox model for DFS.



Conversely, age was not significantly associated with CSS and TSFS (log-rank test p = 0.14 and p = 0.37 respectively) (Tables 4, 5).


Table 4 | Multivariate Cox model for CSS.




Table 5 | Multivariate Cox model for TSFS.



The difference between heavy (<20 p/y) and non-heavy smokers (≥20 p/y) was found to be significantly associated with OS but only in the univariate analysis (log-rank p = 0.05).

The involvement of the T–N tract was found to be significantly associated with all the evaluated clinical outcomes (OS, CSS, DFS, TSFS with p < 0.001) (Figure 2, Tables 2–5). Similarly, patients with advanced stage IV appeared to have a worse prognosis (p < 0.001 for OS, CSS, and DFS) (Figure 3).

The multivariable Cox model for OS showed that age remained independently associated with death (p = 0.002), adjusting for T–N tract, stage, vascular invasion together with adjuvant RT and NLR (Table 2).

Age was independently associated with DFS (p = 0.02), adjusting for other significant prognostic factors such as the T–N tract involvement, pN, extra capsular tumor spread (ECE), vascular invasion, and NLR (Table 3).

On the other hand age was not found to be associated with CSS (p = 0.14) adjusting for T–N tract status, pN, pT NLR, and adjuvant radio-chemotherapy. The latter factors were found to be significantly associated with dying of tongue cancer (Table 4).

Finally, only T–N tract status, grading, pT and pN were independent prognostic factors associated with TSFS (Table 5).

In all the multivariate models in which the variable pN was found to be significant, we see how patients with pN+ and Nx always had a poorer prognosis compared to pN0 patients.

We also conducted stratified analyses to evaluate whether the association of age with recurrence (DFS and TSFS) and survival (OS and CSS) was different by stage (8th edition) and treatment.

In the early stages (I–II), age was not found to be significantly associated with death (OS: HR = 1.56 95%, CI: 0.77–3.16, p = 0.21; CSS HR = 0.80 95% CI: 0.38–1.70, p = 0.57).

On the other hand, in multivariate analysis, for the advanced stages (III–IV, 8th edition), age was found to be significantly associated with OS and CSS models, revealing a worse outcome for patients diagnosed at age >40 years (OS: HR = 2.16 95%, CI: 1.33–3.51, p= 0.001; CSS HR = 1.76 95%, CI: 1.03–3.01, p = 0.02) (Tables 6, 7).


Table 6 | Multivariate Cox model for OS, stages III–IV.




Table 7 | Multivariate Cox model for CSS, stages III–IV.



Furthermore, we investigated the relationship between age, stage, and performed treatment (glossectomy types I–II vs IV–V): we found that for advanced stages (III–IV 8th edition) there were no statistically significant different distributions of types of glossectomies between the two age groups considered (p = 0.07); instead in the initial stages (I–II 8th edition), glossectomies III–V were significantly more frequent at age ≤40 (30%) than at age >40 (14%), (p = 0.02) (Table S1).

Then, we analyzed the role of age in multivariate analysis for patients treated with the same surgery stratified by stage.

In the initial stages I–II according to TNM 8th edition for OS and CSS, in glossectomies types I–II we did not find any significant prognostic factor. In contrast, for type III–V glossectomies and early stages low number of events did not allow to estimate independent prognostic factors (data not shown).

For TSFS in type I–II glossectomies and stages I–II, the lymph nodal status (pN+ and pNx) remained significant (p < 0.001) (Table S2). Low number of events in early stage treated with type III–V glossectomies did not allow to identify independent prognostic factors associated with TSFS (data not shown).

Focusing on the DFS for early stages, in glossectomies types I–II we found that lymph node status was significantly associated with relapse: worse DFS was found in patients with laterocervical disease (p = 0.001) (Table S3). In early stage type III–V glossectomies, the NLR ratio remained significant (p = 0.03) (Table S4).

Concerning the advanced stages, for OS we had significance for the NLR ratio (p = 0.006) in type I–II glossectomies (data not shown). In type III–V glossectomies, age remained significant with the T–N tract, vascular invasion, post-operative radiotherapy treatment and NLR ratio (p = 0.001, p = 0.003, p = 0.006, p = 0.007and p = 0.04 respectively) (Table S5).

We did not find significant elements in CSS for type I–II glossectomies in advanced stages. In type III–V glossectomies for advanced stages CSS, we confirmed the variables: age, T–N tract, lymph node status and adjuvant radio-chemotherapy as independent risks factors for worse prognosis (p = 0.01, p = 0.01, p < 0.001, and p = 0.06, respectively) (Table S6).

In the TSFS model for advanced stages, in type I–II glossectomies, only the presence of pNx remained associated with prognosis (p = 0.05), while in type III–V glossectomies we found that the T–N tract and pN+ status were significantly associated with worse TSFS (p = 0.005 and < 0.001 respectively) (data not shown).

In DFS of advanced stages, NLR ratio was found to be significantly associated with relapse for type I–II glossectomies (p = 0.05) (data not shown); while for type III–V glossectomies age, T–N tract status, lymph node status, ECE and vascular invasion remained significantly associated with relapse (p = 0.04, p = 0.07, p = 0.001, p = 0.07 and p = 0.04 respectively) (Table S7).

Regarding the female sub-group, age appears to be significantly directly associated with prognosis also in multivariate analysis: patients older than 40 years have almost double increased risk of dying (OS) compared to younger groups (OS: HR = 2.02 95%, CI: 1.12–3.84, p = 0.01) (Table S8). In the male sub-group results were similar.

We also assessed several sensitivity analyses considering age as continuous variable and considering as cut-off point of age 45 and conclusion did not change (data not shown).




Discussion

Our analyses confirmed better survival outcomes in young patients than in elderly patients.

We choose 40 as the cutoff age to distinguish young from older people in line with the study by Oliver et al. and others (1, 52, 53); moreover it is reported that the role of risk factors, such as smoke and alcohol, seems to be significant after the age of 40 (54).

In the multivariate Cox analysis for OS and CSS, the variable “age” remained highly significant for the OS model: young people were characterized by a better OS regardless of tumor stage, while CSS did not seem to be significantly correlated with age. However, CSS was related to pT, pN, T–N tract status, NLR, and adjuvant radio-chemotherapy.

Analyzing the advanced stage sub-group (stages III–IV), age seemed to be significant in OS and in CSS models with a double risk of dying and dying for tongue cancer in elderly compared to young people.

Focusing on the role of age in multivariate analysis for patients treated with the same surgery stratified by stage, “age” did not seem to play a role for glossectomies types I–II and stages I–II.

In advanced-stage and glossectomies type III–IV patients at age ≥40 showed to have approximately double risk of death compared to younger patients (CSS) and 50% increased risk of relapse.

Many published studies have shown no significant difference in prognosis between young and elderly patients (31, 34, 35, 63–65). However, Goldenberg D et al. affirmed that a better prognosis characterized young patients than older ones (29).

In a matched-pair analysis, Farquhar et al. described a greater recurrence incidence in young people <45 years old, but no differences in overall mortality in the two groups (30).

In 2019 Oliver at al. published a study with a high number of cases (under 40 years old) and revealed that young patients did not have a worse survival than elderly, as previously found in smaller cohorts: controlling for all confounding factors, patients under 40 had a significantly 9% higher 5‐year survival (77.1 vs 68.2%). In this work, Oliver et al. underline that age alone could not be a factor for treatment intensification beyond the standard of care (1).

Over the years, other authors have demonstrated that young patients have a worse prognosis and suggested that more aggressive approaches could improve locoregional control and OS (8, 10, 66, 67).

Conversely, Oliver et al. reported in a considerable sample that: “the intensification of treatment could be a source of significant increases in morbidity and cost of treatment, without any proven benefits at this time” (1).

Actually, also in our sample, young patients underwent more aggressive treatments as shown by a significant number of glossectomies types II–V (compartmental surgery), neck dissection, and adjuvant therapies.

Studying our data by type of surgery, the difference in surgical treatment seemed to be statistically evident in the initial stages (I–II) where young patients were treated more with aggressive surgery, but these differences did not remain significant in multivariate analysis. In this regard, as reported by Oliver et al., it will be interesting to further investigate whether the intensification of therapy, generally reserved for young patients, really leads to better disease control in young people than in the elderly (1).

Focusing on adjuvant therapy, regardless of age, multivariate analysis showed that radiotherapy remained significantly associated with OS and radio-chemotherapy with CSS; among surgical treatments were not significant, taking into account other factors as stage, pT, pN, and LNR.

Another aspect highlighted in our results was the role of the T–N tract. The T–N tract is the soft tissue between the primary tumor (T) and the neck lymph nodes (N) and it is composed by the sublingual and submandibular glands, mylohyoid muscle, lingual nerve, artery, and vein and all the stromal tissue, and lingual and sublingual lymph nodes of the compartment. This study confirmed that, independently of age, and other factors analyzed in multivariate analysis, the involvement of T–N tract was significant in all studied survival models (OS, DFS, TSFS, and CSS). Consequently, the status of the T–N tract played an important role in prognosis for patients with OTSCC regardless of age. In fact, patients with the T–N tract involved by disease had a 60% increased risk of dying (OS) and a 78% higher risk of dying from tongue cancer (CSS). These data got worse in advanced stages III–IV where OS and CSS worsen almost twice as much as in those who do not have the disease in the T-N tract.

The presence of cervical metastases at diagnosis and the T–N tract status were confirmed as important prognostic factors in all the survival models stratified by stage.

Focusing on lymph nodal status, patients with pN+ and pNx always showed a worse oncological outcome in multivariate analysis. The presence of neck metastases is directly related to the oncological stage and, consequently, to the prognosis.

Special consideration should be made for patients with pNx. In case of pNx, many published works showed that these patients have a worse OS and a higher frequency of local recurrence, especially compared to pN0 patients. In fact, pNx patients generally did not undergo the neck dissection because of clinical condition or because the “wait and see” protocol was applied. In this way, as reported by the literature, about 30% of these patients remained with undiagnosed neck micro-metastases and then a worse prognosis for local relapses (68–71). Our data confirm this evidence.

Regardless of treatment modality, the role of smoking is still debated among risk factors for the young. The prognosis of young patients with OTSCC is still undefined, and there exists a lack of clear definition of young and old patients in the published literature. Analyzing the OTSCC literature, as already reported, the concept of “young age” has been considered in varying ways: from below 30 going up to 45 years old. However, the majority of studies considered 40 years old as the major age below which patients were defined young (21, 22, 35, 52, 60, 61, 72–76). There is an agreement that in patients below 40 years old, there is too short smoking exposure to develop carcinogenic activity. Thus, chronic mucosal trauma, genetic and/or hormonal features could cause oral tongue cancer, but to date, no certain data have been proven (11, 40, 54, 77).

In our data smoking and alcohol did not influence the prognosis of the two groups in multivariate analysis.

In our sample the proportion of female cancers was not different from the past. On the contrary, in 2011 Patel et al. reported that OTSCC was increasing among young white individuals with age 18 to 44 years, particularly among white women (9). A recent study on Asiatic patients with tongue cancer described an increasing incidence particularly in young females. Younger females with tongue SCC had no significant history of smoking (78, 79). Regarding the prognosis of our study cohort, females older than 40 years have almost double increased risk of dying (OS) compared to younger.

Moreover, our study highlighted the important role of the NLR as independent prognostic factor. As well reported not only in head and neck cancers, a tumor-induced change of the immune system toward a pre-tumoral pattern and worse prognosis are related with high values of the NLR ratio (80). In our sample, an NLR value greater than three was associated with a worse prognosis in the curves for OS, CSS, and DFS, and the pejorative role was confirmed in the OS and CSS for advanced stage in patients treated with both type I–II and III–V glossectomies. These data also showed how the role of the immune system, in addition to the age and stage of the disease, could be a determining factor in cancer aggressiveness. However, further studies are needed to better understand it.

In this study, we presented survival data specifically related to tongue cancer highlighting how young patients died less specifically of tongue cancer (CSS and TSFS).

In the advanced stages, young age and NLR smaller than three were correlated with a better prognosis in terms of OS and CSS.

As reported by the literature, the elderly group shows worse outcomes, and this fact could be related to the associated comorbidities of older people regarding OS (6, 33). Instead, for CSS we may hypothesize a role of the immune system. Some studies attested an increase of LNR in the elderly: these data could favor tumor aggression with a worsening of the specific cancer outcomes (81).

Moreover, the independent and pejorative role of the pNx was well defined in multivariate analysis for CSS, DFS and TSFS. In our sample the pNx was mostly referred to the oldest group which generally had the less invasive surgery and to the application of the “wait and see” protocol with “personalized” surgical approaches also based on their health status.

Nevertheless, this work has several limitations, such as the limited number of young patients, the monocentric and retrospective nature of the data.

Despite this, to the best of our knowledge, this is one of the largest monocentric cohort studies, the first work to describe patients who underwent standard and replicable surgical treatments over a period of years, reporting comprehensive data of known risk factors, with a long and complete period of follow-up and in which the prognostic role of age, T–N tract, and NLR is clearly demonstrated.



Conclusion

The peer-reviewed biomedical literature has shown that the role played by age in OTSCC prognosis is a matter of controversy. Our study revealed that young patients had a better prognosis and survived longer than elderly patients. Moreover, young people showed a slightly better recurrence-free survival, and they died less from tongue cancer than older patients, even in advanced tumor stages. In our sample, young patients seem more likely to be treated with intensified mode. Future studies, prospective and multicentric, will be needed to investigate the role of treatment intensification in young patients with OTSCC.
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Background

The aim of oral cancer surgery is tumor removal within clear margins of healthy tissue: the latter definition in the literature, however, may vary between 1 and 2 cm, and should be intended in the three dimensions, which further complicates its precise measurement. Moreover, the biological behavior of tongue and floor of mouth cancer can be unpredictable and often eludes the previously mentioned safe surgical margins concept due to the complexity of tongue anatomy, the intricated arrangements of its intrinsic and extrinsic muscle fibers, and the presence of rich neurovascular and lymphatic networks within it. These structures may act as specific pathways of loco-regional tumor spread, allowing the neoplasm to escape beyond its visible macroscopic boundaries. Based on this concept, in the past two decades, compartmental surgery (CS) for treatment of oral tongue and floor of mouth cancer was proposed as an alternative to more traditional transoral resections.



Methods

The authors performed three anatomical dissections on fresh-frozen cadaver heads that were injected with red and blue-stained silicon. All procedures were documented by photographs taken with a professional reflex digital camera.



Results

One of these step-by-step cadaver dissections is herein reported, detailing the pivotal points of CS with the aim to share this procedure at benefit of the youngest surgeons.



Conclusions

We herein present the CS step-by-step technique to highlight its potential in improving loco-regional control by checking all possible routes of tumor spread. Correct identification of the anatomical space between tumor and nodes (T-N tract), spatial relationships of extrinsic tongue muscles, as well as neurovascular bundles of the floor of mouth, are depicted to improve knowledge of this complex anatomical area.
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Introduction

Compartmental surgery (CS) has emerged in the last decade as a promising approach for treatment of locally advanced cancers of the tongue and floor of mouth. The term “compartmental” has been borrowed from the field of sarcoma surgery which typically aims to remove an entire anatomical compartment defined as an entire group of muscle fibers, vascular, lymphatic and neural bundles along with the overlaying fascial system that usually drive tumor growth and direction, following the spatial orientation of these structures (1, 2). First conceived and proposed by Calabrese and coworkers in 2009, CS allows better oncological outcomes compared to traditional wide-margin (1-2 cm) resections, in terms of both local and loco-regional control (3, 4). This standardized technique involves the en-bloc resection of one hemitongue and related floor of mouth via pull-through or transmandibular approaches, clearing the neck lymph nodes in continuity with the “tumor-nodes” (T-N) tract. This has been demonstrated to achieve optimal loco-regional control, while not substantially impacting functional outcomes and residual quality of life (5–7).

The ideal indications for CS are represented by tongue and/or floor of mouth cancers with a clinical/radiological depth of infiltration (DOI) ≥10 mm (as ascertained by preoperative MR or CT scans with contrast administration). The importance of a DOI threshold ≥10 mm for tongue cancer has been demonstrated to be crucial in various clinical and anatomical studies, clearly showing that the boundary between the vast majority of intrinsic and extrinsic muscle fibers in such a complex anatomy mainly occurs at this depth (8–11). However, such a parameter cannot be considered an absolute cut-off since the thickness of the intrinsic tongue musculature can vary between different patients, and there is still a relatively large confidence interval in DOI quantification by imaging. The abrupt change of the 3D-spatial arrangement between extrinsic and intrinsic muscular fibers at this level is, however, fundamental for the philosophy at the basis of CS, since it is conceivable that the tumor from this location would start spreading following directions of the connective framework, tending to reach the bone insertions of extrinsic tongue muscles (i.e. mandible, hyoid, and styloid process). Moreover, vessels, lymphatics, and nerves travelling within the paramedian and lateral tongue septa are easily involved when the tumor reaches a DOI of 10 mm in the tongue and floor of the mouth, and play a paramount role in clinical and pathological tumor behavior (12).

We herein present the CS technique in a step-by-step fashion, based on a fresh cadaver dissection focusing on the most valuable anatomical details, in order to make it possible for the reader to reproduce the procedure in an oncologically safe way in routine clinical practice.



Materials, Equipment and Methods

Three fresh-frozen cadaver heads (Medcure®, Portland, Oregon, USA) were dissected in the Laboratory of Anatomy at the University of Brescia, Italy. The arterial and venous systems had been previously injected with red and blue-stained silicon, respectively. A complete set of head and neck surgical instrumentation was available for the dissection. All the anatomical procedures were recorded by a VITOM 3D (Karl Storz®, Tuttlingen, Germany) or a 4K endoscope (Olympus®, Tokyo, Japan) for academic purposes. The photographs of all anatomical dissections for each step were taken using a reflex digital camera with a 12.3 megapixel resolution (Nikon D300, Nikon, Japan) coupled with a 60 mm F/2 Macro 1:1 fixed focal length lens, mounted on a tripod.



Results

The best surgical specimen both for quality of tissues and preservation of anatomical details was selected and used for presentation of this step-by-step anatomical/surgical dissection.


Step 1 - Surgical Field Preparation and Level IB Anatomy

Skin incision is performed following a horizontal crease, usually extending it from the mastoid tip to the thyroid notch or thyro-hyoid membrane, crossing the midline in order to allow appropriate bilateral clearance of submental lymph nodes (level IA) (Figure 1, continuous line). If mandibulotomy is needed to reach tumors with massive posterior tongue involvement or associated trismus, skin incision can be accordingly modified by extending it to the mandibular symphysis and lower vermilion (Figure 1, dotted line).




Figure 1 | Skin incisions for CS of the tongue and floor of mouth: the continuous line represents that usually followed in case of pull-through approach and unilateral neck dissection (while tracheostomy is performed via a separated caudal stab wound); dotted line indicates the incision for the transmandibular approach.



A subplatismal cervical flap is raised with exposure of the body of the mandible, paying attention to preserve the mandibularis branch of the VII cranial nerve which runs in a plane deep to the superficial cervical fascia. The procedure usually starts by clearing lymph nodes according to clinical needs (selective neck dissection levels I-III, or levels I-IV, or modified radical or radical neck dissections). As a consequence, the internal jugular vein (IJV) and common carotid artery (CCA) with its bifurcation are fully visible when retracting the sternocleidomastoid muscle (SCM). The external carotid artery (ECA) with its collateral branches is also in full view. Thyroid and occipital arteries (the latter resected) and their anatomical relationships with the XII cranial nerve can be easily appreciated.

The digastric muscle with its anterior (ABDM) and posterior bellies (PBDM) is skeletonized to correctly delimitate the inferior borders of the submandibular space. The submandibular gland and adjacent fat tissue containing lymph nodes of level IB is then dissected from the surrounding tissues and detached from the mylohyoid muscle (MhM), which represents the deep plane of dissection. Facial artery (FA) and its submental branch (SmA) are found herein and, whenever possible, preserved (Figure 2A).




Figure 2 | (A, B) ABDM, anterior belly of digastric muscle; CCA, common carotid artery; ECA, external carotid artery; EJV, external jugular vein; FA, facial artery; GAN, great auricular nerve; HB, hyoid bone; HgM, hyoglossus muscle; ICA, internal carotid artery; IJV, internal jugular vein; ITDM, intermediate tendon of digastric muscle; LA, lingual artery; Ma, mandible; MhM, mylohyoid muscle; OhM, omohyoid muscle; PBDM, posterior belly of digastric muscle; PG, parotid gland; SCM, sternocleidomastoid muscle; SgM, styloglossus muscle; ShM, sternohyoid muscle; SLN, superior laryngeal nerve; SmA, submental artery; STA, superior thyroid artery; StM, stylohyoid muscle; STV, superior thyroid vein; XI, spinal accessory nerve; XII, hypoglossal nerve.



Surgical tips and tricks

	Skin incision in males should be placed caudally to the margin of the beard to make shaving easier in the postoperative period. Usually, putting it in a skin crease minimizes the ensuing aesthetic impact. Great care should be applied to maintain surgical field of the neck separate from the tracheostomy site, thus reducing the risk of contamination and wound infection.

	The facial vessels (artery and vein) are dissected and preserved as long as possible since they represent the first option for subsequent micro-anastomoses during the reconstructive phase.

	The patient is positioned supine with the head extended and turned in order to expose the affected neck side.

	In short necks, it is advisable to put a roll under the patient’s shoulders to further improve neck extension.





Step 2 - Submandibular Space Dissection and Lingual Artery Exposure

The FA is ligated to clearly expose the submandibular space. The MhM is completely skeletonized, identifying its bony attachment to the mandible and hyoid bone. The intermediate tendon of the digastric muscle (ITDM) is pulled down along with the stylohyoid muscle (StM) in order to highlight the lingual artery (LA) and the XII cranial nerve. This space, also known as Pirogov’s triangle, is bounded by the ITDM, posterior margin of the MhM, and XII cranial nerve cranially. The LA is clearly visible close to its branching point from the ECA while, after 1-2 cm, it lays deep to the hyoglossus muscle (HgM) (Figure 2B).



Step 3 - Hypoglossal and Lingual Nerve Identification

Once the inferior aspect of the compartment has been delimited, the next step is to identify the two major neural structures potentially acting as routes for tumor spread: the XII cranial nerve and the lingual nerve (LN). The former is identified from posterior to anterior crossing the ECA, running deeply to the PBDM and StM, and superficially to the HgM (hidden by the silicone background) and LA. Two centimeters cranially and anteriorly, running deeply to the MhM, the LN can be found in close relationship with the sublingual gland and floor of mouth mucosa. The XII cranial nerve must be followed and sectioned, preserving, if feasible, the emergence of its descending loop with the cervical plexus to maintain the strap muscles innervation (Figure 3). Dissection continues deeply, in a caudo-cranial way by detaching the HgM from its hyoid insertions, thus exposing and ligating the LA in close proximity to the greater cornu of the hyoid bone.




Figure 3 | ABDM, anterior belly of digastric muscle; CCA, common carotid artery; ECA, external carotid artery; EJV, external jugular vein; FA, facial artery; GAN, great auricular nerve; HB, hyoid bone; ICA, internal carotid artery; ITDM, intermediate tendon of digastric muscle; LN, lingual nerve; Ma, mandible; MhM, mylohyoid muscle; MM, masseter muscle; OhM, omohyoid muscle; PBDM, posterior belly of digastric muscle; SCM, sternocleidomastoid muscle; ShM, sternohyoid muscle; STA, superior thyroid artery; StM, stylohyoid muscle; WD, Warthon’s duct; XII, hypoglossal nerve.



Surgical tips and tricks

	Frozen sections should be sent from the cranial stump of the hypoglossal nerve, especially in the presence of advanced cancers massively infiltrating the MhM and HgM.

	Identification of the HgM is made easier by gripping the hyoid bone with Ellis forceps and pulling it laterally.

	The LA must be ligated and frozen sections sent for possible vascular invasion evaluation, especially when floor of the mouth gross involvement is detected. This maneuver will also greatly reduce bleeding during subsequent tongue resection. The LA can be also used as an alternative to the FA as a donor vessel for microvascular anastomoses.

	The anatomical preservation of the descending loop of the XII cranial nerve may improve swallowing in the postoperative period.





Step 4 - Mylohyoid and Hyoglossus Muscles Detachment

Once the above mentioned neurovascular structures have been identified, the dissection proceeds delimitating the T-N tract from caudal to cranial following the bony attachments of the different muscular structures. In this specific case, the digastric muscle has been removed to better expose the extrinsic lingual muscular compartment (even though not necessarily done in all patients treated by CS). The LA, clearly visible at the level of its branching from the ECA, is followed through the HgM (grabbed with forceps), and detached from its hyoid insertions (black dotted line). Cranially, the MhM has been detached from the mylohyoid line (white dotted line) on the internal aspect of the mandibular body, while the LN is exposed and sectioned as cranial as possible. Anteriorly, the ABDM is retracted medially to show the fatty median raphe between the left and right genioglossus muscles (GgM). Anteriorly and superficially the geniohyoid muscle (GhM) and deeply both the GgMs are well visible. Lateral to the right GgM the fat-containing paramedian septum is recognizable (black arrow) (Figure 4).




Figure 4 | ABDM, anterior belly of digastric muscle; CCA, common carotid artery; EJV, external jugular vein; GAN, great auricular nerve; GgM, genioglossus muscle; GhM, geniohyoid muscle; HB, hyoid bone; HgM, hyoglossus muscle; LA, lingual artery; Ma, mandible; MhM, mylohyoid muscle; MM, masseter muscle; OhM, omohyoid muscle; SCM, sternocleidomastoid muscle; SgM, styloglossus muscle; ShM, sternohyoid muscle; SLN, superior laryngeal nerve; STA, superior thyroid artery; XII, hypoglossal nerve. White dotted line, mylohyoid line of the mandible. Black dotted line, great hyoid cornu. Black arrow, paramedian septum of the tongue.



Surgical tips and tricks

	If not oncologically required, it is not advisable to completely skeletonize the hyoid bone, especially in previously irradiated patients, to reduce the risk of postoperative osteonecrosis.

	Conversely, when detaching the MhM from the inner mandibular surface, it is advisable to use monopolar cautery, taking care to cut the fibers directly over the bone in a subperiosteal plane (a blunt dissector can be also used to assist the surgeon in this crucial maneuver). This is of paramount importance, especially when managing tumors involving the antero-lateral floor of the mouth, with close relationship to the mandible, even without radiological signs of erosion, in order to assess a possible limited cortical bone or periosteal neoplastic invasion.





Step 5 - Approach to the Midline in the Submental Area

Once the lateral compartment has been prepared, the head is turned to a neutral position while extended in order to fully expose the region from the hyoid bone up to the mandible. The midline is found by sectioning the MhM in between the two ABDMs. The section line (Figure 5A) should be traced from the body of the hyoid bone to the genial tubercles of the mandible. In the present cadaver dissection, the right digastric muscle has been removed to better expose the underlying anatomy, while it is easily recognizable on the left side. Particular care should be given to the MhM dissection in order to properly find the midline between the GhMs, just beneath its deeper surface. This step is crucial when treating tumors massively involving the anterior floor of mouth, to exclude possible neoplastic spread through the midline into the opposite compartment. Moreover, adequate intraoperative assessment of the MhM deeper portion is mandatory, due to the possible presence of in-transit nodal metastases and/or tumor satellitosis at this level.




Figure 5 | (A, B) ABDM, anterior belly of digastric muscle; CCA, common carotid artery; ECA, external carotid artery; EJV, external jugular vein; GhM, geniohyoid muscle; HB, hyoid bone; HgM, hyoglossus muscle; IJV, internal jugular vein; Ma, mandible; MhM, mylohyoid muscle; OhM, omohyoid muscle; SCM, sternocleidomastoid muscle; ShM, sternohyoid muscle; SLA, sublingual artery; SlG, sublingual gland; STA, superior thyroid artery; STV, superior thyroid vein; XII, hypoglossal nerve.



Once the dissection of the MhM has been completed along the midline, this can be retracted laterally to fully expose the underlying GhM. This leads to optimal visualization of the paramedian lingual septum, which contains lymphatic vessels and nodes, neural bundles of the LN, the sublingual gland (SlG), and branches of the sublingual artery (SLA) (Figure 5B). This space is of special relevance when performing CS, since it represents one of the most important routes for tumor spread.

The anatomical area in which the T-N tract can be located is defined by the following boundaries: the inferior aspect of the floor of mouth (FoM) mucosa cranially, the GhM anteriorly, and the HB caudally (black dotted line) (Figure 6).




Figure 6 | ABDM, anterior belly of digastric muscle; EJV, external jugular vein; FA, facial artery; FoM, floor of mouth; GhM, geniohyoid muscle; HB, hyoid bone; Ma, mandible; MhM, mylohyoid muscle; MM, masseter muscle; MPM, medial pterygoid muscle; OhM, omohyoid muscle; SCM, sternocleidomastoid muscle; ShM, sternohyoid muscle; StM, stylohyoid muscle; XII, hypoglossal nerve. Black dotted line, boundaries of the anatomical area containing the T-N tract.



Surgical tips and tricks

	When approaching the MhM, it can be difficult to properly identify its midline since the muscle fibers of both sides at this level are usually merged. An easy way for its correct identification is therefore to cut with electrocautery a line running from the genial tubercles to the midline of the HB identified by palpating the thyroid notch.

	Once the MhM is detached from the deeper GhM, particular care should be addressed to obtain accurate hemostasis due to the large number of small perforators between the two muscles. Keeping the surgical field as clean as possible in this phase may be of great help in correctly identifying the median raphe and contralateral muscular compartment.





Step 6 - Deeper Midline Raphe Dissection

Once the GhM has been resected, the midline fibrous raphe between the two hemilingual compartments is clearly recognizable. It is imperative to not resect muscular or neurovascular structures of the healthy side in order to minimize any undue functional impairment. Separation of the two compartments at this level is usually easily obtained by blunt dissection, using a cotton swab or dissector. This maneuver is also useful to palpate the lingual body from below in order to assess the tumor characteristics and possible critical issues such as endophytic extension, distance from the midline, or presence of satellitosis. The insertion of the removed right GhM is visible at the level of the inferior genial tubercle (arrow), while the deeper extrinsic muscular layer (represented by the GgM) is now clearly visible (Figure 7A). The latter is the most represented structure of the mobile tongue and is of pivotal importance for tumor spread due to its spatial fan-shaped fibers arrangement, disposed from the upper genial tubercle to the rest of the mobile tongue itself, and its large volume accounting for more than half of the lingual body. The GgM must be separated from the contralateral one using monopolar cautery, starting from its mandibular insertion, to the HB and glosso-epiglottic valleculae (Figure 7B).




Figure 7 | (A–C) ABDM, anterior belly of digastric muscle; GgM, genioglossus muscle; GhM, geniohyoid muscle; GT, genial tubercle; HB, hyoid bone; Ma, mandible; MhM, mylohyoid muscle; MM, masseter muscle; MLS, median lingual septum; ShM, sternohyoid muscle. Black arrow, right inferior genial tubercle.



The resected GgM is laterally and posteriorly displaced, pulling it from its mandibular tendon (Figure 7C). Both cranially and caudally, particular care should be paid to not damage the floor of mouth or glosso-epiglottic mucosa. In this way, the median raphe is completely transected up to the intrinsic tongue musculature and mucosa. When the midline dissection is complete, a clear vision of the opposite tongue compartment should be appreciated (Figure 8).




Figure 8 | ABDM, anterior belly of digastric muscle; GgM, genioglossus muscle; GhM, geniohyoid muscle; GT, genial tubercle; HB, hyoid bone; Ma, mandible; MSy, mandibular symphysis. White arrow, thin left mylohyoid muscle between the ipsilateral ABDM and GhM.



Surgical tips and tricks

	A useful trick to correctly identify the midline is to use a cotton swab to manipulate the muscular bundles and avoid annoying bleeding. The GgM and GhM are covered by a thin fascia that give these structures a round and well-defined contour, helping the surgeon to recognize the fascial planes between different muscular layers.

	When the midline is precisely located, the assistant surgeon should apply countertraction from the healthy side to facilitate dissection. Once the muscles are spread apart, the yellowish tissue of the median raphe is exposed. At this point, a gauze can be placed from below in order to keep one compartment separated from the contralateral one and to correctly identify the midline when subsequently performing the transoral resection by incising the mucosa between the two Wharton’s ducts.





Step 7 – Assessment of Routes of Tumor Spread

When every extrinsic muscular, neural and vascular structure have been dissected, the entire ipsilateral hemilingual compartment is detached from its anterior/cranial (mandible), caudal (HB), contralateral (opposite lingual compartment), and posterior/cranial insertions (mastoid and styloid processes). The most important advantage of CS is that it allows the most adequate control of all possible routes for centrifugal tumor spread that, starting from posterior to anterior, in an anti-clockwise direction, are shown herein: 1) SgM (towards the skull base), 2) XII cranial nerve (towards the vascular axis and skull base), 3) LA (towards the vascular axis), 4) HgM (towards the HB), and 5) GgM (towards the mandible) (Figure 9). In the middle of this complex surgical space, the MhM and GhM alongside the LN and all the lymphatic and glandular structures are located.




Figure 9 | ABDM, anterior belly of digastric muscle; EJV, external jugular vein; GgM, genioglossus muscle; GhM, geniohyoid muscle; GT, genial tubercle; HB, hyoid bone; HgM, hyoglossus muscle; LA, lingual artery; Ma, mandible; MhM, mylohyoid muscle; MM, masseter muscle; OhM, omohyoid muscle; SCM, sternocleidomastoid muscle; SgM, styloglossus muscle; ShM, sternohyoid muscle; XII, hypoglossal nerve.





Step 8 - Transoral Resection and Pull-Through Maneuver

When the lingual compartment (right in the present cadaver dissection) has been prepared from the neck, it is possible to access the tumor through the oral cavity. The operating surgeon moves to the patient’s head and dissection starts from the anterior FoM, between the two openings of the Wharton’s ducts. A communication with the underlying neck space is created at this level and identification of the gauze previously positioned from the neck helps the surgeon to complete the dissection in the correct plane. Next, resection proceeds in a caudo-cranial direction, towards the ventral and dorsal surfaces of the tongue, maintaining the tumor under direct vision/palpation, and strictly following the midline lingual raphe. Dissection can be safely carried via the transoral route up to the circumvallate papillae in most patients without trismus (Figure 10). According to the posterior extension of the tumor towards the oropharynx, if the surgeon needs to perform a complete tongue base removal, the pull-through maneuver must be performed by cutting the mucosa of the lateral (paramandibular) FoM and pulling the involved hemilingual compartment into the neck. In this way, a complete compartmental resection addressing the posterior aspect of the base of tongue up to the glosso-epiglottic vallecula can be safely accomplished (Figure 11). Otherwise, if some mucosa and intrinsic muscles of the base of the tongue can be safely spared since a large (i.e. 2 cm) cuff of healthy tissues is already present at the posterior margin of the tumor, the dissection proceeds in an anterior to posterior direction reaching the hyo-glossal membrane, anterior and deep to the base of tongue, perpendicular to the midline raphe, where surgical resection may change its course from medial to lateral, up to the anterior tonsillar pillar. This surgical step is quite important since the entity of oropharyngeal resection can be modulated under direct view through the neck.




Figure 10 | GgM, genioglossus muscle; IMoT, intrinsic musculature of the tongue; LA, lingual artery; LC, lingual cover; MLS, median lingual septum; ToT, tip of tongue. Please note that the nose is covered by the blue drape and the inferior lip pulled down by a retractor.






Figure 11 | ABDM, anterior belly of digastric muscle; BoT, base of tongue; CCA, common carotid artery; DSoT, dorsal surface of tongue; ECA; external carotid artery; EJV, external jugular vein; IJV, internal jugular vein; GhM, geniohyoid muscle; HP, hard palate; ICA, internal carotid artery; IMoT, intrinsic muscle of tongue; Ma, mandible; MhM, mylohyoid muscle; MM, masseter muscle; SCM, sternocleidomastoid muscle; SlG, sublingual gland; SP, soft palate; ToT, tip of tongue; XI, spinal accessory nerve.



The T-N tract, completely released from all its muscular insertions and neural/vascular supplies, is visible as composed by the sublingual and submandibular glands (previously removed), extrinsic tongue muscles (GhM, GgM, HgM, and SgM) and MhM, LA and vein, XII cranial nerve, LN, and the lymphatic vessels and nodes embedded in the median and paramedian septa (Figure 12). The final step of the CS is represented by the detachment of the specimen from the glosso-epiglottic vallecula, keeping attention to spare healthy mucosa at this level which can be used for an effective flap suture during the reconstructive phase.




Figure 12 | ABDM, anterior belly of digastric muscle; CCA, common carotid artery; ECA; external carotid artery; HB, hyoid bone; HgM, hyglossus muscle; GgM, genioglossus muscle; GhM, geniohyoid muscle; IMoT, intrinsic muscle of tongue; LA, lingual artery; LC, lingual cover; LN, lingual nerve; MhM, mylohyoid muscle; MLS, median lingual septum; SgM, styloglossus muscle; SlG, sublingual gland; ToT, tip of tongue; XII, hypoglossal nerve.



Surgical tips and tricks

	The tracheostomy (if not done previously) should be performed to remove the tube from the oral cavity and thus secure the postoperative airways. In some cases, this step can be postponed at the end of surgery if nasotracheal intubation has been performed. Others prefer to perform tracheostomy at the beginning of surgical procedure, to avoid any possible neoplastic seeding at the level of the tracheal wound by “contaminated” instrumentation. In any case, before starting the transoral step, the anesthesiologist should provide an optimal muscle relaxation in order to maximize oral opening.

	A self-retaining mouth and lips retractor and/or bite blocks can be used to optimize the view of the surgical field.

	Electrocautery or ultrasonic scalpels are usually applied to reduce bleeding during this phase, especially at the level of the contralateral (healthy) hemilingual compartment.

	The tip of tongue can be spared when not directly involved by the tumor since it is composed only of intrinsic muscles and not anatomically reached by the GgM fibers. This definitively improves postoperative speech without affecting oncologic outcomes.

	When sampling tissue for frozen sections, especially along the midline of the oral tongue, it is advisable to use a cool blade knife to reduce the shrinkage and cautery/crush artifacts of the specimen to be analyzed.

	When dissection between the two openings of the Wharton’s duct in the anterior aspect of the FoM is performed, particular attention should be paid to not accidentally injure the healthy side. The same holds true when suturing, at the end of surgery, the free flap at this level.

	Whenever the midline is reached by the tumor without invasion of the opposite side, a cuff of extrinsic/intrinsic muscles of the healthy hemilingual compartment should be taken as a safe extra-margin.

	When lateral FoM mucosa is incised medial to the mandibular body, at least 5 mm of healthy tissue should be spared at this level, if oncologically feasible, in order to guarantee enough recipient mucosa for the in-set of the free flap. If this is not possible, suturing the flap cutaneous edge to the mucosa of the gum passing the stitches in between teeth can be used as an effective trick to reduce the risk of salivary fistula.

	For tumors massively involving the BoT and/or associated with severe trismus, a median/paramedian mandibulotomy to widen the surgical field and guarantee an optimal visualization and dissection of the tumor may be of great help. All the steps herein described for CS can be equally performed via transoral or transmandibular routes.





Step 9 - Surgical Defect and Specimen Evaluation

At the end of procedure, the surgical defect results in a wide communication between oral cavity/oropharynx and neck, delimited by the symphysis and body of the mandible anterolaterally, constrictor muscles and tonsillar region posteriorly, HB and glosso-epiglottic vallecula inferiorly, and healthy contralateral tongue compartment medially (Figure 13).




Figure 13 | ABDM, anterior belly of digastric muscle; HB, hyoid bone; GgM, genioglossus muscle; GhM, geniohyoid muscle; GT, genial tubercle; HP, hard palate; IMoT, intrinsic muscle of tongue; Ma, mandible; ShM, sternohyoid muscle.



The surgical specimen at the end of CS includes the right hemitongue (from the tip to the circumvallate papillae), ipsilateral FoM with related T-N tract, and the distal fringes of all the extrinsic muscles (Figure 14). The latter are herein clearly identifiable: the SgM reaches the tongue from posterior and its inferior muscular fibers intertwine in the posterior-lateral part of the tongue with those coming from the HgM, reaching the organ with an inferior-superior course. The LN runs in a lateral direction ventrally to the MhM adjacent to the SlG, while the XII cranial nerve is in strict relationships with the HgM, and the LA lies deeply to it. The fan-shaped fibers of the GgM are visible below the FoM and form large part of the volume of the tongue just cranially to the GhM.




Figure 14 | BoT, base of tongue; DSoT, dorsal surface of tongue; FoM, floor of mouth; GgM, genioglossus muscle; HgM, hyoglossus muscle; LA, lingual artery; LN, lingual nerve; LSoT, lateral surface of tongue; MhM, mylohyoid muscle; SgM, styloglossus muscle; SlG, sublingual gland; ToT, tip of tongue; XII, hypoglossal nerve.






Discussion

CS of the tongue has been demonstrated to be a sound oncological technique, especially for tumors with a DOI ≥10 mm staged as cT3-T4 according to the 8th Edition of the AJCC-UICC TNM classification (13). The advantages are: 1) complete removal of the primary tumor along with the involved muscle compartment (which can potentially house in-transit perineural and/or lympho-vascular micrometastases and tumor satellitosis), thus improving local and loco-regional control; 2) surgical paradigm shift from a circumferential to an anatomical resection driven by the potential escape routes of the tumor itself; 3) standardization of the surgical ablation with consequent increase of both reproducibility and appropriate reconstructive planning.

This technique, first proposed by Calabrese and coworkers in 2009 (3), is based on the oncological principles of sarcoma surgery of the limbs (1, 2). In this view, the oral tongue is considered as a paired symmetric organ acting as the union of two compartments, identical in terms of spatial arrangement of extrinsic and intrinsic muscles and presence of intermuscular connective structures (median raphe, paramedian, and lateral septa) (12). The median raphe represents a natural barrier that separates each hemitongue from the opposite one, while laterally and anteriorly the mandibular periosteum represents its peripheral boundary. Inside the lingual body, all the extrinsic muscles, XII cranial nerve and LN, LA, veins and lymphatic vessels act as routes potentially causing persistent/recurrent loco-regional disease if not correctly addressed by surgery. This has been clearly demonstrated in seminal papers assessing the clinical relevance of the longitudinal path of tumor spread along tongue musculature (14, 15), quite similar to what has been described for sarcomas of the musculoskeletal system. Controlling such potential routes of tumor progression by a CS approach may significantly impact local and loco-regional tumor control as well as survival (4, 5, 16–19).

To support this thesis and anatomical considerations, Calabrese et al. in 2011 (4) presented the first case series of 143 patients affected by cT2-T4 cN0-N+ squamous cell carcinoma (SCC) of the oral tongue or floor of the mouth treated by CS compared to 50 patients treated by standard transoral surgery within clear margins (>1 cm). The oncological outcomes showed a 5-year local control (LC) of 88.4% (16.8% improvement compared to the control group), loco-regional control (LRC) of 83.5% (24.4% improvement), and overall survival (OS) of 70.7% (27.3% improvement).

Another study published in 2019 by Piazza et al. (5) focused on a retrospective analysis on 45 patients managed by CS for SCC of the oral tongue/floor of mouth (35 naïve patients and 10 in a salvage setting), showed that 2-year OS, disease free survival (DFS), LC, and LRC were 80%, 91%, 100%, and 94%, respectively, in previously untreated patients. On the other hand, prognosis was poor in those undergoing salvage surgery, showing a 2-year OS, DFS, LC, and LRC of 27%, 26%, 67%, and 36%, respectively. This confirmed that CS has a main role as primary surgical treatment in locally advanced oral tongue cancers, whereas survival remains extremely poor for recurrent disease.

The herein mentioned paradigm shift from a traditional circumferential to a CS approach can draw some criticisms because it can initially appear more aggressive, especially towards anatomical structures that are not macroscopically involved by the tumor. However, from a functional point of view, when a muscle is even partially resected as during standard surgery, its function is completely compromised and scar tissue substitutes it, potentially tethering the tongue residue, and impairing swallowing and speech functions. In fact, Ji et al. (20) demonstrated a significant difference between microsurgical reconstruction after partial vs. hemiglossectomies showing more functional impairment in the former. To further analyze functional outcomes in CS followed by microsurgical reconstructions in terms of swallowing and speech, a retrospective study on 48 patients was conducted by Grammatica and coworkers (7). The conclusion of this study was that CS does not significantly affect speech, while sub-clinical liquid food aspiration and vallecular pouch are present in a significant proportion of patients, especially after adjuvant non-surgical treatments. However, this issue is usually not subjectively perceived as a major problem, and no aspiration pneumonia occurred in our surgical series. Of note, when the residual tongue was tested using a device that objectively assesses muscular strength and endurance, it seemed that these were not macroscopically affected when proper reconstruction had been accomplished.



Conclusions

The landmark concepts of CS herein depicted consist of: 1) anatomically-based approach to the lesion within the tongue and floor of mouth compartment, aiming to control all potential pathways of tumor progression; 2) clear identification of the anatomical space between primary and cervical nodes (the so called T-N tract), potentially acting as a high-risk metastatic basin; 3) good reproducibility and standardization of the surgical technique. A rational resectional approach associated with modern microsurgical reconstructive techniques maximizes oncological outcomes, while not affecting the mobility and function of the contralateral healthy hemitongue.
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Introduction: Nowadays, two strategies are available for the management of the clinically negative neck in early-stage (cT1-2N0) oral squamous cell carcinoma (OSCC): elective neck dissection (END) and sentinel lymph node biopsy (SLNB). SLNB stages both the ipsilateral and the contralateral neck in early-stage OSCC patients, whereas the contralateral neck is generally not addressed by END in early-stage OSCC not involving the midline. This study compares both incidence and hazard of contralateral regional recurrences (CRR) in those patients who underwent END or SLNB.

Materials and Methods: A retrospective multicenter cohort study, including 816 lateralized or paramedian early-stage OSCC patients, staged by either unilateral or bilateral END (n = 365) or SLNB (n = 451).

Results: The overall rate of occult contralateral nodal metastasis was 3.7% (30/816); the incidence of CRR was 2.5% (20/816). Patients who underwent END developed CRR during follow-up more often than those who underwent SLNB (3.8 vs. 1.3%; p = 0.018). Moreover, END patients had a higher hazard for developing CRR than SLNB patients (HR = 2.585; p = 0.030). In addition, tumor depth of invasion was predictive for developing CRR (HR = 1.922; p = 0.009). Five-year disease-specific survival in patients with CRR was poor (42%) compared to patients in whom occult contralateral nodal metastases were detected by SLNB or bilateral END (88%), although not statistically different (p = 0.066).

Conclusion: Our data suggest that SLNB allows for better control of the contralateral clinically negative neck in patients with lateralized or paramedian early-stage OSCC, compared to END as performed in a clinical setting. The prognosis of those in whom occult contralateral nodal metastases are detected at an earlier stage may be favorable compared to those who eventually develop CRR, which highlights the importance of adequate staging of the contralateral clinically negative neck.

Keywords: mouth neoplasms, sentinel lymph node biopsy, neck dissection, lymphatic metastasis, contralateral, recurrence, survival


INTRODUCTION

In patients with early-stage (cT1-2N0) oral squamous cell carcinoma (OSCC), occult metastases are present in 20–30% of patients with a clinically negative neck, despite advanced diagnostic imaging modalities (1–3).

As watchful-waiting in these patients has been associated with a poor prognosis, especially when compared to those in whom the clinically negative neck was electively treated (1), two strategies are available for management of the clinically negative neck in early-stage OSCC: elective neck dissection (END) and sentinel lymph node biopsy (SLNB) (3–6). Although END is considered the best approach by many (5), SLNB has proven to reliably stage the clinically negative neck in early-stage OSCC with a pooled sensitivity and negative predictive value of 87 and 94%, respectively (4, 7–9). While END has the benefit of being a single-stage procedure, without need for specific facilities (e.g., nuclear medicine, advanced histopathology), SLNB is less invasive for the 70–80% of patients without metastatic neck involvement and has overall lower morbidity rates, better quality of life, and lower health care costs compared to END (10–13).

Furthermore, SLNB allows assessment of individual lymphatic drainage patterns and is able to detect aberrant drainage patterns (14, 15). This feature is of particular benefit in OSCC, since even lateralized OSCC occasionally metastasizes to contralateral cervical lymph nodes [2.7% (95% CI 1.2–4.2%)] (8, 9, 14, 16–21). Studies reported contralateral or bilateral lymphatic drainage patterns in 13–23% of lateralized OSCC patients, as detected during the SLNB procedure (8, 9, 14, 22).

Thus, SLNB stages the contralateral clinically negative neck in (lateralized) early-stage OSCC patients as well, whereas the contralateral clinically negative neck is generally not addressed by END in early-stage OSCC not involving the midline (i.e., lateralized or paramedian tumors).

Although the reported incidence of contralateral lymph node metastases in these patients is relatively low, underdiagnosis of the contralateral clinically negative neck is undesirable, especially since the presence of contralateral lymph node metastasis from OSCC has been associated with poor disease-specific survival (DSS) (16, 23, 24).

Therefore, this study aimed to assess whether SLNB allows for better control of the contralateral neck as compared to END, in early-stage OSCC not involving the midline. Accordingly, this study compares both incidence and hazard of contralateral regional recurrences (CRR) in those who underwent either END or SLNB as performed in daily clinical practice. Furthermore, this study compares the prognosis of those in whom occult contralateral nodal metastases were detected at an earlier stage by SLNB or bilateral END (pN2c) and those who eventually developed CRR.



MATERIALS AND METHODS


Ethical Considerations

This study abided the Declaration of Helsinki and was approved by UMC Utrecht's Ethics Committee (no. 17/766) and all participating centers. The Internal Review Board waived requirement for signed informed consent forms for all subjects (4). Samples and data were handled according to General Data Protection Regulation.



Patients

Patients without a history of head and neck cancer requiring treatment of the neck (i.e., neck dissection, neck irradiation) were included from five Dutch Head and Neck Cancer centers. In these centers, SLNB is currently part of standard oncological care in regard to staging the clinically negative neck in early-stage OSCC patients. Data were extracted from two large retrospective cohorts (END cohort and SLNB cohort), which have been extensively described by den Toom et al. (4).

For this study, only patients with early-stage OSCC (cT1-2N0) not involving the midline (i.e., lateralized or paramedian) were included in this study (AJCC UICC TNM-staging 7th Edition). Paramedian tumors were classified as tumors located adjacent to, but not involving, the midline. In all patients, clinical nodal staging was confirmed by palpation, imaging (i.e., ultrasound, CT, and/or MRI), and, in case of suspected lymph nodes, ultrasound-guided fine-needle aspiration cytology.

Patients who underwent unilateral END for tumors from which the specific location was missing were included. In these cases, it was estimated that performing unilateral END, instead of bilateral END, was on the basis of non-involvement of the midline. Patients who underwent bilateral END for confirmed lateralized or paramedian early-stage OSCC were included as well.

Patients were excluded if they underwent bilateral END for tumors from which the specific location was missing, as there was insufficient data to reliably assess whether the tumor involved the midline.

Out of 887 patients (END n = 399, SLNB n = 488), 816 patients met the inclusion criteria (END n = 365, SLNB n = 451) (Figure 1).


[image: Figure 1]
FIGURE 1. Flowchart for inclusion of patients in both the END cohort (n = 365) and the SLNB cohort (n = 451).




Elective Neck Dissection

The END cohort has been previously described by den Toom et al. (4); early-stage OSCC patients who underwent END between 1990 and 2015 were included in the END cohort. END was performed as selective (level I–III/IV; n = 294) or modified radical neck dissection (level I–V; n = 70). Twenty-eight patients (7.7%) underwent bilateral END for lateralized or paramedian early-stage OSCC. The decision to perform either unilateral or bilateral END was made by the treating physician. The indication for bilateral END was on discretion of the treating physician and multidisciplinary team. END was elected over watchful-waiting when tumor depth of invasion (DOI) was estimated to be >4 mm (25). Neck dissection specimens were histopathologically assessed using conventional hematoxylin–eosin staining on formalin-fixed paraffin-embedded tissue.



Sentinel Lymph Node Biopsy

Early-stage OSCC patients who underwent SLNB between 2007 and 2018 were included in the SLNB cohort. SLNB was performed according to European Association of Nuclear Medicine and Sentinel European Node Trial joint practice guidelines (26–28). SLNB was elected over watchful-waiting irrespective of tumor DOI. In short, the SLNB procedure consisted of preoperative peritumoral injections with technetium-99m [99mTc]-labeled nanocolloid (80–240 MBq), followed by planar dynamic and static lymphoscintigraphy including SPECT-CT imaging, in a 1- or 2-day protocol. Intraoperative localization and extirpation of SLNs were performed using a handheld gammaprobe. Harvested SLNs were histopathologically assessed using step-serial sectioning (section thickness 150–500 μm) with hematoxylin–eosin staining and immunohistochemistry (26, 29). In SLNB-negative patients, a wait-and-scan policy was adopted, while SLNB-positive patients underwent complementary neck treatment. The vast majority of SLNB-positive patients underwent neck dissection as complementary neck treatment (85.6%; 89/104). Seven patients (6.7%) underwent complementary neck irradiation and three patients (2.9%) underwent complementary chemoradiation due to irradical resection of the primary tumor (n = 2) or presence of extracapsular spread of nodal metastasis (n = 1). Radiotherapy was employed only on the affected nodal basin in three patients, whereas in the other seven patients, the side and levels involved in neck irradiation were unknown.



CRR, pN2c and Occult Contralateral Nodal Metastasis

Regional recurrences that occurred in the contralateral neck of the initial primary tumor, within 5 years following treatment, were regarded as event for CRR analyses. In addition, CRR in the presence of ipsilateral regional recurrences were regarded as event for CRR analyses as well. Regional recurrences in the presence of local recurrence or second primary tumors were excluded from final analyses, as differentiation between missed nodal metastasis at initial diagnostic work-up and metastasis developed from reseeding local recurrence is unfeasible.

Nodal metastasis detected in the contralateral neck of the primary tumor at time of initial neck staging, by either SLNB or bilateral END, was classified as pN2c, irrespective of the nodal status of the ipsilateral neck.

Occult contralateral nodal metastasis was defined as lymph node metastasis in the contralateral neck of the initial primary tumor, which was detected by either SLNB or bilateral END (i.e., pN2c) or which became clinically manifest during follow-up (i.e., CRR).



Statistical Analysis

All data were analyzed with IBM SPSS Statistics Version 26.0. Data are expressed as mean ± SD for continuous variables. Number of cases and percentages are presented for categorical variables.

Independent samples t test was applied for parametric continuous variables, Mann–Whitney U test was applied for non-parametric continuous variables, and χ2 test was applied for categorical variables. Fisher's exact test was used to compare categorical variables containing small number of cases (n ≤ 5). Post-hoc testing was conducted in case of statistically significant χ2 test or Fisher's exact test outcomes for categorical variables with ≥3 groups.

For comparing 5-year DSS between patients with occult contralateral nodal metastasis (i.e., pN2c, CRR) and those without, Log-Rank test was conducted and Kaplan–Meier survival curves were computed. Furthermore, 5-year DSS were compared between patients in whom contralateral nodal metastases were detected by SLNB or bilateral END (pN2c) and those who eventually developed CRR during follow-up.

To assess independent predictors of CRR over time, Cox-regression analysis was applied (Method: Backward Likelihood Ratio). Variables that showed univariate association with occult contralateral nodal metastasis (i.e., pN2c and/or CRR), at a level of p ≤ 0.05, were included in the proportional hazard regression model. Accordingly, covariates were neck management (SLNB/END), initial ipsilateral pN+-status, location of primary tumor (i.e., paramedian or lateralized), vaso-invasive tumor growth, perineural tumor growth, and tumor DOI. Included covariates were analyzed for multicollinearity; variables with correlation of ≥0.5 were not included in Cox-regression analysis (30).

Missing data were handled by pairwise deletion. A p-value of <0.05 was regarded statistically significant.




RESULTS

The SLNB cohort contained a higher rate of tongue tumors (p < 0.001), whereas the END cohort contained a higher rate of floor-of-mouth tumors (p = 0.008) (Table 1). The END cohort had a higher rate of cT2-staged tumors (p < 0.001) and a higher rate of tumors staged pT2 or higher (52.8 vs. 24.6%; p < 0.001). Tumor DOI was higher in the END cohort (p < 0.001). Extracapsular spread of nodal metastases was more often present in the END cohort (p < 0.001). Median follow-up was longer for the END cohort (p < 0.001).


Table 1. Patient and tumor characteristics comparing END and SLNB cohort.
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Contralateral Regional Recurrences

The overall rate of CRR was 2.5% (20/816). Tumor DOI was higher in patients who developed CRR (p < 0.001) (Table 2). Vaso-invasive tumor growth was more frequently present in patients who developed CRR (p = 0.032). END patients developed CRR more often (14/365; 3.8%) as compared to SLNB patients (6/451; 1.3%) (p = 0.021). None of the patients who underwent bilateral END developed CRR. In one patient, CRR was diagnosed in the presence of distant metastasis. CRR was diagnosed in the presence of ipsilateral regional recurrence in one END patient and in two SLNB patients. The rate of ipsilateral nodal metastases, as detected by END or SLNB, was higher in those who developed CRR (p = 0.018). None of the patients in whom occult contralateral nodal metastases were detected by SLNB or bilateral END (i.e., pN2c) developed CRR. Out of those who developed CRR, 15 patients underwent salvage treatment with curative intent; in three patients, no data on salvage treatment was available.


Table 2. Characteristics associated with contralateral regional recurrence.
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Occult Contralateral Nodal Metastasis (i.e., pN2c and CRR)

The overall rate of occult contralateral nodal metastasis was 3.7% (30/816). Patients with paramedian tumors showed a higher rate of contralateral nodal metastases compared to those with lateralized tumors (p = 0.018) (Table 3). Tumor DOI was higher in patients with occult contralateral nodal metastasis (p < 0.002). Perineural tumor growth and vasoinvasive tumor growth were more often present in those with occult contralateral nodal metastasis (p = 0.002, p = 0.001). A higher rate of ipsilateral nodal metastases, as detected by SLNB or END, was seen in patients with occult contralateral nodal metastasis (p = 0.025). Of those in whom occult contralateral nodal metastasis was detected by either bilateral END or SLNB (i.e., pN2c), ipsilateral nodal metastasis was simultaneously detected in three patients (30%). No significant difference was seen in the rate of occult contralateral nodal metastasis between the END and SLNB cohort.


Table 3. Characteristics associated with occult contralateral nodal metastasis (i.e., pN2c and CRR).
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Survival

Figure 2 shows 5-year DSS for patients with and without occult contralateral nodal metastasis (i.e., pN2c and CRR). Five-year DSS was significantly shorter for patients who developed CRR as compared to patients without occult contralateral nodal metastasis (42 vs. 92%, p < 0.001). No difference in 5-year DSS was observed between those in whom occult contralateral nodal metastasis were detected by SLNB or bilateral END (i.e., pN2c) and patients without occult contralateral nodal metastasis (88 vs. 92%; p = 0.446). Five-year DSS of patients who developed CRR was worse compared to those in whom occult contralateral metastasis were detected by SLNB or bilateral END (i.e., pN2c), although not statistically significant (42 vs. 88%; p = 0.066). Of those who underwent salvage treatment with curative intent for CRR, 67% (10/15) died of disease after an average follow-up of 6.1 months following occurrence of CRR.


[image: Figure 2]
FIGURE 2. Five-year DSS curves for lateralized or paramedian early-stage OSCC patients without contralateral occult nodal metastasis (blue bold line) as compared to those with contralateral occult nodal metastasis: initially staged pN2c by SLNB or bilateral END (red interrupted line) or CRR (green line).


Mean time of survival in patients who developed CRR was 4.1 years (95% CI 2.29–5.95), whereas mean time of survival of those in whom contralateral nodal metastases were detected by SLNB or bilateral END (i.e., pN2c) was 9.7 years (95% CI 7.37–12.02). The mean time of survival in patients without occult contralateral nodal metastasis was 19.3 years (95% CI 18.81–19.72).



Hazard for Developing CRR

Proportional hazard regression analysis showed that patients who underwent END had a higher hazard for developing CRR as compared to those who underwent SLNB [HR = 2.922 (95% CI 1.11–7.71); p = 0.030] (Figure 3). In addition, tumor DOI was significantly associated with development of CRR as well [HR = 2.277 (95% CI 1.44–3.60); p < 0.001].


[image: Figure 3]
FIGURE 3. Cumulative hazard curve regarding development of CRR in patients with early-stage OSCC not involving the midline, divided by initial management of the neck: elective neck dissection (END; red bold line) or sentinel lymph node biopsy (SLNB; blue interrupted line). A significantly higher hazard for developing CRR was observed for patients who underwent END compared to those who underwent SLNB [HR = 2.922 (95% CI 1.11–7.71)].





DISCUSSION

This is the first study that evaluated incidence and hazard of CRR in early-stage OSCC not involving the midline (i.e., lateralized and paramedian) and compared these outcomes between patients who underwent either END or SLNB.

The overall incidence of occult contralateral nodal metastasis in this study was 3.7% (30/816), which is in concordance with the reported incidence of occult contralateral nodal metastasis in lateralized early-stage OSCC [2.7% (95% CI 1.2–4.2%)] (8, 9, 14, 16–21).

Our results showed higher incidence of CRR in patients who underwent END (3.8%) as compared to those who underwent SLNB (1.3%) (p = 0.018). Furthermore, our data showed that patients staged by END had a higher hazard of developing CRR, independent of factors such as tumor DOI, compared to patients staged by SLNB [HR = 2.922 (95% CI 1.11–7.71); p = 0.030].

Five-year DSS of patients who developed CRR was poor in our population, in particular when compared to those without occult contralateral nodal metastasis. These findings are in line with previous reports on prognosis of (lateralized) OSCC patients with CRR (16, 23, 24). Moreover, our results suggest that 5-year DSS of patients in whom contralateral nodal metastases were detected at an earlier stage by SLNB or bilateral END (pN2c) may be better than in those who eventually developed CRR. In addition, the successful salvage rate of those who developed CRR was only 33% in our population. This highlights the importance of adequate staging or treatment of the contralateral clinically negative neck.

Nevertheless, elective treatment of the contralateral clinically negative neck in OSCC without midline involvement remains controversial. This controversy is sustained by the varying incidence of occult contralateral nodal metastasis and CRR among institutions and the accompanying morbidity of (bilateral) END (18–20, 23, 24, 31–34). In our population, only two patients who underwent bilateral END had occult contralateral nodal metastasis, indicating that 26/28 patients (93%) underwent unnecessary contralateral END. With this in mind, it is worth noting that SLNB has the benefit of staging the contralateral clinically negative neck simultaneous with the ipsilateral neck. Accordingly, SLNB is able to avoid overtreatment of the contralateral neck by allowing accurate selection of only those that require treatment of the contralateral neck.

Another predictor for development of CRR in our population was tumor DOI [HR = 2.277 (95% CI 1.44–3.60); p < 0.001], which is in agreement with previous findings by Ganly et al. (35). In their study, neck failure in the undissected contralateral neck of T1-2N0 oral tongue patients accounted for 39% of all recurrences. Moreover, their results showed that tumor thickness was predicting for CRR. Although tumor thickness and DOI are not equivalent, they have similar prognostic implications for nodal metastases (36). As a consequence, the higher rate of CRR in our END cohort may be explained by greater tumor DOI in these patients. Nevertheless, when correcting for DOI in our proportional hazard regression analysis, a significantly higher hazard for developing CRR was observed in END patients as compared to SLNB patients.

The limitations of our study remain its retrospective design and the heterogeneity in performing SLNB or END among institutions. Secondly, occult contralateral nodal metastases are uncommon in this population, which irrevocably results in a small number of events for analyses. Accordingly, it could be argued that a larger sample, resulting in more CRR and pN2c events for analyses, may result in a significantly better prognosis for those in whom the metastatic involved contralateral neck is correctly staged and treated at an earlier stage, as compared to those who eventually develop CRR. Thirdly, since END patients were included between 1990 and 2015, a substantial proportion may have been elected for END based on potentially dated therapeutic guidelines or aged diagnostic imaging modalities. Moreover, patients were predominantly selected for END based on estimated tumor DOI >4 mm, inevitably resulting in higher tumor DOI in the END cohort. Due to this heterogeneity in therapeutic decision making between both cohorts, they cannot easily be compared, especially since the END cohort had a higher tumor DOI, higher T-stages, a higher rate of extracapsular spread of nodal metastases, and a longer follow-up duration, which might impact the occurrence of occult contralateral nodal metastasis or CRR. Nevertheless, there was no significant difference in the total rate of occult contralateral nodal metastasis (i.e., pN2c and CRR) between both cohorts, which implies that these cohorts can be compared when concerning control of the contralateral clinically negative neck. Furthermore, our proportional hazard regression analysis, which allows adjustment for confounding effects of included variables, showed a higher hazard for developing CRR in the END cohort, independent of confounding factors such as tumor DOI. In addition, both higher T-stages and presence of extracapsular spread of nodal metastases showed no association with contralateral nodal metastases or CRR in our univariate analyses. Besides, although a longer follow-up was available for END patient compared to SLNB patients, local or regional recurrences are uncommon after 2 years post-treatment (37). The follow-up duration of the SLNB cohort was therefore considered long enough for missed occult metastases to become clinically manifest and provides no explanation for the difference in rate of CRR between both cohorts. It could be argued that patients who underwent unilateral END for tumors from which the specific location was missing should be excluded from this study. However, since none of these patients developed CRR, excluding them would result in a relatively higher incidence of CRR in the END cohort, which will presumably induce a distortion of results in favor of SLNB. Fourthly, as there are no clear guidelines in which cases to perform contralateral END in early-stage OSCC, these were likely performed based on preference of the treating physician and on availability of the latest state-of-the-art imaging modalities. This may introduce some bias; however, it reflects daily clinical practice at that time. This strengthens the need for more research to develop evidence-based guidelines on this important topic. Fifthly, in this study, the 7th TNM classification was applied, whereas the 8th edition has already been implemented (38). While tumor diameter reflected pT-stage in the 7th edition, DOI is newly incorporated for T-stage in the 8th edition (36, 39). Due to missing data on DOI in several cases, our results could not be directly translated to the 8th TNM classification. Finally, some clinical and histopathological factors that have been associated with contralateral nodal metastasis in OSCC were not included due to lack of data. These factors include histological grading, surgical margin status, peritumoral inflammation, (adjuvant) radiotherapy to contralateral neck, and time of initial diagnosis (24). In particular, (adjuvant) radiotherapy to contralateral neck could influence the occurrence of CRR in these patients and should therefore be documented and incorporated in further studies. Although non-cohesive growth of the tumor was included as a potential predictor for CRR in our analyses, it was not subdivided by grading of pattern of invasion (i.e., cohesive growth, small islands, thin strands, and individual tumor cells) (24, 40). Nevertheless, the correlation between several of these factors (i.e., histological grading, peritumoral inflammation, and pattern of invasion) and contralateral nodal metastasis is dubious (24).

In conclusion, the incidence of CRR in lateralized or paramedian early-stage OSCC is relatively low (2.5%). As the salvage rate and prognosis of those who develop CRR remain poor, adequate staging of the contralateral clinically negative neck is highly recommended, especially since the prognosis of those in whom occult contralateral nodal metastases are detected at an earlier stage may be favorable compared to those who eventually develop CRR. In our population, a higher incidence of CRR was observed in those who underwent END for lateralized or paramedian early-stage OSCC, as compared to those who underwent SLNB. Furthermore, a higher hazard for developing CRR was observed in patients who underwent END in a clinical setting as compared to patients who underwent SLNB. Accordingly, our data suggest that SLNB allows for better control of the contralateral clinically negative neck in early-stage OSCC not involving the midline.
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Objective

To develop and validate a simple-to-use prognostic scoring model based on clinical and pathological features which can predict overall survival (OS) of patients with oral squamous cell carcinoma (OSCC) and facilitate personalized treatment planning.



Materials and Methods

OSCC patients (n = 404) from a public hospital were divided into a training cohort (n = 282) and an internal validation cohort (n = 122). A total of 12 clinical and pathological features were included in Kaplan–Meier analysis to identify the factors associated with OS. Multivariable Cox proportional hazards regression analysis was performed to further identify important variables and establish prognostic models. Nomogram was generated to predict the individual’s 1-, 3- and 5-year OS rates. The performance of the prognostic scoring model was compared with that of the pathological one and the AJCC TNM staging system by the receiver operating characteristic curve (ROC), concordance index (C-index), calibration curve, and decision curve analysis (DCA). Patients were classified into high- and low-risk groups according to the risk scores of the nomogram. The nomogram-illustrated model was independently tested in an external validation cohort of 95 patients.



Results

Four significant variables (physical examination-tumor size, imaging examination-tumor size, pathological nodal involvement stage, and histologic grade) were included into the nomogram-illustrated model (clinical–pathological model). The area under the ROC curve (AUC) of the clinical–pathological model was 0.687, 0.719, and 0.722 for 1-, 3- and 5-year survival, respectively, which was superior to that of the pathological model (AUC = 0.649, 0.707, 0.717, respectively) and AJCC TNM staging system (AUC = 0.628, 0.668, 0.677, respectively). The clinical–pathological model exhibited improved discriminative power compared with pathological model and AJCC TNM staging system (C-index = 0.755, 0.702, 0.642, respectively) in the external validation cohort. The calibration curves and DCA also displayed excellent predictive performances.



Conclusion

This clinical and pathological feature based prognostic scoring model showed better predictive ability compared with the pathological one, which would be a useful tool of personalized accurate risk stratification and precision therapy planning for OSCC patients.





Keywords: oral squamous cell carcinoma, prediction model, prognosis, risk stratification, nomogram



Introduction

Prognostic prediction models are widely utilized both in clinic and research to estimate the probability that a certain outcome will occur within a specific time period in an individual (1). A reliable prognostic model is essential in individual risk quantification and stratification, which is fundamental in personalized treatment plan development. Furthermore, it can also help to provide a basis for health economic assessment of cost-effectiveness (2).

Recent global estimates have revealed 377,713 new cases and 177,757 deaths of oral cancer in 2020 (3). Oral squamous cell carcinoma (OSCC) is the most common oral cancer, accounting for more than 90% of all oral cancers (4). Although surgical resection remains the primary treatment at present, more and more therapeutic options such as radiotherapy, chemotherapy and immunotherapy have emerged. Advances in treatments improved the quality of life and life expectancy of patients. However, the 5-year overall survival rate of OSCC patients was still less than 60% (5). Therefore, how to assess the prognostic risk and choose the most suitable treatment for individuals is challenging for clinicians (6).

The most commonly and widely used prognostic model for oral cancer is based on the American Joint Committee on Cancer (AJCC) tumor, lymph node, and metastases (TNM) staging system (7). However, the pathological TNM stage does not allow a comprehensive assessment for the prognosis prediction of patients. Many other risk factors, including age, smoking status, primary site, and clinical examination results, should be considered for individualized prognosis (8). A growing number of tumor molecular biomarker models have been highlighted for their potential predictive abilities (9). But more and more studies demonstrate that due to the methodological heterogeneity, biomarker testing lacks sufficient accuracy, which is difficult to define specific biomarkers for OSCC prognosis prediction (10, 11).

In this study, we aimed to develop a prognostic scoring model using the widely available physical and imaging data, as well as the pathological data to predict 1-, 3- and 5-year OS in OSCC patients after surgery. The model would help the clinician to customize adjuvant treatment program in addition to surgical resection. We combined the most relevant prognosticators into nomogram, which could help clinicians to define the risk profile of individual patient intuitively and effectively. Furthermore, the model was validated in an external patient cohort. This model will not only contribute to provide a more accurate OSCC prognosis, but also help to facilitate personalized treatment planning.



Materials and Methods


Patient Selection

In this multicenter retrospective study, we firstly collected 4,089 OSCC patients from the Head and Neck Surgery Department of the Sun Yat-sen University Cancer Center (SYSUCC, Guangdong, China). The inclusion criteria of patients were as follows: (1) received pretreatment clinical assessment including tumor size and nodal involvement of physical and imaging examinations, (2) received curative-intent surgical resection, (3) received postoperative pathological confirmation, (4) follow-up time greater than 6 months. The patients were excluded according to the following criteria: (1) patients experienced distant metastasis at the time of diagnosis, (2) patients with previous history of OSCC, (3) subgroup with small sample size. After applying the criteria, 404 patients from SYSUCC between 2000 and 2016 were enrolled in this study and randomly split into the training cohort (n = 282) and internal validation cohort (n = 122) with 7/3 split ratio.

OSCC patients satisfying the aforementioned inclusion and exclusion criteria were also obtained from the Hospital of Stomatology of the Sun Yat-sen University between 2013 and 2018 (Guangdong, China). In total, 95 patients were designated as the external validation cohort. The screening process are shown in Figure 1. All research procedures were approved by the Ethics Committee of the Sun Yat-sen University Cancer Center and Hospital of Stomatology of the Sun Yat-sen University. Informed consents for data collection and analysis were obtained from patients.




Figure 1 | Flow chart of screening process and experimental procedure. OSCC, oral squamous cell carcinoma; ROC, receiver operating characteristic curve; C-index, concordance index; DCA, decision curve analysis.





Variable Enrollment

A total of 12 key variables were categorized into three data types for each OSCC case. Social demographic data included gender, age, radiotherapy history for head and neck cancer, and smoking history. Clinical data included primary site, physical examination-tumor size (PE-T), imaging examination-tumor size (IE-T), physical examination-nodal involvement (PE-N), and imaging examination-nodal involvement (IE-N). Imaging examination only included CT and MRI in our study. Pathological data included pathological tumor stage (P-T), pathological nodal involvement stage (P-N), and histologic grade. All the data were summarized in Table 1. The clinical and pathological TN stage were classified according to the 7th edition of the AJCC staging system for oral cancer. The endpoint of this study was overall survival (OS), which referred to the time interval from surgery to death or the last follow-up (12). The survival time of patients who were still alive at the last date of follow-up was given as censored data.


Table 1 | Characteristics description in the training and validation cohorts.





Statistical Analysis

Kaplan–Meier analysis was used to estimate OS and detect intersections between the variables. The independent prognostic factors affecting OS were identified by univariate and multivariate Cox regression analyses. The qualified prognostic factors with significant differences in the univariate analysis were incorporated into the multivariate analysis. Stepwise regression was adopted to remove the non-significant factors, which ensured each variable in the resulting independent variable subset was significant to the dependent variable and the remaining variables were not multicollinear. The results were shown as hazard ratios (HR) with 95% confidence interval (CI). Then, an integrated nomogram was established to predict 1-, 3-, 5-year OS based on multivariate Cox proportional hazards regression model. Finally, the clinical–pathological model was validated internally and externally according to the TRIPOD statement (13).

The performances of the prognostic model were evaluated by various methods, involving the time-dependent receiver operating characteristic (ROC) curve and the value of the area under the ROC curve (AUC), Harrell’s concordance index (C-index), calibration curve, and decision curve analysis (DCA). ROC was used to assess the sensitivity and specificity of the model. C-index was determined to evaluate the model’s discriminative power between the predicted model and actual chance of experiencing the events (14). 1,000 bootstrap resamples were used to obtain the intervals of the C-index. The purpose of the calibration curve is to evaluate the agreement between the predictive values and observation values in the probabilities of 3- and 5-year survival of individuals. DCA was used to determine the net benefit of using the prognostic model at various threshold probabilities, which would be helpful to evaluate the actual needs for clinical decision-making (15). The total risk points of each patient were calculated according to the established nomogram. An optimal cut-off point was determined by the R package “maxstat” in the training cohort to classify patients as high-risk and low-risk groups.

All analyses were conducted using Python version 3.7.1 and R version 4.0.0 (R Foundation for Statistical Computing, Vienna, Austria). All statistical tests were two-sided with statistical significance defined as a p < 0.05. The Kolmogorov–Smirnov test was used to compare the distribution in the training and validation cohorts between different subgroups. Kaplan–Meier analysis was performed, and log-rank tests were used to determine the significance of the survival differences. In addition, Hosmer–Lemeshow tests were applied to evaluate the goodness-of-fit of the calibration curve, p > 0.05 represented good calibration (16).




Results


Patient Characteristics

The demographic and clinicopathologic characteristics of the training and validation cohorts are summarized in Table 1. Of the 282 individuals in the training cohort, 68.09% of the patients were male, and patients over 60 years accounted for 35.82%. Only minority of patients (3.9%) had a radiotherapy history for head and neck cancer, and about half of patients (46.81%) had a smoking history. The 95 individuals in the external validation cohort were slightly younger with a lower prevalence of smoking. The median period of follow-up of the training cohort was shorter than that of the external validation cohort (25.6 vs. 42 months). The tongue was the most common primary tumor site in both the training and validation cohorts (50.35, 58.2, 66.31%, respectively). There was no statistically significant difference in the distribution of the features between the training and internal validation cohorts (p > 0.05), while the distribution of the primary tumor site, PE-T, and IE-N between the training and external validation cohorts was significantly different (p < 0.05) (Table 1).



Screening Independent Prognostic Factors

Kaplan–Meier analysis showed that smoking history, primary site, PE-T, IE-T, PE-N, IE-N, P-T, P-N, and histologic grade were significantly associated with OS (all p < 0.05), while gender, age, and radiotherapy history displayed non-significance (p > 0.05) (Figure 2). All the available characteristics were included in the univariate analysis. There were statistically significant survival differences in the characteristics of primary tumor site, PE-T, IE-T, PE-N, IE-N, P-T, P-N, histologic grade in the univariate analysis (Table 2). These significant variables in the Kaplan–Meier curves and the univariate analysis were included in the multivariate analysis to further screen out significant factors. In the multivariable stepwise regression analysis, PE-T (HR = 3.811; 95% CI, 1.210–12.004; p = 0.022), IE-T (HR = 4.135; 95% CI, 1.343–12.736; p = 0.013), P-N (HR = 1.834; 95% CI, 1.241–2.710; p = 0.002), and histologic grade (HR, 1.649; 95% CI, 1.083–2.511; p = 0.02) were significantly associated with OS in the training cohort (Table 2). Meanwhile, P-T, P-N, and histologic grade were significantly related to the outcome in the pathological model (p < 0.05, Supplementary Table S1).




Figure 2 | Kaplan–Meier survival curves of overall survival in the SYSUCC cohort. (A) gender, (B) age, (C) radiotherapy history, (D) smoking history, (E) primary site, (F) PE-T, (G) IE-T, (H) PE-N, (I) IE-N, (J) P-T, (K) P-N, (L) histologic grade. Survival curves were compared by the log-rank test, and p <0.05 was considered as statistically significant. PE-T, physical examination-tumor size; IE-T, imaging examination-tumor size; PE-N, physical examination-nodal involvement; IE-N, imaging examination-nodal involvement; P-T, pathological tumor stage; P-N, pathological nodal involvement stage; T, tumor; N, lymph node.




Table 2 | Univariate and multivariate Cox analysis for the clinical-pathological model.





Development of the Prognostic Model and Nomogram

Based on the results of the multivariable Cox regression model, four independent variables were incorporated to develop a more accurate nomogram for optimizing personalized prognostic assessment and predicting 1-, 3- and 5-year OS (Figure 3). Higher score was associated with a poor prognosis. The nomogram of the pathological model was shown in Supplementary Figure S1.




Figure 3 | Nomogram based on the clinical-pathological model for the prediction of 1-, 3- and 5-year OS. PE-T, physical examination-tumor size; IE-T, imaging examination-tumor size; P-N, pathological nodal involvement stage; OS, overall survival.





Performance and Validation of the Prognostic Model

The predictive accuracy between the clinical-pathological model and the pathological model has been compared. In the training cohort, the 1-, 3-, and 5-year AUC values of the clinical–pathological model for OS prediction were 0.687, 0.719, 0.722 (Figure 4A), which were superior to those of the pathological one (0.649, 0.707, 0.717, respectively) and AJCC TNM staging system (0.628, 0.668, 0.677, respectively), demonstrating excellent sensitivity and specificity for the clinical–pathological model (Supplementary Figures S2A, S3A). Similarly, the 1-, 3-, and 5-year AUCs in the internal validation cohort (0.775, 0.662, 0.687, respectively; Figure 4B) and external validation cohort (0.918, 0.741, 0.787, respectively; Figure 4C) of the clinical–pathological model also showed better discriminative ability compared with the pathological one and the AJCC TNM staging system (Supplementary Figures S2B, C, S3B, C).




Figure 4 | Performance of the clinical-pathological model. ROC curve (A–C), calibration curves for 1-year OS (D–F), calibration curves for 3-year OS (G–I), calibration curves for 5-year OS (J–L), and decision curve analysis (M–O) for the training (A, D, G, J), internal validation (B, E, H, K, M–O) and external validation cohorts (C, F, I, L). AUC, area under the curve; OS, overall survival.



The C-indices of the clinical–pathological model displayed better predictive performance than that of the pathological model in the training (0.664; 95% CI, 0.615–0.711 vs. 0.638; 95% CI, 0.592–0.683), internal validation (0.679; 95% CI, 0.609–0.75 vs. 0.655; 95% CI, 0.578–0.726) and external validation cohorts (0.755; 95% CI, 0.644–0.853 vs. 0.702; 95% CI, 0.621–0.778) (Table 3). The clinical–pathological model exhibited superior discriminative power for OS prediction compared with the pathological model and the AJCC TNM staging system.


Table 3 | The C-indices for prediction of overall survival.



The calibration curves of 1-, 3- and 5-year OS and non-significant Hosmer–Lemeshow test demonstrated a good agreement between the prediction and observation values (p > 0.05) in the training (Figures 4D, G, J) and validation cohorts (Figures 4E, F, H, I, K, L), indicating that there was no deviation from the perfect fit. The calibration curves of pathological model were shown in Supplementary Figures S2D–L.

DCA analysis was conducted to evaluate the clinical value of our model. In the validation cohort, for predicted threshold probability between 30 and 70%, both the clinical–pathological and pathological models showed a positive net benefit for 3- and 5-year OS. Furthermore, the clinical–pathological model had a better net benefit for decision-making with the threshold probability within 30 and 50% illustrated by DCA (Figures 4N, O). Collectively, the threshold probabilities of the clinical–pathological model had better net benefits for predicting the 1-, 3- and 5-year OS in OSCC patients compared with the pathological one and the AJCC TNM staging system (Figures 4M–O).



Risk Stratification Based on the Nomogram

Based on the individualized risk points of the nomogram, patients were divided into low-risk and high-risk groups in the training, internal, and external validation cohorts (Figures 5A–C). The optimal cut-off value was 79.08 for the clinical–pathological nomogram, and the Kaplan–Meier curves revealed that the high-risk group (total points > 79.08) was significantly correlated with a poor prognosis. The optimal point effectively distinguished populations of low-risk and high-risk, demonstrating a good prognostic classification for OSCC patients.




Figure 5 | Kaplan–Meier survival curves of overall survival based on risk score of the clinical–pathological nomogram in the training (A), internal validation (B) and external validation cohorts (C).






Discussion

Reliable prognostic factors are indispensable for properly stratifying the risk of the individual patient and avoid unnecessary overtreatment as well as unjustified toxicity. Clinical prognostic judgement of OSCC mainly focuses on the most classical AJCC TNM staging system (17–19). Besides the traditional pathological criterion, the multiple biomarkers detection such as protein-coding genes, messenger RNAs, and non-coding RNAs in body fluids (such as saliva and serum) and tumor tissues have gained much attention in prognosis prediction (20–23). However, traditional pathological TNM staging system only considered the anatomical extent of the disease without considering the nonanatomic factors, which can’t fully reflect the accurate prognosis (24). A variety of clinicopathological parameters like age, gender, as well as clinical and pathological features of the tumor were also associated with the prognosis of OSCC patients (8, 25, 26). The single characteristic is usually insufficient to predict individual survival, while a combination can provide better prognostic reliability (27). Due to the lack of exact independent predictable biomarker, current biomarker testing was limited in the practical application (28).

Current treatment strategies for OSCC vary from radical surgery and radiotherapy to chemotherapy and molecular targeted therapy (29). Therapeutic effectiveness, health care costs, and personal affordability all will have influence on treatment process (30). From the perspective of patients and clinicians, the prognosis judgement would be of great importance in postoperative risk stratification and personalizing selection of adjuvant treatment for OSCC patients who underwent surgical resection (31). To develop a simple-to-use prediction model, we combined the clinical variables with the pathological TN stage, taking the individual differences in clinical examination into account. The illustrated-nomogram model finally suggested that integrating the preoperative data of physical and imaging examination with pathological data may be a comprehensive, economical and convenient method for clinicians to predict the prognosis of OSCC patients.

Nomograms have been frequently used for cancer prognosis prediction via a simple visualization modality. In our study, a visualized nomogram encompassed clinical and pathological risk factors that were easy to obtain and routinely collected was developed. Through the intuitive nomogram, the interrelation between variables and outcome was demonstrated and the probability of outcome events could be easily calculated by clinicians. Each subtype within these covariates was assigned a point on the point scale. Adding the points together of each variable was able to calculate a total point. The clinician would get the prediction probability of 1-, 3- and 5-year OS by locating the total point on the bottom scales. In our model, individualized score for each patient was calculated according to the nomogram, and the patients were successfully divided into low- and high-risk groups. The two groups showed significantly different prognosis. For high-risk patients, the traditional surgical resection cannot achieve satisfactory outcome, so alternative adjuvant treatment could be considered for the postoperative therapeutic scheme.

In the clinical–pathological model, the four variables including IE-T, PE-T, P-N, and histologic grade were significantly related to the outcome. Data of tumor size in physical examination were acquired by clinicians. Due to the specific location of oral cancer, clinicians could directly observe and measure the extent of the tumor, which ensured the relative accuracy and repeatability of our data (32). As an indispensable tool for clinical decision, physical examination still plays a significant role in the prognostic risk assessment in our study.

Tumor size in imaging examination also played a crucial part in our prognostic model. As a vital part of precision medicine, imaging examination has been proven its utility in identifying the multi-dimensional shape and location characteristics of a tumor (33). In 2017, tumor depth of invasion (DOI) was introduced into the 8th edition AJCC staging system. The AJCC 8th manual suggested that DOI could be reliably defined by the preoperative imaging (34). Weimar et al. successfully used the measurements of tumor thickness as a modifier for T stage in 8th AJCC based on the preoperative imaging examination such as computed tomography (CT) and magnetic resonance imaging (MRI) (35). At present, radiomics have been proven in identifying the shape and location characteristics of the tumor (36). However, radiomics require professional quantitative extraction of high-dimensional mineable data from all types of medical images, which mainly relies on professional radiologist for analysis (37). For most clinical surgeons, it’s difficult to complete the complex radiomics analysis and make a prognosis judgement. Therefore, in our research, we only used the simple tumor size and nodal involvement stage obtained by imaging examination. Especially, the tumor size incorporated into the nomogram was analyzed as a continuous variable, which is convenient for clinicians to operate.

Although the background characteristics were different between independent hospitals, our nomogram-illustrated model still showed strong predictive ability in the external validation cohort, indicating our model could be widely applied to predict OS. Remarkably, early postoperative adjuvant therapy may be appropriate for patients considered at high risk for OS, such as those with high nomogram points. However, in the current analysis, the imaging examination data mainly included CT and MRI data. To gain further evidence and confirmation, large-scale prospective study and more up-to-date data from different equipment are needed to validate the generalization.



Conclusion

Collectively, a new nomogram-illustrated model was developed and validated for the OSCC patients without distant metastases from retrospective data. The tumor size of physical and imaging examination, pathological nodal involvement stage, and histologic grade were significantly associated with OS. Our clinical–pathological model was accessible and practical, which showed improved discriminatory ability relative to the pathological model. The clinical–pathological model might act as an effective method to improve the individualized prognostic evaluation through patient-specific characteristics, which may help to optimize postoperative therapeutic strategies.
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Supplementary Figure 2 | Performance of the pathological model. ROC curve (A–C), calibration curves for 1-year OS (D–F), calibration curves for 3-year OS (G–I), and calibration curves for 5-year OS (J–L) for the training (A, D, G, J), internal validation (B, E, H, K) and external validation cohorts (C, F, I, L).

Supplementary Figure 3 | The ROC curves based on the AJCC TNM staging system for the prediction of 1-, 3- and 5-year OS in the training (A), internal validation (B), and external validation cohorts (C).



References

1. Toll, DB, Janssen, KJ, Vergouwe, Y, and Moons, KG. Validation, Updating and Impact of Clinical Prediction Rules: A Review. J Clin Epidemiol (2008) 61:1085–94. doi: 10.1016/j.jclinepi.2008.04.008

2. Moons, KG, Royston, P, Vergouwe, Y, Grobbee, DE, and Altman, DG. Prognosis and Prognostic Research: What, Why, and How? BMJ (2009) 338:b375. doi: 10.1136/bmj.b375

3. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2021). doi: 10.3322/caac.21660

4. Chi, AC, Day, TA, and Neville, BW. Oral Cavity and Oropharyngeal Squamous Cell Carcinoma–an Update. CA Cancer J Clin (2015) 65:401–21. doi: 10.3322/caac.21293

5. Bosetti, C, Carioli, G, Santucci, C, Bertuccio, P, Gallus, S, Garavello, W, et al. Global Trends in Oral and Pharyngeal Cancer Incidence and Mortality. Int J Cancer (2020) 147:1040–9. doi: 10.1002/ijc.32871

6. Chinn, SB, and Myers, JN. Oral Cavity Carcinoma: Current Management, Controversies, and Future Directions. J Clin Oncol (2015) 33:3269–76. doi: 10.1200/JCO.2015.61.2929

7. Amin, MB, Greene, FL, Edge, SB, Compton, CC, Gershenwald, JE, Brookland, RK, et al. The Eighth Edition AJCC Cancer Staging Manual: Continuing to Build a Bridge From a Population-Based to a More “Personalized” Approach to Cancer Staging. CA Cancer J Clin (2017) 67:93–9. doi: 10.3322/caac.21388

8. Ferreira, AK, Carvalho, SH, Granville-Garcia, AF, Sarmento, DJ, Agripino, GG, Abreu, MH, et al. Survival and Prognostic Factors in Patients With Oral Squamous Cell Carcinoma. Med Oral Patol Oral Cir Bucal (2020) 24242. doi: 10.4317/medoral.24242

9. Sasahira, T, and Kirita, T. Hallmarks of Cancer-Related Newly Prognostic Factors of Oral Squamous Cell Carcinoma. Int J Mol Sci (2018) 19:2413. doi: 10.3390/ijms19082413

10. Cervino, G, Fiorillo, L, Herford, AS, Romeo, U, Bianchi, A, Crimi, S, et al. Molecular Biomarkers Related to Oral Carcinoma: Clinical Trial Outcome Evaluation in a Literature Review. Dis Markers (2019) 2019:8040361. doi: 10.1155/2019/8040361

11. Ballman, KV. Biomarker: Predictive or Prognostic? J Clin Oncol (2015) 33:3968–71. doi: 10.1200/JCO.2015.63.3651

12. Touil, H, Briki, S, Karray, F, and Bahri, I. Malignant Peripheral Nerve Sheath Tumor of the Superficial Cervical Plexus With Parotid Extension. Eur Ann Otorhinolaryngol Head Neck Dis (2015) 132:93–5. doi: 10.1016/j.anorl.2013.11.012

13. Moons, KG, Altman, DG, Reitsma, JB, Ioannidis, JP, Macaskill, P, Steyerberg, EW, et al. Transparent Reporting of a Multivariable Prediction Model for Individual Prognosis or Diagnosis (TRIPOD): Explanation and Elaboration. Ann Intern Med (2015) 162:W1–73. doi: 10.7326/M14-0698

14. Liang, CJ, and Heagerty, PJ. A Risk-Based Measure of Time-Varying Prognostic Discrimination for Survival Models. Biometrics (2017) 73:725–34. doi: 10.1111/biom.12628

15. Vickers, AJ, Cronin, AM, Elkin, EB, and Gonen, M. Extensions to Decision Curve Analysis, a Novel Method for Evaluating Diagnostic Tests, Prediction Models and Molecular Markers. BMC Med Inform Decis Mak (2008) 8:53. doi: 10.1186/1472-6947-8-53

16. Steyerberg, EW, Vickers, AJ, Cook, NR, Gerds, T, Gonen, M, Obuchowski, N, et al. Assessing the Performance of Prediction Models: A Framework for Traditional and Novel Measures. Epidemiology (2010) 21:128–38. doi: 10.1097/EDE.0b013e3181c30fb2

17. Moeckelmann, N, Ebrahimi, A, Tou, YK, Gupta, R, Low, TH, Ashford, B, et al. Prognostic Implications of the 8th Edition American Joint Committee on Cancer (AJCC) Staging System in Oral Cavity Squamous Cell Carcinoma. Oral Oncol (2018) 85:82–6. doi: 10.1016/j.oraloncology.2018.08.013

18. Lee, NCJ, Eskander, A, Park, HS, Mehra, S, Burtness, BA, and Husain, Z. Pathologic Staging Changes in Oral Cavity Squamous Cell Carcinoma: Stage Migration and Implications for Adjuvant Treatment. Cancer (2019) 125:2975–83. doi: 10.1002/cncr.32161

19. Almangush, A, Pirinen, M, Youssef, O, Makitie, AA, and Leivo, I. Risk Stratification in Oral Squamous Cell Carcinoma Using Staging of the Eighth American Joint Committee on Cancer: Systematic Review and Meta-Analysis. Head Neck (2020) 42:3002–17. doi: 10.1002/hed.26344

20. Chang, SW, Abdul-Kareem, S, Merican, AF, and Zain, RB. Oral Cancer Prognosis Based on Clinicopathologic and Genomic Markers Using a Hybrid of Feature Selection and Machine Learning Methods. BMC Bioinf (2013) 14:170. doi: 10.1186/1471-2105-14-170

21. Zhang, L, Meng, X, Zhu, XW, Yang, DC, Chen, R, Jiang, Y, et al. Long non-Coding RNAs in Oral Squamous Cell Carcinoma: Biologic Function, Mechanisms and Clinical Implications. Mol Cancer (2019) 18:102. doi: 10.1186/s12943-019-1021-3

22. Rivera, C, Oliveira, AK, Costa, RAP, De Rossi, T, and Paes Leme, AF. Prognostic Biomarkers in Oral Squamous Cell Carcinoma: A Systematic Review. Oral Oncol (2017) 72:38–47. doi: 10.1016/j.oraloncology.2017.07.003

23. Lu, Z, Liang, J, He, Q, Wan, Q, Hou, J, Lian, K, et al. The Serum Biomarker Chemerin Promotes Tumorigenesis and Metastasis in Oral Squamous Cell Carcinoma. Clin Sci (Lond) (2019) 133:681–95. doi: 10.1042/CS20181023

24. De Paz, D, Kao, HK, Huang, Y, and Chang, KP. Prognostic Stratification of Patients With Advanced Oral Cavity Squamous Cell Carcinoma. Curr Oncol Rep (2017) 19:65. doi: 10.1007/s11912-017-0624-3

25. Tagliabue, M, Belloni, P, De Berardinis, R, Gandini, S, Chu, F, Zorzi, S, et al. A Systematic Review and Meta-Analysis of the Prognostic Role of Age in Oral Tongue Cancer. Cancer Med (2021) 10:2566–78. doi: 10.1002/cam4.3795

26. Oh, LJ, Asher, R, Veness, M, Smee, R, Goldstein, D, Gopalakrishna Iyer, N, et al. Effect of Age and Gender in non-Smokers With Oral Squamous Cell Carcinoma: Multi-institutional Study. Oral Oncol (2021) 116:105210. doi: 10.1016/j.oraloncology.2021.105210

27. Kademani, D. Oral Cancer. Mayo Clin Proc (2007) 82:878–87. doi: 10.4065/82.7.878

28. Kang, H, Kiess, A, and Chung, CH. Emerging Biomarkers in Head and Neck Cancer in the Era of Genomics. Nat Rev Clin Oncol (2015) 12:11–26. doi: 10.1038/nrclinonc.2014.192

29. Marur, S, and Forastiere, AA. Head and Neck Squamous Cell Carcinoma: Update on Epidemiology, Diagnosis, and Treatment. Mayo Clin Proc (2016) 91:386–96. doi: 10.1016/j.mayocp.2015.12.017

30. Siegel, R, Ma, J, Zou, Z, and Jemal, A. Cancer Statistics, 2014. CA Cancer J Clin (2014) 64:9–29. doi: 10.3322/caac.21208

31. Kim, KY, Zhang, X, Kim, SM, Lee, BD, and Cha, IH. A Combined Prognostic Factor for Improved Risk Stratification of Patients With Oral Cancer. Oral Dis (2017) 23:91–6. doi: 10.1111/odi.12579

32. Huber, MA, and Tantiwongkosi, B. Oral and Oropharyngeal Cancer. Med Clin North Am (2014) 98:1299–321. doi: 10.1016/j.mcna.2014.08.005

33. Kurland, BF, Gerstner, ER, Mountz, JM, Schwartz, LH, Ryan, CW, Graham, MM, et al. Promise and Pitfalls of Quantitative Imaging in Oncology Clinical Trials. Magn Reson Imaging (2012) 30:1301–12. doi: 10.1016/j.mri.2012.06.009

34. Dirven, R, Ebrahimi, A, Moeckelmann, N, Palme, CE, Gupta, R, and Clark, J. Tumor Thickness Versus Depth of Invasion - Analysis of the 8th Edition American Joint Committee on Cancer Staging for Oral Cancer. Oral Oncol (2017) 74:30–3. doi: 10.1016/j.oraloncology.2017.09.007

35. Weimar, EAM, Huang, SH, Lu, L, O’Sullivan, B, Perez-Ordonez, B, Weinreb, I, et al. Radiologic-Pathologic Correlation of Tumor Thickness and Its Prognostic Importance in Squamous Cell Carcinoma of the Oral Cavity: Implications for the Eighth Edition Tumor, Node, Metastasis Classification. AJNR Am J Neuroradiol (2018) 39:1896–902. doi: 10.3174/ajnr.A5782

36. Huang, YQ, Liang, CH, He, L, Tian, J, Liang, CS, Chen, X, et al. Development and Validation of a Radiomics Nomogram for Preoperative Prediction of Lymph Node Metastasis in Colorectal Cancer. J Clin Oncol (2016) 34:2157–64. doi: 10.1200/JCO.2015.65.9128

37. Parmar, C, Grossmann, P, Rietveld, D, Rietbergen, MM, Lambin, P, and Aerts, HJ. Radiomic Machine-Learning Classifiers for Prognostic Biomarkers of Head and Neck Cancer. Front Oncol (2015) 5:272. doi: 10.3389/fonc.2015.00272



Conflict of Interest: Authors FZ, DY, and XL were employed by the company AID Cloud Technology Co., Ltd.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationship that could be construed as a potential conflict of interest.

Copyright © 2021 Zhou, Li, Cheng, Cao, Zou, Yang, Liu, Song and Wu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




ORIGINAL RESEARCH

published: 23 June 2021

doi: 10.3389/fonc.2021.647175

[image: image2]


IRAK2, an IL1R/TLR Immune Mediator, Enhances Radiosensitivity via Modulating Caspase 8/3-Mediated Apoptosis in Oral Squamous Cell Carcinoma


Chih-Chia Yu 1,2, Michael W.Y. Chan 3,4,5,6, Hon-Yi Lin 2,7, Wen-Yen Chiou 2,7, Ru-Inn Lin 2, Chien-An Chen 8, Moon-Sing Lee 2,7, Chen-Lin Chi 7,9, Liang-Cheng Chen 2,7, Li-Wen Huang 2,7, Chia-Hui Chew 2,7, Feng-Chun Hsu 2, Hsuan-Ju Yang 2 and Shih-Kai Hung 2,7*


1 Department of Medical Research, Dalin Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation, Chia-Yi, Taiwan, 2 Department of Radiation Oncology, Dalin Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation, Chia-Yi, Taiwan, 3 Research Center for Environmental Medicine, Kaohsiung Medical University, Kaohsiung, Taiwan, 4 Department of Biomedical Sciences, National Chung Cheng University, Chia-Yi, Taiwan, 5 Epigenomics and Human Disease Research Center, National Chung Cheng University, Chia-Yi, Taiwan, 6 Center for Innovative Research on Aging Society (CIRAS), National Chung Cheng University, Chia-Yi, Taiwan, 7 School of Medicine, Tzu Chi University, Hualian, Taiwan, 8 Department of Radiation Oncology, Zhongxing Branch, Taipei City Hospital, Taipei, Taiwan, 9 Department of Pathology, Chiayi Chang Gung Memorial Hospital, Chia-Yi, Taiwan




Edited by: 
Cesare Piazza, University of Brescia, Italy

Reviewed by: 
Gaurisankar Sa, Bose Institute, India

Gunnar Wichmann, University Hospital Leipzig, Germany

*Correspondence: 
Shih-Kai Hung
 oncology158@yahoo.com.tw

Specialty section: 
 This article was submitted to Head and Neck Cancer, a section of the journal Frontiers in Oncology


Received: 29 December 2020

Accepted: 03 June 2021

Published: 23 June 2021

Citation:
Yu C-C, Chan MW, Lin H-Y, Chiou W-Y, Lin R-I, Chen C-A, Lee M-S, Chi C-L, Chen L-C, Huang L-W, Chew C-H, Hsu F-C, Yang H-J and Hung S-K (2021) IRAK2, an IL1R/TLR Immune Mediator, Enhances Radiosensitivity via Modulating Caspase 8/3-Mediated Apoptosis in Oral Squamous Cell Carcinoma. Front. Oncol. 11:647175. doi: 10.3389/fonc.2021.647175



Predicting and overcoming radioresistance are crucial in radiation oncology, including in managing oral squamous cell carcinoma (OSCC). First, we used RNA-sequence to compare expression profiles of parent OML1 and radioresistant OML1-R OSCC cells in order to select candidate genes responsible for radiation sensitivity. We identified IRAK2, a key immune mediator of the IL-1R/TLR signaling, as a potential target in investigating radiosensitivity. In four OSCC cell lines, we observed that intrinsically low IRAK2 expression demonstrated a radioresistant phenotype (i.e., OML1-R and SCC4), and vice versa (i.e., OML1 and SCC25). Next, we overexpressed IRAK2 in low IRAK2-expression OSCC cells and knocked it down in high IRAK2-expression cells to examine changes of irradiation response. After ionizing radiation (IR) exposure, IRAK2 overexpression enhanced the radiosensitivity of radioresistant cells and synergistically suppressed OSCC cell growth both in vitro and in vivo, and vice versa. We found that IRAK2 overexpression restored and enhanced radiosensitivity by enhancing IR-induced cell killing via caspase-8/3-dependent apoptosis. OSCC patients with high IRAK2 expression had better post-irradiation local control than those with low expression (i.e., 87.4% vs. 60.0% at five years, P = 0.055), showing that IRAK2 expression was associated with post-radiation recurrence. Multivariate analysis confirmed high IRAK2 expression as an independent predictor for local control (HR, 0.11; 95% CI, 0.016 – 0.760; P = 0.025). In conclusion, IRAK2 enhances radiosensitivity, via modulating caspase 8/3-medicated apoptosis, potentially playing double roles as a predictive biomarker and a novel therapeutic target in OSCC.
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Introduction

Radiotherapy (RT) is an essential treatment modality for managing patients with oral squamous cell carcinoma (OSCC) (1). However, cancer radioresistance restricts the clinical efficacy of RT. Although several genes and molecular pathways have been reported (2, 3), the molecular events leading to a radioresistant phenotype of OSCC remain mostly unknown. Therefore, exploring a novel targeted molecular marker that sensitizes tumors to ionizing radiation (IR) is crucial to overcome radioresistance and then decrease post-RT cancer recurrence.

RNA Sequencing (RNA-Seq) technology, widely used in studying whole-genome expression profiles, can help identify possible therapeutic targets (4). To search for genes potentially responsible for OSCC resistance that could predict radiosensitivity, we recently established a stable, radioresistant oral cancer cell subline (i.e., OML1-R) from its parent line (i.e., OML1) via step-by-step fractionated irradiations (5). Subsequently, we performed next-generation sequencing (NGS) and bioinformatics techniques to analyze post-IR gene expression between the two cell lines. Finally, we identified that IRAK2 was up-regulated in post-irradiated parental OML1 cells, but not in radioresistant OML1-R cells, implicating that the IRAK2 gene might play a role in the process of radiosensitivity in OSCC.

IRAK2 (Interleukin-1 receptor associated kinase 2) is a component of the interleukin-1 receptor (IL-1R)/Toll-like receptor (TLR) signaling cascade (6). Known to act as an adaptor in the TLR-MyD88-TRAF6 complex, IRAK2 could enable the downstream activation of NF-κB and thereby regulating inflammation (7). Notably, IRAK2 also participates in the regulation of cellular apoptosis via inducing the FADD-dependent caspase-8 apoptotic pathway to trigger the Yersinia-induced macrophage cell death (8). Besides, IRAK2 has been recognized as a contributor to ER stress-induced cell death via IRE1/CHOP signaling (9). Recently, one family member of IRAK2, i.e., IRAK1, has been reported to play a role in the processes of TLR signaling (10) and intrinsic radioresistance, suggesting a potential chemoradiotherapy target (11). However, the function and biologic effects of IRAK2 in association with intrinsic/acquired radioresistance in the context of solid cancers, including OSCC, remain mostly unknown.

Hence, in the present study, we present new insight into the significance of IRAK2 in radiation response, therefore, tested the role of IRAK2 in OSCC, focusing on exploring its potential function and molecular mechanism in mediating radiosensitization. Our data indicated that IRAK2 is an attractive target, in both predictive and therapeutic aspects, for radioresistant OSCC because the overexpression of IRAK2 may contribute to enhanced/restore IR-induced tumor cell killing.



Materials and Methods


Chemicals and Reagents

Antibodies against IRAK2, cleaved caspase-8, cleaved caspase-3, NF-κB-p65, and C/EBP homologous protein (CHOP) were purchased from the Cell Signaling Technology (Beverly, MA). Processes of storage, manipulation, and analysis obeyed the manufacturer’s instructions.



Cell Lines and Cell Culture

SCC4 and SCC25 were bought from American Type Culture Collection (ATCC; Manassas, VA) and cultured in DMEM/F12 containing 10% fetal bovine serum (FBS), 1% penicillin-streptomycin and 2 mM L-glutamine. Parental (OML1) and acquired-radioresistant (OML1-R) cell lines were established and maintained in RPMI1640 containing 10% FBS, 1% penicillin-streptomycin, and 2 mM L-glutamine, as previously reported (5, 12). Briefly, we constructed OML-1R from parental OML-1 cells by using fractionated irradiations. A fraction size of 5 Gy was delivered per 5-7 days till every 80% confluent of irradiated cells. By ten fractions, a total of 50 Gy were delivered on parental OML-1 cells to construct OML-1R cells. Then, we applied a 10-Gy single shot to validate the level of acquired radioresistance of OML-1R cells before further experiments [10]. Briefly, a total of 1 x 103 cells were seeded on a 6-cm plate before irradiation. The next day, cells were irradiated with 10 Gy and then cultured for another 2-3 days.



Patient Samples and Radiotherapy Details

From Jan. 2007 to Dec. 2014, we retrospectively identified 41 patients with pathological stage I-II OSCC (i.e., pT1-2N0M0 status) (12, 13). The reason to choose this population was that OSCC patients with microscopic residual disease (R1) or close surgical margins of ≤5 mm (R0) have an increased risk for local failure even if the resected tumor was staged as pT1-2N0M0 and therefore were subjected to postoperative RT according to guidelines (1). All patients received radical surgery and postoperative RT. Indications of RT for these patients were positive or close surgical margin (i.e., ≤5 mm), as mentioned previously (13). All OSCC patient samples (i.e., formalin-fixed paraffin-embedded pathological blocks) were retrospectively re-confirmed, and tumor-burden-enriched regions (i.e., >70% tumor-content area) were re-sliced, re-stained, and retrieved for bench experiments, as previously reported (12). Postoperative RT was delivered using the intensity-modulated radiotherapy (IMRT) technique (14). Irradiation volumes were designed according to the principle of radiotherapy (15), in terms of high-, moderate-, and low-risk planning target volume (PTV). Notably, total doses of RT to the high-risk PTV (i.e., the oral surgical bed and high-risk lymph-drainage basins) were ranged from 60 Gy to 66 Gy by using a conventional fraction size of 1.8-2.0 Gy (6-MV photons).



Research Database of Clinical Outcomes

For coding post-irradiation clinical outcomes, we used the Dalin Prospective-coding Cancer Registration Database. This database was a regular national-audit cancer database for oncological research. Regular audits were conducted by the multimodality committee of the Health Promotion Administration, Ministry of Health and Welfare, Taiwan (16). At the latest audit in 2018, the overall data-consisting rate was 99.5%. For each involved patient, the following clinicopathological factors were retrospectively retrieved from the database: age, RT dose, pathologic stage, clinical stage, surgical margin, and postoperative adjuvant chemotherapy (17–19). All data were independently validated by a radiation physician and analyzed by a biostatistician according to methods described in the statistical section, as previously reported (12).



Illumina MiSeq System

We used TRIZOL to isolate total RNAs according to the manufacturer’s instructions (Invitrogen, Carlsbad, CA). Next, we used the Illumina MiSeq (Illumina, San Diego, CA) to conduct RNA-Seq. The mapped reads (i.e., Reads Per Kilobase Million [RPKM]) were applied to indicate gene expression levels; this value was used to calculate the average expression level for each gene between paired OML1 and OML1-R cell lines treated with or without IR. Gene expression profiles of both cells were obtained from the Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE165585). First, we selected genes that exhibited a statistically significant difference of higher than 1.5-fold between OML1 and OML1-R cells after IR. Next, we filtered out lowly expressed transcripts by using an absolute value of RPKM < 2. Then, we identified eight genes of IRAK2, KLK6, NSMF, SCO1, TRIP13, LMBR1, SCARB1, and FANCD2. Finally, we investigated IRAK2 because IRAK2 showed the maximum fold change of gene expression.



Colony Formation Assay

OSCC cell lines were treated with indicated irradiation doses of 0, 4, or 10 Gray (Gy) by using 6-MV photons (Varian linear accelerator, US), as previously reported (12). Notably, to provide effective dose delivery, a 0.5-cm bolus was placed over both the upper and downsides of the culture dishes, just like a sandwich design (5). Briefly, cells were cultured in a specific medium for more than 80% fluency. Next, we trypsinized and plated the cells to produce a single-cell suspension in another culture dish. Then, irradiation was delivered per protocol in the irradiating arm; the control arm had no irradiation. At seven days after irradiation, colonies (defined as groups of >50 cells) were fixed and stained with 0.05% crystal violet for further visual quantification. For quantifying cell number, irradiated cells were stained with 0.4% crystal violet (Sigma) and counted at OD580 by using a spectrophotometer (GeneQuant 1300, GE Healthcare, UK) (20).



Western Blotting

We lysed cells with 100μl of PRO-PREP Protein Extraction Solution according to the manufacturer’s protocol. Then, protein samples (50 µg/well) were separated by 12% SDS-PAGE electrophoresis and transferred to PVDF membranes (at 260 mA for about 90 minutes), as reported previously (21). Briefly, membranes were blocked with 5% non-fat dried milk in 1X TBS-T buffer (for 1 hour at room temperature) and probed with primary antibodies (diluted with 5% non-fat milk in 1X TBST), followed by HRP-labeled secondary antibodies (also diluted with 5% non-fat milk in 1X TBST). Finally, bands were visualized by using electrochemiluminescence detection reagents (Millipore, Billerica, MA). Quantification was performed by using the image-J software (National Institute of Health, NIH, Bethesda, MD).



RNA Extraction and Quantitative Real-Time-Polymerase Chain Reaction (qRT-PCR)

Total RNA samples were extracted by using the TRIZOL (Invitrogen, Carlsbad, CA) according to the manufacturer’s instructions and previously reported (12). Briefly, we used DNase I (amplification grade, Invitrogen) to treat 1µg of total RNA before first-strand cDNA synthesis by using reverse transcriptase (Superscript II RT, Invitrogen). Then, PCR reactions were performed by using the ABI StepOne real-time PCR system (Applied Biosystems, Foster City, CA). For PCR, specific primers were used accordingly. The relative expression of IRAK2 was estimated by using the comparative Ct method. The following primers were used: IRAK2, forward, CCAGCCTGCAGGAGGTGTGTGG and reverse, CATCAAGGCTGGAATTGTCAAC; GAPDH, forward, AGCCACATCGCTCAGACAC and reverse, GCCCAATACGACCAAATCC.



Flow Cytometry Analysis

Apoptosis was measured by using the FACScan flow cytometer (Becton Dickinson, Franklin Lakes, NJ) with combined-agent Apoptosis Detection Kit (BD Bioscience, Heidelberg, Germany). Annexin V, Fluorescein isothiocyanate (FITC), and 7-aminoactinomycin D (7AAD) were applied and analyzed following the manufacturer’s instruction. The cells were treated with or without 4Gy for 48 hours and collected by trypsinization. Cell pellets were resuspended in 400 µl 1X binding buffer and then stained with 5.0 µl annexin V-FITC as well as 2.5 µl 7-AAD for 20 min at room temperature in the dark and then analyzed via flow cytometry.



Transient Overexpression

First, cells were plated in a 6-cm culture dish. The plasmid for human IRAK2 (Myc-DDK-tagged) ectopic expression was purchased from Origene (Rockville, MD). We transfected pCMV6-IRAK2 plasmid into OSCC cells by using Lipofectamine 2000® (Invitrogen, Carlsbad, CA) and Opti-MEM medium, according to the manufacturer’s protocols. Cells were finally selected for stable clones by using the medium that contained 400μg/ml Geneticin (G418, Invitrogen).



Transient Knockdown

The human IRAK2 shRNA sequence was purchased from the National RNAi Core Facility at Academia Sinica, Taiwan (clone ID: TRCN0000418431). Lentiviral constructs that expressed IRAK2-shRNA were subcloned into pLKO.1-puro plasmid, a lentiviral vector for cDNA expression (Sigma-Aldrich, St. Louis MO). All lentiviral vectors were transfected into 293T cells by using Lipofectamine 2000 reagent according to the manufacturer’s instructions. For lentiviral transduction, cells were treated with 8 μg/ml Polybrene (Sigma-Aldrich). Viral supernatants were added to the cell culture medium for 48 hours. The transduced cells were selected with 3 ug/ml puromycin (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA).



Immunohistochemistry

Paraffin-embedded oral tumor sections were stained with an anti-IRAK2 antibody (monoclonal; Abnova, Taiwan) and then detected by using the Super Sensitive™ Polymer-HRP IHC detection system (Biogenex, San Ramon, CA), according to the manufacturer’s instructions. Antigens were retrieved by using EDTA buffer (pH9.0) at 100°C for 25 minutes. Then, the slides were incubated at room temperature with 1:50-diluted IRAK2 antibody for 1 hour, followed by washing with 1XTBS-T. Finally, the sections were incubated with diaminobenzidine (DAB) for 5 minutes to generate signals. The pathologist evaluated stained slides of individual patients. The staining intensity of IRAK2 over the cell membrane or cytoplasmic region was scored by using a scale ranging from 0–3 and percentages (0-100%). The score was a continuous variable, ranging from 0–300. The value was calculated by using the following formula: 1 × (percentage of weakly stained cells, i.e., 1+) + 2 × (percentage of moderately stained cells, i.e., 2+) + 3 × (percentage of strongly stained cells, i.e., 3+). The median IHC score of 110 was applied as a cut-off value to differentiate high or low expression.



In Vivo Tumorigenesis

We used male 6-week-old athymic nude mice (BALB/cAnN.Cg-Foxn1nu/CrlNarl) for the in vivo xenograft experiment. Null vector OML1-R cells and stable IRAK2-transfected OML1-R cells (2 × 107 cells) were suspended in 200 ul PBS. Then, these cells were injected subcutaneously into the left and right flanks of each mouse, respectively (n = 3 in each group). Tumor volume was monitored and quantified with a tumor volume growth ratio (final volume/initial volume). For exploring the role of IRAK2 in radiosensitivity in vivo, the control and IRAK2-overexpressed groups were designed (n = 3 in each group). IR treatment was started 40 days after cancer cells transplantation. As a similar IR protocol of cell irradiation (5), we delivered IR every four days. A total dose of 50 Gy was given in 10 fractions (Varian linear accelerator, US). All animal protocols were performed according to the instructions of the Institutional Animal Care and Use Committee of National Chung Cheng University (IACUC no.1060703).



Statistical Analysis

All statistical analyses were performed by using the SigmaPlot software, version 10.0 (Systat Software Inc., San Jose, CA, USA) and SPSS (version 12.0; SPSS Inc., Chicago, IL, USA), accordingly. Continuous data were presented as mean ± standard deviation, and their statistically significant levels were calculated by using the Student’s t-test. Category data were analyzed by using the chi-square test. Time-to-event endpoints were estimated using the Kaplan-Meier plot, and the log-rank test was applied to assess curve differences between groups. Cox proportional regression analysis was used for univariate and multivariate analysis. All hazard ratios were provided with 95% confidence intervals to demarcate effective size. P values of less than 0.05 were defined as statistical significance.




Results


IRAK2 Affected the Sensitivity of OML1 and ML1-R Cells to IR

Clonogenic assay confirmed a higher radiosensitivity of OML1 than that of OML1-R cells. When treated with the same dose of IR, especially 10 Gy, OML1-R cells exhibited a higher survival fraction than that of parental OML1 cells, suggesting that OML1-R is relatively resistant to IR treatment (Figure 1A). To identify genes whose expressions were altered after exposure to radiation, we utilized RNA-seq to assess the expression pattern of genes between paired parent (OML1) and radioresistant (OML1-R) cell lines treated with or without IR. By comparing the expression profiles of the two cell lines, we hypothesized that radiation exposure could activate genes responsible for the radiosensitivity process. By using reads per kilobase transcript per million mapped reads (RPKM) to estimate gene expression, we identified 19 genes that exhibited statistically significant differences of higher than 1.5-fold between OML1 and OML1-R cells after IR (Figure 1B). We further filtered out lowly expressed transcripts (i.e., an absolute cut-off value of RPKM < 2). As a result, eight genes were identified, including IRAK2, KLK6, NSMF, SCO1, TRIP13, LMBR1, SCARB1, and FANCD2 (Figure 1B). Of these, we found that IRAK2 showed the maximum fold change of gene expression (Figure 1B). Hence, we chose IRAK2 as our target for further functional analysis because it plays a vital role in regulating innate immunity (22) and may have great potential in predicting radiation response of OSCC cells. The data showed that the RPKM value of IRAK2 expression of the OML1-R was lower than that of OML1 cell lines whether control or IR treatment (Figure 1C). Real-time quantitative PCR (qPCR) and Western blotting analysis revealed that both mRNA and protein expressions of IRAK2 were up-regulated in irradiated OML1 cells compared with IR-treated OML1-R cells (Figures 1D, E).




Figure 1 | Higher IRAK2 expression was associated with a higher radiosensitivity in the context of parental (i.e., OML1) and radioresistant (i.e., OML1-R) OSCC cells. (A) After exposure to 0, 4, and 10 Gy IR, colony-formation assay confirmed that OML1-R cells were relatively radioresistant when compared with parental OML1 cells. (B) Venn diagram showed the number of genes with apparent expression change before and after irradiation in OML1 and OML1-R cells (left). Bar graphs displayed 19 genes were up-regulated in OML1 cells, using a filter criterion at least 1.5-fold change with P < 0.05. By setting a threshold of RPKM>2, we identified eight reliable transcripts that were largely differentially expressed between the OML1 and OML1-R cells. The graph showed relative fold change in gene expression: control versus IR-treated cells (right). (C) The RPKM value of IRAK2 expression was plotted for OML1 and OML1-R cells treated with 4 Gy. (D) qPCR and (E) Western blotting revealed that IRAK2 expression, including mRNA and protein levels, were pronouncedly elevated in parental OML1, but not OML1-R cells. Densitometry-derived values (bottom) were normalized with the control set as 1. β-actin served as the loading control for normalization.





IRAK2 Overexpression Restored Radiosensitivity by Enhancing IR-Induced Cell Killing and Apoptosis in Radioresistant OML1-R Cells

To evaluate whether IRAK2 influences the sensitivity of radioresistant OSCC to IR, we overexpressed IRAK2 in OML1-R cells, which demonstrated an intrinsically low level of IRAK2. As shown in Figure 2A, IRAK2-overexpressed OML1-R cells exhibit a higher radiosensitivity than that of control OML1-R cells (P = 0.0100), suggesting a role of IRAK2 in the process of restoring radiosensitivity in radioresistant OSCC.




Figure 2 | Overexpression of IRAK2 restored radiosensitivity via enhancing radiation-induced apoptosis in OML1-R cells. (A) Colony formation assay showed that IRAK2-overexpressed OML1-R cells restored their radiosensitivity when compared with that of control OML1-R cells (P = 0.0100). (B) Apoptosis-specific flow cytometry represented that overexpression of IRAK2 significantly enhanced apoptosis in OML1-R cells before (52.28% vs. 0.62%) and after (63.50% vs. 0.81%) 4-Gy IR. The histogram on the right represent Annexin V-positive staining enrichment. (C) In OML1-R cells, protein levels of apoptosis-related factors, i.e., cleaved caspase-8, cleaved caspase-3, CHOP, and p65-NF-κB, were elevated by the overexpression of IRAK2, especially after 4-Gy IR (Western blotting, 72 hours after IR). (D) Protein levels of IRAK2, cleaved caspase-8 and cleaved caspase-3 were analyzed for OML1-R cells treated with an IRAK2 overexpression followed by the pretreatment with caspase-8 inhibitors (50 mM Z-IETD-FMK) for 1 hour. Densitometry-derived values (bottom) were normalized with the control set as 1. β-actin served as the loading control for normalization.



Apoptosis has been well known as a biological indicator for measuring cellular radiosensitivity (23). IRAK2-overexpressed OML1-R cells showed more apoptosis than that of control OML1-R cells, especially after 4Gy IR treatment; quantitative data for apoptosis rate were consistent with this phenomenon (Figure 2B).

IRAK2 is critical for apoptosis through FADD-dependent recruitment of caspase-8 activation (8) and the endoplasmic reticulum (ER) stress-induced IRE-1/CHOP signaling pathway (9). After 72 hours of exposure to 4-Gy IR, IRAK2-overexpressed OML1-R cells had higher levels of cleaved caspase-8 and caspase-3, but not NF-κB and CHOP, than that of control OML1-R cells (Figure 2C). To further confirm these results, we applied z-IETD-FMK, a caspase-8 inhibitor, to pretreat IRAK2-overexpressed OML1-R cells. Our results revealed that z-IETD-FMK attenuated the overexpression of IRAK2 -induced apoptosis, as shown by significant decreases in cleaved caspase-8 and cleaved caspase-3 (Figure 2D). These results simultaneously indicated that IRAK2 overexpression re-sensitizes OML1-R cells to IR treatment via enhancing caspase-8- and caspase-3-depended cell apoptosis.



IRAK2 Knockdown Decreased OSCC Radiosensitivity and IR-Induced Apoptosis

To further address whether IRAK2 is sufficient to induce apoptosis and alter cellular radiosensitivity, we quantified the expression of IRAK2 in four OSCC cell lines, finding that OML1 and SCC25 cells exhibited higher expression of IRAK2 (Figure 3A). IRAK2-specific shRNA was delivered into OML1 and SCC25 cells to knock down IRAK2 expression. Both IRAK2-knockdown OML-1 and SCC25 cells demonstrated higher survival rates after exposure to IR when compared with their control cells (P = 0.0009 and 0.0577, respectively; Figure 3B). To exam the apoptotic effects of IRAK2 shRNA combined with radiation in OML1 and SCC25 cell lines. The results revealed that in both cell lines, shRNA-IRAK2 cells were diminished radiation-induced apoptosis compared with their control cells after IR exposure (Figure 3C). IRAK2 silencing also decreased the expression of cleaved caspase-8 and -3 in both two types of OSCC cancer cells when compared with their control cells (Figure 3D). These data indicated that IRAK2 knockdown in OSCC cells strikingly attenuated radiosensitivity via inhibiting caspase-8/3-mediated apoptosis.




Figure 3 | The knockdown of IRAK2 promoted resistance to IR-induced apoptosis in OML1 and SCC25 cells. (A) Endogenous IRAK2 expression in different OSCC cell lines, showing higher expressions of IRAK2 in OML1 and SCC25 than that of OML1-R and SCC4 cells. The values under bands represented the relative density that normalized to β-actin. (B) When compared with their control cells, post-irradiation colony formation rates were increased in IRAK2-knockdown OML1 (P = 0.0009) and SCC25 (P = 0.0577) cells. (C) Effect of radiation, IRAK2 shRNA or both on cell apoptosis in OML1 and SCC25 cell lines. Flow cytometry analysis using Annexin V and 7-AAD staining was performed to detect apoptotic cells. (D) IRAK2-shRNA transfection decreased the expressions of cleaved caspase-8 and caspase-3 in OML1 (left) and SCC25 (right) cancer cells. Densitometry-derived values (bottom) were normalized with the control set as 1. β-actin served as the loading control for normalization.





IRAK2 Overexpression Enhanced IR-Induced Tumor Regression in Radioresistant OSCC Xenografts

To evaluate the radiosensitization potential of IRAK2 in vivo, we established a nude mice xenograft model that injected IRAK2-overexpressed OML1-R cells. IRAK2-overexpressed xenografts demonstrated an apparent reduction in tumor volume when compared with the control. IRAK2 overexpression alone inhibited tumor growth, indicating that IRAK2 may function as a tumor suppressor (Figure 4A). We then examined the effect of control and IRAK2-overexpressed mice that received a fraction size of 5 Gy every four days to a cumulative dose of 50 Gy, respectively. After exposure to RT, the tumor volume of IRAK2-overexpressed mice was statistically significantly decreased when compared with that of control ones, implicating that IRAK2 enhances the efficacy of IR treatment in radioresistant tumors (Figure 4B). The increased expressions of cleaved caspase-8 and cleaved caspase-3 were further confirmed by immunofluorescence staining and western blotting on tumor tissues in IRAK2-overexpressed xenografted mice treated with RT (Figures 4C, D).




Figure 4 | IRAK2 overexpression decreased OML1-R-generated in vivo tumor growth and enhanced radiosensitivity in the mice xenograft model. (A) In the mice xenograft model, IRAK2-overexpressed OML1-R-generated tumors had a relatively lower tumor growth rate than that of control OML1-R-generated tumors (P < 0.001). (B) Schema of cell injection and radiation treatments (upper panel). Since the 40th day after cancer cell injection, control and IRAK2-overexpressed mice were treated with RT per 4 days (i.e., a fraction size of 5 Gy by ten fractions to an accumulative dose of 50 Gy). The IRAK2-overexpressed mice had a smaller tumor volume than that of control mice at the time of radiotherapy (P = 0.0310; lower panel). (C) The expression of IRAK2, cleaved caspase-8, and cleaved caspase-3 in tumor tissues from control and IRAK2-overexpressed mice after radiotherapy were detected by immunohistochemical staining. (D) Immunoblotting analysis of the indicated proteins in lung tissues from control and IRAK2-overexpressed mice after irradiation. Densitometry-derived values (bottom) were normalized with the control set as 1. β-actin served as the loading control for normalization. Data were presented as mean ± SD. ‘***’ represented P < 0.001. All experiments were performed in triplicate.





High IRAK2 Expression Was Associated With Favorable Local Control in Oral Cancer Patients

Finally, we examined the expression of IRAK2 in 41 OSCC patient samples and summarized clinicopathologic factors in Table 1. No statistically significant correlation was found between the level of IRAK2 expression and other clinicopathological variables. Immunohistochemical staining showed IRAK2 expression in the cytoplasm and membrane of OSCC tumor samples (Figure 5A). Kaplan-Meier survival curves was performed to demonstrate that patients with higher IRAK2 expression (i.e., >110) were associated with better local recurrence-free survival than that of those patients with lower expressions (i.e., ≤110; P = 0.055; Figure 5B). Cox proportional hazard regression confirmed this observation (univariate HR, 0.25, being slight in favor of high expression; 95% CI, 0.054 - 1.166; P = 0.055; Figure 5C), particularly after multivariable analysis (multivariate HR, 0.11; 95% CI, 0.016 - 0.760; P = 0.025; Figures 5D, E). Note that seven factors were used for multivariable analysis of local recurrence: age, gender, pathological stage, radiotherapy dose, chemotherapy, the status of surgical margin, and expression level of IRAK2.


Table 1 | Patient characteristics of 41 oral cancer patients according to the expression level of IRAK2.






Figure 5 | After postoperative radiotherapy, OSCC patients with higher IRAK2 expressions showed better local recurrence-free survival (LRFS) than those with lower IRAK2 expressions. (A) Representative micrographs demonstrated the immunohistochemical (IHC) scores of IRAK2 expression in oral squamous cell carcinoma. (magnification, x200). (B) Kaplan-Meier survival curves represented that patients with higher IRAK2 expressions (i.e., >110) seemly demonstrated better 5-year LRFS than that of patients with lower expressions (i.e., 87.4% vs. 60.0%; P = 0.055, a statistical trend). (C) Cox proportional hazard regression confirmed this observation (univariate HR 0.25; 95% CI, 0.054 - 1.166; P = 0.055, a statistical trend). (D) Remarkably, after multivariable analysis, the two groups showed a statistically significant difference in terms of post-irradiation LRFS (multivariate HR 0.11; 95% CI, 0.016 - 0.760; P = 0.025). (E) Forest plot of multivariate analysis, depending on the Panel (D) Note that seven factors were used for multivariate analysis of LRFS (Panel C): age, gender, pathological stage, RT dose, chemotherapy, the status of surgical margin, and the expression level of IRAK2.






Discussion

Radioresistance remains a major obstacle for the radiotherapy treatment of OSCC, leading to post-irradiation recurrence and poor clinical outcomes (24, 25). However, so far, few biomarkers are available for identifying potential responders to RT. Based on RNA-seq analysis, we determined that IRAK2 might be an IR-responsive gene whose expression differed significantly between radiosensitive and radioresistant OSCC cells. We found that IRAK2 was downregulated in a radioresistant OML1-R cell line when compared with its parental OML1 cell line. We further examined the expression of IRAK2 in IR-sensitive OML1 and IR-resistant OML1-R cells and showed that the mRNA and protein expression levels of IRAK2 were increased mainly in OML1 cells after IR exposure; however, there was no difference in IRAK2 level between unirradiated and irradiated OML1-R cells, suggesting that the loss of IRAK2 might be an indicator or possibly contribute to mechanisms of radiation resistance. To further clarify the role of IRAK2 in RT, we overexpressed IRAK2 in OML1-R cell lines. Enhanced IRAK2 expression in OML1-R led to decreased colony formation after IR. Conversely, knocking down IRAK2 increased the post-irradiation survival of OSCC cells. Besides, in vivo, nude mice exposed to RT had smaller tumors after they were injected with IRAK2-overexpressed OML1-R cells. These sets of data strongly suggested that IRAK2 may serve as a potential therapeutic molecular marker for enhancing radiosensitivity and reversing radioresistance. Therefore, we confirmed that IRAK2 acts as a potential regulator of radiation sensitivity for OSCC.

IRAK2, an immune-responsive protein kinase, is a transducer for the IL1/TLR signaling cascade (6, 26, 27). Recent evidence suggests that TLR-dependent mechanisms contribute to radiation-induced anticancer immunity through the induction of genes associated with programmed cell death (28, 29). Mechanistically, TLR is connected through the interaction of an adaptor molecule (i.e., MyD88), which recruits FADD and caspase-8, leading to the activation of caspase-3 to trigger the apoptotic process subsequently (30). For example, BEAS-2B cells (which were derived from human bronchial epithelium transformed) were treated with a TLR3 agonist [i.e., poly(I:C)]; this manipulation was found to induce apoptosis through the interaction of MyD88 with FADD and caspase-8 (31). Besides, TLR2 was also found to potentiate the MyD88-induced caspase-8 apoptotic pathway in human kidney epithelial 293 cells (32). As a result, IRAK2 demonstrated a mediator of MyD88-dependent signal transduction activation via TLRs (6, 33).

IRAK2 also has been reported to be associated with signaling cell death (34). It could induce apoptosis in bacteria-infected macrophages by targeting the FADD/caspase-8 death signaling pathway (35, 36). Moreover, IRAK2 is required for ER stress-induced increases in IRE1 and CHOP expression, which transduces the death signal in ER stress-mediated apoptosis (9). In the present study, we found that overexpression of IRAK2 significantly increased the apoptotic rate in response to IR through cleavage activation of caspase 8 and caspase 3 in irradiated cells, whereas in the presence of z-IETD-FMK (caspase-8 inhibitor) could significantly decrease IRAK2-induced caspase-8 and caspase-3 cleavage. It suggested that IRAK2-induced apoptosis is dependent on the caspase-8 activation.

On the other hand, IRAK2 knockdown diminished the caspase-8 and caspase-3-mediated apoptosis. These findings indicated that IRAK2 might be a superior target for radiosensitization, triggering apoptosis mainly through the activation of caspase-8 and caspase-3 to increase and restore the sensitivity of radioresistant cells to IR-induced cell killing. However, the significant functional role of IRAK2 in mediating apoptosis and anticancer immunity by TLR signaling needs to be further investigated.

Since few reports have discussed the role of IRAK2 in solid tumors (37), we further evaluated the clinical significance of IRAK2 expression in 41 pathological stage I-II OSCC patients who underwent postoperative radiotherapy. Patients with high IRAK2 expression have been demonstrated to be better local control rates than those with low IRAK2 expression. The limitations of the present study are as follows: the nature of retrospective study design and a relatively small case number. Thus, further studies with a large sample size are required to confirm our results. Taken together, we found that IRAK2 was downregulated in radioresistant OSCC cells. We further determined that enhancing IRAK2 activity led to increasing/restoring radiosensitivity in radioresistant OSCC in vitro and in vivo – and vice versa – operating through a caspase-8/3-dependent apoptosis mechanism. Our data suggested that IRAK2 may affect both the developments of intrinsic and irradiation-acquired radioresistance.

The present study is the first report stating that IRAK2 activation may be associated with modulation of radiosensitivity. IRAK2 may facilitate the process of radiation immunity by inducing cancer cells to undergo apoptosis.



Conclusions

In the present study, we have established a proof-of-concept platform in vivo and in vitro that the potential of IRAK2 may serve as both predictive and therapeutic biomarkers for estimating and manipulating radiation sensitivity in OSCC. Overexpressing IRAK2 increases and restores radiosensitivity in intrinsic and treatment-acquired radioresistant OSCC, respectively. Clinically, high IRAK2 expression predicts better local control in irradiated OSCC patients. However, the real-world clinical treatment utilization of IRAK2 in patients with OSCC remains unknown. Accordingly, further research in targeted gene therapy techniques to assess their efficacy and safety in OSCC is required.
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Cisplain 8 M + Enoxaparin sodium 5 yg/ml
Cispiatin 8 M + Enoxaparin sodum 10 ugimi
Cispiatin 8 M + Enoxaparin sodum 50 ygimi
Cisplatin 8 M + Enoxaparn sodum 100 pg/ml
Cisplatin 8 ¥M/72 h

Cisplatin 8 M

Cispltin 8 M + Encxaparin sodium 0.1 g
Cisplatin 8 M + Enoxaparin sodium 0.5 gim
Cispiatin 8 M + Enoxaparin sodum 1 pg/ml
Cisplatin 8 M + Enoxaparin sodium 5 pg/ml
Cispltin 8 M + Enaxaparin sodium 10 yg/ml
Cispiatin 8 M + Enoxaparin sodum 50 ugimi
Cispltin 8 M + Encxaparin sodium 100 pg/ml
isplatin 10 uM/24 h

Cispltin 10 M

Cispiatin 10 M + Encxapari socium 0.1 gml
Cisplain 10 M + Encxapari socium 0.5 gml
Cisplatin 10 LM + Enoxaparin sodium 1 pg/ml
Cispiatin 10 M + Encxapari socium 5 pgimi
Cisplati 10 LM + Enoxaparin sodum 10 pg/ml
Cisplatin 10 LM + Enoxapari sodium 50 pg/ml
Cisplatin 10 M + Encxaparin sodkum 100 pg/mi
isplatin 10 yM/48 h

Cispltin 10 M

Cisplatin 10 M + Encxapari socium 0.1 pgiml
Cisplain 10 M + Encxapari socium 0.5 py/ml
Cisplain 10 M + Encxapari sodium 1 pgimi
Cispiatin 10 M + Encxapari socium 5 pgimi
Cisplatin 10 M + Encxaparin sodium 10 pg/ml
Cispiatin 10 M + Encxaparin sodium 50 g/l
Cispltin 8 M + Enoxaparin sodium 100 pg/ml
Cisplatin 10 4M/72 h

Cispltin 10 M

Cispltin 10 M + Enoxaparin socium 0.1 pg/ml
Cisplatin 10 1M + Enoxaparin socium 0.5 pg/ml
Cisplain 10 M + Encxapari sodium 1 pgiml
Cispltin 10 M + Enoxaparin socium 5 yg/mi
Cisplain 10 M + Encxaparin sodium 10 pg/ml
Cisplatin 10 M + Encxaparin sodum 50 pg/m
Cisplatin 10 M + Encxaparin sodkum 100 pgmi

SSEL soandaret dodaion

Absorbance
(% over control)
mean = SD*

8226+ 1223
106.42 2 350
99482332
04042451
94372869
92372357
88612216
83261092

103,69, 2054
81132830
896021811
9682+ 1407
872921033
7865+ 1395
77072400
7639+ 1078

107.13 2 1378
10057 = 13.82
102.78 2 952
982521045
95542892
8968571
8908+ 461
78612862

80332 2492
10532+ 1.9
93592 6.1
8556+7.36
86882657
80212681
80562465
7892+ 4.41

97122 4461
10221 22352
93971499
898221493
8765 1531
8692 1491
857121585
839121098

926121684
442222811
437122687
428322483
393122181
416422600
363621853
342321457

p-value

<0001

<0001

<0001

<0001

0816
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IRAK2

Low expression (n = 24) High expression (n = 17) P value

Age (years) (mean + SD) 51.3+11.4 52.7 + 101 0.70

RT dose (cGy) (mean + SD) 6338.3 + 1378.4 6559.4 + 1284.8 0.61

Gender Male 23 (96%) 16 (94%) 0.80
Female 1 (4%) 1 (6%)

Clinical stage | 8 (33%) 4 (24%) 0.88
1 1 (46%) 9 (53%)
in 2 8%) 1 (6%)
IVA/B 3 (13%) 3 (18%)

Pathologic stage | 15 (63%) 7 (41%) 0.18
I 9 (38%) 10 (69%)

Surgical margin <1 mm 6 (25%) 1 (56.9%) 0.21
>1~ <5mm 18 (75%) 16 (94.1%)

Lymphovascular space invasion No 23 (95.8%) 14 (82.4%) 0.29
Yes 1 (4.2%) 3 (17.6%)

Perineural invasion No 22 (91.7%) 13 (76.5%) 0.18
Yes 2 (8.3%) 4 (23.5%)

Chemotherapy No 17 (71%) 10 (69%) 0.42
Yes 7 (29%) 7 (41%)

SD, standard deviation; RT, radiotherapy.

According to the principle of surgical oncology and our treatment policy, re-resection was the first treatment of choice for patients who had close-margin (i.e., =5 mm) pathology stage I-II
OSCC. However, for those patients who had anatomic difficulty on re-resection and who had refusal of re-operation, salvage therapy of radiotherapy with or without chemotherapy was the
alternative treatment choice, as that indicated for the above 41 patients.
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Stage | Osteoradionecrosis confined to the alvedlar bone.
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N =816 No contralateral ~ Contralateral P-value*

metastases metastases

(n =1786) (n=30)
Site of primary tumor 0394
Tongue (%) 474 (60.3%) 21 (70.0%)
Floor of mouth (%) 203 (25.8%) 8 (26.7%)
Buccal mucosa (%) 68(8.7%) 1(3.3%)
Other (%) 41 (5.2%) 0(0%)
pT-stage? 0277
1 (%) 496 (68.1%) 16 (63.3%)
T2 (%) 283 (36.0%) 12 (40.0%)
T3 (%) 5(0.6%) 2(6.7%)
T4 (%) 2(03%) 0(0%)
Location primary tumor 0.018%
Lateralized 657 (96.2%) 26 (3.8%)
Paramedian 21(84.0%) 4(16.0%)
DOI; mean (£SD) in 5.90 (+4.21) 8.46 (£5.75) 0.002%
mm
Non-cohesive growth 0.177
Yes (%) 262 (53.4%) 18 (66.7%)
Perineural growth 0.002"
Yes (%) 106 (18.3%) 11 (42.3%)
Vasoinvasive growth 0.001t
Yes (%) 49 (8.6%) 7 (28.0%)
Procedure neck 0.334
SLNB (%) 437 (98.7%) 14(3.1%)
END (%) 349 (95.6%) 16 (4.4%)
pN-stage® 0.025"
Ipsilateral pN-+ (%) 176 (22.4%) 12 (40.0%)
ECS 0.133
Yes (%) 32(4.1%) 3(10.0%)

CRR contralateral regional recurence, DOI depth of invasion, SD standerd
deviation, SLNB sentinel lymph node biopsy, END elective neck dissection, ECS
extracapsular spread.

*Bold script indicates significant value.

XFisher's exact test.

#Independent samples t test.

2 test,

ap.value regarding tumors staged pT1 vs. pT2 or higher.
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N =816

Site of primary tumor
Tongue (%)

Floor of Mouth (%)
Buccal Mucosa (%)
Other (%)

pT-stage?

T (%)

T2 (%)

T3 (%)

T4 (%)

Location primary tumor
Lateralized
Paramedian

DOI; mean (+SD) in mm
Non-cohesive growth
Yes (%)

Perineural growth

Yes (%)

Vasoinvasive growth
Yes (%)

Procedure neck®
SLNB (%)

Unilateral END (%)
Bilateral END (%)
pN-stage

Ipsilateral pN-+ (%)
pN2e

Yes (%)

2e3

Yes (%)

No CRR (n = 796)

481 (60.4%)
206 (25.9%)
68 (8.5%)
41(6.2%)

503 (63.2%)
286 (35.9%)
5(0.6%)
2(0.3%)
655 (97.4%)
23 (92.0%)
5.90 (£4.21)
267 (53.6%)
110 (18.8%)
51(8.9%)
445 (98.7%)
323 (95.8%)
28 (100%)
179 (22.5%)

10 (1.3%)

34 (4.3%)

CRR (n = 20)

14 (70.0%)

5(25.0%)
1(5.0%)
0(0%)

9(45.0%)
9(45.0%)
2(10.0%)

0(0%)
18 (2.6%)
2(8.0%)

9.48 (£6.11)
18 (65.0%)
7 (35.0%)
5(25.0%)

6(1.3%)
14 (4.2%)
0(0%)
9(45.0%)

0(0%)

1(5.0%)

P-value*

0.656

0.097

0.154

<0.001%

0316

0.071

0.032X

0.0211

0.018"

N.A.

0.588

CRR contralateral regional recurrence, DOI depth of invasion, SD standard deviation,
SLNB sentinel lymph node biopsy, END elective neck dissection, ECS extracapsular

spread, N.A. not applicable.

*Bold script indicates significant value.

32 test.
*Independent samples t test.
XFisher's exact test.

“p value regarding tumors staged pT1 vs. pT2 or higher.

bSjgnificance regarding difference in CRR rate between END and SLNB cohort.
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N =806

Age; mean (D)
Gender

Male (%)

Site of primary tumor®
Tongue (%)

Floor of Mouth (%)
Buccal Mucosa (%)
Other (%)

cTstage

T1 (%)

T2 (%)

pT-stage®

1 (%)

T2 (%)

T3 (%)

T4 (%)

DOI; mean (+SD) in
mm

pN-stage
PNO (%)

PN+ (%)

pN2e

Yes (%)

ECS

Yes (%)

Follow-up in years;
median (IGR)

SLNB (n = 451)

62.03 (+£11.97)

233 (51.8%)

300 (66.5%)
98(21.7%)
34(7.5%)
19 (4.3%)

306 (67.8%)
145 (32.2%)

340 (75.4%)
107 (23.7%)
4(0.9%)
0(0%)
532 (+4.28)

347 (76.9%)
104 (28.19%)

8(1.8%)

3(0.7%)
2.2 (1.0-4.1)

END (1 = 365) P-value*
61.98 (£12.77) 0.960
0533
197 (54.0%)
<0.0011; 0.003"
195 (53.4%)
113 (31.0%)
35(9.6%)
22 (6.0%)
<0.001t
133 (36.4%)
222 (63.6%)
<0.001t
172 (47.2%)
188 (51.5%)
3(0.8%)
2(0.5%)
6.90 (+4.19) <0.001%
0.533
274 (75.1%)
91(24.9%)
0.199
2(0.5%)
<0.001%
32 (8.8%)
462573 <0.001+

SLNB sentinel lymph node biopsy, END elective neck dissection, SD standard deviation,
DOl depth of invasion, ECS extracapsular spread, IQR interquartile range.
*Bold script indicates significant value.

T2 test.

*Independent samples t test.

XFisher's exact test.
+Mann-Whitney U test.

4Significance regarding tumors of the tongue and floor-of-mouth tumors.
bSignificance regarding tumors staged pT2 or higher.
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P. L. Friedland et al.

Y. H. Wang et al.

W. C. Teaietal.

C.T Liaoc etal.

J.C. Liuetal.

Year

2011

2012

2015

2016

2019

Country

Australia

Taiwan,China

Taiwan,China

Taiwan,China

America

Study type

Retrospective
cohort study
Retrospective
cohort study
Nationwide cohort
study
Retrospective
cohort study
Retrospective
cohort study

Study time

1996-2008

2004-2008

2004-2010

1996-2011

2006-2015

Number

726

19513

16,991

1,616

224

Study scope

H&N

Oral

Oral

Oral

H&N

Cancer stage

-V

=V

-V

HR

0.79

0.84

0.94

0.76

0.67

95%Cl

0.64-0.97

0.78-0.90

0.89-1.00

0.63-0.89

0.46-0.98

P

0.024
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0.001

0.041

NOS score
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Tumor response

Subgroup OC alone (1= 8) OP & OP + OC extension (n = 18)
PDT type Sih=5) iPDT (0= 1) SI+iPDT (1 =2) Si(n=16) iPDT (0= 1) SI+iPDT (1 =2)
Tumor Response PD 1 0 0 1 1 o

sD 0 0 0 4 0 o

PR 1 0 2 0 0

CcR 3 1 o 14 o 2

OC, oral cavity; OP, oropharynx; rec., recurrence;

), surface illumination; iPDT, interstitial PDT; PD, progressive disease; SD, stable disease; PR, partial response; CR, complete response.
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n° PDT type
1 Surface illumination
2 Surface illumination
3 Surface ilumination
4 Surface illumination
5 Surtace ilumination
6 Surtace ilumination
7 Surface illumination
8 Surtace illumination
9 Surface illumination
10 Surface illumination
11 Surface illumination
12 Surface illumination
13 Surface illumination
14 Surface + interstial .
15 Surface illumination
16 Interstital PDT

17 Surface + interstitial ill.
18 Surface ilumination
19 Surface illumination
20 Surface + interstial i
21 Surface illumination
22 Interstital PDT

23 Surtace illumination
24 Surface illumination
25 Surface + interstital i,
26 Surface illumination

PDT treatment characteristics

‘Concomittant R/

None
None
Selective ND
lymph node excision
None
None
None
None
None
None
None
None
None
None
None
None
MRND
None
None
None
None
None
None
None
None
None

Airway R/

None
None
None
Planned tracheotomy
None
None
None
None
NONE
Urgent tracheotomy
Pre-existing tracheostoma
Planned tracheotomy
Pre-existing tracheostoma
None
None
None
Planned tracheotomy
Planned tracheotomy
None
Pre-existing tracheostoma
Planned tracheotomy
Planned tracheotomy
Normal airway
Normal airway
Normal airway

Planned tracheotomy

NGT, nasogastric tube; PEG, percutaneous endoscopic gastrostomy; ill., illumination; MRND,modified radical neck dissection.

Swallowing R/

None
Planned NGT
None
Planned NGT
None
None
None
None
None
Unplanned NGT
None
Planned PEG
None
None
NGT on readmission
None
Planned PEG
Planned NGT
None
None
Pre-existing PEJ
Planned NGT
None
None
Planned NGT
NGT on readmission
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ne Location
1 0C +0P
2 0C +0P
3 oP
4 OP
5 oP
6 OoP
7 oc
8 oP
9 0C +0P
10 oc
1 oc
1= OP
13 oP
14 oc
15 oc
16 oc
17 oP
18 0C +0P
19 oP
20 oP
21 oP
22 oP
23 oc
24 oP
25 oc
26 oP

OC, oral cavity; OP, oropharynx; rec., recurrence; NOS, not otherwise specified: diff, differentic

LR

Left

Midine
Right
Midline
Left
Midline
Midine
midline
right

left
fight

midine
fight
right

left

right
fight
Left

Right
Right
Right
Right

Right

PDT tumor characteristics

Subsite

Tonsilar fossa + trigonum
retromolare

Soft palate + hard palate
Base of tongue, vallecula
Base of tongue, vallecula
Tonsilar fossa, lateral wall

Soft palate

Hard palate

Soft palate

Soft palate + trigonum
retromolare

Tongue

Trigonum retromolare,
lateral tongue

Posterior oropharynx
Soft palate

Hrd palate, trigonum
retromolare

Hard palate, trigonum
retromolare

Trigonum retromolare
Soft palate

Soft palate + trigonum
retromolare

Soft palate
Posterior oropharynx wall
Soft palate

Base of tongue + floor of
mouth

Floor of mouth
Soft palate, lateral wall
Trigonum retromolare

Posterior oropharynx

Rec. or new tumor
New primary

New primary
First rec. of first primary
New primary
First rec. of first primary
First rec. of first primary
Second rec. of first primary
First rec. of first primary
First primary

First rec of second primary
New primary

New primary
First rec of second primary
Second rec. of first primary

Second rec. of first primary

New primary
New primary
New primary

New primary
New primary
New primary

First rec. of first primary

Second rec. of first primary
New primary
First rec. of first primary
First rec. of first primary

TNM

T2NOMO

T2NOMO
T2N1MO
TINIMO
TisNOMO
TINOMO
TisNOMO
T2NOMO
TINOMO

T2NOMO
TINOMO

T2NOMO
T3NOMO
TINOMO

TINOMO

TINOMO
T2N1MO
T3NOMO

TINOMO
TINOMO
TisNOMO
T3NOMO

T3NOMO
T2NOMO
TINOMO
T2NOMO

Tumor grade

NOS

Well-to medium diff
Poorly differentiated
Poorly differentiated
Carcinoma n situ
NOS
Carcinoma in situ
NOS
NOS

Poorly differentiated
Welk-to medium iff

Well-differentiated
NOS
Medium differentiation

NOS

Well-to medium diff
NOS
Well-to medium diff

NOS

NOS
Carcinoma in situ
Well-differentiated

Verrucous carcinoma
Medium differentiation
Medium differentiation
Medium differentiation
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Recurrences before PDT tumor

First recurrence (1= 9) Second recurrence (n = 1)

Origin of recurrence n (%) n (%)
First primary 8(30.8) 1(3.8)
Second primary 138)

No recurrence 17 (65.4) 25(96.2)
Location n (%) n (%)
Oral cavity (OC) 6(23.1) 1(3.8)
Oropharynx 138) 163.8)
OC + oropharynx 138)

Larynx 138)

No recurrence 17 (65.4) 24(923)
TNM classification n (%) n (%)
Clinical T class

cTéa 138)

Clinical N class

oNO 4 103.8)
Pathological T class

pTt 207.7) 13.8)
pT2 138)

pT3 138)

pT4a 138)

Pathological N class

pNO 2(7.7)

not available 3(11.5) o
Treatment n (%) n (%)
Ablative surgery alone 3(11.5) 1(3.8)
AS +ND 4(15.9)

AS + adj. RT 168

Primary RT 138)

OC, Oral Cavity; AS, Ablative surgery; ND, selective neck dissection; adj. RT, adjuvant
radiiotherapy; RT, radiotherapy.
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Primary head and neck tumors before PDT tumor

First primary Second Third primary
(n=26) primary n=1)

=6

Location n (%) n (%) n (%)

Oral cavity (OC) 6(23.1) 3(11.5) 138)

Oropharynx 9(34.6) 3(11.5)

OC + oropharynx 207.7)

Hypopharynx 138

Larynx 4(15.4)

Hypopharynx and larynx 207.7)

Unknown primary 2(7.7)

TNM classification n (%) n (%) n (%)

clinical T class

Tx 20.7) 103.8)

cTi 3(115)

T2 4(15.4)

SE] 4(15.4)

T4 3(115)

Clinical N class

oNO 13 (50.0) 5(19.2) 1(38)

oNt 138

cN2a 138

oN2b 138

Pathological T class

P 4(15.4) 4(15.4)

pT2 138 138)

pT3 207.7)

pTéa 3(115)

Pathological N class

pNO 168

pN1 168

pN2a 138

pN2b 5(19.2)

PN3b 188

Not available 0 1(3.8%) 0

Treatment n (%) n (%) n (%)

RT -+ MRND 2(7.7)

Ablative surgery alone 3(115) 5(19.2) 1(38%)

AS +ND 138)

AS +ND + adj. RT 7(269)

Primary RT 8(30.8)

Primary RCT 2(7.7)

RT -+ brachytherapy 207.7) 103.8)

PDT 188

OC, Oral Cavity; RT, Radiotherapy; MRND, modified radical neck dissection; AS,
Ablative surgery; ND, selective neck dissection; adj. RT, adjuvant radiotherapy; RCT,
radiochemotherapy; PDT, photodynamic therapy.
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Patient characteristics (n = 26)

Age at diagnosis of PDT tumor Mean (SD)
Gender n (%)
Male

Female

Risk factors n (%)
Alcohol alone

Smoking alone
Alcohol + smoking

No abuse

Primary tumor before PDT n (%)
Unknown primary

Oral cavity

Oropharynx

Hypopharynx

Larynx

Oral cavity and oropharynx

Hypopharynx and larynx

Second primary tumor before PDT n (%)
Oral cavity

Oropharynx

PDT tumor origin n (%)
New primary

First rec of first primary
Second rec of first prim

PDT tumor = first primary

First rec of second primary

Sum of treatments before PDT n (%)
No treatment before PDT

Ablative surgery

Primary RT alone

Primary RCT alone

Ablative surgery + RT

Primary RCT + salvage surgery

Rec, recurrence; RT, radiotherapy; RCT, radiochemotherapy.

61.00(8,436)

16 (61.5)
10(385)

3(115)
1(38)
21(80.8)
13.8)

2(.7)
6(23.1)
9(34.6)
13.8)
4(15.4)
200.7)
200.7)

3(11.5)
3(11.5)

12 (46.2)
7(269)
4(15.4)
1(38)
2(1.7)

138
201.7)
6(23.1)
201.7)
14(63.8)
13.8)
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Free flap No. of Type of glossectomy
procedures  procedures/%

b va Vb
Forearm 64/79 59 5 =
ALT 9/11.1 4 - 4
VRAM 5/6.2 1 - 1
DCIA 3/3.7 1 2 -
Total 81 85 7 5
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Complications Forearm  ALT  VRAM  DCIA Al series%

Flap failure - - - - 0(0.0)
Near flap failure* 3 - - - 3@.7)
Cenvical bleeding 18 - - = 13(16)
without flap

sufferance

Head and neck 1 1 - 1 3@.7)
suture

dehiscence™

Salivary fistula® 1 - 1 225)
Total 18 1 1 1 21 (25.9)

*In 3 cases, the compression on the pedicle was associated with cervical hematoma; in
2 cases, bleeding originated from the pedicle; and in 1 case, the flap congestion was due
to thrombosis of the venous pedicle.

'These complications were managed by a conservative approach.
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Total
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2010
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2010
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17 @)
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1
142
6(1)
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Age

Al patients

Male

Female

Naive patients

Male

Female

Al patients

Naive

Al patients

Naive

Al patient

Naive

Mean age 57.8 years
Range 27-81 years

Younger: <65 years

Young old: 65-74 years

Older and oldest old: =75 years
Mean age 56.7 years

Range 27-79 years.

Mean age 61.3 years

Range 42-81 years.

Mean age 57.9 years

Range 27-81 years.

Younger: <65 years

Young old: 65-74 years

Older and oldest old: =75 years
Mean age 57.1 years

Range 27-79 years

Mean age 61.1 years

Range 42-81 years

Oral cavity procedures

Type lllb glossectomy
+ Marginal mandibulotomy

+ Segmental mandibulectomy
Type IVa glossectomy

+ Segmental mandibulectomy
Type IVb glossectomy

Type V glossectomy

Al procedures

Type lllb glossectomy

+ Marginal mandibulotomy

+ Segmental mandibulectomy
Type IVa glossectomy

+ Segmental mandibulectomy
Type IVb glossectomy

Type V glossectomy

Al procedures
Microvascular procedures

Forear flee flap
ALT free flap

VRAM free flap
DCIA free flap

Al procedures
Forearm free flap
ALT free flap

VRAM free flap
DCIA free flap

All procedures
Histology features

G1

a2

@3

p16

Perineural invasion

Lymphovascular invasion

Perineural and lymphovascular invasion
Absence of perineurallymphovascular invasion

a1
G2
G3
p16
Perineural invasion

Lymphovascular invasion

Perineural and lymphovascular invasion
Absence of perineurallymphovascular invasion

No. of cases/
Frequency%

80

58/72.5
16/20
6/75

59/73.8

21/26.2

7

52/73.3
14/19.7
57
52/73.2

19/26.8

No. of procedures/
Frequency%
65/803
449
1712
786
325
5/62
4/4.9
81
61/84.7
456
1/1.4
6/83
3/4.2
342
2/28
72t
No. of cases/
Frequency%
64/79
9111
5/62
387
81
61/84.7
707
3/42
114
72
No. of cases/
Frequency%
28/34.6
41/506
12148
225
9/11.1
11/136
15/18.5
46/56.8
26/36.1
35/48.6
11/15.3
228
20/278
21/202
11153
42/58.3

*One patient underwent two CTS procedures for two different metachronous lesions.
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No. (%) High-grade Squamous cell Difference

salivary  carcinoma )
gland (V=68)
cancer
(N =30)
Age (mean, range, years) 583  59.8(340-820) 059
(28.0-82.0)
Gender (Male: Female) 921 47:21 <0.001
00)  (69.1:30.9)
Pathology
Squamous cell carcinoma 68(1000)  <0.001
Mucoepidermoid carcinoma 4(183)
Adenocarcinoma, NOS 183)
Salivary duct carcinoma 133)
Adenoid cystic carcinoma 24 (80.0)
Tumor subsite 0555
Hard palate/ Retromolar trigone 15 (50.0) 41(60.8)
Tongue/ Floor of the mouth 11(36.7) 17 (25.0)
Buccal/ Lip 4(13.8) 10(14.7)
TNM status.
T T2 16 (53.3) 47 (69.1) 0.171
T3-4 14 (46.7) 21(30.9)
N NO 21(70.0) 37 (54.4) 0.330
N1-3 9(30.0) 30(44.1)
Nx 0 1(1.5)
M M1 at presentation 4(13.3) 0000 0.008
TNM stage 0.004
l 133) 21(30.9)
1 9(30.0) 8(118)
[ 2(67) 7(103)
Y 18 (60.0) 31(45.6)
Unknown 0 1(1.9)
Extranodal extension 3(12.5) 16 (27.1) 0.248
Treatments <0.001
Surgery alone 5(16.7) 29 (42.6)
Surgery + radiation 19(63.3) 15 (22.1)
Surgery + chemoradiation o 15 (22.1)
Chemoradiation 3(10.0) 688
Radiation alone 2(67) 344
No treatments 133) 0
Status of resection margin N=24 N=59 <0.001
in cases with surgery
Safety margin = 5 mm 2(83) 20(33.9)
Close margin < Smm 11(45.8) 37 (62.7)
Positive cancer cells at resection 11 (45.8) 2(3.4)
margin

Treatment outcomes (No. %) and event time points (median, finterquartile range],
months)

No evidence of disease at the 10(13.5) 34(50.0) 0.186
last follow-up
Local recurrence® 1(33) 14(206) 0.033
(83.6) (6.43.5-11.6)
Regional recurrence® 2(6.7) 14(206) 0.187
@31 (73[B4-117)
[42.1-44.2))
Distant metastasis® 10(33.3) 4(5.9) 0.001
@43 (1.5[1.1-8.8)
[27.9-59.8)
Death of disease 5(16.7) 24/(35.3) 0.092
(187 174
[10.7-43.4)  [10.5-30.0))
Unknown 2(6.7) 2(29) 0.584
Follow-ups (median, range, 583  24.4(0.7-1769)
months) 0.9-109.9)

Adenocarcinoma, NOS: Adenocarcinoma, not otherwise specified.,
bNumber overlapped.
Bold P-values indicate P<0.05.
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No. (%) High-grade  Squamous cell Difference

salivarygland  carcinoma ®
cancer (N=39)
(N=22)
Close resection margin N=11 N=37
No adjuvant radiation 1@1¢ 17 (45.9P <0.001
Adjuvant radiation 10(909) 9(24.3°
Adjuvant chemoradiation 0 11 (29.7)

Treatment outcomes (No. %) and event time points (median, interquartie range],
months)

Local control 11(100.0) 26/(70.3) 0.048
Local recurrence® 0 8(21.6) 0.470
©.1[29-16.1)
Unknown at primary site 0 3@.1) 0.999
Regional recurrence® 10.1) 8(21.6) 0.662
1) (7.4[35-13.7)
Distant metastasis? 7(63.6) 38.1) <0.001
(@11 [17.2-44.3)  (15[1.1-8.8)
Positive cancer cells at N=11 N=2
resection margin
No adjuvant radiation 3738 1(50.0 0.999
Adjuvant radiation 8(72.7) 1(50.01°
Adjuvant chemoradiation 0 0

Treatment outcomes (No. %) and event time points (median, [interquartie range],
months)

Local control 8(72.7) 0(00) 0.128
Local recurrence® 10.1) 2(100.0) 0.038
83 45[45-8.8)
Unknown at primary site 2(182) 0
Regional recurrence® 0 2(100.0) 0.333
(6.0(6.0-8.0)
Distant metastasis® 3(27.3) [

Follow-up (median, range, ~ 44.5 (0.9-110.6) 259 (0.7-146.8)
months)

#Cases with small tumor burden or reluctent to undergo adjuvant treatment.
bCases with small tumor burden without pathology risk factors, reluctant to undergo
radiation treatment, or occurrence of systemic metastasis.

Poor patient performance status for concurrent chemo-radiation.

INumber overlapped.

Bold P-values indicate P<0.05.
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6(08)

25(36.8)
36(52.9)
0(0.0)

3(4.4)

3(4.4)

1(15)
N=61
11(180)

33(54.1)
13(21.9)

466)

Squamous cell

carcinoma

(N =68)

598
(34.0-82.0)
4721
(69.1:30.9)

41(60.9)
17 (25.0)

10 (14.7)

47 (69.1)
21(30.9)
37 (64.4)
30 (44.1)
1(15)
0(0.0)

21(309)
8(11.8)
7(10.3)

31(45.6)

1(15)

16 (27.1)

29 (42.6)
15 (22.1)
15 (22.1)

688
3(4.4)

0(0.0)

N=59
20 (339)

37 (62.7)
2(3.4)

0(0.0)

Difference

)

0.003

0.001

>0.999

>0.999

0.002

0.119
0.271

0.018
<0.001

0.001

Treatment outcomes (No. %) and event time points (mediian, [interquartile range],

months)
No evidence of
disease at the last
follow up.
Local recurrence®

Regional recurrence®

Distant metastasis®
Disease progression®
Death of disease

Unknown

Follow-ups (median, range,
months)

#Poor medical condition.
®Number overlapped.

42(61.8)

5(7.4)

(16.0(18.4-52.3)

459

(43.1(38.5-49.9)

19 (27.9)

(41.1 (10.8-68.5))

0

9(13.2)

0

49.9(0.9-245.8)

*Disease progression on non-surgical treatment.

Bold P-values indicate P<0.05.

34 (50.0)

14(20.6)

(6.4(35-1186)

14(20.6)

73 [8.1-11.7)

459

(1.5(1.1-8.8)

469

8.7 [82-4.7)

24(35.3)

(46.0 (38.1-89.9)) (17.4 [10.5-30.0))

229

24.40.7-176.9)

0.227

0.046

0.021

0.001

0.119

0.005

0.496
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No. (%)

Close resection margin (<5 mm
in surgical safety margin)
No adjuvant radiation
Adjuvant radiation
Adjuvant chemoradiation

Salivary
gland
cancer
(N =46)

N=33

1138339
22 (66.7)
o

Squamous
cell
carcinoma

N=39)
N=37

17 (45.9°
9(24.3°
11(29.7)

Difference

®)

<0.001

Treatment outcomes (No. %) and event time points (mediian, interquartiee range],

months)
Local control 83(100.0)  26(70.3) 0.001
Local recurrence 0 8(21.6)
©1
[R9-16.1)
Unknown at primary site 0 3@.1)
Regional recurrence? 1(3.0) 8(21.6) 0.03
@1.1) 74
[8.5-13.7))
Distant metastasis® 10(30.3) 3@.1) 0,029
@23 a7
[134-44.7)  [1.5-15.8)
Positive cancer cells at N=13 N=2
resection margin
No adjuvant radiation 3@3.1°  1(50.0P 0.476
Adjuvant radiation 10(769)  1(50.0°
Adjuvant chemoradiation 0 0

Treatment outcomes (No. %) and event time points (mediian, [interquartiee range],

months)
Local control 10(76.9) o 0.038
Local recurrence 1@.7) 2(100.0)
(83.7) (206
[12.7-18.6)
Unknown at primary site 2(15.4) 0
Regional recurrence? 10.7) 2(100.0) 0.020
(108) 206
[12.7-18.6)
Distant metastasis® 5(38.5) [ 0.524
(595
[108-83.7)
Follow-ups (median, range, months) ~ 45.8 260
(0.9-152.9)  (0.7-146.8)

#Cases with low-grade salivary gland cancer and small tumor burden.
bCases with small tumor burden without pathologic risk factors, reluctant to undergo
radiation treatment, or occurrence of systemic metastasis.

©Poor patient performance status for concurrent chemo-radiation.

INumber overlapped.

®Loss of follow-up loss in 1 patient and ciinical follow-up only due to systemic disease in
1 patient.

Bold P-values indicate P<0.05.
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No. (%) Salivary gland cancer (N = 68)

Pathology and tumor grade

Mucoepidermoid carcinoma 2739.7)

High/ Intermediate/ Low 4/1/22 (14.8/ 3.7/ 81.5)
Adenoid cystic carcinoma® 24(35.3)

Grade 3/ Grade 2/ Grade 1 9/16/5 (12.5/66.7/20.8)
Adenocarcinoma, NOS 11(16.2)

High Intermediate/ Low 1/0/10(9.1/ 0/ 90.9)
Acinic cell carcinoma (low grade) 2.9
Salivary duct carcinoma (igh grade) 1(1.5)
Clear cell carcinoma (low grade) 1(1.5)
Myoepithelial carcinoma (ow grade) 229

Adenocarcinoma, NOS: Adenocarcinoma, not othenwise specified.
“Grade 1: predominantly tubular type, no solid component), grade 2: predominantly

cribriform type, solid component equalto or less than 30%, and grade 3: solid component
more than 30%.
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Before propensity score matching After a propensity score-matching

Standardized mean difference in matching variables

Subsite 1.543 <0001
T status 0.025 0029
Matching variables (No. %)
SGC (N = 68) SCC (N = 750) P-value SGC (N = 68) SCC (V =68) P-value
Subsite <0001 >0.999
Hard palate/ Retromolar trigone 41(60.3) 70(9.3) 41(603) 41(60.3)
Tongue/ Floor of the mouth 17 (25.0) 580 (77.9) 17 (25.0) 17 (25.0)
Buccal/ Lip 10 (14.7) 100 (13.3) 10(14.7) 10(14.7)
T status 0072 >0.999
T2 47 69.1) 557 (74.3) 47 (69.1) 47 (69.1)
T34 2130.9) 163 (21.7) 21(309) 21(30.9)

T* 30(4.0)
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Age (Mean + SD)
Sex (W/F)
Type of tumor:

Buccal SCC
Lingual SCC
Other HEN tumors.

Intervention group.

55082984
172

Comparison group

5557 £ 1158
17/13
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Stage |

Stage Il

Stage

Stage VA

Stage VB

Stage NG

Tumor size and invasion: 2 om or less in diameter, no invasion in adjacent tissues;
Lymph node involvement: no;

Distant organ involvement: no.

Tumor size and invasion: larger than 2 cm in diameter but <4 cm in diameter, or has invaded an adjacent tissues;
Lymph node involvement: no;

Distant organ involvement: no.

Tumor size and invasion: larger than 4 cm in diameter, or

Lymph node involvement: no;

Distant organ involvement: no.

Tumor size and invasion: any size and invasion;

Lymph node involvement: yes, 3-6 cm;

Distant organ involvement: no.

Tumor size and invasion: the space in front of the cervical spine tumor invasion,called the mediastinum between carotid artery or both lungs
structures, such as the trachea and esophagus;or

Lymph node involvement: yes, larger than 6 cm;
Distant organ involvernent: no.
No matter the size of the primary tumor and lymph node involvement, distant organ involvement (distant metastasis)
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Analysis item P ? Effect model HR 95%Cl

Remove the highest proportion of literature 0.44 0% Fixed-effect model 0.82 0.77-0.87
Remove the lowest proportion of literature 0.01 72% Random-effect model 0.85 0.77-0.94
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Study population selection Result measurement

Study Exposure  Controlgroup  Methods for  Whether there Comparability Sufficiency of Lengthof  Adequacyof NOS
group selection determining  are outcome  between result  follow-up time follow-up  score
representativeness method exposure indicatorstobe  groups evaluation
factors  observed at the
beginning of the
study
P, L. Friedland et al. 1 1 1 1 1 0 1 0 6
Y. H. Wang et al. 1 1 1 1 1 0 1 1 7
W, C. Tsai et al. 1 1 1 1 1 0 1 0 6
C.T.Liaoetal. 1 1 0 1 1 0 1 0 5
J.C. Liuetal. 1 1 1 1 1 o 1 0 6
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Datasot Mean of lesion Standard deviation of
pixels in % lesion pixels in %

O cavity 2284 1168
Oropharymx 3804 1854
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Total

Oropharynx

Total

No. patients

No. p:

No. frames per patient
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Parameters HR (95% CI) P-value
Gender 1.044 (0.680~1.604) 0.844
Age 1.290 (0.819~2.034) 0.272
Race 1.148 (0.774~1.702) 0.492
Pathological grade

Ilvs. | 1.308 (0.704~2.433) 0.396
llvs. | 1.757 (0.913~3.381) 0.091
Node stage

N1 vs. NO 1.050 (0.579~1.094) 0.873
N2 vs. NO 1.733 (0.864~3.476) 0.122
N3 vs. NO 0.000 (0.000) 0.983
Tumor size

T2vs. T1 2.354 (0.271~20.407) 0.437
T3vs. T1 4.402 (0.520~31.441) 0.182
T4 vs. T1 3.262 (0.416~25.564) 0.260
Stage

Stage 2 vs. Stage 1 0.735 (0.062~8.784) 0.808
Stage 3 vs. Stage 1 0.554 (0.051~6.011) 0.627
Stage 4 vs. Stage 1 0.439 (0.040~4.882) 0.503
SHMT2 expression 1.845 (1.203~2.828) 0.005*

Cox proportional hazards regression model; HR, hazard ratio; 95% Cl, 95%
confidence interval;, *P < 0.05. OCSS, oral squamous cell carcinoma;, SHMT2,
serine hydroxymethyltransferase; TCGA, The Cancer Genome Atlas.
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Parameters

Gender

Age

Race
Pathological grade
Ilvs. |

llvs. |

Node stage

N1 vs. NO

N2 vs. NO

N3 vs. NO

Tumor size

T2vs. T1

T3vs. T1

T4 vs. T1

Stage

Stage 2 vs. Stage 1
Stage 3 vs. Stage 1
Stage 4 vs. Stage 1
SHMT2 expression

HR (95% ClI)

0.958 (0.622~1.478)
1.193 (0.751~1.895)
1.099 (0.739~1.635)

1.309 (0.699~2.450)
1.611 (0.831~3.123)

1.016 (0.559~1.849)
1.484 (0.739~2.980)
0.000 (0.000)

2538 (0.289~22.254)
5.024 (0.636~39.678)
3.169 (0.404~24.829)

0.796 (0.066~9.604)

0.515 (0.047~5.656)
0.558 (0.050~6.212)
2.306 (1.502~3.542)

P-value

0.848
0.455
0.642

0.400
0.158

0.958
0.267
0.983

0.401
0.126
0.272

0.858
0.587
0.635
0.000*

Cox proportional hazards regression model; HR, hazard ratio; 95% Cl, 95%
confidence interval; *P < 0.05. OSCC, oral squamous cell carcinoma;, SHMT2,

serine hydroxymethyltransferase; TCGA, The Cancer Genome Atlas.
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Parameters

Gender

Age

Smoking

Drinking
Pathological grade
I+ 1vs. I

Node stage

N1 vs. NO

N2 vs. NO

Tumor size

T2vs. T1

T3vs. T1

T4 vs. T1

SHMT2 expression

HR (95% ClI)

0.996 (0.380~2.609)
1.640 (0.783~3.435)
0.999 (0.416~2.398)
0.587 (0.243~1.422)

1.275 (0.514~3.164)

0.914 (0.368~2.272)
2.490 (0.952~6.513)

1.202 (0.393~3.676)
1.675 (0.496~5.650)
2.101 (0.473~9.329)
2.474 (1.214~5.044)

P-value

0.993
0.190
0.998
0.238

0.600

0.846
0.063

0.747
0.406
0.329
0.013*

Cox proportional hazards regression model; HR, hazard ratio; 95% Cl, 95%
confidence interval;, *P < 0.05. OCSS, oral squamous cell carcinoma;, SHMT2,

serine hydroxymethyltransferase.
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Variable

Age (<60 5. 260)
Sox (Femalo vs. Malo)
Pertomance ECOG PSO-1 15, PS2)

T lasifcaton (T1-2 vs. T3-4)

N classiicaion (NO-1 v. N2-3)

AICC stago (H1 vs. I1-N)

ENE (No s Yes)

V1 (No . Yee)

PNI(Novs. Yes)

RM (Negathve vs. Close/Posive)
Treaiment modsity (RT sone s. CCRT)
RT modalty G0 CRT vs. IMRT)

o fouparts of 1 pareniosos wero ot s tho loonco g

HR

0930
0938
1385
1918
2056
3310
1873
1375
1683
1286
0963
0904

Univariate
o5t cl

06301373
0e21-1416
06062747
1.267-2.867
1,385,159
1247-8.180
12702762
08852187
11382489
0827-1849
ogs2-1.421
05441603

Palue

o715
o761
o352
0001
0001
000
oo
0158
000
0301
o088
0804

HR

1881
1659
1387
1314

1872

Mltivariate
oswcl

1224-2891
0925-2.975
0.495-3891
0791-2.183

10852042

Pvale

0004
080
0534
o022

0026

R hazard o O, confdonco il COG, Eastom Cooporativo Onoology Group; AICC, Amercan Jot Commito on Cancer: EXE, axtranodl otonsion: LV, ymphoascul
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Variable Univariate: Muttivariate

HR sl Palue HR oswcl Pvale
Age (<60 5. 260) 1081 06731579 o088
Sox (Femalo vs. Malo) 0974 0622-1.525 0908
Periomance ECOG PSO-1 45, PS2) o857 03172117 0739
T lasifcaton (T1-2 vs. T3-4) 1800 11632786 0008 1660 10432642 0033
N classifcation (NO-1 . N2-3) 1972 12303163 0005 1348 06942615 0378
AICC stago (H1 vs. 11-1) 432 1.381-13.840 o012 2207 0620-7.852 0221
ENE (No s Yes) 2085 13483164 0001 1525 0848-2.740 0159
V1 (No . Yee) 1511 0912-2.425 o087 124 0757-2012 0399
PNI(Novs. Yes) 1868 12172867 000 1505 10202495 o0a
RM (Negative vs. Close/Posive) 1.481 09152322 o087 1445 0916-2277 o113
Treament modity R lone vs. CCRT) 0953 066152 0974
RT modalty G0 CRT vs. IMRT) [ 0.494-1.500 o627

o foaparts of 1 pareniosos wero ot s tho loonco grop.
HR hzard 3t C,confdonco ntrv’; ECOG, Eastem Cooparative Oncology Group; AICC, Amercan Jont Comimts on Carcer; EE, extanod etensio; LU, hmphoasout
rvasion: PN, pornceal asion; RM, esacton margh: R, rackothecapy; CAT, concutont charmoracitherapy; S0-CAT, tro-dmansinal conformal radtion (hrapy; AT,
ianaliy aeackbited sacibiibn s
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Variablos Univariate Cox model

P-value  P-value OR(95% Cl)

Age,years(<60 vs 260 0501
Sex(male vs female) 0220
Smoker (Y vs N) 0681
Drinker (¥ vs N) 0580
Betel nut chewinglY vs N) <0001 0180  20460.718-5831)
FNT(Low vs High) 0001 0018  1806(1.106-2.940)
Tumor stage(T1+T2vs T3+T4) 0016 0953  1.0360.327-3.276)
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Extranodal extension(Y vs N) 0268
Perinoural invasion(Y vs N) 0521
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Patients’ groups. 5-years DSS% SE P 5-years 0S% SE P

Stage ll-IV LVI absent 0.0008 LVI absent 0.0008
CHRT/RT CHRT/RT
No 9.8 55 8238 7.6
Yes 70 182 70 18.2
LVI present LVI present
CHRT/RT CHRT/RT
No 476 17.4 429 17.4
Yes 655 173 656 17.3
Patients’ groups 5-years ORFS% SE P 5-years LRFS% SE p 5-years DMRFS% SE p
Stage -V LVI absent 00001 LVl absent 00001  LViabsent 0.0001
CHRT/RT CHRT/RT CHRT/RT
No 86.8 83 868 83 972 27
Yes 40 203 40 203 100 0
LVI present LVI present LVI present
CHRT/RT CHRT/RT CHRT/RT
No 238 19.3 268 214 238 193
Yes 56.1 17.2 80 17.9 704 14.7

DSS, Disease-specific Survival; OS, Overall Survival; LRFS, Local Relapse-free Survival: ORFS, Overall Relapse-free Survival; DMFS, Distant Metastasis-free Survival; LV}, Lymphovascular
Invasion; CHRT/RT, Chemoradiotherapy/Radiotherapy.





OPS/images/fonc.2021.616653/table7.jpg
Variable Contrast HR Low95

Age >40v5 <40 176

T-Nwactsiats  Involed vs notinvohed 197
by disease”

N Vil ed) N+vs NO 285
NXvs N0 331

NLRA 28v5 <3 151

Adjavant yesvs 00 069

radiochemotherapy

103
1.20

166
185
104
044

Up9s

301
300

491
706
217
106

P-
value

002
0004

<0001
0001
002
009

"0t ol by 0050 (T=N tract not removed fo nita stage  removed but 196 from

disease): ANLA, Neutrophd 1o Lymohocyle ratio.





OPS/images/fonc-10-00984/fonc-10-00984-t010.jpg
Variables 5-years DSS% SE p 5-years 0S% SE p

pN+ LVl absent 0.0008 LVI absent 0.0002
CHRT/RT CHRT/RT
No 617 18 617 18
Yes 100 0 100
LVI present LVI present
CHRT/RT CHRT/RT
No 0 0 0 0
Yes 60 197 60 197
Variables 5-years ORFS% SE P 5-years LRFS% SE p 5-years DMRFS% SE P
pN+  LViabsent 00009 LVl absent 00035  LVIabsent <0.0001
CHRT/RT CHRT/RT CHRT/RT
No 617 18 61.7 18 8.7 132
Yes 100 0 100 0 100 0
LVI present LVI present LVI present
CHRT/RT CHRT/RT CHRT/RT
No 0 0 0 0 o 0
Yes 50 188 7% 217 66.7 16.1

DSS, Disease-specific Suvival; LRFS, Local Relepse-free Sunvival: ORFS, Overall Relepse-free Survival; DMRFS, Distant Metastesis-free Survival; OS, Overall Survival; LV,
Lymphovascular Invasion; CHRT/RT, Chemoradiotherapy/Radiotherapy.
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Patient  Previous Surgery
therapies

1 - Type llbb glossectomy,

SND, forearm free flap

2 - Type llib glossectomy,

SND, forearm free flap

3 - Type lllb glossectomy,
MRND, forearm free
flap

4 . Type llbb glossectomy,
FND + SND, forearm
free flap

5 - Type llbb glossectomy,
FND, forearm free flap

6 Surgery + RT  Type IVb glossectomy,
SND, VRAM free flap

7 Surgery + R Type lllb glossectomy,
marginal
mandibulectomy, DCIA
free flap

8 - Type IVa glossectomy,
FND + FND, forearm
free flap

9 - Type lllb glossectomy,
SND, forearm free flap

10 CHTRT Type V glossectomy,
SND + SND, VRAM
free flap

11 Surgery + RT  Type lllb glossectomy,
SND, forearm free flap

12 - Type V glossectomy,
SND + SND, VRAM
free flap

13 - Type libb glossectomy,
FND, forearm free flap

14 - Type lllb glossectomy,

SND, forearm free flap

15 - Type lllb glossectomy,
FND, forearm free flap

16 - Type llb glossectomy,
FND, forearm free flap

17 - Type Va glossectomy,
FND + FND, forearm
free flap

18 - Type llib glossectomy,
FND, forearm free flap

19 - Type lllb glossectomy,
SND, forearm free flap

20 - Type lib glossectomy,
FND, forearm free flap

21 - Type lllb glossectomy,
SND + SND, forearm
free flap

22 - Type lllb glossectomy,
FND, forearm free flap

23 - Type lllb glossectomy,

SND, forearm free flap

2 - Type llb glossectomy,
SND + SND, forearm
free flap

25 = Type IVa glossectomy,
FND + SND, forearm
free flap

2 - Type lib glossectomy,
FND, forearm free flap

27 - Type llb glossectomy,
FND, forearm free flap

28 CHT(TPA +  Total glossectomy, FND

CHTRT + FND, ALT free flap
(Erbitux)

29 = Total glossectomy, FND
-+ FND, ALT free flap

30 Surgery Type lib glossectomy,
SND, forearm free flap

31 - Type IVb glossectomy,
FND + SND, ALT free
flap

32 - Type Va glossectomy,
SND + SND, forearm
free flap
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Patients’ groups 5-years SE 5-years SE 5-years SE 5-years SE 5-years

DSS% 08% ORFS% LRFS% DMFS%
Al patients (1 = 80) 732 62 66.8 66 626 73 67.4 7.4 86
pTt AJCC 2010 100 0 69.7 15.7 87.1 86 87.1 86 94.1
AJCC 2017 100 o 833 16.2 100 0 100 o 100
pT2 AJCC 2010 784 74 745 7.6 653 97 742 95 84.2
AJCC 2017 8.7 63 787 9 8.1 8 831 8 96.4
pT3 AJCC 2010 333 272 333 272 333 27.2 333 272 667
AJCC 2017 7 12.4 685 1.9 483 134 582 148 743
pTda AJCC 2010 339 16.8 338 16.8 338 16.8 36.9 181 84.5
AJCC 2017 312 15.7 312 15.7 312 15.7 338 168 755
Naive patients (n = 71) 80.6 1 22 6.7 60.1 73 74 95 84.2
pTt AJCC 2010 100 o 778 15.2 85.1 97 85.1 97 933
AJCC 2017 100 0 40 207 100 0 100 o 100
pT2 AJCC 2010 818 68 776 7.4 67.9 97 774 9.3 836
AJCC 2017 %26 5.1 837 6.1 86.4 76 86.4 76 %
pT3 AJCC 2010 50 354 50 35.4 50 354 50 5.4 50
AJCC 2017 80.7 87 4 89 553 12.7 67.4 183 728
pT4 AJCC 2010 53 18.7 53 18.7 53 187 583 198 80.8
AJCC 2017 48.1 176 48.4 17.6 481 17.6 525 18.7 733
Patients previously 0 o o 0 o 0 o o -

treated by RT (1 = 9)

DSS, Disease-specific Survival: OS, Overall Survival; ORFS, Overall Relapse-free Survival: LRFS, Local Relapse-free Survival; DMFS, Distant Metastasis-free Survival.
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Absent

Present

w Al patients
Absent

Present

Naive patients
Absent

Present

PNI-LVI All patients
Absent

Both present

Naive patients
Absent

Both present

5-years
DSS%

SE

80.6
1
0
0

100

93.8
6.1
795
1.9
429
19

1.7

86.9
6.6
53

233

52.8

13.2

97.5
25
53

233

61.2

138

921
4.4
54

116

97.4
25

12

80.5
79
60.1
13.1
83.3
108

82.3
82
786
79
90.9
8.7

787
6.6
63.1
115

83.9
5.7
76.4
10.4

845
6.2
483
12.7

91
4.3
53.4
149

82.4
68
427
148

85.9
5.1
56.3
165

P

0.011

0.0002

0.0031

0.0001

<0.0001

<0.0001

<0.0001

0.6

0.8265

0.07

0.3313

0.001

0.0028

0.002

0.0081

5-years
0s%

SE

722
6.7

42
30.4
80.4
107
795
1.9
4.2
15

40
297
4.7

5.1
89.9

6.8
536
1.4

725
9.1
53

233

49.9

12.8

86

72

53
233
57.4
134

765
8.6
522
1.3

859
72
60.7
1.8

68.6
9.4
585
129
55.6
238

748
89
76.4
8
909
87

68
78
605
13

758
7
726
106

719
82

465
12.3

81.3%
69
508
14.4

69.3
86

399
14.1

781%
16.6
51.1
158

P

0.006

0.002

0.0135

0.0001

<0.0001

<0.0001

<0.0001

0.8

0.9927

0.08

0.2963

0.004

0.008

0.002

0.0036

5-years
ORFS%

SE

60.1
73
0
0

100

86.5
8.9
51.3
152
429
1.9

100

91.7
78
56

165

55.9

1.7

724
93
53

233

63.3

13.6

81.2
8.4
42.4
21
613
138

745
838
49

15

81.1
8.4
572
122

80.5
79
378
142
69.4
165

83
82
526
14
758
156

716
79
438
128

766
7.4
493
16

735
86
387
1.9

79.5%
78
415
138

761
88

321
14.4

74.7%
72
375
189

P

0.049

0.003

0.0383

0.0001

<0.0001

<0.0001

<0.0001

0.1

0.2765

0.006

0.0271

0.0008

0.0019

0.0013

0.0033

5-years
LRFS%

SE

74

95
0
0

100

86.5
89
55.6
159
50.7
131

100

91.7

61.6
16
66.1
12.2

72.4
93
53

233

63.3

13.6

81.2
8.4
53

233

74.9
13

745
88
61
12

81.1
8.4
72
12

805
79
44.1
16.1
76.4
1565

823
82
61.7
15.4
833
15.2

716
79
59

14.4

76.6
74
703
17

785%
86
519
13.7

79.5%
78
59

16.2

761
88
579
T

74.7%
72
875
1.7

P

0.01

0.02

0.1494

0.0001

<0.0001

<0.0004

<0.0001

03

0.5431

017

0.6917

0.04

0.1241

0.06

0.9396

5-years
DMFS%

SE

84.2
65

100

100

779
10
761
9.4

100

100

75
1.2
761
9.4

97.2
27
63.6
17.7
769
1.7

96.9
3.1
636
17.7
75
125

97.1
28
701
106
333
272

96.9

68
1
333
b7

96.3
36
752
85
90.1
8.7

96.8
41

735
89

90.8
8.7

915
41
723
1

90.9
44
67.2
12.7

98%
2
59.1
1.6

97.8%
22
522
12.7

97.5
25
58.7
16.2

92.9%
38
375
188

P

0.07

0.1109

0.0001

<0.0001

<0.0001

<0.0001

0.14

0.1543

0.53

0.0285

0.0001

<0.0001

0.0006

<0.0001

DSS, Disease-speciic Survival: LRFS, Local Relapse-free Survival; ORFS, Overall Relapse-free Survival; DMIFS, Distant Metastasis-free Survival; OS, Overall Survival; PNI, Perineural

Invasion; LVI, Lymphovascular Invasion; LNR, Lymph node ratio.
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Stage -1
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Variables
Stage I
Stage lI-V

PNI-LVI
Absent
Present

PNI-LVI
Absent
Present

wi
Absent
Present

wi
Absent
Present

5-years ORFS%

100
75

69.3
375

5-years ORFS%

929
100

704
328

SE

21.7

103
189

SE

1.7
14

0.004

0.0008

5-years LRFS%

PNI-LVI
100
75
PNI-LVI
62.3
87.5

5-years LRFS%

wi
92.9
100

wi
701
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SE

21.7

10.3
17

SE

17
181

0.1038

0.074

5-years DMFS%

PNI-LVI
100
100
PNI-LVI
86.2
375

5-years DMFS%

wi
100
100
wi
92
43.7

6.5
189

SE

39
13.7

ORFS, Overall Relapse-free Survival: LRFS, Local Relapse-free Survival: DMFS, Distant Metastasis-free Survival: PNI, Perineural Invasion; LVI, Lymphovascular Invasion.
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Variable Weekly TPF (%)  3-weekly TPF (%)  p-value

Age (mean  SD)

21-80 249 124 0.263
31-40 years 408 10 (24.4)
41-50 years 7(17.9) 10 (24.4)
51-60 years 28(68.3) 20 (48.8)
Gender
Male 33(80.5) 35(85.4) 0.345
Female 8(195) 6(14.6)
Comorbidities'
Nil 28(68.3) 30(73.2) 0872
DM (Grade 1) 8(195) 5(12.2)
HTN (Grade 1 and 2) 408 5(122)
IHD (Grade 1) 1(2.4) 1(2.4)
Subsite
Oropharynx 26 25 0601
Hypopharynx 15 15
Oral cavity 0 1
Performance status (ECOG)
1 40 a1 0314
2 1
HPV -p16
Oropharynx 5 4 0532
Hypopharynx 2 1
Symptoms
Dysphagia 0587
Grade 1 0 0
Grade 2 0 o
Grade 3 21 19
Grade 4 8 7
Pain
Grade 1 0 0
Grade 2 o 0
Grade 3 8 7
Hoarseness
Grade 1 0 0
Grade 2 0 1
Grade 3 4 7
Total 41(100) 41(100)

"Available online at: https://www.rtog.org/LinkClick. aspx?fieticket=0ClaTCMuRA%3D&
tabid=290 (accessed June 15, 2020).





