Abstract

Introduction: Explore the effect of resection of different parts of the maxilla on the prognosis of patients with nasal malignant tumors and promote its clinical selection of nasal endoscopic maxillectomy.

Methods: The clinical data of patients with maxillary sinus tumors who underwent endoscopic maxillary resection from January 2013 to May 2020 were analyzed retrospectively and the surgical methods, tumor margin, recurrence and complications are summarized.

Results: Among 30 patients (all available follow-up; mean: 17.8 months, range: 2–64 months; pT: T1–T4a), 17 (56.6%) underwent partial maxillary resection, nine (30.0%) total resection, two (6.7%) subtotal resection and two (6.7%) extended resection. There was no significant difference (Log Rank; P > 0.05) in the recurrence rate between endoscopic-assisted maxillectomy and trans-facial surgery.

Conclusions: According to the range of tumor lesions and the possible base, different parts of the maxillary sinus can be removed selectively assisted by endoscopy. With the application of endoscopic-assisted maxillectomy, the function can be preserved as far as possible without increasing complications or recurrence rate, and the surgical field of view will be exposed more clearly.
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Key Points: 

Nasal endoscope-assisted maxillectomy is widely used in clinic, especially in maxillary sinus tumors.

Conservative maxillectomy is more effective than radical maxillectomy in preserving the QOL of patients with advanced maxillary sinus cancer.

Compared with the traditional nasal incision approach, nasal endoscope-assisted maxillectomy has more advantages in terms of blood loss, surgical visual field, complications and postoperative quality of life.

Different maxillary resection methods should be adopted according to the specific conditions of nasal malignant tumors with different sources and invading areas.

Nasal endoscopic maxillectomy, especially partial maxillectomy, can remove different parts of the maxilla according to the extent of tumor invasion, so as to avoid excising too much normal tissue and affecting the quality of life of patients after operation.

Text:

Introduction
Three percent of all head and neck cancers are known to originate from the paranasal sinuses.1 Of these, 80% originate from the maxillary sinus, and histologically, 60–90% of these cases have been shown to be squamous cell carcinoma.1–3 Malignant tumors of the maxillary sinus are usually locally advanced and have invaded the surrounding structures, such as the orbits and ethmoid sinuses. Most of them are advanced at the time of diagnosis due to the scarcity of the early symptoms.4,5 It is challenging to eradicate such tumors. Surgical resection of the lesion is the most effective and direct treatment (except for tumors derived from hematopoietic and lymphoid tissue). However, the degree of surgical resection will exert an influence on the effect of tumor treatment.6 Ly et al. demonstrated a significant advantage for primary surgery in patients with cancers of the maxillary sinus evidenced by the long-term results, providing strong support for primary surgery as the main modality of treatment for these subsites. In other subsites, comparing concurrent chemotherapy and radiotherapy, surgery with adjuvant radiotherapy lead to exhibit similar efficacy for survival in patients with advanced resectable tumors.7
The selection of the treatment plan for a malignant tumor of the maxillary sinus should be considered comprehensively according to its pathological type, the extent of invasion, the clinical stage, and the patient's systemic condition. Treatment options include surgery, radiotherapy and chemotherapy, or a combination of these treatments. Treatment options are usually surgical excision or surgery together with radiotherapy (RT) and/or chemotherapy combination treatment.
Tumor resection is accomplished via maxillectomy, which can be customized according to the extension and pattern of the lesion’s growth as depicted by morphological imaging. The posterior extension is the most critical to be surgically addressed.8 Malignancy of the maxilla and its adjacent structures usually requires partial or total maxillectomy depending on the extent of the tumor, which is mostly accessed through a Weber-Ferguson incision with sublabial degloving incision, which is the gold standard approach in the surgical management of maxillary sinus tumors.9 The drawback of this approach is that it is challenging to achieve en bloc resection of the tumor. It also leads to a series of severe complications, such as peripheral nerve injury, facial scarring and anterior nostril stenosis.

With the continuous development of nasal endoscope technology, endoscopic-assisted maxillectomy has been widely used for malignant tumors of the maxillary. Compared with the traditional approach, nasal endoscopic technology can effectively reduce surgical complications and improve patients’ quality of life after surgery. An increasing number of head and neck surgeons and otolaryngologists use this method for tumor resection.

Although endoscopic nasal surgery has achieved some results, there is no doubt that how to remove the tumor altogether and obtain a negative margin has become the biggest challenge in the application of endoscopic nasal surgery to treat maxillary sinus tumors. It is of importance to master the indications of such surgery more strictly. For the treatment of inverted papilloma (IP), endoscopic medial maxillectomy was the preferred option for most clinicians, but Liu et al. found that endoscopic anterior and medial maxillectomy provides better exposure of operative cavities during follow-up.10 Besides, conservative maxillectomy is more effective than radical maxillectomy in preserving the quality of life (QOL) of patients with advanced maxillary sinus cancer.11 Therefore, we believe that the highly selective removal of maxillary bone from different areas can retain as much function as possible without increasing complications and recurrence rates.

Materials and Methods:
The institutional databases at the Department of Otorhinolaryngology-Head and Neck Surgery of our University were retrospectively analyzed. Patients undergoing endoscopic-assisted maxillectomy (EAM) for a maxillary, naso-ethmoidal, or hard palate/superior alveolar ridge/superior retromolar trigone cancer between January 2013 and May 2020 were included in the study. Study protocols were approved by our University Institutional Review Board.
Demographics and oncological data
Data on sex and age, site of origin, histology (defined and grouped in accordance with the 4th edition of the WHO Classification of Head and Neck Tumors)12, type of presentation (primary versus recurrent), previous treatment, margin status, and type of adjuvant treatment were retrieved. Patients were retrospectively staged according to the 8th TNM edition.13
Surgical technique
The surgical approach was classified as “transfacial” when a skin incision (i.e. lateral rhinotomy, Weber-Ferguson incision, Lynch incision, or variants) was performed, or “transnasal-transoral” when EAM was performed exclusively via an endoscopic transnasal and transoral/ transvestibular approach.

1）Preoperative evaluation

Computed tomography (CT) and magnetic resonance imaging (MRI) of the paranasal sinus and neck were performed to determine the primary site and identify the presence of neck metastasis, Plain chest X-ray, abdominal ultrasound, and whole-body bone scan (WBBS) were also taken to determine the presence of distant metastasis. MRI was only performed in cases where invasion to the cheek skin was suspected.

2）Surgical strategy
To provide a thorough description of surgical resection, the extent of maxillectomy was classified concerning the vertical, horizontal, and posterior extension.

According to the standard classification of maxillectomies14–16, partial maxillectomy includes resection of one or two walls of the maxilla, excluding the palate. Subtotal maxillectomy includes resection of the maxillary arch, palate, anterior and lateral walls (lower five walls), with preservation of the orbital floor. Total maxillectomy includes resection of all six walls of the maxilla. This type of defect is subdivided into type IIIa, where the orbital contents are preserved, and type IIIb, where the orbital contents are exenterated. Finally, extended maxillectomy includes resection of the orbital contents and the upper five maxillary walls, with preservation of the palate.
Follow up and recurrence

Follow-up included endoscopic examination and MRI (or contrast-enhanced CT) at 3-month intervals for the first year. Beyond this period, both outpatient and imaging evaluations were performed every six months until year five and subsequently once a year. Systemic staging with contrast-enhanced CT scans was performed yearly. Follow-up duration and patient status at the last evaluation were assessed. Recurrences were classified as local, regional, and/or distant.

Results
Partial maxillectomy
A patient diagnosed with adenoid cystic carcinoma (Stage:pT3N0M0), without distant metastasis, underwent partial maxillectomy as shown in figure 1. We performed nasal endoscopy through the left lower inferior turbinate and the outer wall of the nasal cavity from top to bottom with a plasma knife (extended anterior lacrimal recess pathway). The tumor was resected with a safe margin of 1.0 cm around the tumor. The anterior boundary was the junction of the nasal skin and mucosa, posterior to the posterior part of the inferior nasal canal, down to the nasal bottom mucosa, and up to the removal of part of the uncinate. Using the plasma knife, we excised part of the lower turbinate and retained the posterior end of the lower turbinate. Then tumor tissue was seen invading the opening of the nasolacrimal duct, so we separated the nasolacrimal duct and the dacryocyst upwards, but tumor tissue was observed growing in the lumen. Consequently, we removed the nasolacrimal duct and opened the dacryocyst window. The bone of the medial wall of the maxillary sinus was rough. The medial wall, the inferior wall the posterior wall of the maxillary sinus were removed using a grinding drill and chisel, and the mucosa in the maxillary sinus cavity was smooth.
Total maxillectomy
A patient diagnosed with squamous cell carcinoma (Stage:pT3N1M0) underwent total maxillectomy as shown in figure 2. We performed nasal endoscopy through the left lower inferior turbinate and the outer wall of the nasal cavity from top to bottom with an electric knife (extended anterior lacrimal recess pathway). After subperiosteal dissection, the anterior maxillary wall was separated forward and upward, and the incision was extended from the midline to the posterior maxillary margin. Then we extended the subcutaneous separation to the zygomatic bone. The nasal mucosa was incised from front to back using an electric knife and plasma on the septum side to ensure that the tumor margin was more than 1 cm. The adherent periosteum of the hard palate was cut backwards and longitudinally along the midline of the hard palate from the right central incisor to the junction of the hard and soft palate. Then the whole layer of the posterior margin of the hard palate was cut into the soft and hard palate junction on the right side, leading to the posterior margin of the third molars and then to the end of the incision of the lip gingival groove. We removed the incised mucoperiosteum to expose the bone, preserving part of the zygomatic bone and part of the lacrimal bone. Then, the median line of the right maxillary bone, the remaining anterior wall near the zygomatic bone, and the posterior superior sphenoid bone were cut with a drill and chisel. The right maxillary bone was completely removed, together with the tumor and the internal and external plates of the pterygoid.
This study included 35 patients, 30 of whom underwent EAM surgery and five underwent transfacial incisions. Demographics, clinicopathological data, surgical procedures, and adjuvant therapy of EAM patients are summarized in Table 1. Seventeen (56.6%) patients were treated by partial maxillectomy, two (6.7%) by subtotal maxillectomy, nine (30.0%) by total maxillectomy, and two (6.7%) by extended maxillectomy.

Among all EAM patients shown in Table 1, two patients (6.7%) received preoperative radiotherapy, one (3.3%) preoperative chemotherapy and one (3.3%) preoperative radiochemotherapy. Two of the four (50%) had recurrence. Among the remaining 26 patients who had not received preoperative chemoradiotherapy, seven (26.9%) had local recurrence. There were two cases (6.7%) of patients with positive surgical margins and both of them experienced recurrence. There were 28 cases (93.3%) of patients with negative surgical margins and seven (25.0%) of those patients experienced recurrence. In addition, there were six (25.0%) patients treated with postoperative radiotherapy alone, among whom there was one (16.7%) recurrence. There was one case (3.3%) treated with chemotherapy alone and that patient experienced recurrence (100%). There were 17 cases (56.7%) treated with combined chemoradiotherapy, of whom five suffered recurrence (29.4%). Six patients (28.6%) received no adjuvant therapy, and one (16.7%) experienced recurrence. All patients were followed up for an average of 16.3 months, ranging from 2 to 64 months. At the last follow-up examination, 22 patients (73.3%) remained alive.

As shown in Table 2, patients treated with EAM surgery have a lower risk of bleeding. Six (20.0%) patients received blood transfusions during the operation, while three (60.0%) received blood transfusions during the combined facial surgery. In terms of flap repair, two (6.7%) patients underwent EAM surgery and two (40.0%) patients underwent combined facial surgery, one of whom developed skin flap necrosis after surgery. Regarding recurrence, there were six (30.0%) patients who underwent EAM surgery and two (40.0%) patients who underwent combined facial surgery and there was no significant difference between the groups (Log Rank; P>0.05).

According to the size of intraoperative lesions, different methods of maxillary resection were used. Among the 17 patients treated by partial maxillectomy shown in Table 3, the medial wall (94.1%) and the anterior wall (64.7%) of the maxilla were more involved, while the posterior and superior walls were less involved. Among the nine patients undergoing total maxillectomy, the medial wall (100%), inferior wall (100%), lateral wall (88.9%) and posterior wall (77.8%) were more involved, while the superior wall was less involved (33.3%). Compared with all the walls involved in the extended resection, in patients with subtotal maxillectomy, the tumor had not invaded the inferior wall, but all invaded the superior wall, anterior wall and medial wall.

Discussion

Maxillary sinus tumors often lead to severe dysfunction and facial deformities in patients, which have adverse effects on patients’ physical and mental health. It is imperative to select a suitable minimally-invasive and highly-accurate surgical method for the timely treatment of maxillary tumor patients, which is conducive to the recovery of maxillofacial function and restoration of the appearance of maxillary tumor patients.

In our study, we found that using an endoscopic technique can effectively avoid nasal incision. Simultaneously the recurrence rate was not significantly increased compared with that of combined nasal incision. EAM surgery may be more conducive to hemostasis, and intraoperative blood transfusion was less likely. The recurrence rate of patients after preoperative chemoradiotherapy was lower than that of patients without combined chemoradiotherapy. Among all patients, the recurrence rate of cases with a positive margin was significantly higher than that of cases with a negative margin. In addition, postoperative adjuvant chemoradiotherapy was very important for patient prognosis. The recurrence rates of squamous cell carcinoma and adenoid-cystic carcinoma were lower than those of sinonasal undifferentiated carcinoma, mucosal melanoma, basal cell carcinoma and osteosarcoma.

Some experts believe that the root of IP is located in the medial wall of the maxilla. Endoscopic modified medial maxillary resection is often used,17,18 but some experts believe that removing the lateral maxillary wall could reduce the recurrence of the disease.19 Endoscopic modified medial maxillectomy preserving the nasolacrimal duct and the inferior turbinate provides good surgical and functional outcomes in selected IP cases.20 Conservative maxillectomy is more effective than radical maxillectomy in preserving the QOL of patients with advanced maxillary sinus cancer.11 Therefore, different maxillary bones should be chiseled out according to their invasion scope in patients with partial maxillary resection, avoiding the additional complications of excision of more normal structures without increasing the recurrence rate.

Although Deganello et al8 have described the surgical resection methods when the tumor invades the medial and lateral margin of the maxilla, there is still a lack of similar articles and data in clinical practice. In our study, two patients who underwent extended maxillectomy were treated with flap repair to reduce the adverse effects of maxillofacial trauma and improve their QOL. The bone lesions can be removed using grinding bricks and chisels, which further reduce the trauma. When the lesion is confined to the maxillary sinus and its surrounding mucosa, partial maxillectomy or total maxillectomy are preferred according to the pathological type and lesion size. However, the resection margin should be as negative as possible, otherwise, the probability of recurrence will be increased.

Compared with traditional maxillectomy with nasal incision, EAM surgery has apparent advantages, which can reduce hospitalization time and complications. 21 When the tumor lesion is large and there is no surgery opportunity, preoperative chemoradiotherapy can effectively reduce the maxillary sinus malignant tumor, thereby reducing the scope of surgery, the recurrence rate and the risk of bleeding. Postoperative chemoradiotherapy is very important to patients’ prognosis, and timely chemoradiotherapy should be performed to reduce the recurrence rate. 

Through the statistical analysis of maxillary resection patients, we discussed the selection strategy of maxillary sinus resection for the treatment of maxillary sinus malignant tumors and promoted its clinical application. However, because more of the patients included were graded T3–T4 with advanced tumors, the usefulness in the treatment of early stages was not noticeable. At the same time, the pathological types of included patients were limited, so the results could not be applied to all malignant tumors of the maxillary sinus. It has been suggested in the literature that differences in tumor invasion and range may lead to differences in recurrence and prognosis. Due to the limited number of patients undergoing the operation, the lack of sample size is also one of the limitations of the article. Therefore, we aim to assess more cases further and follow up patients with early-stage or no surgery to analyze the influence of different tumor invasion ranges on surgery or prognosis.

Conclusion

For patients with malignant tumors of the maxillary sinus, comprehensive treatment based on surgery can be chosen according to the pathological type and local lesion range. Partial, subtotal, total and extended resection of the maxillary sinus assisted by endoscopy can be selected as long as the skin is not involved. According to the range of tumor lesions and the possible base, different parts of the maxillary sinus can be removed selectively. Using endoscopic-assisted maxillectomy, function can be preserved as far as possible without increasing complications or recurrence rate, and the surgical field of view will be exposed more clearly, which is worthy of clinical exploration and application.
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Fig. 1. Surgical procedures for partial maxillectomy. (A) Tumor in the posterior left maxillary sinus. (B) Left nasal cavity after removal of medial and posterior wall of maxilla. (C) Magnetic resonance imaging (MRI) scan showed a mass in the left maxillary sinus. (D) Computed tomography (CT) scan showed a mass in the left maxillary sinus. (E) CT scan after tumor removal. (F) MRI scan after tumor removal.

Fig. 2. Surgical procedures for total maxillectomy. (A) Tumor in the left maxillary sinus. (B) Nasal cavity after removal of left maxilla. (C) A well-capsulated mass was successfully removed. (D) Positive view of patients after operation. (E) Computed tomography (CT) scan showed a mass in the left maxillary sinus. (F) magnetic resonance imaging (MRI) scan showed a mass in the left maxillary sinus. (G) CT scan after tumor removal. (H) MRI scan after tumor removal.

Table1. Demographics, oncological, and surgical technique information of EAM patients.
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