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Abstract
Objective: The aim of this study was to explore the feasibility and efficacy of functional preservation surgery combined with 
radiotherapy in the treatment of malignant tumors of maxillary sinus.
Materials and Methods: The authors retrospectively reviewed 6 cases of malignant tumors of maxillary sinus who had undergone 
functional preservation resection and were given radical radiotherapy 4 weeks after operation between January 2012 and May 
2021. One case underwent radical maxillary sinus surgery, 4 cases lateral rhinotomy, and 1 case partial maxillectomy. 
Results: The series included 6 male patients between 42 and 84 years old (average 58.7 years). Pathological types include squamous 
cell carcinomas (n=2; 1 case of well-differentiated squamous cell carcinomas), adenoid cystic carcinoma (n=2), small round cell 
malignant tumor with intrastriatal infiltration (n=1), and malignant transformation of inverted papilloma (n=1). Patients were 
clinically followed up for a median of 72 months (range 37-111 months), and all the 6 cases are alive with good quality of life.
Conclusions: In this single-center report from relatively small series of maxillary sinus malignant tumors, we demonstrate that 
functional preservative resection combined with radical radiotherapy is generally safe and effective for different types of maxillary 
sinus malignant lesions.
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Introduction
Malignant tumor of the paranasal sinus is relatively rare, 

accounting for less than 1% of the whole-body malignant tumor 
and about 3% of the head and neck malignant lesion, 80% of which 
occurs in the maxillary sinus [1-3]. However, due to the special 
anatomical site and few early symptoms, maxillary sinus tumor is 
not easy to be found and diagnosed. Thus, most of these tumors are 
advanced by the time they are diagnosed. Usually, extensive surgical 
resection is required to achieve maximum removal of the tumor. 
Maxillary sinus is adjacent to some critical organs and structures, 
therefore, extensive resection is still limited and challenging, 
and may result in various postoperative cosmetic and functional 
disabilities. The limited extent of surgery may have a significant 
impact on the treatment outcome. The majority of treatment failure 
in locally advanced maxillary sinus cancer was local recurrence 
[4,5]. In addition, the 5-year overall survival rate of surgical  

 
intervention alone is about 27% [6]. Functional preservation 
surgery can preserve more normal structures and function of 
maxilla. Combined with radiotherapy, multimodal approaches in the 
treatment of locally advanced maxillary sinus tumors can improve 
survival outcomes [4,7]. Currently, data regarding the functional 
preservation surgery combined with radiotherapy limited. The 
purpose of the present study is to explore the feasibility and efficacy 
of functional preservation surgery combined with radiotherapy in 
locally advanced malignant maxillary sinus tumors.

Materials and Methods
Ethical consideration

The present study was performed by reviewing the patients’ 
medical records and radiographic imaging data. The procedure and 
protocol were approved by the Ethics Committee of Shanghai East 
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Hospital. Written informed consents were provided by all of the 
patients.

Patients

According to the American Joint Committee on Cancer Staging 
System for maxillary sinus tumors, 6 patients with locally advanced 
maxillary sinus tumors were analyzed in this study between 
January 2012 and May 2021. All patients underwent a complete 
history and physical examination with clinical staging, complete 
blood cell count, liver function tests, renal function tests, chest 
X-ray, and computed tomography (CT) scan and/or magnetic 
resonance imaging (MRI).

Methods
All patients underwent a planned functional preservation 

resection. The surgical types were decided according to the range 
of the lesions. Surgical options consisted of radical maxillary 
sinusotomy (namely Caldwell-Luc operation), lateral rhinotomy, 
partial maxillectomy, and selective neck dissection. Postoperative 
radical radiotherapy was given 4 weeks after operation. In case 
1, CT scan showed that there was destruction and absorption of 
bone in the medial wall of maxillary sinus, and the tumor tissue 
was limited in the right maxillary sinus in MRI (Figure 1A). The 

patient underwent radical maxillary sinusotomy. In case 2-5, the 
tumor tissues of maxillary sinus protruded into the ipsilateral nasal 
cavitys. Figure 2A showed that the tumor tissue was full of the 
right nasal cavity and maxillary sinus with bone destruction and 
absorption of hard palate, and the tumor protruded into the mouth. 
The lesions were completely removed through lateral rhinotomy 
in these patients. Case 3 underwent selective neck dissection 
because of ipsilateral cervical lymph node metastasis. In case 6, CT 
scan showed bone destruction of alveolar process in the posterior 
inferior wall of the left maxillary sinus, and tumor tissue penetrated 
the maxillary sinus (Figure 3A). The patient underwent left partial 
maxillectomy. The defect of maxilla and hard palate after operation 
were shown in Figure 3C & 3D. One year after the operation, false 
tooth was made to repair the defect of upper alveolar bone and 
hard palate, correcting the mastication and pronunciation function. 
Postoperative radiotherapy to all patients was started within 4-5 
weeks of primary surgery at a dose of 60-70 Gy in 30-35 sittings at 
2 Gy/fraction, five days a week. In patient with cervical lymph node 
metastasis, the radiation field included the neck. The patients were 
followed closely by an otolaryngologist and radiation oncologist 
with physical examinations and CT scans or MRI every 3 to 6 
months.

Figure 1: Squamous cell carcinoma in right maxillary sinus from Case 1. (A) Magnetic resonance imaging scan before 
radical maxillary sinus surgery. (B) Magnetic resonance imaging scan after surgery. (C) Endoscopic examination of 
the right nasal cavity after surgery. (D) Three-dimensional computed tomography reconstruction of craniofacial bone 
(anterior view).
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Figure 2: Squamous cell carcinoma in right nasal cavity and maxillary sinus from Case 5. (A) Magnetic resonance imaging scan 
before lateral rhinotomy. Bone destruction and absorption of hard palate (Red arrow). (B) Magnetic resonance imaging scan 
after surgery. (C) Three-dimensional computed tomography reconstruction of craniofacial bone (anterior view). (D) Three-
dimensional computed tomography reconstruction of craniofacial bone (inferior view). Partial bone defect of hard palate (Red 
arrow). (E) Photograph of the upper palate. (F) Frontal face photograph.

Figure 3: Adenoid cystic carcinoma in left nasal cavity and maxillary sinus from Case 6. (A) Computed tomography scan before 
partial maxillectomy. Bone destruction and absorption of the posterior lateral wall of left maxillary sinus (Yellow arrow). (B) 
Computed tomography scan after surgery. (C) Three-dimensional computed tomography reconstruction of craniofacial bone 
(anterior view). (D) Photograph of the upper palate showing hard palate defect. (E) Photograph of the upper palate with 
maxillary prosthesis. (F) Frontal face photograph.
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RESULTS
Six patients with previously untreated locally advanced 

malignant maxillary sinus tumor were treated with the functional 
preservative resection combined with radical radiotherapy in 
this study (Table 1). The median age of the patients was 52 years 
(range 42 to 84 years). All patients were male and presented with 
advanced Stage III and IV. Pathological types include squamous cell 
carcinomas (n=2), adenoid cystic carcinoma (n=2), small round 
cell malignant tumor with intrastriatal infiltration (n=1), and 
malignant transformation of inverted papilloma (n=1). Patients 
were clinically followed up for a median of 72 months (range 37-
111 months). During the follow-up period, all patients had no 
tumor local recurrence or distant metastasis. No apparent facial 
deformities were observed. The patients had no impairment of 
chewing or pronunciation and were satisfied with the clinical 
effect and quality of life. Figure 1B & 1C showed the situation of 

right maxillary sinus and nasal cavity in Case 1 seven years after 
radical maxillary sinusotomy, and 3D reconstruction of maxilla 
showed no deformity (Figure 1D). The tumors in the maxillary 
sinus invaded the nasal cavity in Case 2-5, and the intraoperative 
and postoperative conditions after lateral rhinotomy were similar 
in these patients. Figure 2B & 2C showed the situation of right 
maxillary sinus 3 years after surgery in Case 5. Three-dimensional 
reconstruction of maxilla showed the hard palate defect caused by 
tumor (Figure 2D). The hard palate mucosa is intact (Figure 2E), 
and the facial morphology was normal (Figure 2F). Figure 3B & 3C 
showed the situation of left maxillary sinus 3 years after partial 
maxillectomy in Case 6. The left alveolar bone and the anterior wall 
of the maxillary sinus were missing (Figure 3D). After maxillary 
prosthesis, the patient had no obvious disturbance in eating and 
pronunciation (Figure 3E) and the quality of life was improved 
significantly. The patient’s appearance was normal (Figure 3F).

Table 1: Patient characteristics.

Case 1 2 3 4 5 6

Gender Male Male Male Male Male Male

Age(y) 51 53 79 42 84 43

Lesions range Right maxillary 
sinus

Right nasal cavity 
and maxillary sinus

Left nasal cavity 
and maxillary sinus 

(cheek)

Right nasal cavity 
and maxillary sinus

Right nasal cavity 
and maxillary sinus

Left nasal cavity 
and maxillary sinus

Pathologic type Squamous cell 
carcinoma

Malignant inverted 
papilloma

Small round cell 
malignancy

Adenoid cystic 
carcinoma

Squamous cell 
carcinoma

Adenoid cystic 
carcinoma

TNM T3N0M0 T3N0M0 T4N1M0 T3N0M0 T3N0M0 T3N0M0

Surgical option Radical maxil-
lary sinusotomy Lateral rhinotomy

Lateral rhinotomy  
Selective  neck 

dissection
Lateral rhinotomy Lateral rhinotomy Partial maxillec-

tomy

Radiotherapy dose 70Gy 70Gy 70Gy 70Gy 60Gy 70Gy

Follow-up(m) 111 90 81 58 37 53

Quality of life Satisfaction Satisfaction Satisfaction Satisfaction Satisfaction Satisfaction

Health condition Alive Alive Alive Alive Alive Alive

Discussion
The early stage of malignant maxillary sinus tumor can be 

asymptomatic, if present, they are nonspecific. It is difficult to 
distinguish with benign lesions and inflammation. The advanced 
malignant maxillary sinus tumors often invade the orbit, alveolar 
process, hard palate, facial skin, pterygopalatine fossa, skull base, 
and other areas. Extensive surgical resection is challenging for 
both the patients and the surgeons. Ideal goals for the treatment 
of malignant maxillary sinus tumors include preservation of 
mastication, vision, appearance, and oral communication as well 
as life [8]. Multimodality therapies have been recommended by 
many authors, including en bloc radical resection and perioperative 
irradiation [3]. The combined regimen enables the tumor to be 
removed as thoroughly as possible while retaining the function of the 
maxilla as much as possible. In recent years, due to the widespread 
application of CT scan, MRI, and other imaging methods, the early 
diagnosis rate of malignant maxillary sinus tumors has increased 
significantly. With the expansion of endoscopic sinus surgery and 
the promotion of precise radiotherapy, the prognosis of malignant 

tumors of maxillary sinus was improved obviously. Total endoscopic 
resection can achieve minimally invasive surgery, but the curative 
effect of endoscopic resection of malignant maxillary sinus tumors 
is usually lower than that of conventional extensive surgery. 
Therefore, we performed endoscopic assisted open pathway 
resection combined with radical radiotherapy in the treatment of 
patients with locally advanced malignant maxillary sinus tumors. 
The open surgery options we used included radical maxillary sinus 
surgery, lateral rhinotomy, and partial maxillectomy, allowing to 
remove large masses of tumor tissue under direct vision.

 Combined with the advantages of wide-angle, clear field of 
vision and image magnification of nasal endoscopy, tumor tissue can 
be removed to the maximum extent while retaining the function of 
the maxilla as much as possible. In our 6 patients, 1 case underwent 
radical maxillary sinus surgery, 4 cases lateral rhinotomy, and 1 
case partial maxillectomy. At the same time of resection of tumor 
tissue, the stent structure of maxilla was preserved. Thus, the 
facial shape and jaw function were preserved. With the advances 
in high precision radiotherapy techniques, the toxicities related to 
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the radiotherapy have decreased and the ability of target coverage 
has increased. It is reported that high-dose radiotherapy resulted in 
excellent local control rates irrespective of the extent of surgery [9]. 
A retrospective analysis showed that the overall survival and local 
control with modern radiotherapy techniques were comparable 
with older studies in patients with paranasal sinus cancer, but 
the incidence of complications has significantly declined [10]. 
In this study, all patients were given 70 Gy radical radiotherapy, 
except Case 5 (60 Gy), and had better survival outcomes. In this 
single-center report from relatively small series of maxillary sinus 
malignant tumors, we demonstrate that functional preservative 
resection combined with radical radiotherapy is generally safe and 
effective for different types of malignant maxillary sinus lesions. 
Further studies with more patients and longer follow-up may 
confirm these results.
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