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ABstRACt

Background. High rates of positive surgical margins are reported after a maxillectomy. A large 

part of tumours that are preoperatively considered ‘operable’ can thus not be resected with 

tumour-free margins. 

Methods. This was a retrospective study on medical files of 69 patients that underwent 

maxillectomy as primary treatment for a squamous cell carcinoma. 

Results. More than 1/3 (39%) of all resections performed is incomplete, with dorsal or 

dorsocranial-positive surgical margins in 2/3. Correlation of tumour extension on preoperative 

imaging to surgical margins status revealed that dorsal and cranial tumour extension were 

significant prognostic factors for tumour positive surgical margins (p=0.006 and p=0.031 

respectively). Positive margins were associated with a 2-fold increased risk on death, hazard ratio 

2.4, 95% Confidence Interval 1.2-4.9. 

Conclusions. Cranial or dorsal tumour extension on preoperative imaging was a significant risk 

factor for positive surgical margins after maxillectomy with significant negative influence on 

overall survival. 
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IntRODuCtIOn

Surgery followed by radiotherapy, radiotherapy alone or concurrent chemoradiation can all 

be applied for treatment of maxillary sinus cancer and oral cancer invading the maxilla.1 For 

maxillary sinus cancer, the combined modality of surgery and postoperative radiotherapy is 

currently considered most effective.2 Several studies have indicated a relatively poor outcome 

and prognosis after maxillectomy.3,4 Local recurrence is the most common cause of treatment 

failure and death.5,6 Local recurrence is significantly influenced by status of the surgical margins7-9 

and the risk of local recurrence ranges from 35 to 80%.2 The high rates of positive surgical 

margins, reported for excision of maxillary sinus cancer, range from 38% to 64%,9,10 and obviously 

achieving tumour-free margins remains difficult. 

Although the purpose of a maxillectomy for oral and maxillary sinus cancer is complete 

resection, a large part of tumours that are preoperatively considered ‘operable’ can thus not be 

resected completely. The complex anatomy and proximity of many critical structures, such as the 

eye, brain and cranial nerves, makes planning of treatment challenging, even when modern-day 

imaging is used.11 Herein, we report on the analysis of preoperative imaging and other factors 

that correlate with positive surgical margins after maxillectomy for a squamous cell carcinoma, to 

indicate the areas at risk for incomplete surgical removal.

PAtIents AnD MethODs

Using computerised operation codes, all maxillectomies performed in the Netherlands Cancer 

Institute/ Antoni van Leeuwenhoek Hospital between 1977 and 2007 (n=115) and the VU 

University Medical Center Amsterdam between 1991 and 2007 (n=74) were retrieved. Inclusion 

criteria were a maxillectomy for primary squamous cell carcinoma originating from the maxillary 

sinus or the oral cavity. Excluded were recurrences, oral cavity carcinomas requiring a commando 

operation including a partial maxillectomy, advanced lip and nasal vestibule carcinomas requiring 

a maxillectomy, patients without a computed tomography (CT) or magnetic resonance imaging 

(MRI) scan, or in whom the pathology report was inconclusive.

CT en MRI scans were evaluated for tumour extension, using the report of the radiologist, notes 

in the medical file and re-evaluation of the scan, if possible. If tumour invasion was present it 

was categorised according to the structure invaded, including the hard palate, alveolar bone, 

cheek mucosa, subcutaneous tissues, lateral, anterior, medial, posterior, inferior maxillary 

wall, infratemporal fossa, nasopharynx, cribriform plate, skull base (other than infratemporal 
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fossa and cribriform plate), pterygoid space, orbital floor, invasion of orbital contents, adjacent 

paranasal sinus, masseter muscle, nasal cavity and the septum.

If the tumour was incompletely resected, the location of the positive surgical margins was 

evaluated. Several additional data were extracted from the files: age, sex, imaging, type of 

surgery performed, adjuvant radiotherapy, radiation fields, local and regional recurrence and 

survival. Tumours are re-staged according to the Union Internationale Contre le Cancer staging 

system of 2002.8 According to Brown et al.12 the surgical intervention is categorised as follows: 

partial maxillectomy (resection of a part of the maxilla, alveolar bone and palate), unilateral 

maxillectomy (unilateral alveolar maxilla, hard palate resected and orbital floor), bilateral 

subtotal maxillectomy (bilateral alveolar maxilla and hard palate resected, crossing the midline 

of the alveolar process) and a bilateral total maxillectomy (removal of the entire alveolar bone 

and maxilla including orbital floor). Other characteristics of the surgical intervention were noted: 

excision of the pterygoid fossa, orbital floor, ethmoidectomy and resection of skin. If the orbital 

fat was invaded, an orbital exenteration was performed. 

Statistical analysis

Data are evaluated using Excel for windows and SPSS version 16.0. Associations between two 

binary variables are assessed based on the Pearson chi-square test. For disease-specific survival 

analysis, patients are followed from surgery to death of disease, death of other cause or loss 

to follow-up (wichever occurred first). For local recurrence-free survival analysis patients 

are followed from surgery to local recurrence, distant metastasis, death or loss to follow-up 

(whichever occurred first). Neck recurrence is not censored for local recurrence survival analysis, 

meaning that patients having a regional recurrence and thereafter a local recurrence still count 

as local recurrence. Survival times are illustrated by Kaplan-Meier plots and compared by the 

Log-rank test. Multivariately adjusted hazard ratios are calculated using proportional hazard Cox 

regression.

Results 

Sixty-nine patients undergoing maxillectomy for a primary squamous cell carcinoma are 

evaluated, 30 men and 39 women, see table 1. 

Three patients had a second primary head neck carcinoma. Three patients underwent neo-

adjuvant chemotherapy containing Methotrexate 3x 400mg. After a mean follow-up of 3.2 years 

(ranging from 2 days because of immediate postoperative death to 23 years), 24 patients (35%) 
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were alive without disease and 4 patients (6%) were alive with disease, whereas the remainder 

had died. Twenty patients (29%) had experienced a local recurrence. Sixteen patients (23%) 

developed a regional recurrence, almost all occurring in the first year after surgery. Two patients 

(3%) developed distant metastases.

table 1: Baseline Characteristics of a retrospective cohort of maxillectomy patients

 nº of patients

total 69

sex Male 30

Female 39 

t-stage T1 4 

T2 13 

T3 16 

T4 36 

site Oral 44 

Maxillary sinus 25 

Radiotherapy 46

Maxillectomy Partial 33

Unilateral 25

Bilateral/subtotal 11

Bilateral/total 2

Orbita floor resection 22

Orbita exenteration 1

Resection pterygoid 15

Ethmoidectomy 4

Resection skin 1

Surgical margins

Thirty-five of all 69 patients (51%) had tumour-negative margins, 7 of 69 (10%) had close margins 

(meaning margins <5mm), and 27 (39%) had microscopic tumour in 1 or more margins. For 

analytic purposes, 2 groups were made: a group with tumour-negative margins, including those 

with close margins, and a group with tumour-positive margins. 

Information on the location of positive surgical margins was available for 23 of the 27 patients in 

whom the resection was incomplete. The most common sites were dorsally in 15 of 23 patients 

(65%), of whom in 9 of 23 (39%) it was dorsocranially. In 9 of these 15 patients (60%), dorsal or 

dorsocranial tumour extensions were preoperatively not reported on imaging. 
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The difference in local recurrence-free survival between patients with negative and positive 

surgical margins did not reach statistical difference, see table 2, comparing these survival rates 

using the Log Rank test. Based on a multivariate Cox regression adjusting for site, T classification, 

location on imaging and postoperative radiotherapy, positive surgical margins were associated 

with a higher risk on local recurrence (Hazard Rate (HR)=1.6; 95% Confidence Interval (CI)= 0.6-

4.2), although this was not statistically significant.

table 2: Local recurrence-free survival of a retrospective cohort of maxillectomy patients

n° of 
events/ 
n° of 
patients

2-year 
survival 
rate 
(se)

5-year 
survival 
rate 
(se)

p-value* % with 
positive 
margins

p-value† hazard‡ 
ratio

95% 
Confidence 
Interval

All 20/69 67.5% 
(0.064)

61.1% 
(0.073)

n.a. 39% n.a. n.a. n.a.

negative margins 12/42 68.7% 
(0.079)

67.1% 
(0.104)

0.412 n.a. n.a. 1 0.6-4.2

Positive margins 8/27 63.5% 
(0.089)

57.5% 
(0.126)

n.a. 1.6

Maxillary sinus 7/25 73.0% 
(0.095)

64.9% 
(0.114)

0.984 64% 0.001 1.1 0.4-2.9

Oral cavity 13/44 64.3% 
(0.085)

58.4% 
(0.095)

25% 1

t1/t2  5/17  67.5% 
(0.121)

67.5% 
(0.121)

0.672 29% 0.344 0.8 0.3-2.3

t3/t4 15/52  67.8% 
(0.075)

58.7% 
(0.059)

42% 1

no postoperative 
radiotherapy

6/23 62.7% 
(0.126)

62.7% 
(0.126)

0.844 22% 0.036 1.4 0.5-4.4

Postoperative 
radiotherapy

14/46 69.4% 
(0.075)

61.3% 
(0.085)

48% 1

Dorsal extension 3/16 77.9% 
(0.113)

77.9% 
(0.113)

0.363 69% 0.006 1.8 0.5-6.8 

Ventral extension 17/53 64.4% 
(0.076)

56.3% 
(0.086)

30% 1

(Dubious) 
invasion in floor 
of orbit/ lC

2/14 90.9% 
(0.087)

72.7% 
(0.177)

0.224 64% 0.031 3.4 0.6-18.2

no invasion 
orbit/ lC

18/55 61.7% 
(0.075)

57.3% 
(0.082)

33% 1

N° = number, SE= standard error, LC= lamina cribrosa. * p-value calculated by Log-rank test. † p-value 
calculated with Chi-Square Test in crosstabulation for the relevant factor and surgical margin status. ‡ Hazard 
ratio, calculated with Cox regression analysis including variable of interest and surgical margin status, site, 
T-stage and postoperative radiotherapy, n.a.= not applicable, bold values represent statistical significance. 
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Figure 1: Overall survival by surgical margin status

Plot of overall survival, adjusted for T-stage, origin and postoperative radiotherapy calculated by Cox’s 
regression analysis, stratified for surgical margin status for patients that underwent a maxillectomy for 
squamous cell carcinoma (n=69), Hazard Rate=2.4, 95% CI 1.2-4.9. Continuous line represents survival of 
patients with negative surgical margins, dotted line represents patients with positive surgical margins.

Adjusted overall survival was significantly worse for patients with positive margins (HR=2.4; 95% 

CI 1.2-4.9), see table 3 and figure 1.

Five-year overall survival for patients with positive surgical margins was 27%, compared to 42% 

for patients with negative margins. This survival difference could not reach statistical significance 

(p=0.071). 

Imaging

Extension of the tumour was grouped according the involved structures, see figure 2. Based 

on axial studies, there was a ventral group (n=53) and a dorsal group (n=16), the latter having 

invasion of adjacent paranasal sinus, pterygoid space, infratemporal fossa, or nasopharynx. On 

saggital studies: a group with (n=12), unequivocal (n=2) or no invasion (n=55) of the orbital floor 

or the cribriform plate. This is comparable to the concept of Ohngren’s line, a theoretical plane 

passing between the medial canthus of the eye and the angle of the mandible, dividing tumours 

in the maxillary sinus in anteroinferior, having a better prognosis, and posterosuperior, having a 

worse prognosis.13 To identify critical structures for chance on radical surgery, we divided this in 2 

lines, 1 line in the axial plane and 1 in the saggital plane.
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table 3: Overall survival of a retrospective cohort of maxillectomy patients

n° of 
events/ n° 
of patients

2-year 
survival 
rate (se)

5-year 
survival 
rate (se)

p-value* hazard 
ratio†,

95% 
Confidence 
Interval

all 41/69  57.8% 
(0.063)

 36.5% 
(0.068)

 n.a. n.a. n.a.

negative margins 23/42  69.3% 
(0.074)

 42.4% 
(0.089)

0.071 1 1.2-4.9

Positive margins 18/27  39.0% 
(0.102)

 26.8% 
(0.101)

2.4

Maxillary sinus origin 13/25 55.0% 
(0.107)

48.9% 
(0.112)

0.363 1.3 0.6-2.7

Oral cavity origin 28/44 59.1% 
(0.077)

29.8% 
(0.082)

1

t1/t2 11/21 82.4% 
(0.092)

45.2% 
(0.151)

0.218 0.5 0.2-1.1

t3/t4 36/66 50.1% 
(0.073)

33.7% 
(0.075)

1

no postoperative radiotherapy 15/23 45.9% 
(0.107)

21.4% 
(0.115)

0.100 3.0 1.3-6.7

Postoperative radiotherapy 26/46 63.9% 
(0.075)

42.7% 
(0.083)

1

Dorsal extension 9/16 61.0% 
(0.117)

51.0% 
(0.117)

0.700 1.3 0.6-2.9

Ventral extension 32/53 61.0% 
(0.071)

33.3% 
(0.077)

1

(Dubious) invasion in floor of 
orbit/ lamina cribrosa

8/14 55.6% 
(0.136)

44.4% 
(0.148)

0.663 0.8 0.3-2.5

no invasion orbit/ lamina cribrosa 33/55 60.4%
(0.070)

34.1% 
(0.076)

1

N°= number, SE= standard error, *p-value calculated on survival curve by Log-rank test, † Hazard ratio, 
calculated with Cox regression analysis including variable of interest and surgical margin status, origin, 
T-stage and postoperative radiotherapy, n.a.= not applicable, bold values represent statistical significance.
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Figure 2: Radiological grouping of tumours in coronal and saggital planes

 Patients with a dorsally located tumour had more often tumour-positive margins, 69% versus 

30% (p=0.006). Tumours that showed clear or possible invasion of the floor of orbit or cribriform 

plate on MRI or CT more often revealed microscopic tumour at the margin, 64% versus 33% 

(p=0.031). Patients whose tumour had extended dorsally seemed to have higher risk on 

both local recurrence (HR=1.8; 95% CI= 0.5-6.8), and a slightly higher risk on death (HR=1.3; 

95% CI= 0.6-2.9), when adjusted for site, T classification, surgical margins, and postoperative 

radiotherapy. 

Patients with (possible) cranial tumour extension on imaging seemed to have a higher risk on 

local recurrence (HR=3.4; 95% CI= 0.6-18.2) and a similar risk on death (HR=0.8; 95% CI= 0.3-2.5) 

adjusted for other factors. These groups were unbalanced with regard to site, T classification, 

and postoperative radiotherapy and this trend was not seen when comparing local recurrence-

free and overall-survival rates calculated by Kaplan Meier analyses. 

Forty-three patients only underwent CT (62%), 11 patients only MRI (16%) and 15 patients had 

both (22%). There were no significant differences in statistical margin status for patients with 

different imaging modalities.

 

Postoperative radiotherapy

Forty-six of 69 patients (67%) underwent adjuvant radiotherapy with a mean dose of 59 Gray 

(Gy), ranging from 46 to 70 Gy. The most common indication for adjuvant radiotherapy was 

microscopic tumour at the margin or close margins (43% of all irradiated patients). The size (T3 

or T4) of the tumour was the second most frequent indication (33%). Other indications were 

peroperative tumour contamination, multiple neck node metastases and extranodal spread of a 

lymph node metastasis. 
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Local control rate in patients that received adjuvant radiotherapy was comparable to those 

that did not; 5-year local recurrence-free survival was 61% versus 63% (p=0.844), also after 

adjustment for site, T classification, and surgical margins (HR=1.4; 95% CI= 0.5-4.4). Two-year 

overall survival seemed better (64%) for patients that underwent radiotherapy compared to 

those who did not (46%; p=0.100). Adjusted for site, T classification and surgical margins, risk on 

death was significantly higher for patients that did not undergo radiotherapy (HR= 3.0; 95% CI= 

1.3-6.7). 

In 15 patients (22%) adjuvant radiotherapy was not indicated, while in 8 patients no radiotherapy 

was given despite it being indicated, because of old age and/or bad condition (n=5), or due to 

earlier RT (n=3). After excluding the 8 patients that did not receive radiotherapy while it was 

indicated, 5-year local recurrence-free survival seemed better for the group without radiotherapy 

(91%) compared to the group that underwent radiotherapy (61%; p=0.187). 

Radiotherapy fields and doses of the 20 patients with local recurrences were evaluated. 

Seventeen local recurrences occurred after adjuvant radiotherapy. It was possible to obtain the 

radiotherapy planning in 13 of these 17 patients, in 4 patient these data were not retrievable. 

Twelve local recurrences were in the radiotherapy field (given doses were 46-70 Gy). One 

recurrence was outside the radiotherapy field, which originated quite distant from the primary 

tumour, probably due to perineural growth. 

Site

There were no differences in survival for tumours originating in the maxillary sinus as compared 

to those in the oral cavity, see tables 2 and 3. A larger proportion of maxillary sinus carcinomas 

as compared to oral cancers could not be resected with tumour-free margins 64% versus 25% 

(p=0.001).

DIsCussIOn

Compared to other sites in the head and neck, it is more difficult to achieve negative resection 

margins after maxillectomy. In our series this surgical intervention resulted in complete resection 

in 1/3 of the patients. According to others,14 this study shows a higher risk on positive surgical 

margins in case of dorsal or dorsocranial extension on preoperative imaging and extension 

behind Ohngren’s line,13 meaning invasion of adjacent paranasal sinus, pterygoid space, 

infratemporal fossa, cribriform plate, other parts of the base of skull, nasopharynx or the orbital 

floor. In 60% of the patients with dorsal or dorsocranial positive surgical margins, the histological 
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tumour extension was not reported by the radiologist preoperatively. This reflects the difficulties 

of proper evaluation of preoperative imaging, particularly at sites requiring complicated surgical 

procedures for complete resection. Invasion of the structures that yield a higher risk for positive 

surgical margins should therefore be evaluated by a dedicated head and neck radiologist in the 

diagnostic phase. Combining CT and MRI scans should certainly contribute to a better judgment 

of areas at risk for incomplete resection. In our series the most patients had either a CT or an 

MRI scan.

Considering the high percentage of incomplete resections, the intended treatment regime could 

not be achieved in the most cases. Surgical margins status is of utmost clinical significance, as 

microscopic tumour at the surgical margin significantly influences overall survival, shown by this 

study and others.15,16 Thus, surgeons should keep on focusing to reach complete resection. The 

patients having dorsal or or dorsocranial tumour invasion might need another treatment regime. 

The most frequent site of positive surgical margins is dorsally and dorsocranially. This reflects the 

limited exposure especially on the posterior side and the presence of adjacent critical structures, 

like the orbit and base of skull. More extensive surgery for cancer involving the infratemporal 

fossa and cribriform plate probably helps in reaching higher rates of negative surgical margins, 

for example by planning a craniofacial resection,17,18 or a skull base resection. However, the 

expected postoperative function loss should be kept in mind and discussed carefully with the 

patient. Primary chemoradiation could serve as an alternative treatment option19-22 as well as 

endoscopic tumour debulking followed by radiotherapy.7,23,24

Our study group is relatively small and substantial correlation between several explanatory 

factors (surgical margins, locations, radiotherapy) limits the ability to disentangle the individual 

contributions of each factor on prognosis. The low patient numbers in series dealing with 

maxillectomy are obviously related to the rarity of tumours requiring this type of surgery. 

Annual incidence of maxillary sinus carcinoma is less than 1/100.000 inhabitants in the United 

States.8 In the Netherlands, in 2007 the incidence of oral cavity carcinoma was 5.4/100.000 

inhabitants.25 Of all oral cavity carcinomas only 9% is localised in the hard palate and 12% at the 

gingiva,25,26 so incidence of these tumours is approximately 1.2/100.000. These incidences make 

it almost impossible to organise well-designed prospective studies aiming at a large cohort of 

patients with uniform treatment modalities. Nevertheless, careful analysis of patient data, even 

in relatively small patient series, may contribute to a better understanding of factors that are 

important for achieving complete surgical removal of squamous cell carcinoma, which is still the 

mainstay of oncological head and neck surgery.15,16 
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COnClusIOn

Resection of squamous cell carcinoma invading the maxilla may be difficult and 1/3 of resections 

proved to be incomplete. Significant risk factors for incomplete resection on preoperative 

imaging include invasion into adjacent paranasal sinus, pterygoid space, infratemporal fossa and 

nasopharynx or invasion in the floor of orbit. When on preoperative imaging invasion into these 

structures is seen, high risk for incomplete resection is present with consequently decreased 

survival. 
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