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ABSTRACT

Background: When amenable to radical excision, cancer involving the maxilla is typically treated with max-
illectomy followed by adjuvant therapy. Posterior tumor extension beyond the maxillary box leads to the in-
vasion of complex areas, where achieving clear margins may be challenging.

Methods: Patients undergoing endoscopic-assisted maxillectomy for nasoethmoidal, maxillary, or hard palate
cancer between 2007 and 2017 were included in the study. Surgical technique, margin status, and recurrences
were analyzed. Extension of posterior resection was classified in 3 types (type 1: resection of the pterygopalatine
fossa; type 2: resection of the pterygoid plates and related muscles; type 3: resection of the upper parapharyngeal
space). The analysis of putative risk factors for involvement of margins and local recurrence was performed with
special focus on the posterior and medial margin.

Results: The study included 79 patients (75 with available follow-up; mean: 20.6 months, range: 6-101 months),
37 (46.8%) of whom underwent type 1 resection, 34 (43.0%) type 2, and 8 (10.1%) type 3. According to pT
category, 57 (72.2%) tumors were classified as T4a/T4b. Posterior and medial clear margins were achieved in
76/79 (96.2%) and 75/79 (94.9%) patients, respectively. T4b category, extension to the ethmoid, sphenoid
sinus, pterygoid process, orbital cavity, and premaxillary tissues were significantly associated with a higher rate
of margin involvement. None of the factors was significantly associated with medial margin involvement.
Conclusion: Endoscopic-assisted maxillectomy combines several refinements including the facilitated detach-
ment of the maxilla from the skull base and precise delineation of the posterior and medial margins of resection.

Introduction

invade the maxillary sinus.
When amenable to radical excision, cancer involving the maxilla is

Maxillary cancer is rare and frequently diagnosed at an advanced
stage as a result of its indolent growth in the early phases. Due to this
peculiarity, involvement of structures adjacent to the maxillary box is
frequent, with the posterior extension being the most critical to be
surgically addressed. Similar problems are posed by malignant tumors
arising from the superior alveolar ridge and hard palate once they

typically treated with surgery followed by adjuvant radiotherapy, with
chemotherapy being indicated as induction or concomitant to radio-
therapy in selected cases [1-3]. Tumor resection is accomplished with
maxillectomy, which can be customized in accordance with the ex-
tension and pattern of growth of the lesion as depicted by morphologic
imaging. However, management of the posterior resection margin is the
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most challenging step of the procedure in view of the restricted field of
visualization, limited working space, and significant bleeding when
approaching this area [4-7]. Furthermore, tumors extending posteriorly
tend to invade areas harboring many neurovascular structures such as
the pterygopalatine fossa (PPF), infratemporal fossa (ITF), and upper
parapharyngeal space (UPS), thus increasing the complexity of resec-
tion [8]. In line with these limitations, tumors growing posterolaterally
are associated with a higher probability to develop local recurrence and
lower survival outcomes compared to tumors with predominant ante-
rior or medial extension [9]. Moreover, local recurrence is most fre-
quently located at the posterior margin of resection and rarely suitable
for salvage surgery [8]. Although the extent of the lesion is accurately
delineated by imaging, even medial osteotomy is typically performed
without visualizing the tumor.

In this scenario, our hypothesis was that transnasal endoscopic
surgery could provide some advantages when performing max-
illectomy: (1) better visualization of the medial/superomedial compo-
nent of tumors extended towards the midline; (2) more precise and easy
delineation of the posterior resection margin in view of the improved
magnification and possibility to carefully dissect neurovascular and
muscular structures with optimal bleeding control; (3) possibility in
selected cases of avoiding facial incisions via a combination of trans-
nasal endoscopic surgery with a transoral/transvestibular approach.

The present study analyzed all patients receiving endoscopic-as-
sisted maxillectomy (EAM) at two tertiary-care referral centers during
the last decade, mainly focusing on the control of the posterior and
medial resection margins; furthermore, additional information on the
surgical technique and oncological results are reported.

Materials and methods

The institutional databases on sinonasal and oral cancers of the
Units of Otorhinolaryngology — Head and Neck Surgery of the
Universities of Brescia and Insubria-Varese were retrospectively ana-
lyzed. Patients undergoing EAM for a maxillary, naso-ethmoidal, or
hard palate/superior alveolar ridge/superior retromolar trigone cancer
between January 2007 and December 2017 were included in the study.

Demographics and oncological data

Data on gender and age, site of origin (classified as maxillary, naso-
ethmoidal, or hard palate/superior alveolar ridge/superior retromolar
trigone), histology (defined and grouped in accordance with the 4th
edition of the WHO Classification of Head and Neck Tumours) [10],
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 [11].

Surgical technique

The surgical approach was classified as “transfacial” when a skin
incision (i.e. lateral rhinotomy, Weber-Ferguson incision, Lynch inci-
sion, or variants) was performed, or “transnasal-transoral” when EAM
was performed exclusively via an endoscopic transnasal and transoral/
transvestibular approach.

To provide a thorough description of surgical resection, the extent
of maxillectomy was classified in relation to the vertical, horizontal,
and posterior extension.

According to the standard classification of maxillectomies [12], the
procedure was defined as inferior maxillectomy (when the segment of
maxilla below the axial plane passing through the infraorbital foramen
was removed), subtotal maxillectomy (when the superior osteotomy was
made along a plane passing between the infraorbital foramen and or-
bital floor), total maxillectomy (when resection also included the orbital
floor [eventually extended to the periorbit/extraconal fat]), or extended
maxillectomy (when the orbital content was also removed).
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Fig. 1. Scheme summarizing the type of posterior resection. The white dotted
lines (1-3) represent the plane of posterior dissection. The black dashed line
shows the inferior limit of the potential cranial extension for each type of de-
lineation of the posterior margin. Type 1 posterior resection consists of the
removal of the pterygopalatine fossa and can be cranially extended to include
the inferior orbital fissure. Type 2 posterior resection requires partial removal
of pterygoid plates and muscles and can be superiorly expanded through the
drilling/removal of the base of the pterygoid process. Type 3 posterior resection
includes the removal of the cartilaginous eustachian tube and adjacent upper
parapharyngeal tissues and can be cranially extended by drilling/removing the
greater sphenoidal wing and/or fibrocartilago basalis.

The resulting maxillary defect was classified in the horizontal plane
according to the modified Okay classification system [13].

Posterior resection was modulated according to 3 types of exten-
sion, as follows (Fig. 1):

e Type 1 posterior resection included removal of the PPF content. This
approach was performed when the tumor was inserted on the pos-
terior wall of maxillary sinus and/or determined resorption of the
same bony wall and/or for tumors of the hard palate/superior al-
veolar ridge/superior retromolar trigone extending behind the tuber
maxillae. After debulking the nasal and maxillary portion (when
present) of the tumor, a type B [14] (or type 2) [15] endoscopic
medial maxillectomy was performed; the posterior maxillary wall
was partially removed and sent for definitive histological examina-
tion; the PPF content was preferably left covered by its periosteum
and laterally dissected from the pterygoid plates up to a sagittal
plane passing through the infraorbital canal. The pterygoid plates
were selectively drilled at the level of the pterygomaxillary junction
to detach the maxillary bone from the pterygoid process. For tumors
invading the junction between the posterior maxillary wall and or-
bital floor, the inferior orbital fissure was included in the dissection.

e Type 2 posterior resection consisted of partial removal of pterygoid
process and muscles. The indication included tumors extending to
the PPF or medial portion of the ITF fat. After completing the steps
of a type 1 resection, the pterygoid process was sectioned below the
vidian canal. For tumors invading the upper portion of the PPF or
inferior orbital fissure, the base of the pterygoid process was entirely
resected.

e Type 3 posterior resection included removal of the cartilaginous
eustachian tube and adjacent UPS tissues. The typical indications
were lesions involving the pterygoid plates, pterygoid muscles, or
anterior portion of the tube. After completing a type 2 resection, a
mucosal incision surrounding the nasopharyngeal ostium of the
eustachian tube as in type 3 nasopharyngectomy was performed
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[16,17]. The cartilaginous portion of the eustachian tube, man-
dibular nerve, and adjacent soft tissues were included in the spe-
cimen. For tumors abutting the skull base, the medial portion of the
greater sphenoidal wing and fibrocartilago basalis were also re-
moved.

All procedures started with the transnasal endoscopic step to ad-
dress the medial and posterior part of resection. The medial portion of
the tumor (i.e. invading the medial maxillary wall, nasal cavity, eth-
moid box, and/or nasal septum) was accurately assessed under endo-
scopic view and managed according to well-established principles of
resection of naso-ethmoidal tumors [18-21]. The posterior osteotomy
(i.e. at the level of the pterygomaxillary junction) was performed
transnasally (Videos 1-2), while the remaining osteotomies were per-
formed via a transoral or transfacial-transoral approach (Fig. 2). At the
end of the procedure, the surgical specimen was released from the
adjacent structures and removed.
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Fig. 2. Anatomical panel summarizing the three
types of delineation of the posterior margin. The
non-magnified axial sections (A, C) show the
position of the magnified images (B, D). Upper
images (A, B) pass through the pterygopalatine
fossa (PPF), infratemporal fossa, and upper
parapharyngeal space, whereas lower images (C,
D) at the level of inferior orbital fissure (IOF),
base of the pterygoid process (BaP), greater wing
of the sphenoid bone, and foramen lacerum (FL).
Type 1 (yellow dashed line), 2 (green dashed
line), and 3 (blue dashed line) delineations of the
posterior margin are depicted in the magnified
images. Each incremental type of posterior
margin resection can be delineated in the medial
portion via the transnasal endoscopic approach
and completed laterally through the transfacial/
transoral trajectory. The white dotted lines mark
the boundary between the medial transnasal and
the lateral transoral/transfacial step of the pro-
cedure. Black dotted line - pterygoid plates; V3 —
Mandibular nerve; BaP - Base of the pterygoid
process; Con — Condylar process; Cor — Coronoid
process; ET — Eustachian tube; FL — Foramen
lacerum (with fibrocartilago basalis); FoP -
Foraminal plexus; ICA - Internal carotid artery;
ITF - Fat of the infratemporal fossa; LPM —
Lateral pterygoid muscle; LPP - Lateral pter-
ygoid plate; MA — Maxillary artery; MMA -
Middle meningeal artery; MPP — Medial pter-
ygoid plate; PtP — Pterygoid plexus; TM -
Temporal muscle. (For interpretation of the re-
ferences to colour in this figure legend, the
reader is referred to the web version of this ar-
ticle.)

NE-- e

e
. = / NF- Nasal Floor

NP- NasoPharynx
NS- Nasal Septum

PMJ- Pterygo-Maxillary
Junction
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Video 2.

The transnasal-transoral approach was considered the first choice
unless contraindicated by any of the following conditions: anterior
extension of the tumor to the soft tissues of the cheek; superior exten-
sion requiring removal of the periorbit/extraconal fat/orbital content
(i.e. total or extended maxillectomy); need for wide exposure during the
reconstructive phase.

Whenever the tumor encroached upon the anterior/middle skull
base, the resection was extended to include the involved area. Neck
dissection was performed according to tumor histology, location, and
extension, while reconstruction of the maxillary defect was tailored
based on the geometry of the defect, patient’s general condition and
needs, and life expectancy, following well-accepted principles of man-
agement of maxillary and oral cancer [13,22-26].

Follow up and recurrences

Follow-up included endoscopic examination and magnetic re-
sonance imaging (MRI) (or contrast-enhanced computed tomography
[CT]) at 2- and 4-month intervals for the first year, respectively. Beyond
this period, both outpatient and imaging evaluations were performed
every 6 months until year 5 and subsequently once a year. Systemic
staging with contrast-enhanced CT scan or PET-CT scan was performed
yearly. Follow-up duration and patient status at the last evaluation
were assessed. Recurrences were classified as local, regional, and/or
distant.

Involved margins and local recurrences

Anatomic distribution of both positive margins and local re-
currences was evaluated considering six sites (inferior, superior,
medial, lateral, anterior, and posterior).

Statistical analysis

Statistical analysis was performed to verify whether overall, medial,
and posterior margin involvement (dependent variables) were sig-
nificantly associated with site of origin, histology, TNM classification,
tumor extension, surgical approach, entity of maxillary resection, and
type of posterior margin resection (independent variables) with Chi-
square test or Fisher’s exact test, as appropriate. The same analysis was
performed considering the overall rate of local recurrence and the rate
of posterior and medial local recurrence as dependent variables.
Significance and closeness to significance were considered for p-va-
lues < 0.05 and between 0.05 and 0.10, respectively.
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Results

Seventy-nine patients were included in the study. Demographics,
clinical-pathologic data, surgical techniques, and adjuvant treatment
are summarized in Table 1. Thirty-two (40.5%) patients received in-
ferior maxillectomy, 17 (21.5%) subtotal maxillectomy, 15 (19.0%)
total maxillectomy, and 15 (19.0%) extended maxillectomy. The extent
of maxillary defect was classified as follows: class 1b in 24 (30.4%)
cases; class 2 in 48 (60.8%) cases (2° in 9 cases, 2fin 7 cases, 25 in 5
cases, 2> in 5 cases); class 3 in 7 (8.9%) cases 3fin 2 cases, 3%%in 1
case, 3°in 1 case, 3% in 1 case).

According to our classification of modular posterior margin resec-
tion, the distribution was the following: type 1 in 37 (46.8%) cases,
with extension to the inferior orbital fissure in 14 (37.8%) patients; type
2 in 34 (43.0%) cases, with extension to the base of the pterygoid
process in 12 (35.3%) patients; type 3 in 8 (10.1%) patients, with re-
moval of the fibrocartilago basalis and greater sphenoidal wing in 3
(37.5%) cases. Craniectomy was required in 10 (12.7%) cases, of which
4 were located at the anterior skull base, 3 at the middle skull base, and
3 involved both. Dura was resected in 7 patients, and reconstruction
was obtained with multilayer technique [27]. In relation to posterior
resection, craniectomy was required in 1 (2.7%) case of type 1 resec-
tion, 3 (8.8%) cases of type 2, and 6 (75.0%) cases of type 3. In 48/79
(60.8%) cases, EAM allowed complete tumor excision avoiding facial
skin incisions.

The resulting maxillary defect was managed with flap transposition
in 46 (58.2%) cases (16 anterolateral thigh flaps, 12 scapular angle
flaps, 6 transverse rectus abdominis myocutaneous flaps, 4 radial
forearm flaps, 3 fibula flaps, and 5 temporal flaps); a prosthetic ob-
turator was employed in 33 (41.8%) cases.

Follow-up was available in 75 (94.9%) patients, with a mean
duration of 20.6 months, ranging from 6 to 101 months. At last follow-
up examination, 52 (69.3%) patients were alive with no evidence of
disease, 6 (8.0%) were alive with disease, 14 (18.7%) were dead of
disease, and 3 (4.0%) were dead of other causes. Overall, 24 (32.0%)
recurrences were observed: 15 (20.0%) patients had local recurrence, 5
(6.7%) regional recurrence, and 10 (13.3%) distant metastasis.

The topographical distribution of positive surgical margins and local
recurrences is summarized in Table 2. The medial and posterior mar-
gins were involved in 4 (5.1%) and 3 (3.8%) patients. Among patients
with available follow-up, medial and posterior local recurrence was
observed in 4 (5.3%) cases each. Factors significantly or close-to-sig-
nificantly affecting the probability of overall positive margins, posterior
positive margins, overall local recurrences, and posterior local re-
currences are summarized in Table 3. None of the factors included in
the statistical analysis was significantly associated with margin
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Table 1
Demographics, oncological, and surgical technique information. NOS — Not
otherwise specified.

Variable Distribution

Gender Male: 43/79 (54.4%)
Female: 36/79 (45.6%)

Age Mean: 59.8 years

Range: 19-87 years

Maxillary sinus: 56/79 (70.9%)
Nasoethmoidal complex: 6/79 (7.6%)
Hard palate/superior alveolar ridge/superior
retromolar trigone: 17/79 (21.5%)

Right: 47/79 (59.5%)

Left: 32/79 (40.5%)

Carcinomas

Squamous cell carcinoma: 36/79 (45.6%)
Non intestinal-type adenocarcinoma: 2/79 (2.5%)
Sinonasal neuroendocrine carcinoma: 2/79 (2.5%)
Basal cell carcinoma: 1/79 (1.3%)
Carcinoma NOS: 1/79 (1.3%)
Intestinal-type adenocarcinoma: 1/79 (1.3%)
Sinonasal undifferentiated carcinoma: 1,/79 (1.3%)
Minor salivary gland carcinomas
Adenoid-cystic carcinoma: 11/79 (13.9%)
Mucoepidermoid carcinoma 3/79 (3.8%)
Polymorphous adenocarcinoma: 2/79 (2.5%)
Salivary duct carcinoma: 1/79 (1.3%)
Neuroectodermal tumors

Mucosal melanoma: 7/79 (8.9%)

Ewing’s sarcoma: 2/79 (2.5%)

Sarcomas

Osteosarcoma: 3/79 (3.8%)

Histiocytic sarcoma: 2/79 (2.5%)
Undifferentiated pleomorphic sarcoma: 2/79
(2.5%)

Chondrosarcoma: 1/79 (1.3%)
Fibrosarcoma: 1/79 (1.3%)

Primary: 58/79 (73.4%)

Recurrence: 21/79 (26.6%)

Surgery: 21/79 (26.6%)

Previous RT: 12/79 (15.2%)

Previous CHT: 14/79 (17.7%)

Induction CHT: 17/79 (21.5%)

T2: 11/79 (13.9%)

T3: 11/79 (13.9%)

T4a: 38/79 (48.1%)

T4b: 19/79 (24.1%)

NO: 66/79 (83.5%)

N1: 3/79 (3.8%)

N2: 8/79 (10.1%)

N3: 2/79 (2.5%)

Transnasal-transoral: 48/79 (60.8%)
Transfacial: 31/79 (39.2%)

Inferior maxillectomy: 32/79 (40.5%)
Subtotal maxillectomy: 17/79 (21.5%)
Total maxillectomy: 15/79 (19.0%)
Extended maxillectomy: 15/79 (19.0%)
Type I: 37/79 (46.8%)

Type II: 34/79 (43.0%)

Type III: 8/79 (10.1%)

Not performed: 55/79 (69.6%)
Performed: 24/79 (30.4%)

Elective: 7/24 (29.2%)

Therapeutic: 17/24 (70.8%)

Obturator prosthesis: 33/79 (41.8%)

Free flap: 39/79 (49.4%)

Regional flap: 4/79 (5.1%)

Combined reconstruction: 3/79 (3.8%)
Obturator and free flap: 1/3 (33.3%)
Obturator and regional flap: 1/3 (33.3%)
Free flap and regional flap: 1/3 (33.3%)
RO: 58/79 (73.4%)

R1: 21/79 (26.6%)

None: 26/79 (32.9%)

RT: 38/79 (48.1%)

RT-CHT: 11/79 (13.9%)

CHT: 4/79 (5.1%)

None: 26/79 (32.9%)

Site of origin

Side

Histology

Presentation

Previous treatment(s)

PpT classification

N classification

Surgical approach

Type of maxillectomy

Type of posterior resection

Neck dissection

Type of reconstruction

Margin status

Adjuvant treatment

Adjuvant treatment
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Table 2
Topography of margin involvement and local recurrence.

Site Involved margin (21 patients) Local recurrence (15 patients)
Anterior 4/21 (19.0%) 2/15 (13.3%)
Medial 4/21 (19.0%) 4/15 (26.7%)
Posterior 3/21 (14.3%) 4/15 (26.7%)
Lateral 9/21 (42.9%) 2/15 (13.3%)
Superior 4/21 (19.0%) 4/15 (26.7%)
Inferior 3/21 (14.3%) 3/15 (20.0%)

involvement or local recurrence at the medial site. T4b category, ex-
tension to specific subsites (ethmoid complex, sphenoid sinus, pter-
ygoid process, orbital cavity, premaxillary tissues), and procedures
classified as extended maxillectomies were significantly associated with
a higher rate of microscopic margin involvement.

Discussion

The present study analyzes the added value of an endoscopic
transnasal approach to the standard maxillectomy external technique to
optimize the radicality of resection. In our experience, this step pro-
vided some advantages in exposure of the medial and posterior extent
of the lesion, with more precise delineation of the margins of resection.
This was shown by the high rate of clear margins that was achieved
medially and posteriorly (94.9% and 96.2%, respectively) and the low
incidence of local recurrence at these sites (5.3% each). Moreover, the
improvement in visualization provided by the endoscopic technique
contributed to avoid a facial skin incision in a large proportion of pa-
tients (60.8%).

At the beginning of surgery, the medial extension of tumor can be
carefully assessed, focusing on the involvement of nasal floor, ethmoid,
and nasal septum to accordingly tailor the medial/superomedial margin
of excision (Fig. 3). When present, the nasoethmoidal portion of the
tumor can be easily debulked via the transnasal route to create a
working space and explore the relationship of the lesion with the skull
base. The medial maxillary wall must be partially removed to expose
the posterior extent of the tumor through the transnasal perspective.
Although this maneuver requires a piecemeal resection of a part of the
tumor, the safety of multi-bloc excision has been demonstrated by
several series of endoscopic transnasal resection for nasoethmoidal
malignancies [18-21,28-35]. Furthermore, the portion of the tumor
that is encroached when exposing the posterior maxillary wall is either
exophytic or infiltrates the medial maxillary wall, which will be entirely
removed via the endoscopic medial maxillectomy [14,15].

After assessing the posterior extension of the tumor, the transnasal
endoscopic perspective permits delineation of the posterior resection
margin under direct control and magnified view and provides the
possibility to drill the pterygomaxillary junction, which is the only bony
structure anchoring the maxilla to the central skull base (Fig. 3; Videos
1-2). The advantages of the enhanced visualization provided by the
endoscopic approach are twofold: from an oncologic standpoint, the
delineation of the posterior boundary of resection offers a high prob-
ability to provide an adequate margin of excision; from a technical and
practical perspective, drilling of the pterygomaxillary junction re-
presents a safer and more precise way to perform the posterior os-
teotomy compared to the traditional open maxillectomy, where this
step is performed with suboptimal exposure and profuse bleeding.

In the present study, we describe 3 types of posterior resection ac-
cording to the anatomical structures progressively involved. In addi-
tion, for each level of posterior dissection, a superior extension was
combined in cases growing towards the skull base. Our classification of
the posterior margin of maxillectomy was aimed at standardizing the
management of posteriorly extended tumors involving the maxilla. In
line with the general principles of oncologic surgery, the indication for
each type of posterior dissection was selected to leave a cuff of healthy
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tissue at the dorsal portion of the resection (Fig. 4) and was rewarded
with a low rate of microscopic involvement of the posterior margin
(3.8%). In fact, an 87.5% free posterior margin was ensured even in
tumors with far posterior extension requiring a type 3 resection, while
the overall rate of posterior margin control was exceedingly high
(96.2%). This finding is of paramount importance when considering
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Fig. 3. Pictures highlighting some ben-
efits of endoscopic-assisted max-
illectomy. A, B. The endoscopic trans-
nasal approach enables a precise
assessment of the relationships of a fi-
brosarcoma (FS) of the left maxillary
sinus (MS) with the orbital floor (OrF),
lamina papyracea (LP), ethmoidal
complex, sphenoid sinus (SpS), nasal
septum (NS), and nasal floor (NaF). C,
D. Endoscopic view of the surgical field
after type 1 posterior delineation (C)
and surgical specimen (D) in a patient
with squamous cell carcinoma (SCC) of
the left superior alveolar ridge extended
to the maxillary sinus. The medial
(MPP) and lateral (LPP) pterygoid
plates are drilled (black dashed line)
below the base of the pterygoid process
(BaP). This step makes it substantially
easier to detach the pterygomaxillary
junction (PMJ) from the skull base, thus
facilitating the last phases of the max-
illectomy. E. Exploiting the magnifica-
tion of the endoscopic view, the pos-
terior border of a squamous cell
carcinoma of the right maxillary sinus is
identified in close contact with the
posterior maxillary wall (PMW), which
seems infiltrated by the lesion. The
periosteum (Per) of the pterygopalatine
fossa does not show signs of macro-
scopic infiltration. F. The pter-
ygopalatine fossa (PPF) and infra-
temporal fossa are exposed (ITF). G.
Type 1 posterior delineation is com-
pleted by ligating the descending pala-
tine artery (DPA) and maxillary artery
(MA) and by removing the entire con-
tent of the pterygopalatine fossa. The
pterygoid process (PP) is therefore ex-
posed and considered the posterior bed
of resection after confirming the non-
involvement of the pterygopalatine
fossa with frozen sections. White dotted
line - inferior insertion of the nasal
septum; DPC - Descending palatine
canal; MA - Maxillary artery; NaP —
Nasopharynx; PMW - Posterior max-
illary wall.

that free margins and local control are independent positive prognostic
factors in tumors involving the maxillofacial skeleton [36-39]. Other
authors have reported lower rates of posterior margin control (78.3%)
[6] or comparable results using more extensive approaches requiring
mandibulotomy and/or inferior labiotomy with harvest of a cheek flap
[4,5,7]. McMahon et al. reported 88.6% rate of clear posterior margin
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Fig. 4. Panel including the anatomical (A-C) and surgical (D-F) view of type 1 to 3 posterior delineations along with the respective axial T2-weighted MRI images
(G-I) summarizing the 3 possible levels of posterior extension of maxillary tumors. Type 1 posterior delineation (A, D) consists of the removal of the pterygopalatine
fossa (PPF) with full exposure of the pterygoid process, from the basipterygoid (BaP), which is identified at the level of the vidian canal (VC) and foramen rotondum
(FRo), to the pterygomaxillary junction (PMJ). To facilitate the detachment of the surgical specimen during the last phases of the maxillectomy, the pterygoid process
is drilled at the level of the pterygoid plates or pterygomaxillary junction (white dotted circle). The patient showed in images D and G was affected by a spindle cell
squamous cell carcinoma of the left maxillary sinus extended to the posterior maxillary wall (PMW), which was radically excised with a total maxillectomy with type
1 posterior resection. Type 2 posterior delineation (B, E) also includes removal of all the pterygoid plates and related insertions of the medial (MPM) and lateral
(LPM) pterygoid muscles. This resection allows the exposure of the plane of the Eustachian tube (ET) and mandibular nerve (V3), which is covered by a hemostatic
oxidized-cellulose biodress (white asterisk) in the image E. The patient showed in images E and H was affected by a high-grade non-intestinal type adenocarcinoma of
the left maxillary sinus, which was radically resected through a total maxillectomy with type 2 posterior delineation. Type 3 posterior delineation (C, I) consists of
resecting the eustachian tube, mandibular nerve, middle meningeal artery, and surrounding parapharyngeal tissues as cuff of healthy tissue in far posteriorly
extended tumors. This procedure leads to expose the greater wing of the sphenoid bone (GW) along with the foramina ovale (FOv) and spinosum (FSp). The internal
carotid artery (ICA, white dashed lines) runs in the deep boundary of the resection bed and is therefore at risk of injury in such procedure. The patient shown in
images F and I had a poorly differentiated squamous cell carcinoma of the left maxillary sinus with invasion of the pterygoid process and muscles. A total max-
illectomy with type 3 posterior resection extended to the coronoid process and temporal muscle (TM) provided a radical excision of the tumor. The eustachian tube
was only partially resected (ET") and the cranial extension of the tumor was managed by subtotally removing the fibrocartilago basalis (FCB) that fills the foramen
lacerum. LVPM - Levator veli palatine muscle; MA — Maxillary artery; MM — Masseter muscle; NaP — Nasopharynx; SoP — Soft palate; SpS — Sphenoid sinus; ZB —
Zygomatic bone.
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using the anterolateral corridor through zygomatic and coronoid os-
teotomies [40]. Interestingly, tumors also showing a vertical vector of
growth (as evident from the invasion of the ethmoid complex and
sphenoid sinus) were significantly associated with a lower chance of
radicality at the posterior margin of resection (80.0-88.9%) compared
with those without postero-superior extension (100.0%). This finding is
in line with the evidence that skull base invasion is an independent
factor that reduces survival in patients with maxillary cancer [41]. In
our series, superior involvement requiring a craniectomy was recorded
in 10 (12.7%) cases and the endoscopic approach greatly favored the
management of skull base resection.

Our data showed that the lateral resection margin (ITF, temporal
muscle, zygomatic bone) was the most frequently involved (11.4%).
This fact could be related to the propensity of tumors reaching the in-
fratemporal content or medullary bone of the zygomatic process to
grow microscopically far beyond the macroscopic limits of the lesion.
On the other hand, this highlights that there is room for improvement,
especially focusing on the control of the lateral margin of maxillectomy.
The imaging-based planning of osteotomies [42] and intraoperative
navigation guidance [43-45] represent promising refinements to tackle
this problem.

Notably, although most tumors included in the present series were
locally advanced (T4a/T4b: 72.2%), 60.8% of maxillectomies were
performed avoiding facial skin incisions. This possibility, as described
in a previous anatomical study [46] and case-series [47,48], is provided
by the optimal visualization and ability to easily detach the maxilla
from the skull base under direct control.

The crude rate of local recurrence in the present study (20.0%) fa-
vorably compares with the 3-year cumulative rate of 42.2% in a sample
of 379 patients with squamous cell carcinoma of the maxillary sinus
[49]. Other series describing a technique intended to improve the
posterior margin control showed comparable rate of recurrence (21.4%
[51, 29.0% [6], 32.3%) [7] with similar or slightly longer follow-up
duration (mean: 20.1, 43.4, 38.4 months, respectively) with respect to
the present study. In the series described by McMahon et al., the rate of
local recurrence in patients undergoing maxillectomy via anterolateral
corridor approach was as low as 11.4%, with a median follow-up of
27-36 months [40].

Despite the low rate of medial and posterior positive margins, local
recurrence at these sites was observed in roughly half (8 patients,
53.3%) of patients with local recurrence in our series (Table 2). Inter-
estingly, in only 3 (37.5%, 2 posterior and 1 medial) of these 8 failures
was the respective margin involved by the tumor. A possible explana-
tion for this mismatch might be related to the notable rate of adverse
features observed in the remaining 5 patients who presented clear
medial and posterior margins. In fact, at least two adverse features were
present in each patient: recurrent tumor (3 patients), aggressive his-
tology (5 patients; Ewing sarcoma [1 patient], intermediate-grade
mucoepidermoid carcinoma with multiple nodal metastases [1 patient],
mucosal melanoma [1 patient], poorly differentiated squamous cell
carcinoma [1 patient], small cell sinonasal neuroendocrine carcinoma
[1 patient]), and perineural and/or lymphovascular invasion (5 pa-
tients). These characteristics lead to hypothesize the presence of tumor
budding/satellitosis, which in turn could justify local recurrences even
in areas corresponding to margins that were pathologically rated as
negative.

The study has some limitations that should not be neglected. First, it
is based on a retrospective observational analysis over a 10-year period.
Second, survival outcomes were intentionally excluded from the ana-
lysis of the series in view of the histological heterogeneity of tumors and
inclusion of various sites of origin. Third, a matched-pair analysis with
non endoscopic-assisted maxillectomies (which would have increased
the quality of the analysis) was not deemed feasible, as the variability in
terms of histology, site, and historical period of treatment would have
hampered the quality and validity of the comparison.

In this light, we believe that further prospective investigations on
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larger series are required to confirm the added value of the endoscopic
transnasal approach in performing maxillectomy.

Conclusion

EAM combines several refinements ranging from the easy, practical,
and selective drilling of the pterygomaxillary junction to the precise
delineation of the medial and posterior margin of resection, along with
sound skull base management. From an oncologic point of view, control
in terms of microscopic infiltration of the posterior and medial margin
of resection was excellent. Head and neck surgeons treating cancer that
involves the maxilla could benefit from adequate training in endoscopic
transnasal surgery, which can provide the technical basis to improve
delineation of the posterior and medial margin while facilitating tumor
excision.
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