
Surgery in the Multimodality

Treatment of Sinonasal Malignancies
M alignancies of the paranasal sinuses represent a rare and biologi-
cally heterogeneous group of cancers. Understanding of tumor
biology continues to evolve and will likely facilitate the develop-

ment of improved treatment strategies. For example, some sinonasal
tumors may benefit from treatment through primarily nonsurgical ap-
proaches, whereas others are best addressed through resection. The results
of clinical trials in head and neck cancer may not be generalizable to this
heterogeneous group of lesions, which is defined anatomically rather than
through histogenesis. Increasingly sophisticated pathologic assessments
and the elucidation of molecular markers, such as the human papilloma
virus (HPV), in sinonasal cancers have the potential to transform the
clinical management of these malignant neoplasms. Published reports
often suggest that treatment approaches that include surgery result in
better local control and survival. However, many studies are marked by
selection bias. The availability of effective reconstruction makes increas-
ingly complex procedures possible, with improved functional outcomes.
With advances in surgery and radiation, the multimodal treatment of
paranasal sinus cancers is becoming safer. The use of chemotherapy
remains a subject of active investigation.

Introduction
Sinonasal malignancies, a highly heterogeneous group of cancers,

account for less than 1% of all cancers and less than 3% of all upper
aerodigestive tract tumors. These lesions may originate from any of the
histopathologic components of the sinonasal cavities, including Schnei-
derian mucosa, minor salivary glands, neural tissue, and lymphatics. Sixty
percent of sinonasal tumors arise in the maxillary sinus, whereas
approximately 20% arise in the nasal cavity, 5% in the ethmoid sinuses,
and 3% in the sphenoid and frontal sinuses. Fifty-five percent of sinonasal
malignancies are carcinomas. Squamous cell carcinomas are more com-

mon within the nasal cavity or maxillary sinus, whereas tumors of the
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thmoid sinus and superior nasal vault are usually adenocarcinomas.
ucosal melanoma frequently originates within the nasal cavity, partic-

larly along the lateral nasal side wall and inferior turbinates. Although
raditional risk factors for sinonasal cancers have included exposure to
ickel, wood dust, and tobacco, no predisposing factors are identified in
ost patients. Recent reports suggest that HPV promotes the development

f some sinonasal squamous cancers.1

Moreover, skull base involvement from neglected or progressive
utaneous malignancies is increasingly common. Nonmelanoma skin
ancers are distinguished by extensive local spread along embryonic
usion planes in the facial “H zone,” allowing tumors to invade deeply to
he skull base. In addition, neural invasion is a recognized mechanism of
pread in 2.5% of squamous cell carcinomas and 1% of basal cell
arcinomas, providing access to the skull base by means of the maxillary
V2), mandibular (V3), or facial nerve. Immunosuppression secondary to
rgan transplantation, human immunodeficiency viral infection, lympho-
roliferative disease, or advanced age is associated with heightened
ggressiveness of some cutaneous malignancies.

istology
The accurate histopathologic diagnosis of sinonasal malignancies can
e more demanding than for tumors from other upper aerodigestive tract
ites. Poorly differentiated and undifferentiated cancers are not uncom-
on at the skull base and require careful pathologic characterization.

Small blue cell” cancers in the sinonasal region encompass disparate
ntities, such as esthesioneuroblastoma, lymphoma, melanoma, and
habdomyosarcoma, all of which benefit from different treatment ap-
roaches and are associated with different outcomes. Poorly differentiated
ubtypes of esthesioneuroblastomas, primarily “solid” adenoid cystic
arcinomas, or squamous cell carcinomas may be distinguished using
mmunohistochemical stains (Table 1). Squamous carcinomas arising in
he nasal cavity are more often keratinizing and well differentiated. Those
rom the paranasal sinuses are more often nonkeratinizing and moderately
o poorly differentiated. Poorly differentiated squamous carcinomas that
tem from a preexisting inverted papilloma are associated with a better
rognosis. There is, however, no association between inverted papilloma
nd HPV (which causes exophytic papillomas). In a review of 60
inonasal squamous cell carcinomas, 20% contained HPV 16 or 35 DNA
nd overexpressed p16 on immunohistochemistry. Most of these, but not
ll, were nonkeratinizing or basaloid. Of 12 carcinomas arising in an

nverting papilloma, only one was HPV/p16-positive.1 Several variants of
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quamous cell carcinoma have been described, whereas sinonasal undif-
erentiated carcinoma (SNUC) and nasopharyngeal-type carcinomas or
ymphoepitheliomas are considered distinct entities (Table 2).

inonasal Undifferentiated Carcinoma
SNUC, first described in 1986, involve extensive regions of the skull
ase, with frequent orbital invasion and intracranial extension on
resentation. Although rare, it is diagnosed with increasing frequency.
NUCs are believed to arise from Schneiderian epithelium, the
inonasal ectoderm. Smoking and radiation have been posited as risk
actors. Histologically, it is characterized by medium-sized polygonal
ells with distinct borders, eosinophilic cytoplasm lacking syncytial
uality, high mitotic index, and prominent necrosis. Neurotropism and
ymphovascular invasion as well as direct soft tissue invasion are
ommon. By definition, there is an absence of differentiated foci.
pithelial markers are positive. This entity must be differentiated from
asopharyngeal-type squamous cell carcinoma, high-grade adenocar-
inoma, high-grade olfactory neuroblastoma, neuroendocrine carci-
oma, and small cell carcinoma. Some undifferentiated carcinomas,
articularly in young adults, have been found to harbor a balanced
ranslocation t(15;19) resulting in BRD4-NUT oncogene. Such tumors
ay show abrupt squamous differentiation, are highly lethal, and are

lassified with undifferentiated carcinomas of the upper aerodigestive

ABLE 1. Selective immunohistochemical reactivity of sinonasal malignancies2

CK NSE CG SYN S100 HMB LCA CD56 CD99 VIM DES Myf-4

CC � � � � � � � � � � � �
NUC � v � � � � � � � � � �
sth � � v v �* � � � � � � �
CUNC � � � � � � � � � � � �
MM � � � � � � � � � � �

/NK ML � � � � � � � � � v � �
MS � � � � � � � � � � � �

bbreviations: CD99, Ewing marker; CG, chromogranin; CK, cytokeratin; DES, desmin; Esth,
sthesioneuroblastoma; HMB (includes HMB-45 and Melan-A), melanocytic marker; LCA,

eukocyte common antigen; MMM, mucosal malignant melanoma; NSE, neuron-specific
nolase; RMS, rhabdomyosarcoma; SCC, squamous cell carcinoma; SCUNC, small cell
ndifferentiated neuroendocrine carcinoma; SNUC, sinonasal undifferentiated carcinoma;
YN, synaptophysin; S100, S100 protein; T/NK ML, nasal-type natural killer/ T cell lymphoma;
, variably positive; VIM, vimentin; �, positive; �, negative.
Positive in the peripherally situated sustentacular cells.
ract with NUT rearrangement.2
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asopharyngeal-Type Undifferentiated Carcinoma
Poorly differentiated nasopharyngeal carcinomas, frequently referred to

s lymphoepitheliomas, are characterized by undifferentiated tumor cells
ccompanied by a prominent lymphoid infiltrate. In contrast to SNUC,
ell borders are indistinct, creating a syncytial appearance, and necrosis is
ot seen. Primary sinonasal nasopharyngeal-type undifferentiated carci-
omas are rare. Epstein–Barr virus (EBV) markers, by immunohisto-
hemistry and in situ hybridization for EBV-encoded RNA, will typically
e negative in SNUCs, even in Asian patients, and positive in poorly
ifferentiated nonkeritanizing nasopharyngeal-type carcinomas.2

euroendocrine Carcinomas
Among poorly differentiated sinonasal malignancies, there may be

ABLE 2. Sinonasal carcinomas

Squamous cell carcinoma, conventional
● Keratinizing
● Nonkeratinizing (formerly cylindrical cell, transitional cell)

Variants of squamous cell carcinoma
● Acantholytic squamous cell carcinoma
● Adenosquamous carcinoma
● Basaloid squamous cell carcinoma
● Papillary squamous cell carcinoma
● Spindle cell squamous cell carcinoma
● Verrucous carcinoma

Nasopharyngeal-type carcinoma (lymphoepithelioma)
Sinonasal undifferentiated carcinoma (SNUC)
Adenocarcinoma, nonsalivary gland type

● Intestinal type
● Nonintestinal type

Carcinomas of minor salivary glands
● Acinic cell carcinoma
● Adenoid cystic carcinoma
● Adenocarcinoma, not otherwise specified (NOS)
● Carcinoma ex pleomorphic adenoma (malignant mixed tumor)
● Clear cell adenocarcinoma
● Mucoepidermoid carcinoma
● Epithelial–myoepithelial carcinoma
● Myoepithelial carcinoma (malignant myoepithelioma)
● Oncocytic carcinoma
● Polymorphous low-grade adenocarcinoma
● Salivary duct carcinoma
● Other

rom Carlson, et al. Protocol for the examination of specimens from patients with carcinomas
f the nasal cavity and paranasal sinuses. College of American Pathologists Web site, January
010, based on AJCC, ed 7.
ariable neuroendocrine differentiation. The members of this group,
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hich includes esthesioneuroblastoma, SNUCs, neuroendocrine carci-
oma, and small cell undifferentiated carcinoma, have distinct clinical
haracteristics warranting different treatments. Esthesioneuroblastomas,
lso known as olfactory neuroblastomas, are thought to arise from bipolar
eurons of the olfactory membrane and typically present high in the upper
asal cavity. In some cases, a t(11:22) translocation is found. This
ranslocation, also seen in primitive neuroectodermal tumors (PNETs)
nd Ewing’s sarcoma, does not indicate a common lineage. Low-grade
sthesioneuroblastomas are readily identified on the basis of architecture
nd the presence of neurofibrillary matrix, Homer-Wright rosettes, and/or
lexner–Wintersteiner rosettes. However, distinguishing between high-
rade esthesioneuroblastomas and other neuroendocrine lesions may rest
n immunohistochemical staining. Hyams and Taxy3,4 have described the
icroscopic and immunohistochemical features of esthesioneuroblasto-
as and neuroendocrine carcinoma and argue that these entities represent
histopathologic spectrum. However, the clinical behaviors of these

esions differ markedly. In a review from the University of Texas,
osenthal et al. described clinical outcomes of 72 patients with esthesio-
euroblastoma, SNUC, neuroendocrine carcinoma, and small cell carci-
oma. Those with esthesioneuroblastomas had prolonged local control
nd disease-free survival with local therapy alone. In contrast, SNUC,
euroendocrine carcinoma, and small cell carcinoma were linked with
nferior survival and higher rates of systemic failure, particularly for small
ell carcinoma. The survival outcomes from their cohort of patients with
euroendocrine carcinoma and SNUC seemed better than those previ-
usly reported by others, perhaps reflecting improved identification of
mall cell histologies.5 Assessment of treatment outcomes depends on
ccurate histopathologic diagnosis of these poorly differentiated sinonasal
alignancies.

denocarcinomas
Primary sinonasal adenocarcinomas can be grouped into salivary and
onsalivary types, the latter of which can be further classified into
ntestinal and nonintestinal variants (Table 2). Adenocarciomas arise
ither from the respiratory epithelium or the underlying seromucinous
lands. Patients with exposure to hardwoods and leather manufacturing
evelop intestinal type adenocarcinomas in the ethmoid sinuses, which
esemble colonic adenocarcinoma but may show mucinous or signet ring
eatures. The incidence of ethmoid sinus adenocarcinoma appears to be
igher in Europe, for reasons that are not entirely clear. The most

ommon sinonasal salivary-type adenocarcinoma is adenoid cystic carci-
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oma, which may be further subclassified into tubular, cribriform, and
olid types on histologic grounds. All forms are marked by neurotropism.
olid adenoid cystic carcinomas must be distinguished from basaloid
quamous, neuroendocrine carcinomas, and SNUCs.

taging
Many sinonasal malignancies present at an advanced stage, when they
ave grown to a large size and/or invaded sites beyond the bony confines
f the sinus cavity. Innocuous symptoms, such as nasal airway obstruc-
ion, facial pain, pressure, and epistaxis, may be followed by proptosis,
iplopia, nasal or facial mass, cerebrospinal fluid leak, loosening denti-
ion, or epiphora, depending on the site and extent of the tumor. Ideal
umor staging not only reflects tumor extent and prognosis, but also
acilitates treatment planning and enables comparisons of outcomes.
everal prognostic systems have been devised for sinonasal malignancies.
he Kadish staging system6 roughly correlates with 5-year survival for
sthesioneuroblastomas and divides patients into three groups based on
he extent of disease (Table 3). This approach is sometimes inappropri-
tely used to describe tumor extent for other tumor types.
For most sinonasal cancers, T and N classification, intracranial exten-

ion, dural invasion, orbital invasion, and tumor histology have been
onsistently found to affect local control and survival. In the staging of
axillary sinus cancers, local extension of cancer into the pterygoid and

nfratemporal fossa has prognostic value. Ohngren’s line, representing an
maginary plane from the medial canthus of the eye to the angle of the
andible, separates the maxillary sinus into anterior inferior (infrastruc-

ure) and superior posterior (suprastructure) sites. Infrastructure carcino-
as are associated with a good prognosis, whereas carcinomas of the

uprastructure are associated with a poor prognosis because of ready
pread of these tumors to the eye, skull base, pterygoids, and infratem-
oral fossa. In the American Joint Committee on Cancer (AJCC) staging
ystem,7 T4 maxillary sinus cancers are subdivided into T4a and T4b,
ased on current standards of resectability (Table 4). Brain invasion or

ABLE 3. Kadish staging system for esthesioneuroblastoma

tage A: Lesion is confined to the nasal cavity
tage B: Involvement of nasal cavity and one or more of the paranasal sinuses
tage C: Involvement beyond the nasal cavity, including the orbit, skull base, intracranial
cavity, cervical lymph nodes, or systemic metastases
nvolvement of the orbital apex, optic chiasm, cavernous sinus, and
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nternal carotid artery are generally accepted to be contraindications to
urgery and mark the cancer as surgically unresectable.
For patients with cutaneous squamous cell carcinomas, a number of
igh-risk factors have been recognized, including depth of invasion,
eural invasion, and vascular invasion (Table 5). These risk factors have
een included in the pathologic staging of cutaneous squamous cell
arcinoma. Direct tumor invasion of maxilla, mandible, temporal bone, or
rbit characterizes T3 lesions, whereas direct or neural involvement of the
kull base characterizes T4 lesions (Table 6).
In cutaneous malignancies, nerve invasion has been associated with an

ncreased risk of local recurrence, which may be reduced by approxi-
ately half with the addition of radiation.8,9 However, it is important to

ABLE 4. AJCC Staging: Sinonasal Carcinomas (ed 7)

rimary tumor: maxillary sinus

X Cannot be assessed
0 No evidence of primary tumor
is Carcinoma in situ
1 Tumor limited to the maxillary sinus mucosa with no erosion or destruction of bone
2 Tumor causing bone erosion or destruction, including extension into the hard palate

and/or middle nasal meatus, except extension to posterior wall of maxillary sinus
and pterygoid plates

3 Tumor invades any of the following: bone of the posterior wall of maxillary sinus,
subcutaneous tissues, floor or medial wall of orbit, pterygoid fossa, ethmoid
sinuses

4a Tumor invades anterior orbital contents, skin of cheek, pterygoid plates, infratemporal
fossa, cribriform plate, sphenoid or frontal sinuses

4b Tumor invades any of the following: orbital apex, dura, brain, middle cranial fossa,
cranial nerves other than maxillary division of trigeminal nerve (V2), nasopharynx, or
clivus

rimary tumor: nasal cavity and ethmoid sinus

X Cannot be assessed
0 No evidence of primary tumor
is Carcinoma in situ
1 Tumor restricted to any one subsite, with or without bone invasion
2 Tumor invading 2 subsites in a single region or extending to involve an adjacent region

within the nasoethmoidal complex, with or without bone invasion
3 Tumor extends to invade the medial wall or floor of the orbit, maxillary sinus, palate,

or cribriform plate
4a Tumor invades any of the following: anterior orbital contents, skin of nose or cheek,

minimal extension to anterior cranial fossa, pterygoid plates, sphenoid or frontal
sinuses

4b Tumor invades any of the following: orbital apex, dura, brain, middle cranial fossa,
cranial nerves other than maxillary division of trigeminal nerve (V2), nasopharynx, or
clivus
ake a distinction between incidentally identified pathologic involvement

10 Curr Probl Cancer, September/October 2010
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f nerves and clinical involvement manifested by sensory changes or
otor dysfunction because clinical involvement is associated with a

reater risk of local recurrence. For skin cancers, pathologic involvement
f nerves less than 0.1 mm in diameter does not have the same impact on
rognosis9 as the involvement of larger nerves. The decision to sacrifice
n abnormally thickened but functional nerve identified at the time of
urgery remains controversial and subject to individual surgeon judgment.
Neural invasion is also a property of certain sinonasal malignancies,

ncluding adenoid cystic carcinoma, SNUC, and select squamous cell
arcinomas. Neural invasion in these sinonasal malignancies does not as
learly affect prognosis, which is usually explained by other factors,
ncluding histology and stage.10

reatment Strategies
The physical proximity of sinonasal malignancies to critical structures

orbit, brain, and optic apparatus) complicates treatment, regardless of
odality. Sinonasal cancers are frequently managed with resection, but

reatment strategies are often modified based on tumor type and extent.
djuvant radiation is usually recommended for high-grade tumors,

dvanced T classification, bone or neural invasion, intracranial extension,

ABLE 5. Cutaneous squamous cell carcinoma: high-risk pathologic features

Clinical: Primary site on ear or glabrous lip
Histologic: � 2 mm depth

Clark level IV/V
Perineural invasion
Lymph-vascular invasion
Poor differentiation

rom Rao et al. Protocol for the examination of specimens from patients with squamous cell
arcinoma of the skin. College of American Pathologists Web site, February 2010, based on
JCC (ed 7).

ABLE 6. Pathologic staging: cutaneous squamous cell carcinoma: primary tumor

TX: Primary tumor cannot be assessed
T0: No evidence of primary tumor
Tis: Carcinoma in situ
T1: Tumor 2 cm or less in greatest dimension with less than two high risk features

T2:
Tumor greater than 2 cm in greatest dimension with or without 1 additional

high risk feature, or any size with 2 or more high-risk features
T3: Tumor with invasion of maxilla, mandible, orbit, or temporal bone
T4: Tumor with direct or perineural invasion of skull base or axial skeleton

ased on AJCC (ed 7).
ural or brain involvement, or positive margins. Patients with neuroen-
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ocrine carcinomas, SNUCs, and high-grade sarcomas seem to benefit
rom the addition of chemotherapy. The type and sequence of multimodal
reatment is typically modified by factors such as tumor extent, histology,
nd institutional bias. Regardless of treatment approach, most recurrences
f paranasal sinus malignancies result from local failures.

urgery in the Management of Sinonasal Cancer
Surgery for sinonasal malignancies has undergone considerable evolu-

ion. The development of craniofacial resection in the 1970s by Kecham
nd others for the management of esthesioneuroblastoma combined with
adiotherapy doubled local control and survival. The approach enabled
he resection of the olfactory system and dura as well as involved
aranasal sinuses. Nonetheless, margins of resection are typically limited,
nd radiation treatment, found repeatedly to improve local control, is
ypically recommended even for early-stage disease.11,12 It may be
elivered either before or after resection. The use of minimally invasive
nd endoscopic surgical approaches has increased substantially over the
ast 10-20 years. Exclusively endoscopic resections of selected esthesio-
euroblastomas have been reported. Generally, these reports contain
mall numbers of patients with relatively short follow-ups.13 For esthe-
ioneuroblastoma, local recurrences can develop 10 years or more after
he completion of treatment, so prolonged follow-up is needed. With
urgical techniques changing rapidly, craniofacial resection remains an
mportant standard by which other treatments for esthesioneuroblastoma
hould be judged.
Craniofacial resections may also be used in the surgical treatment of
ther skull base malignancies involving the cribriform plate, fovea
thmoidalis, and anterior cranial base. The nature and extent of the
urgical resection for sinonasal malignancies is determined by the tumor
tself. Invasion of the orbit may necessitate exenteration. Hard palate and
lveolar involvement necessitates an infrastructure maxillectomy. Micro-
ascular soft tissue transfer may be required if there is a significant skin
nd soft tissue defect following resection and may reduce complications
f aggressive resection of the skull base. Ideally, surgery of sinonasal
ancers is performed by means of an en bloc resection. However, en bloc
esection with clear margins is seldom feasible. Experience has shown
hat piecemeal resection is not incompatible with successful surgical
xcision. The goal of surgery, whether open or using endoscopic
pproaches, remains complete tumor removal with negative surgical
argins.14 When this is not possible, a resection of all gross tumor is
referable to “debulking.”15 Resection should be undertaken only if it is

12 Curr Probl Cancer, September/October 2010
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nticipated that all gross tumor can be removed at the time of operation.
owever, this cannot always be determined before before the procedure.
Some tumor histologies, such as SNUCs, are less often amenable to
rimary surgery than other tumor types due to rapidly destructive growth
atterns, prominent neurotropism, and vascular invasion. Approximately
ne-third of SNUCs are considered unresectable at the time of presenta-
ion.16 Although not universally accepted, the presence of distant metas-
ases, brain, optic chiasm, cavernous sinus, and internal carotid artery
nvasion are widely regarded as contraindications to surgery.

anagement of the Orbit
In patients with sinonasal malignancies, the proximity of the orbit to the

umor places it at risk for invasion or treatment-related damage. The eye
an often be preserved without compromising overall survival or local
ontrol. The recognized indications for orbital exenteration have evolved.
istorically, tumor abutting the lamina was a sufficient reason for

xenteration. More recent commonly accepted indications have included
enetration through the periorbita into orbital fat and invasion of
xtraocular muscles, the optic nerve, or orbital apex. Proptosis or diplopia
ay be due to displacement of orbital contents; decreased visual acuity or

he presence of an afferent pupillary defect usually indicates gross orbital
nvasion. CT scan or MRI is helpful in delineating the extent of disease.
umor spread into the orbit may occur by means of direct extension or by
eural spread along V1 and V2 through the superior or inferior orbital
ssures. Orbital involvement by cancer and the need for orbital exenter-
tion may not be accurately determined before the procedure. Patients
ndergoing surgical resection require appropriate counseling.
As in other aerodigestive tract sites, preservation of a structure is not

lways associated with preservation of function. Resection of the orbital
oor or periorbital dissection may lead to postoperative problems,

ncluding enopthalmos, ectropion, canthal dystopia, epiphora, and diplo-
ia. Postoperative radiation (which is invariably required in this setting)
orsens these problems and may result in retinopathy and optic neurop-

thy. Validated measures of functional outcome and disease-specific
uality of life for sinonasal cancer patients have not yet been systemat-
cally employed.

kull Base Reconstruction
Surgical resection of extensive sinonasal cancers can lead to significant

unctional deficits and morbidity. Reconstruction of sinonasal defects to

chieve cranionasal separation, eye and cheek support, or oronasal

urr Probl Cancer, September/October 2010 313
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eparation is beneficial. In particular, creation of an initial watertight seal
ith separation of brain from the sinonasal cavity is critical in preventing
cerebrospinal fluid (CSF) leak, meningitis, and pneumocephalus. A

ascularized pericranial flap is the most frequent expedient for this
urpose. Fibrin glue and tissue adhesives do not compensate for poor
urgical technique. A lumbar subarachnoid drain may be used for a few
ays. Endoscopic approaches have been associated with a higher rate of
SF leak due to limitations in effective cranial base reconstruction. The
evelopment of the Haddad-Bassagasteguy flap, or nasoseptal flap, a
eliable vascularized local flap used in endoscopic approaches has lead
ecreasing rates of postoperative CSF leak, approaching those of open
rocedures. This flap, however, cannot be used if the mucosa or pedicle
s involved with cancer. A tracheotomy is seldom needed.
Maxillectomy defects may be managed with palatal obturation or
icrovascular free flap reconstruction. Small defects in the palate are

ffectively treated with a palatal obturator. For extensive palatal defects
ie, greater than 50% of the palate and/or anterior resections including
oth canines), reconstruction with a free flap has been associated with
etter functional results in experienced hands. The use of a fibula flap for
econstruction of anterior defects results in restoration of the palatal arch
nd a stable occlusal plane.17 Such reconstructions may be combined with
econstruction of the inferior orbital rim, which is less effectively
anaged with skin graft and palatal obturator. The use of well-vascular-

zed soft tissue with bone grafts or titanium mesh may diminish resorption
f bone grafts, infection, or extrusion of alloplastic materials and provide
equisite durable support for the globe.

omplications
Skull base procedures have been associated with significant morbidity

nd risk of treatment-related death. In an international collaborative study
f 334 patients who underwent a craniofacial resection, mortality of 4.5%
as reported (15 patients) with a postoperative complication rate of
3%.18 The development of microvascular free flap reconstruction has
llowed patients not previously considered for operations to undergo
therwise extensive procedures. The use of free flaps has not been
ssociated with an increased rate of surgical complications despite the
ncreased length and complexity of these procedures.19 In fact, the
ncidence of postoperative complications appears to be decreasing.20

Radiotherapy for sinonasal malignancy has changed over the last
ecade. The use of intensity modulated radiotherapy rather than three-

imensional conformal radiotherapy has been associated with diminished

14 Curr Probl Cancer, September/October 2010
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cute, chronic toxicity, and improved disease-free survival.21,22 It is now
onsidered the standard treatment modality for sinonasal malignances.
roton radiotherapy remains under investigation. It seems that the
urgical and radiotherapeutic treatment of sinonasal malignancies has
ecome much safer over the last few decades.15 In addition, improved
urvival following treatment has been observed by some23 but not all
nstitutions.15

onsurgical Management of Sinonasal Malignancies
Nasopharyngeal-type undifferentiated carcinomas or lymphoepithelio-
as presenting as sinonasal malignancies may be effectively treated by

onsurgical means. Clinical experience and randomized trial results
nvolving nasopharyngeal carcinoma may be reasonably generalized to
atients with sinonasal lymphoepitheliomas.
In general, however, evidence to support the nonsurgical management

or sinonasal malignancies remains relatively weak, and results of
andomized clinical trials of squamous cancer of the head and neck do not
eadily apply to paranasal sinus cancers. Sinonasal malignancies are
xtremely rare, account for 2%-3% of upper aerodigestive tract malig-
ancies, and are marked by far greater clinical and biological heteroge-
eity than nasopharyngeal carcinoma or other head and neck cancers
although pooling of patients in head and neck clinical trials may have
bscured differences between upper aerodigestive tract sites).
Much of the literature on skull base malignancies is characterized by

ingle-institution experiences with small numbers of patients, variable
istologies and stages, aggregating several anatomic sites, in patients who
ave undergone a variety of treatments. Clinical outcomes from studies
hat include patients with esthesioneuroblastoma, SNUC, and sinonasal
elanoma are difficult to interpret, given the different clinical behaviors

f these lesions. Advances in surgery and radiation treatment further
onfound analysis because most series reflect decades of clinical experi-
nce.
Nevertheless, a variety of treatment schemes incorporating the use of

hemotherapy and radiation have been explored. The results of radiation
iven definitively have been disappointing, and historically have been
ssociated with high rates of ocular complications. Local control rates
anging from 14% to 53% have been reported.24-29 However, many
tudies are marked by selection bias, and patients treated nonsurgically
ore often have locally advanced disease or are considered inoperable

Table 7).23,28,30-33 The use of induction chemotherapy for sinonasal

quamous cell carcinomas has not been associated with improved local
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TABLE 7. Treatment outcomes for sinonasal cancers

Author (years) N
Histology
(% SCC)

T-stage Surgery
Induction
chemo

Concurrent
chemo

Radiation
dose

Local
control*

Overall
survival*

Lee31 (1984-1996) 19 81% 100% T3-4 T4bNR yes yes yes 45-74 Gy 76% 73%
Mendenhall28 (1964-2005) 53 15% T4 23% yes no rare 65 Gy 84% 73%

56 43% T4 41% no no rare 70 Gy 43% 38%
Porceddu32 (1991-2000) 60 58% 78% T3-4 T4b 3% usually rare rare 56 Gy 49% 40%
Thorup23 (1995-2004) 96 55% Stage III-IV 69% yes no no NR 64% 65%

79 no no no NR 34% 40%
Hoppe30 (1990-2006) 39 38% T4b 100% no yes yes 70 Gy 20% 15%

Homma33 (1999-2006) 47 76%
100% T3-4 T4b

38% rare no
yes

RADPLAT 65-70 Gy 78% 69%

Abbreviations: N, number of patients; RADPLAT, intraarterial high-dose cisplatin.
*At 5 years.

3
1
6

C
urr

ProblC
ancer,

S
eptem

ber/O
ctober

2
0
1
0



c
f
J
c
p
c
n
p
i
o
r
p
(
p
b
o
p
r

w
m
t
a
t
e
p
p
t
d
r
t
i
w
d
s

M

d
t
a

C

ontrol or a survival advantage.34 Schemes using induction chemotherapy
or organ (primarily ocular) preservation, based on pioneering work from
apan,35-38 have been explored. At the University of Texas, induction
hemotherapy with intraarterial cisplatin (RADPLAT) and intravenous
aclitaxel and ifosfamide yielded a complete clinical response in 26% and
omplete pathologic response in 20%. However, the high rates of central
ervous system toxicity led this group to abandon this treatment ap-
roach.39 In a subsequent study from Hokkaido University, concurrent
ntraarterial treatment with high-dose cisplatin yielded impressive cancer
utcomes and was associated with manageable toxicity and no treatment-
elated cerebrovascular accidents or mortality. Of 47 patients with
aranasal sinus cancers, 35 (77%) had squamous cell carcinoma and 9
19%) had undifferentiated carcinoma. Treatment with intraarterial cis-
latin (100-120 mg/m2 weekly) combined with conventional external
eam radiation (65-70 Gy), yielded 5-year local progression-free survival
f 78% overall, and 69% for patients with T4b cancers. Sixteen of 38
atients developed severe ocular problems.33 Such impressive oncologic
esults have not as of yet been duplicated elsewhere.
Response to induction chemotherapy has been used to select patients
ith sinonasal squamous carcinomas for subsequent definitive treat-
ent. Hanna et al. reviewed the experience of 46 patients initially

reated with induction chemotherapy using a combination of taxane
nd platinum either alone or with a third agent, before definitive local
herapy. Patients with T3 or T4 squamous cancers, requiring orbital
xenteration or craniofacial resection, were eligible. Sixty-seven
ercent of patients achieved at least a partial response, whereas 24%
rogressed. Response to induction chemotherapy was highly predic-
ive of survival. The 2-year survival was 77% in patients with stable
isease compared with 36% for patients with progression. Surgical
esection was performed in only 50%. Long-term outcomes and
oxicity results are still pending.13 Although chemosensitivity may
dentify patients with a better prognosis, it is unlikely that patients
ho progressed during chemotherapy benefited from the delay in
efinitive local treatment. The role of induction chemotherapy in the
etting of paranasal sinus cancer remains under investigation.

anagement of SNUC
Clinical outcomes for patients with SNUC have historically been
ismal. SNUC is characterized by destructive rapid growth, a greater
endency to metastasize than squamous carcinomas, and frequent vascular

nd neural invasion. Some of these properties suggest that it may respond

urr Probl Cancer, September/October 2010 317



m
s
w
C
T
i
e
l
t
w
w
p
a
r
r
c
1
r
G
t
r
t

F
e
t
6
c
t
p
o
w
a
f
p
d
p
l
s
a
e

3

ore favorably to aggressive chemotherapeutic approaches. Results of
mall published series, however, have been inconsistent. Ten patients
ith sinonasal SNUCs were treated at the Peter MacCallum Cancer
entre between April 1990 and April 2002. Although 1 patient had a
1N0 tumor, the rest were classified T4 with intracranial and/or orbital

nvasion. Of these 9 patients, 2 had initial surgery followed by postop-
rative radiation to a dose of 54 Gy in 30 fractions, and both developed
ocoregional recurrence. The other 7 patients received induction chemo-
herapy with cisplatin (or carboplatin if cisplatin was contraindicated)
ith infusional 5-FU for 3 cycles followed by concurrent chemoradiation
ith cisplatin during the first and last weeks of radiation. One patient
rogressed while receiving induction chemotherapy and died 5 months
fter completing radiation. Six patients had stable disease or partial
esponses after induction chemotherapy, and 4 subsequently had complete
esponses after radiation, remaining free of disease 8-51 months after
ompleting treatment. Two patients with incomplete responses progressed
1 months after completing treatment. Because patients who recurred
eceived 50-54 Gy and those who remained free of disease received 60
y, the authors speculate that at least 60 Gy is needed to control this

umor type.40 Although generally these results are better than those
eported previously, follow-up of 2 of 4 patients rendered disease-free (of
he 7 total in the cohort) was less than 1 year (8 and 10 months).
In a review of 15 patients with T4 SNUCs treated at the University of
lorida between September 1992 and October 2005, patients underwent
ither postoperative radiation, preoperative radiation, or definitive radia-
ion with or without concomitant chemotherapy. All patients received
0-75 Gy of radiation. Concurrent treatment with cisplatin was most
ommonly employed. Patients treated with surgery, either before radia-
ion or following preoperative radiation, had better local control than
atients treated with definitive radiation, despite the use of higher doses
f radiation (70-75 Gy) in the nonsurgical group. One of 7 patients treated
ith surgery and postoperative radiation developed a neck recurrence in
nonirradiated neck 4 months after treatment, whereas the others remained

ree of disease for 12-128 months. Local control was also achieved in the 2
atients who had preoperative radiation. However, both patients experienced
isease recurrence, 1 in the neck and the other at distant sites. Three of 5
atients treated with definitive radiation developed recurrences, 1 local and 2
ocoregional. One of these with a marginal dural recurrence was successfully
alvaged. Based on their results, Tanzer et al. conclude that combined surgery
nd adjuvant radiation likely offer the best chance of cure compared with

ither modality alone.16 However, it is important to note that most patients
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ho underwent initial surgery were classified as T4a, whereas those who
nderwent definitive radiation were staged T4b. On the whole, however, it
oes seem likely that surgery, either before or after radiation, improves local
ontrol. Relapses for SNUCs and other sinonasal malignancies are usually
arked by local failure and sometimes locoregional failure. The authors

avor a combined approach using surgery followed by radiation to a lower
ose for resectable disease, to diminish the risk of radiation-induced optic
europathy.41

onclusions
Given the complexity of sinonasal malignancies, a multidisciplinary

pproach for treatment and rehabilitation is advocated. Survival after
reatment for advanced sinonasal carcinomas remains suboptimal. Nev-
rtheless, there is evidence that incremental changes have resulted in a
ecrease in treatment-related complications. As technical and technolog-
cal advances are incorporated into the surgical and radiotherapeutic
anagement of sinonasal malignancies, more effective treatments will be

ffered to a larger variety of patients. Improved understanding of tumor
iology and tumor markers will permit a more individualized treatment
pproach.
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