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ABSTRACT

SUMMARY: Sinonasal inverted papillomas occasionally undergo malignant transformation into squamous cell carcinoma, which can
be associated with EGFR mutations. Since biopsy can potentially under-sample the tumor, CT and MRI can provide clues as to the
presence of malignant transformation. In particular, this entity tends to appear different from benign inverted papilloma on imag-
ing, including prominent bone erosions, necrosis, low diffusivity in the solid tumor components, and absence of the cerebriform
pattern on MRI. The radiology findings, pathology features, and management of squamous cell carcinoma arising from inverted pap-
illoma are described.

ABBREVIATION: EGFR ¼ epidermal growth factor receptor

The patient is a 61-year-old male former 40 pack-year smoker
who presented with headaches and discharge of material

from his nose for the past 9months. The patient also experi-
enced diplopia with left lateral gaze and tongue deviation to the
left. Examination revealed a sinonasal mass that appeared pink-
ish-red with a centrally necrotic, pearly-white core. The mass
was biopsied at an outside hospital and interpreted as inverted
papilloma. The patient was then referred to our institution for
further management.

IMAGING
CT showed diffuse opacification of the sphenoid sinuses, poste-
rior ethmoid sinuses, and posterior nasal cavity with a relatively
well-defined mass with peripheral enhancing components and
central heterogeneous nonenhancing components, as well as
associated extensive remodeling and erosion of the sphenoid
sinus walls, floor of the sella, and clivus, including the left hypo-
glossal canal, which accounted for the tongue weakness (Fig 1).
MR imaging demonstrated a large peripherally enhancing mass
that appeared to potentially invade the bilateral cavernous sinuses
and sella without a bone marrow replacement process beyond the
mass (Fig 2). In particular, there was rather thin diffuse periph-
eral enhancement of the tumor with relatively low diffusivity and

central areas of heterogeneous T2 signal, indicative of necrosis
with relatively high diffusivity. Based on the atypical imaging
findings for benign inverted papilloma, the possibility of malig-
nant transformation was suspected.

Treatment
Endoscopic endonasal resection was performed, which showed
viable tumor peripherally, with extensive central necrosis. The
bulk of the tumor was removed with a combination of suction,
debriding, and grasping instruments. The sella and right cavern-
ous sinus were displaced peripherally, with good planes of separa-
tion and negative pathologic margins on the overlying mucosa.
However, positive microscopic margins were noted along the left
cavernous sinus wall, left sphenoid roof, and sphenoid floor, from
which the mass appeared to be arising. The tumor also invaded
the clivus, upper pharyngeal musculature, and left hypoglossal
canal, which was decompressed but contained invasive gross tu-
mor. These findings correlated well with the imaging findings (Fig
3), specifically with regard to areas of necrosis and viable tumor,
though we were pleasantly surprised by the lack of invasion along
the right side of the skull base. The resulting defect was repaired
with a fascia lata graft and nasoseptal flaps, to provide healthy tis-
sue covering the carotid arteries in preparation for planned adju-
vant radiation therapy and weekly cisplatin. Postoperatively, the
patient recovered well and experienced improved tongue mobility,
resolution of the diplopia, and decreased headaches.

Diagnosis
Intraoperative frozen sections revealed squamous cell carcinoma
arising from sinonasal papilloma. Histologic sections showed a
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sinus lesion exhibiting an inverted growth pattern typical of a
sinonasal papilloma, inverted type (Fig 4). The appearance of
the lesional epithelium varied from conventional (acanthotic
transitional-like epithelium with ciliated surface cells and intra-
epithelial neutrophilic microabscesses) to dysplastic (squamous
metaplasia with nuclear enlargement, nuclear membrane irreg-
ularity, hyperchromasia, loss of polarity, and increased mitotic
activity). Rare foci of superficial invasion into the underlying
stroma and extensive areas of necrosis were also present. Thus,
the presence of a conventional inverted papilloma, together with
extensive dysplasia, foci of invasive carcinoma, and, in particular,
the extensive necrosis matched the clinicoradiologic suspicion.
DNA was also isolated from the specimen, which revealed an epi-
dermal growth factor receptor (EGFR) mutation involving a 9-base
pair duplication in exon 20, along with several other alterations of
uncertain significance.

DISCUSSION
Inverted papilloma is a benign but locally aggressive sinonasal
neoplasm. This lesion can be associated with squamous cell car-
cinoma in approximately 7%–16% of cases, either synchro-
nously or metachronously.1-3 Although inverted papillomas
with malignant degeneration are most commonly located in the

FIG 2. Coronal T2-weighted (A) MR imaging shows a heterogeneous mass occupying the sphenoid sinuses with extension into the cavernous
sinuses and sella. The T1-weighted (B) and postcontrast T1-weighted (C) MR images show diffuse peripheral enhancement. The ADC map (D)
shows relatively high diffusivity in the necrotic portions of the tumor and low diffusivity within the viable portions of the tumor.

FIG 3. Endoscopic view during endonasal surgery shows viable (V)
and necrotic (N) tumor components.

FIG 1. Sagittal postcontrast CT image (A) shows a fairly well-defined-but-heterogeneous mass in the posterior nasal cavity and eth-
moid and sphenoid sinuses, with peripheral areas of enhancement and mixed areas of central hypoattenuation and hyperattenuation.
Axial CT images in bone windows (B and C) show extensive erosion of the sinus walls and clivus, with involvement of the left hypo-
glossal canal (arrow).
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lateral nasal cavity or maxillary sinus, tumors arising in the
frontal sinus or the frontoethmoidal recess are proportionately
most likely to be associated with carcinoma.2 Sphenoid sinus
involvement, such as in this case, is relatively uncommon for
both benign inverted papillomas and those associated with
squamous cell carcinoma.

Various risk factors are implicated in the malignant transforma-
tion of sinonasal papillomas, including human papillomavirus infec-
tion, smoking, occupational exposure, and DNA alterations, such as
EGFRmutations.4,5 Of note, EGFR is the gene that encodes the epi-
dermal growth factor receptor, which is a cell membrane protein
that is involved in tyrosine phosphorylation and cell proliferation.
The specificity of EGFR mutations suggests that squamous cell car-
cinoma arising from the inverted papilloma disease spectrum is bio-
logically distinct from other sinonasal squamous lesions.6

Distinguishing benign inverted papilloma and inverted papil-
loma associated with malignant transformation can be challeng-
ing clinically. Both entities can present with nasal obstruction
and rhinorrhea, but epistaxis, vision changes, and pain are omi-
nous signs suggestive of malignancy.3,7 As in this case, the diag-
nosis is sometimes missed by biopsy because tissue containing
malignant cells is not always obtained.3 However, imaging with
CT and MR imaging can help characterize these tumors in terms
of identifying atypical features and delineating the extent of tu-
mor for guiding further management.

Benign sinonasal inverted papillomas characteristically demon-
strate osteitis at the attachment site on CT and a convoluted cere-
briform pattern consisting of alternating bands of high and low
signal on T2-weighted and postcontrast T1-weighted MR imaging
sequences.8 On the other hand, inverted papillomas with malig-
nant transformation tend to have imaging characteristics distinct
from those of benign inverted papillomas. In particular, the pres-
ence of bone erosions on CT is suggestive of malignancy,9 though
the margins of the tumor can be relatively sharp, with bone
remodeling suggestive of a more indolent process as in this case.
OnMR imaging, the absence of the classic cerebriform or colum-
nar pattern associated with inverted papilloma and the presence
of necrotic components are indicative of squamous cell carci-
noma.9,10 In addition, the viable portions of tumors with malig-
nant transformation tend to have significantly lower ADC values
than benign inverted papillomas, with an average diffusion coef-
ficient of 1.1� 10�3 mm2/s versus of 1.5� 10�3 mm2/s.9

However, the presence of bulk necrosis in tumors is generally
associated with elevated diffusivity.11

Aggressive surgical resection combined with postoperative ad-
juvant therapy, including chemotherapy and radiation, can be
effective in managing even stage T4 squamous cell carcinomas
arising from inverted papillomas.12 The goal of surgery is obtain-
ing negative microscopic margins, though with tumor invasion of
critical skull base structures, this may not be possible in some
cases. The anatomy of the tumor generally dictates the approach:
Depending on the extent of disease, endoscopic sinus surgery
alone, endoscopic sinus surgery plus endonasal or open anterior
maxillotomy, and endoscopic sinus surgery plus an anterior cra-
niotomy can be considered.12 In this case, the tumor likely origi-
nated from the left sphenoid sinus, while growing displaced the
cavernous sinuses, sella, and other structures outward, allowing a
wide surgical corridor by an endoscopic endonasal approach sim-
ply by debriding the necrotic core. Because patients with sino-
nasal malignancies typically require adjuvant chemoradiation,
repair of the skull base defect is an important consideration.
Specifically, exposed neurovascular structures, such as the carotid
arteries and cavernous sinuses, should be covered with healthy,
preferably vascularized tissue or flaps, to the reduce risk of
osteoradionecrosis or carotid blowout.

The prognosis of patients with inverted papillomas associated
with squamous cell carcinoma depends largely on the tumor
stage, with an overall 3-year disease-specific survival rate of 63%.3

Most tumor recurrences are attributable to incomplete resection,
and close life-long imaging follow-up is warranted, with biopsies
performed depending on the imaging findings.1 In certain cases
with EGFR mutations, irreversible tyrosine kinase inhibitors can
result in inactivation of EGFR signaling and growth inhibition.5

However, there is evidence that most exon 20 insertion mutations
confer resistance to EGFR tyrosine kinase inhibitor therapy, at
least in lung cancer.13

Case Summary
• It is not uncommon for sinonasal inverted papilloma to undergo
malignant transformation into squamous cell carcinoma, which
can be associated with EGFRmutations, as in this case.

• Because biopsy can undersample the lesion, the presence of
aggressive features on imaging should raise the possibility of
malignant transformation.

• The presence of necrosis and low diffusivity instead of a cere-
briform appearance on MRI and extensive bone erosions
demonstrated on CT are suggestive of associated squamous
cell carcinoma.

FIG 4. Hematoxylin-eosin-stained photomicrographs of the lesion show an inverted growth pattern from the sinonasal papilloma component
(A, �4 magnification), markedly thickened epithelium (E) with ciliated luminal cells and intraepithelial neutrophilic microcysts (arrow) growing
downward into the underlying stroma (S) (B,�20 magnification), areas of severe epithelial dysplasia (C,�20 magnification), and foci of superficial
invasion and tumor necrosis with apoptotic cells (N) (D,�20 magnification).
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• CT and MRI are useful for tumor localization and treatment-
planning, which generally consists of surgical resection,
chemotherapy, and radiation for inverted papillomas with
malignant transformation.

• ADC can be useful for mapping heterogeneous tumors,
with low diffusivity associated with viable portions of ma-
lignant neoplasm versus high diffusivity associated with
bulk necrosis.
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