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The complex anatomy and diverse tissue composition of the nasal cavity and
paranasal sinuses contribute to a wide variety of tumor pathologies in this region,
posing significant diagnostic challenges in clinical practice. Evaluation with
computed tomography (CT) and magnetic resonance imaging (MRI) is critical
for the diagnosis and management of patients with sinonasal tumors.
Radiologists should be proficient in the indications and contraindications for
CT and MRI examinations of sinonasal tumors, along with standardized scanning
protocols and image quality control requirements. Particular attention must be
paid to radiation protection principles for infants, children, and pregnant patients,
alongside contrast agent safety guidelines for pregnant and lactating females.
Furthermore, radiologists require a thorough understanding of the intricate
anatomy of the sinonasal region, the spectrum of common benign and
malignant tumor pathologies, and their characteristic imaging manifestations,
especially recognizing tumor-specific imaging signs. Finally, adopting a long-
term perspective, radiologists should prioritize multidisciplinary collaboration.
Integrating clinical practice with emerging technologies-such as multimodal
imaging, molecular diagnostics, and artificial intelligence (Al)-is critical for
addressing diagnostic complexities, refining therapeutic strategies, and
improving patient prognoses. Advancing research in these domains not only
strengthens disease management but also deepens the understanding of
pathogenesis and treatment response, ultimately enhancing diagnostic
accuracy and long-term outcomes.
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Introduction

Imaging of the nasal cavity and paranasal sinuses is a critical
component of head and neck radiology, which has gained increasing
prominence in recent years. The nasal cavity and paranasal sinuses
possess complex and delicate anatomical structures, and are in close
proximity to the orbits, oral cavity, nasopharynx, oropharynx, skull
base, and other surrounding regions. Consequently, tumors in this area
involve multiple medical specialties, including otorhinolaryngology,
ophthalmology, stomatology, neurosurgery, general surgery, and
vascular surgery. The diverse anatomical components of the nasal
cavity and paranasal sinuses lead to a wide range of tumor origins.
Furthermore, the clinical presentations of most inflammatory, benign,
and malignant tumors in this region lack specificity. Additionally, the
incidence of nasal and paranasal sinus tumors is lower compared to
other systems, rendering the disease spectrum relatively rare with a
limited number of cases. As a result, frontline clinicians, particularly
those in large general hospitals, often have an inadequate
understanding of these tumors (1). Consequently, the imaging
evaluation and diagnosis of nasal and paranasal sinus tumors have
remained challenging aspects of clinical diagnosis, teaching,
and research.

Conventional X-ray films are limited in evaluating nasal cavity
and paranasal sinus tumors due to structural overlap with adjacent
maxillofacial regions, orbits, and the skull base, which obscures
detailed anatomical visualization. Current imaging primarily
employs CT and MRI. CT is adept at delineating fine bony
structures, anatomical variants, and osseous erosion, with multi-
detector spiral CT providing enhanced spatial resolution through
multiplanar reconstructions. MRI offers superior soft tissue
contrast, crucial for assessing mucosal changes, fluid retention,
polyps, and neurovascular structures, while also aiding in tumor
characterization, boundary definition, and extent evaluation. These
modalities are complementary in tumor localization, staging,
component analysis, treatment monitoring, and recurrence
detection. However, in China, standardization of imaging
protocols, diagnostic accuracy, and integration into clinical
decision-making are suboptimal. To address these issues, the
Radiology Department Association of Hospitals of Shanghai, the
Molecular Imaging Group of the Chinese Society of Radiology, and
the Medical Imaging Committee of Shanghai Association of
Chinese Integrative Medicine have developed a consensus
guideline. This initiative seeks to optimize imaging workflows,
enhance diagnostic precision, reduce errors, improve resource
utilization, and support clinical management and research in
sinonasal tumor care.

Contraindications

CT

High sensitivity to X-rays or unsuitability for X-ray exposure;
Patients cannot cooperate with the scan; Iodine contrast agent
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allergy, hyperthyroidism, and severe heart, liver, or kidney failure
cannot undergo enhanced CT scan.

MRI

Devices containing magnetic materials, such as Cardiac
pacemakers, cochlear implants, cardiac stents, artificial heart valve
replacement; metallic foreign bodies in the eyes; pregnancy within
the first trimester; claustrophobia; metallic dentures affecting
imaging quality for nasal and paranasal sinus tumors; patients
unable to undergo examinations due to severe illness.

Imaging examination process
Non-contrast CT scan

1. Remove metallic jewelry and dentures from the head and
face before scan.

2. Spiral scanning is the primary method. It is reccommended
to use a 64-slice or higher spiral CT.

3. Scanning position: supine, with head fixation via specialized
headrest for midline alignment and patient motion restriction.

4. Scanning range: Frontal sinus superior margin to hard
palate, with adjustments based on lesion extent while
ensuring comprehensive coverage of tumor and sinonasal
anatomical structures.

5. Scanning baseline: Lateral positioning film-based with external
auditory meatus reference. Baseline: infraorbitomeatal line,
supplemented by device-enabled partial-angle scanning for
suboptimal patient cooperation.

6. Scanning conditions: Tube voltage: 100 kV-120 kV;
Effective tube current: 150 mAs/layer-220 mAs/layer;
Collimator width: 10 mm-40 mm; Pitch < 1.0; Matrix: at
least 512x512; FOV: 150 mm- 200 mm.

7. Reconstructed slice thickness: The minimum allowable
slice thickness is 0.6-0.70 mm.

8. Reconstruction algorithm: Bone algorithm, soft tissue
algorithm; Iterative reconstruction algorithm.

9. Reconstruction protocol: Primary reconstruction modality:
soft tissue algorithm for sinonasal mass lesions. Optional
sagittal plane reconstruction. 3D post-processing for
clinical indications. Window parameters: Bone (W1500-
3000/C150-400); Soft tissue (W300-400/C40-50).

Contrast-enhanced CT

1. Examination protocol: Pre-procedural fasting (=4hr) with
informed consent requirement.

2. CE-CT follows non-contrast acquisition via intravenous
bolus injection (IV bolus).
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3. Contrast parameters: Total iodine load 300-450mgl/kg
(weight-adjusted), supplemental saline flush 15-20ml.
Contrast injection rate 2.5-3.5ml/s, scan initiation at 50-
60s post-injection.

Non-contrast MRI

1. Scanning range: In principle, the entire tumor should be
included. a. Transverse: Anterior cranial fossa (diaphragma
sellae level) to the inferior margin of the second cervical
vertebra (C2). b. Coronal: Frontal sinus anterior-sphenoid
sinus posterior margins. Sagittal: Entire nasal cavity and
paranasal sinuses coverage.

2. Coil selection: Head orthogonal coil or head-neck
combined coil.

3. Slice parameters: 3.0-5.0mm thickness; 0-1.0mm interval.

4. Sequences: Mandatory: Transverse T1/T2-Weighted
imaging (T1/T2WI); Coronal T1WI.Conditional: Sagittal
acquisition; fat-sat T2WT for suspected intralesional fat.

Contrast-enhanced MRI

1. Contrast protocol: Weight-based dosing (0.1mmol/kg); IV
rate 1-2ml/s with saline flush.

2. Sequences: Multiplanar T1WI (transverse/coronal/sagittal);
DWI with fat-sat on selected planes.

3. Dynamic CE: TIWI acquisitions at 20-30s intervals
(10 phases).

4. Parameters: Slice 3-5mm/Imm gap; Matrix >224x256;
FOV 200x200mm.

Image quality control

CT

1. 1.Thin-section bone window radiography: Demonstrates
sinonasal osseous alterations (compressive displacement,
resorption, infiltrative destruction, cartilaginous matrix
presence), aiding tumor origin determination and benign-
malignant differentiation.

2. Artifact control: Reduce metal artifacts by adjusting
scanning parameters. Apply iterative reconstruction
techniques to reduce noise.

3. Imaging requirement: Complex sinonasal anatomy necessitates
optimal visualization of key structures: cribriform plate;
ostiomeatal complex (OMC); pterygopalatine fossa; cranial
base foramina.

4. Ensure the regular calibration and maintenance of equipment.
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5. Contrast administration parameters (dose; flow rate) and
acquisition timing require precise optimization to prevent
injection artifacts (bubble formation; flow irregularity) and
suboptimal acquisition timing, ensuring diagnostic
image quality.

MR

1. Fat-sat requirement: Mandatory for skull base/orbital
tumor invasion evaluation.

2. Motion control: Head immobilization with controlled
respiration; avoidance of swallowing/ocular/lingual
activity. Application of sedation protocols for
claustrophobic patients.

3. Equipment Quality Control: Scheduled calibration/
maintenance protocols.

4. Contrast management: Per established administration
standards.

Examination of special populations
Children and infants

Special care is needed in imaging children’s nasal and sinus
structures due to their small and underdeveloped anatomy.
Attention should be given to minimizing radiation dose in CT
and controlling motion artifacts in MRI. Additionally, caution is
advised regarding the repeated use of contrast agents in a short
timeframe due to safety concerns in children and infants (2).

CT examination

1. Pediatric low-dose CT protocols: Tube voltage 100-120kV
and current 100-150mAs/slice are recommended, with
age-/weight-adjusted parameter optimization for radiation
dose minimization.

2. Contrast administration guidelines: Agent selection:
Nonionic isotonic contrast agents; Pediatric dosing: 1.5-
2.0ml/kg (weight-based) with three adjustment criteria:
weight parameters, manufacturer guidelines, clinical
indications; Neonate/preterm protocol: Reduced-dose
application principle.

3. Using contrast agents with caution in children with
renal insufficiency.

4. Post-procedural care: Guardian-supervised 20-30min
observation period; Contrast clearance enhancement via
oral hydration (if clinically feasible).
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MRI examination

1. Pre-MRI screening: Confirmation of pediatric fever (>37.3°
C) or critical status mandates cautious imaging
protocol implementation.

2. Children may struggle to cooperate during MRI scan due to
various factors. Infants under 3 months old can be managed
through wrapping and feeding, avoiding sedation. For
children over 3 months, non-pharmacological methods such
as distraction and comforting techniques can be attempted
first. If sedation is necessary, it can be administered orally or
by enema 30 minutes before the scan. In cases of difficult
cooperation, especially with children at risk of bleeding from
nasal or sinus tumors, MRI can be conducted under general
anesthesia to prevent image artifacts, injuries, and tumor
bleeding (3)..

3. Wearing earplugs or noise-canceling headphones to
protect hearing.

4. Choosing stable gadolinium contrast agents with low brain
deposition rates. Administer the same dosage to children as
to adults, but lower doses (0.05-0.08 mmol/kg) are
recommended for premature infants and infants (4, 5).
Following contrast agent injection, flush the catheter with a
sufficient amount of normal saline.

5. Post-procedural care for MRI aligns with that established
for CT.

Pregnant and lactating women

CT examination

The administration of ionizing radiation during CT scanning
necessitates rigorous risk-benefit analysis before imaging pregnant
individuals. While the radiation dose in a single nasal and sinus CT
scan is typically below the level considered harmful to fetal
development (50-100 mGy) (6), guidelines advise against
performing the scan during the initial trimester of pregnancy and
suggest cautious use in the second and third trimesters. However,
terminating a pregnancy solely due to exposure to diagnostic-level
radiation is not reccommended. Adequate shielding for the abdomen
is essential during the procedure. For instance, when necessary to
detect bone damage, abnormal bone formation, or tumor changes,
low-dose CT scans can be cautiously employed with proper
abdominal shielding and the briefest scanning duration possible.
Non-contrast CT has minimal impact on breast tissue and lactation,
allowing immediate breastfeeding. Contrast-enhanced CT
historically advised cessation of breastfeeding and discarding milk
for 24 hours. However, less than 1% of water-soluble iodine contrast
is excreted into breast milk, with infants receiving only 0.01% of the
maternal dose. The American College of Radiology (ACR) and
American College of Obstetricians and Gynecologists (ACOG)
recommend continuing breastfeeding, suggesting increased water
intake post-exam to enhance contrast agent elimination (7).
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MRI examination

MRI is preferred during pregnancy and lactation due to its non-
ionizing properties. However, gadolinium-based contrast agents
(GBCAs) should be used cautiously as they cross the placental
barrier. The ACR advises avoiding MRI in the first trimester unless
clinically urgent, citing theoretical risks of fetal malformations,
thermal injury, and hearing impairment (8). GBCAs are not
recommended for pregnant women unless essential for diagnosis
or prognosis, as they release toxic gadolinium ions in fetal
circulation (9). For lactating women, non-contrast MRI is safe.
GBCAs appear in breast milk at <0.04% of the maternal dose within
24 hours, with <1% absorbed by infants. The ACR states
breastfeeding need not be interrupted, though a 24-hour pause
may be considered (10). Informed consent is required before
contrast-enhanced MRIL

Application of CT and MRI
examinations in nasal cavity and
paranasal sinus tumors

Preoperative imaging is used for tumor localization, assessing
malignancy, and delineating lesion extent for staging. CT imaging
effectively reveals the bony structures of the nasal cavity and
paranasal sinuses, accurately detecting tumor-induced bone
resorption or destruction and its extent. It holds particular
diagnostic value for tumors originating from bone or cartilage.
Benign tumors typically show bone resorption and remodeling,
whereas malignant tumors often exhibit bone destruction.
Squamous cell carcinoma (SCC) and adenoid cystic carcinoma
(ACC) frequently involve perineural invasion, which CT evaluates
through indirect signs such as bone resorption, destruction, and
asymmetric widening of bony foramina (11). Ossifying fibroma
presents with a variable-thickness bony shell at the tumor margin,
alongside needle-shaped or patchy calcification and ossification
within the tumor. In fibrous dysplasia, affected bones thicken and
enlarge, displaying a homogeneously dense, ground-glass-like
appearance. Both benign and malignant cartilaginous tumors on
CT typically show clumped or scattered ossification. Additionally, CT
also helps detect anatomical variations in the nasal and paranasal
sinuses preoperatively. MRI offers superior soft-tissue resolution,
enabling precise characterization of tumors. This includes
delineating internal signal heterogeneity, boundaries, and depth of
invasion into marrow and neurovascular structures (12). T2WI
demonstrate clear differentiation between hypointense neoplasms
and hyperintense inflammatory mucosa or protein secretions, a
capability lacking in CT. In SCC and ACC, perineural invasion
manifests as nerve signal replacement, thickening, and surrounding
fat signal loss (13, 14). Skull base malignancies exhibit MRI-detectable
alterations in the cavernous sinus and dura, including thickening
(22mm) and nodular enhancement, as well as parenchymal
infiltration (15). While CT excels at detecting subtle cortical
erosion, MRI can identify marrow infiltration in the absence of
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cortical destruction. Advanced MRI techniques, such as diffusion-
weighted imaging (DWI) and dynamic contrast-enhanced (DCE)
MRY, facilitate differentiation between benign and malignant lesions,
as well as subtype stratification of malignancies (16). Preoperative
staging integration, using modified Kadish/Hyams criteria for
olfactory neuroblastoma prognosis (17), and the Radkowski system
for assessing sphenoid infiltration in juvenile nasopharyngeal
angiofibroma (JNA), underscores the prognostic value of imaging,
where the initial extent of the lesion directly correlates with clinical
outcomes (18, 19).

CT is commonly used for intraoperative navigation to aid
surgeons in real-time tumor localization, ensuring surgery
precision and safety. CT angiography can identify feeding arteries
and draining veins of tumors, such as in nasopharyngeal
angiofibroma where the external carotid artery branches supply
blood. It can also detect variations like kissing internal carotid
arteries. Real-time MRI navigation enhances tumor resection
accuracy, minimizes nerve and vessel damage, and optimizes
normal tissue preservation compared to CT navigation.

Postoperative examinations focus on follow-up and efficacy
evaluation. CT is crucial for assessing bone structure restoration,
detecting recurrent lesions in areas like the skull base, orbit, and
pterygopalatine fossa. They are particularly vital for postoperative
monitoring of malignant bone and cartilage tumors or aggressive
tumors like SCC. CT can identify various issues such as adhesions,
fluid accumulation, soft tissue changes, lymph node enlargement,
and surgical site alterations, indicating potential tumor recurrence.
CE-CT can also evaluate abnormal blood supply, like tumor
neovascularization. To minimize radiation exposure, low-dose CT
is recommended for patients needing frequent monitoring. MRI can
detect early signs of soft tissue repair, residual, or recurrent lesions.
For instance, postoperative scars exhibit low signals in the T2WI
sequence, whereas recurrent lesions manifest high signals or
significant enhancement (20). Local recurrence may occur in 40-
50% of JNA cases (21), Postoperative imaging indicating tumor
residue and residual feeding arteries post-embolization increases
the likelihood of recurrence (22). Sinonasal inverted papilloma
(SNIP) presents a high recurrence rate, with 10% of cases
potentially progressing to SCC (23), regular postoperative MRI
follow-up is advantageous for early detection of malignant tissues.
While distinguishing some recurrent tumors from postoperative
granulation tissue on TIWI and T2WI is challenging, the apparent
diffusion coefficient (ADC) value and DCE-MRI can be helpful (24-
26). MRI Chemical Exchange Saturation Transfer (CEST) enhances
tumor detection sensitivity and molecular-level image resolution.
Additionally, MRI outperforms CT in discriminating radiation-
induced osteonecrosis from intramedullary tumor recurrence.
Differentiating bone marrow edema from intramedullary tumor
infiltration is crucial during post-radiotherapy monitoring. Analysis
of the time-signal enhancement curve in dynamic contrast-
enhanced scans aids in distinguishing tumor activity from
necrosis (14, 27). Follow-up assessments should also incorporate
clinical physical examinations and nasal endoscopy. Vigilant
monitoring is essential for high-risk recurrence and complex
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anatomical regions like the skull base, orbit, and pterygopalatine
fossa. When necessary, both CT and MRI examinations should
be conducted.

Imaging diagnosis of nasal cavity and
paranasal sinus tumors

The complex anatomical structure of the nasal cavity and
paranasal sinuses-comprising bone, cartilage, mucosal epithelium,
nerves, blood vessels, muscles, salivary glands, and lymphatic
tissues, and bordered by the orbit, oral cavity, nasopharynx, and
skull base-makes the origin of masses in these regions intricate.
Imaging studies now recommend classifying tumors in the nasal
cavity and paranasal sinuses into bone-derived and non-bone-
derived categories. This paper provides a concise overview of both
benign and malignant tumors in these areas, referencing the 2022
World Health Organization (WHO) pathological classification of
nasal cavity and paranasal sinus tumors.

Benign tumor

Sinonasal inverted papilloma

A common benign tumor of sinus epithelial origin in the nasal
cavity and paranasal sinuses, but it has a tendency for invasive
growth, easy recurrence after surgery, and carcinogenesis (28). The
onset of SNIP may be associated with HPV infection (29). The most
common site of SNIP is the lateral wall of the unilateral nasal cavity
near the middle meatus, and it spreads and fills the ipsilateral nasal
cavity and paranasal sinuses, with the maxillary sinus being the
most frequently affected. SNIP mainly affects men aged 40-70 years
(30). The clinical manifestations lack specificity, and the common
symptoms are mainly unilateral persistent and progressive nasal
obstruction and anterior and/or posterior rhinorrhea. CT: Soft-
tissue density, higher than that of the nasal concha and similar to
muscle. Microcalcifications are present in 20% of cases (31). Large-
sized SNIP causes compression and displacement of the middle and
inferior nasal conchae and expansive changes of the maxillary sinus
ostium bone with bone resorption. In some cases, a “bubble sign”
can be seen during the process of the tumor filling the nasal cavity
and paranasal sinuses, which represents the residual gas between
the lesion and the intrinsic structures of the nasal cavity and
paranasal sinuses. In some cases, bone hyperplasia and sclerosis
occur at the base of the tumor, which is one of the signs suggesting
SNIP. The reason is that the long-term inflammatory reaction at the
origin site of SNIP stimulates osteogenesis. MRI: Iso-or slightly low
signal on TIWI, heterogeneous slightly high signal on T2WI. The
enhanced signal on T2WI and TIWI shows a striated structure with
alternating high and low signals, often described as “convoluted
cerebriform pattern, CCP”. CCP is one of the relatively
characteristic imaging findings of SNIP. SNIP easily obstructs the
ostiomeatal complex, thus leading to a large amount of mucus
retention in the paranasal sinuses and obstructive sinusitis. MRI can
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easily distinguish the boundary between the tumor and
inflammation. When necrosis occurs inside SNIP, the CCP signal
is absent, and there is invasion of structures outside the nasal cavity
and paranasal sinuses, the possibility of SNIP malignancy should be
alerted (32) (Figure 1).

Juvenile nasopharyngeal angiofibroma

A benign but invasive vascular tumor, accounting for 0.5% of all
head and neck tumors (33). It mainly occurs in the sphenopalatine
foramen or posterior nasal cavity. JNA is predominantly seen in
adolescents and young males, rarely in females, with an average age
of 17 years (34). The most common symptoms are unilateral nasal
obstruction and recurrent epistaxis. It is prone to local invasion of
the intracranial and orbital regions, which can cause headache and
diplopia (35).CT: It is located in the sphenopalatine foramen area or
centered in the pterygopalatine fossa, presenting as an expansively
growing soft-tissue mass with a density similar to that of muscle.
The adjacent sphenoid sinus and pterygoid process often show
compression, reshaping, bone destruction, and enlargement of the
sphenopalatine foramen. Recently, some scholars have proposed the
Holman-Miller sign (36), which refers to the anterior bowing of the
posterior wall of the maxillary sinus, resulting from bone
remodeling and compression of the posterior wall of the

10.3389/fonc.2025.1626584

maxillary sinus due to JNA growth. Since JNA is composed of
blood vessels and a fibrocyte-rich extracellular matrix, it shows
obvious and uniform enhancement on contrast-enhanced CT, with
an enhancement degree almost equivalent to that of blood vessels.
MRI: It shows isointense or hypointense signals on TIWI, similar to
or slightly lower than the muscle signals. The signals on T2WI are
heterogeneous, mainly because the vascular matrix shows
hyperintense signals, while the fibrous components and vascular
flow void effects show hypointense signals. Vascular flow void
signals are seen inside and around JNA, which together with the
hyperintense signals of the tumor parenchyma present the “salt-
and-pepper sign”. The enhancement degree of JNA is significantly
higher than that of the surrounding tissues. In addition, research
reports that the ADC value of JNA is higher compared with other
benign tumors (37).

Schwannoma

A predominantly benign tumor originating from Schwann cells of
peripheral nerves. Schwannomas occurring in the nasal cavity and
paranasal sinuses account for 4% of those in the head and neck region
(38). Most of them originate from the ophthalmic and maxillary
branches of the trigeminal nerve or Schwann cells of the autonomic
nerves, so they mainly occur in the sphenoid sinus, nasal septum, and

FIGURE 1

Sinonasal inverted papilloma: Axial CT scan showed a soft tissue mass in the left nasal cavity and maxillary sinus with mild bone resorption (A). Axial
T1WI (B) and Axial T2WI (C) showed the mass with slightly hypointense signal and heterogeneously slightly hyperintense signal respectively,
Contrast-enhanced MRI displayed typical “"CCP" in axial, coronal, and sagittal planes (D-F).
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the anterior part of the lateral nasal wall, followed by the maxillary
sinus (39-41). Some schwannomas may be accompanied by
intracranial extension. This disease is more common in middle-aged
people aged 30-60 years, with no significant gender difference. The
most common form is a unilateral tumor in the nasal cavity or
paranasal sinuses, but bilateral tumors should raise a high suspicion of
neurofibromatosis. The clinical manifestations are not characteristic.
Larger tumors mainly present with nasal obstruction, decreased sense
of smell, facial pain and numbness, and abnormalities in the eyeball
and vision. CT shows a round-like, well-defined soft-tissue mass in
one nasal cavity or paranasal sinus, with uniform density, and uneven
density due to cystic degeneration and necrosis. Some tumors have
punctate or strip-like calcifications. The tumor grows slowly. The bone
in contact with the tumor shows bone resorption, thinning, and mild
displacement, but bone destruction is rare. CT enhancement shows
moderate to marked homogeneous enhancement, and the cystic area
shows no enhancement. MRI: isointense or slightly hypointense on
T1WIL. T2WI shows heterogeneous hyperintensity, and the signal of
the solid part is similar to that of the brainstem (41). Pathologically,
schwannomas have an Antoni A area composed of solid parts and an
Antoni B area composed of cystic parts. When the Antoni A area is
located in the center of the lesion and the Antoni B area is located at
the edge of the lesion, a characteristic “target sign” can be formed on

10.3389/fonc.2025.1626584

T2WI, that is, slightly hypointense in the center of the lesion and
hyperintense at the edge. The degree of MRI enhancement is the same
as that of CT enhancement (Figure 2).

Ectopic pituitary adenomas

EPAs are extremely rare tumors, and most of the statistical data
are derived from case reports. EPAs are located outside the Sella
turcica and originate from the anterior pituitary gland tissue. They
are more common in middle-aged and elderly people aged 40-70,
with no significant gender difference. Approximately 60% of the
lesions are located in the sphenoid sinus and suprasellar region,
followed by the clivus, nasal cavity, and cavernous sinus (42). This
may be related to the migration path of the Rathke’s pouch during
embryonic development (43). The clinical manifestations depend
on the mass effect, invasive behavior, and hormone levels of the
tumor. EPAs located in the cavernous sinus and clivus compress the
cranial nerves, leading to visual impairment and facial paralysis
(44). EPAs occurring in the sphenoid sinus can cause cerebrospinal
fluid rhinorrhea (45). Since most tumors (75%) are functional, they
can lead to Cushing’s syndrome, acromegaly, and hyperthyroidism
(46). CT: The tumor appears as an isodense or slightly hyperdense
mass. Expansive changes in the sphenoid sinus, bone resorption, or
remodeling of the sphenoid sinus wall are common, but bone

FIGURE 2

Schwannoma: Axial CT showed a well-defined, round soft tissue mass in the left maxillary sinus causing slight sinus cavity enlargement (A). Axial
T1WI (B) and Axial T2WI (C) exhibited isointense and heterogeneous hyperintense signal intensity tissue which showed moderate enhancement on

coronal contrast-enhanced images (D).
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destruction is relatively rare. There is moderate to marked
enhancement after contrast-enhanced CT. MRI: The tumor shows
isointensity on T1WI, slightly hyperintensity on T2WI, and mild to
moderate enhancement. Signal heterogeneity is caused by
hemorrhage and cystic degeneration (Figure 3).

Giant cell tumor of bone

A benign yet locally invasive tumor composed of osteoclast-like
giant cells and osteoclast precursor cells. Less than 2% of GCTB occur
in the head and neck. In cases involving the nasal cavity and
paranasal sinuses, the lesions mainly occur in the sphenoid sinus
(47, 48), followed by the maxillary sinus, and rarely in the nasal
cavity. The affected population is mostly between 20 and 45 years old,
with a median age of 25 years. The incidence in females is slightly
higher than that in males (49). Since GCTB in the nasal cavity and
paranasal sinuses mainly occurs in the sphenoid sinus, the clinical
symptoms are mainly visual impairment, visual field defect, diplopia,
hyposmia, and pituitary dysfunction. On CT, GCTB appears as a

10.3389/fonc.2025.1626584

soft-tissue density mass with expansive bone destruction, but most of
the bone cortex is intact, and periosteal reaction is basically invisible.
It shows low or isointense signals on T2WI, and the low signal on the
T2WI sequence is of great significance for the diagnosis of GCTB.
T1WI shows a heterogeneous signal mainly with low signal. Of
course, the “soap bubble” sign is also one of the important signs for
the diagnosis of GCTB. The obvious circular T2WT low signal
intensity around the tumor is an important feature of atypical
GCTB, which is consistent with the feature of circular T2 low
signal around the tumor of GCTB occurring in long bones
reported in the literature (50) (Figure 4).

Malignant tumors

Squamous cell carcinoma
The most common malignant tumor of the nasal cavity and
paranasal sinus mucosal epithelium, accounting for 80% of nasal

FIGURE 3

Ectopic pituitary adenomas: Axial CT showed an irregular soft tissue density mass involving the sphenoid sinus and clivus, with bone destruction
mainly characterized by bone resorption and bone sclerosis formation (A). It appeared as isointense on TIWI (B), slightly hyperintense on T2 Fluid
Attenuated Inversion Recovery (T2 FLAIR) (C), and showed significant enhancement on MR contrast-enhanced scan (D).
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FIGURE 4

Giant cell tumor of bone: Axial CT enhancement revealed an irregular, hyperintense mass causing extensive bone damage in the pterygoid sinus,
slope, and posterior sieve sinus (A). The mass displayed the typical “soap bubble-like" appearance on T1IWI and T2WI, akin to GCTB found in the
metaphysis of long bones (B, C), with the solid part of the mass demonstrating significant enhancement on coronal fat-saturated contrast-enhanced

T1WI, while the liquid component does not (D).

cavity and paranasal sinus malignancies (51). It is more common in
men over 50 years old. The etiological factors for tumorigenesis
include: smoking, chronic inflammation, nasal polyps, irritation
from nickel, arsenic, chromium, leather, dust, isopropyl alcohol,
etc., low immunity, malignant transformation of inverted
papilloma, radiotherapy, and HPV infection (52). Moreover, the
latest literature supports that HPV-positive SCC has a better
prognosis than HPV-negative SCC (53-55). SCC occurs in the
maxillary sinus (60%) and nasal cavity (25%), and less frequently in
the ethmoid sinus, frontal sinus, and sphenoid sinus (56). CT: A
unilateral irregular soft- tissue mass. Generally, the tumor is
relatively large in size, with non-uniform density, unclear
boundaries, disappearance of the maxillofacial fat space,
involvement of adjacent sinuses and nasal cavity, and obvious
bone destruction, resulting in the disappearance of the normal
contour of the nasal cavity and paranasal sinuses. MRI: The SCC
tumor itself shows low or equal signal on T1WI and slightly high
signal on T2WI. Cystic changes and hemorrhage are commonly
seen inside larger SCCs, and the signals of cystic changes are often
located in the center of the tumor. MRI enhancement: Small-sized

Frontiers in Oncology

SCCs show uniform enhancement, while larger lesions show non-
uniform enhancement, mostly moderate to severe non-uniform
enhancement. The ADC value is usually higher than that of
lymphoma but lower than that of ACC (57). Regional lymph
node metastasis of SCC in the nasal cavity and paranasal sinuses
is very common (Figure 5).

Adenoid cystic carcinoma

A malignant tumor originating from salivary gland epithelium, it
is the most common malignant tumor of minor salivary glands in
the head and neck. ACC occurring in the nasal cavity and paranasal
sinuses is generally considered to originate from ectopic minor
salivary glands here, accounting for 10%-20% of head-and-neck
ACC. In statistical cases of nasal cavity and paranasal sinus ACC, the
maxillary sinus is the most commonly affected site, followed by the
nasal cavity, ethmoid sinus, and sphenoid sinus. The disease occurs
between the ages of 5 and 60, with a slight female predominance
(58-60). The tumor grows slowly with insidious symptoms. Regional
lymph node metastasis is rare, but hematogenous metastasis mainly
to the lungs is common. ACC appears as a relatively large mass on
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FIGURE 5

Squamous cell carcinoma: Axial CT showed an irregular soft tissue mass with bone destruction in the left maxillary sinus, exhibiting moderate
inhomogeneous enhancement (A, B). TIWI showed an isointensity while T2WI indicated a slightly hyperintensity, both with moderate heterogeneous
enhancement (C-E). Nine months later, the mass had significantly enlarged, extending anteriorly to the facial skin and posteriorly to the left

parapharyngeal space on (F, G).

CT or MRI. CT: It presents as a large, “ginger-shaped” soft-tissue
mass. In the pathological classification, ACC of cribriform and
tubular types shows cystic areas of varying sizes, while the solid-
type ACC with the highest malignancy grade does not show cystic
areas. The bone destruction of the paranasal sinuses by ACC often
shows both expansile and erosive features, and the degree of bone
destruction by ACC is lower than that by SCC. Nerve invasion is a
characteristic manifestation of ACC. On CT, the enlargement and
bone destruction of the pterygopalatine fossa and its adjacent
foramina such as the foramen rotundum, foramen ovale, and
foramen spinosum highly suggest ACC.

Frontiers in Oncology

MRI: The signal on TIWT and T2WI is mainly isointense. The
cribriform and tubular types of ACC show dense and uniformly-
sized cystic areas. Due to different cystic components, TIWI may
show high or low signal. The solid-type ACC shows no cystic areas,
and the signal on T2WT is significantly reduced. Typical ACC show
relatively low signal on DWI, and the ADC value is higher than that
of other pathological types of malignant tumors. The nerve invasion
of ACC on MRI is manifested as nerve thickening, enhancement,
disappearance of normal nerve structure accompanied by a soft-
tissue mass, disappearance of perineural fat signal, and atrophy of
the muscles innervated by the nerve, etc. (14) (Figure 6).
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FIGURE 6

Adenoid cystic carcinoma: Axial CT revealed an irregular soft tissue mass in the left maxillary sinus with notable but less extensive bone destruction
compared to SCC (A). On T1WI, the mass appeared isointense (B), while on T2WI (C), it exhibited a slightly hyperintense signal with strip- or tube-

shaped hyperintense regions. Coronal contrast-enhanced T1WI displayed a heterogeneous “sieve-sac-like" pattern (D). Additionally, enhanced MRI
indicated infiltration of the mass into the orbit, hard palate, and buccal mucosa

Sinonasal undifferentiated carcinoma

In 2022, the WHO defined SNUC as a high-grade epithelial
tumor without any lineage differentiation (61). Currently, most
literature supports that SNUC is a surface (Schneiderian) epithelial-
derived malignancy (62). SNUC can occur across a wide age range
(20-90 years), with a median age of 50-60 years, and it is slightly
more prevalent in males than females. Nasal obstruction and
epistaxis are common clinical symptoms. Proptosis, visual
impairment, and cranial nerve palsy may be observed as the
disease progresses (63). SNUC is difficult to cure completely and
has a very poor prognosis. Recurrence, lymph node metastasis, and
distant metastasis are more common than in other malignancies.
Literature reports that approximately 10%-30% of SNUC patients
have lymph node metastasis at the time of diagnosis (64). SNUC
typically arises in the ethmoid sinuses and the roof of the nasal
cavity, often involving multiple sinuses. It is difficult to determine
the origin of large tumors, and they can easily cause bone
destruction and involve the orbit, pterygopalatine fossa, cavernous
sinus, parapharyngeal space, and the dura mater of the anterior/
middle cranial fossa (65). On CT, it appears as an irregular soft
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tissue mass with a blurred border and uniform density, but shows
heterogeneous enhancement after contrast administration. MR
signals are not significantly specific (Figure 7). Necrosis may
occur in large tumors (>4 cm), with marked heterogeneous
enhancement. The diagnosis of SNUC relies on pathology and
requires the exclusion of other malignancies in the nasal cavity and
paranasal sinuses. CT and MRI are mainly used for tumor
localization and to determine the extent of the lesion for Tumor
Node Metastasis (TNM) or Kadish staging (66).

Olfactory neuroblastoma

Malignant tumors originating from the neural crest of the
olfactory nerve epithelium are generally considered to be
distributed in the olfactory region. Therefore, the tumors usually
have a specific site of onset-the top of the nasal cavity or the lateral
wall near the middle turbinate. The incidence accounts for
approximately 3%-5% of malignant tumors in the nasal cavity
and paranasal sinuses, with a slightly higher prevalence in males
than females. According to the 5th edition of WHO, the age of onset
ranges from 2 to 90 years, with a peak at 50-60 years (67). Recent
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FIGURE 7

Sinonasal undifferentiated carcinoma: Axial CT showed the mass was mainly located at the top of the nasal cavity and involved the sphenoid sinus,
ethmoid sinus, and clivus (A). The mass caused obvious bone destruction (B). It presented isointense on TIWI and isointense on T2WI, with
heterogeneous enhancement on contrast-enhanced MRI On axial and sagittal (C-F).

studies have found that ONB in patients under 40 years old is not
uncommon, and the grade is often higher (68).In the early stage,
ONB is confined to the top of the nasal cavity. In the advanced
stage, the tumor often involves multiple paranasal sinuses, the orbit,
the optic nerve, and the frontal lobe brain parenchyma. The most
common clinical symptom is nasal congestion. Other common
symptoms include recurrent epistaxis and loss of smell. In the
advanced stage, ONB may present with epiphora, diplopia,
exophthalmos, and decreased visual acuity. When the frontal lobe
is involved, headache and epilepsy may occur. Unilateral symptoms
are more obvious than bilateral ones. CT findings show a
“dumbbell-shaped” or “mushroom-shaped” mass located at the
top of the nasal cavity and the anterior cranial fossa. When the
mass is small, it has uniform density, similar to that of muscle.
When the tumor is large, there are patchy necrosis and calcification.
Most ONBs cause bone destruction in the ethmoid sinus, the orbital
roof, and the frontoethmoidal complex. After enhancement, the
solid part of ONB shows moderate to marked enhancement, and
liquefactive necrosis leads to uneven enhancement of the tumor.
MRI: Compared with muscle signals, ONB shows isointensity on
TIWI and mainly slightly high-intensity on T2WI. Necrosis and
calcification inside large tumors result in uneven tumor signals. The
degree of enhancement on MRI is similar to that on CT. The latest
research suggests that cystic changes at the edge of intracranial-
involved tumors are indicative of ONB (69, 70) (Figure 8).
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Malignant sinonasal melanoma

Rarely, it is a highly invasive malignant tumor. Its incidence in
the nasal cavity and paranasal sinuses is approximately 4% (71,
72). The nasal cavity and paranasal sinuses are the predilection
sites for MSM (accounting for about 80%), with the nasal cavity
being more commonly affected than the paranasal sinuses. In the
nasal cavity, the anterior lower part of the nasal septum is a
common site, and in the paranasal sinuses, the maxillary sinus is
frequently involved (73, 74). MSM often occurs unilaterally in the
nasal cavity and paranasal sinuses, so the common clinical
manifestations are unilateral nasal obstruction and epistaxis
(75). Essentially, most of these tumors contain melanin, but
10%-30% of the lesions are hypopigmented or amelanotic
melanomas. The population distribution is mainly among those
aged 50-80 years, with no significant gender difference. Due to the
rich blood supply and lymphatic drainage in the head and neck
region, MSM is highly invasive, has a high recurrence rate, and is
prone to multiple recurrences. In the advanced stage, it is likely to
metastasize to the lungs, brain, bones, and liver. The literature
reports that 10%-20% of MSM cases in the nasal cavity and
paranasal sinuses present with cervical lymph node metastasis at
the time of onset (76).CT findings: MSM shows an isodense
appearance. Larger MSMs can cause compression of the
adjacent paranasal sinus accompanied by varying degrees of
bone destruction.
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FIGURE 8

Olfactory neuroblastoma: Patient 1: An irregular mass was found in the sphenoid sinus, presenting as hypointense on T1WI, hyperintense on T2WI,
and showing moderate enhancement on MRI contrast (A-C). Patient 2: Axial CT showed a soft-tissue density mass in the right maxillary sinus and
sphenoid sinus with obvious bone destruction, and heterogeneous enhancement on CT contrast (E, F). The locations of the masses in both patients

were atypical

MRI findings: Referring to the muscle signal, typical pigmented
MSM appears hyperintense on T1WI and hypointense on T2WTI.
Hypopigmented or amelanotic melanomas show low, isointense, or
slightly hyperintense signals on TIWTI and slightly hyperintense or
hyperintense signals on T2WI. MSM has a relatively high tendency
to bleed (approximately 50%), but there is usually hemosiderin
deposition around the bleeding area, which can be distinguished
from melanin. Due to the relatively rich blood supply of MSM, it
shows obvious enhancement on both CT and MRI. The contrast-
enhanced scan sequence can also provide a reference for
distinguishing melanin, high-protein secretions, and bleeding
lesions. The literature reports that the ADC value of MSM is
generally lower than that of SCC (77).

“A septate pattern” (a sign of alternating high and low signals
on non-contrast TIWI) may also highly suggest MSM
(78) (Figure 9).

Rhabdomyosarcoma

RMS is the most common malignant tumor in children and
adolescents, mostly occurring in individuals under 20 years of age,

Frontiers in Oncology

13

and more prevalent in males than females (16, 79, 80). RMS
originates from primitive mesenchymal cells that differentiate into
skeletal muscle. 35%-40% of rhabdomyosarcomas occur in the head
and neck region, and approximately 10-15% of head and neck
rhabdomyosarcomas occur in the nasal cavity (81). Embryonal
RMS (ERMS) is the most common subtype, followed by alveolar
RMS (ARMS) (82), and the prognosis of ERMS is better than that of
alveolar RMS.RMS is highly malignant and prone to invade
adjacent tissues. Hematogenous metastasis is the main mode of
metastasis for ERMS, which easily involves the bone marrow, lungs,
cerebrospinal fluid, and abdominal organs, while lymph node
metastasis is more common in ARMS.CT findings show a
homogeneous soft-tissue density mass with obvious adjacent bone
destruction. Larger tumors may have low-density liquefactive
necrosis areas, and calcification is rare. ERMS is more likely to
present with necrosis or mucoid degeneration than ARMS. After
contrast-enhanced CT, the tumor shows moderate to marked
heterogeneous enhancement, with a higher enhancement degree
than that of muscle. MRI findings: On T1IWI, the tumor shows
isointense or slightly hypointense signals, and the hemorrhage
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FIGURE 9

Malignant sinonasal melanoma: An irregular soft-tissue density mass in the left maxillary sinus was accompanied by obvious bone destruction,
showing heterogeneous enhancement on CT (A, B); On T1WI, the mass presented isointense signals with linear slightly hyperintense signals within it
(C). On T2WI, the slightly hyperintense mass contained multiple linear hypointense areas (D). The mass showed obvious heterogeneous

enhancement on axial and coronal MRI (E, F).

within the tumor appears as hyperintense signals on TIWIL On
T2WI, it shows heterogeneous hyperintense signals (presumably
due to intratumoral hemorrhage, necrosis, and residual bone), but
the overall signal is slightly higher than that of muscle. The
enhancement pattern after contrast-enhanced MRI is similar to
that of contrast-enhanced CT. Typical ERMS shows linear, circular,
or grape-cluster-like enhancement, while ARMS mostly shows
relatively homogeneous enhancement of solid components, and
ARMS is more likely to invade the skull than ERMS (83)
(Figure 10). Literature reports indicate that ADC of RMS in the
nasal cavity and paranasal sinuses is 0.992 + 0.133x10-3 mm?2/s,
which is significantly lower than that of paranasal sinus
carcinomas (84).

Sinonasal teratocarcinosarcoma

A rare aggressive tumor. Currently, the literature reporting this
tumor mainly consists of case reports or small-sample studies. The
SNTCS tumor has a complex composition, predominantly
containing neuroepithelial components, mixed with stromal
components and a small amount of epithelial components. It
mostly occurs in the nasal cavity, followed by the ethmoid sinus
and maxillary sinus. The incidence in males is 7 times that in
females (85-88), with an average onset age of 60 years, and it is rare
in children (89, 90). The clinical symptoms are not significantly
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specific. In the early stage, it is mainly characterized by unilateral
nasal obstruction, epistaxis, and hyposmia. In the advanced stage,
due to tumor invasion of the alveolus, orbit, and intracranial region,
symptoms such as toothache, decreased vision, headache, and
epilepsy may occur (87). CT shows an irregularly shaped soft
tissue mass in the unilateral nasal cavity or sinus, with uniform
density, and rare small cystic changes and calcification. There is
obvious destruction of the sinus bone wall, nasal septum,
pterygopalatine fossa, and skull base bone. MRI shows isointense
or slightly hypointense signals on TIWT and slightly hyperintense
signals on T2WI, with obvious heterogeneous enhancement on
contrast-enhanced scanning (Figure 11). The imaging diagnosis
lacks characteristic features and is easily misdiagnosed as olfactory
neuroblastoma, squamous cell carcinoma, and undifferentiated
carcinoma of the nasal cavity and paranasal sinuses (91). The
definitive diagnosis mainly relies on pathology. The latest
pathological research suggests that most teratoid carcinosarcomas
are associated with SMARCA4 gene defects (92).

Lymphoma

Lymphoma is a common type of malignant tumors in the nasal
cavity and paranasal sinuses, with diffuse large B-cell lymphoma
(DLBCL) and NK/T-cell lymphoma (NKTCL) being the two most
common subtypes (93). Both subtypes are more prevalent in males.
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FIGURE 10

Embryonal rhabdomyosarcoma (A-D): The mass involved the entire group of paranasal sinuses, nasal cavity, orbit, and intracranial region; The mass
showed heterogeneous signal intensity, is isointense on TIWI (A), hyperintense on T2WI (B), and exhibited marked heterogeneous enhancement on
MRI contrast enhancement (C, D). Alveolar rhabdomyosarcoma (E-1): On Axial CT, the mass was located in the right ethmoid sinus with
homogeneous density, involved the right orbit with obvious bone destruction, and showed marked enhancement (E, F). The mass appears isointense
on T1WI (G), hyperintense on T2WI (H), and showed marked homogeneous enhancement on contrast-enhanced MRI (l)

DLBCL sinuses, most commonly in the maxillary sinus, and unilateral

The most common NHL subtype in adults is more prevalentin  lesions are more frequent than bilateral ones. Therefore, the
middle-aged and elderly individuals, with an average age of = common clinical symptoms are mainly nasal congestion and
approximately 67.8 years (93). Lesions are mainly located in the  epistaxis. Cervical lymph node enlargement and fever are also
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FIGURE 11

Sinonasal teratocarcinosarcoma: CT revealed an irregular soft tissue mass in the left ethmoid sinus with significant bone destruction and
heterogeneous enhancement (A, B). On T1WI the mass appeared isointense (C), while on T2WI, it is slightly hyperintense (D). The coronal contrast-
enhanced image depicted a "dumbbell-shaped” mass with pronounced enhancement (E), this presentation is often misdiagnosed as olfactory

neuroblastoma.

common clinical symptoms. Proptosis and diplopia indicate lesion
progression and orbital involvement. CT findings: Irregular soft-
tissue masses in the nasal cavity with unclear boundaries and
uniform density. Even if the tumor is large, liquefactive necrosis
rarely occurs. Bone changes mainly include compressive
displacement, bone resorption, and bone remodeling. Invasive
bone destruction is rare, and its degree and scope are less severe
than those of SCC. CT enhancement shows mild to moderate
enhancement. MRI: TIWI shows an isointense or slightly higher
signal than muscle, and T2WTI shows a slightly high signal. The
ADC value is lower than that of SCC, and it increases significantly
after chemotherapy (Figure 12).

ENKTCL

Patients with ENKTCL are younger than those with DLBCL
(94), with a median age of 40-50 years. The tumors are generally
located in the nasal cavity and nasal vestibule, with unilateral lesions
being more common. They tend to infiltrate along the submucosa
and dermal lymphatic vessels, leading to the common clinical
manifestations of thickening of the nasal dorsum, bilateral nasal
alae, and facial skin. Under nasal endoscopy, mucosal swelling,
extensive ulcers, and superficial necrosis can be observed (95).
When patients first seek medical advice, the lesion volume is
often smaller than that of DLBCL, all of which are characteristic.
CT shows small, irregular soft-tissue masses, mostly located in the
inferior turbinate, anterior part of the nasal septum, and nasal
vestibule. They grow invasively and involve the external nose and
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mid-facial skin, resulting in the disappearance of the subcutaneous
fat space in the nose and face. Due to liquefaction and cystic change,
the density is inhomogeneous. CT enhancement is mainly mild-to-
moderate inhomogeneous enhancement. MRI: TIWI shows
isointense or slightly hypointense signals, similar to muscle.
T2WI shows slightly hyperintense signals, with the signal
intensity between that of muscle and mucosa. Since necrosis,
hemorrhage, and cystic change are more common than in
DLBCL, the signals are heterogeneous. MRI enhancement is
similar to CT enhancement, and dynamic enhancement shows a
progressive enhancement pattern (Figure 13).

Sinonasal metastasis

Metastatic tumors of the nasal cavity and paranasal sinuses are
particularly rare, and the literature mainly focuses on case reports.
The primary tumors reported in the literature mainly originate
from the lungs, liver, kidneys, thyroid, prostate, breast, and colon
(96-100), with renal cancer metastases being the most common.
The most likely metastatic route is hematogenous metastasis (101).
It is speculated that tumor cells reach the head and neck via the
systemic circulation, pass through the pterygoid plexus and
cavernous sinus, and move retrogradely to the nasal cavity and
paranasal sinuses. Due to the slow blood flow here, tumor cells can
easily detach from the circulation and implant, leading to the
growth of metastatic tumors. The speculated metastatic routes of
metastases from the liver and lungs may be related to the
paravertebral venous plexus and thoracic duct (102). Metastatic

frontiersin.org


https://doi.org/10.3389/fonc.2025.1626584
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

10.3389/fonc.2025.1626584

FIGURE 12

Diffuse large B-cell lymphoma: On T1WI, there was an irregular but homogeneous-signal mass located in the ethmoid sinus and sphenoid sinus, and
the mass showed an isointense signal (A). The mass appeared slightly hyperintense on T2WI (B). Axial and coronal MR enhancement showed
moderate enhancement, and the degree of enhancement is lower than that of the mucosa (C, D).

tumors of the nasal cavity and paranasal sinuses are generally
located in the maxillary sinus. The clinical symptoms lack
specificity, typically presenting as facial pain, recurrent epistaxis,
and nasal obstruction. The imaging findings also lack specificity,
usually showing single or multiple lesions. On CT, they appear as
soft-tissue masses with obvious bone destruction, and large-sized
tumors may have necrosis, cystic changes, or hemorrhage. On MRI,
the T2WI signal is mostly heterogeneous. Due to the rich blood
supply of metastatic tumors, they show moderate to marked
heterogeneous enhancement, and DCE- MRI indicates the
characteristic of high tumor perfusion. Some researchers have
summarized that for middle-aged and elderly patients presenting
with nasal obstruction or epistaxis, if imaging reveals isolated or
multifocal, hypervascular lesions centered on bone destruction in
the nasal cavity and paranasal sinuses, combined with the clinical
history, metastatic tumors should be included in the common
diagnoses (103) (Figure 14).
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Osteosarcoma

Osteosarcoma most commonly occurs in the metaphysis of
long bones. Osteosarcoma located in the head and neck is rare,
accounting for 15% of all osteosarcomas in the body. It mainly
occurs in the mandible, followed by the maxilla, and is even rarer
in the nasal cavity and paranasal sinuses (104). The median age of
onset is 40 years (105). The clinical manifestations are non-
specific and are often related to the site of onset. Since most
lesions are located in the maxilla and mandible, the common
symptoms are mostly facial masses, loose or fallen teeth. When the
mass involves the nasal cavity and paranasal sinuses, epistaxis and
nasal obstruction occur on this basis. There is an elevation of
alkaline phosphatase in serology. The imaging manifestations are
similar to those of long-bone osteosarcoma, showing both
osteogenic and osteolytic features. CT shows an irregular soft-
tissue mass with unclear boundaries, bone destruction
accompanied by periosteal reaction. The typical ivory, cotton-
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FIGURE 13
NK/T-cell lymphoma: Axial CT showed soft tissue masse in the left nasal cavity and nasal vestibule (white arrow), with mild bone destruction and
uniform enhancement of the masse (A, B).

wool and radial tumor bones inside the mass highly suggest the  Prog peCtS

diagnosis of osteosarcoma. Due to the diverse internal

components of osteosarcoma, the MRI signals are also mixed Multidisciplinary collaboration

and variable. However, the tumor bone and periosteal reaction

with low signals on both TIWI and T2WI can also suggest the In the future diagnosis and treatment of nasal cavity and
diagnosis (Figure 15). paranasal sinus tumors, multidisciplinary participation should be

FIGURE 14

Sinonasal metastasis: Patient 1: A soft tissue mass involving the upper part of the nasal cavity, sphenoid sinus, ethmoid sinus, cavernous sinus, and
clivus, with obvious bone destruction on CT (A, B). It showed heterogeneous isointensity on TIWI (C), hyperintensity on T2WI (D), and marked
enhancement on contrast-enhanced MRI (E). Pathology confirmed that it was derived from clear cell renal carcinoma. Patient 2: A mass in the right
nasal vestibule (white arrow), which was pathologically confirmed to be derived from hepatocellular carcinoma (F).
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FIGURE 15

Osteosarcoma: Axial CT showed a mass in the left ethmoid sinus, which involved the left orbit and the intracranial region. Tumor bone was seen
inside the mass, and there was obvious enhancement on contrast-enhanced CT (A, B). Sagittal and coronal contrast-enhanced MRI showed obvious
enhancement, and the tumor bone within the tumor presented as low signal (C, D).

emphasized, including radiology, otolaryngology, neurosurgery,
pathology, and oncology departments, to formulate personalized
diagnosis and treatment plans.

Multimodal imaging

It involves the fusion, registration, and comparative analysis of
images of the same lesion obtained from different imaging
modalities. Multimodal imaging technology integrates anatomical,
morphological, and functional information, and can even acquire
metabolic and molecular information. Ultimately, it enables the
localization, characterization, staging, intraoperative navigation,
and follow-up of tumors, which is more accurate than traditional
single-modality imaging. Currently applied technologies include
PET-CT/MRI, ultrasound, dual-energy CT, and photon CT
imaging (106-108). In the future research field of multimodal
imaging, the focus will be on developing imaging devices with
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higher resolution and sensitivity, and addressing issues related to
the accuracy, imaging efficiency, and stability of multimodal
imaging fusion technology.

Radiomics

Radiomics extracts data from CT, MRI, and PET images in a high-
throughput manner, including quantitative features of multiple
parameters such as first-order statistical features, spatial geometric
features, texture features, and wavelet features. It enables the analysis
of tumor heterogeneity and reveals the potential laws of lesions.
Compared with the simple visual analysis of images in traditional
imaging, radiomics utilizes the data mined from images, which can be
combined with patients’ clinical data, laboratory tests, pathological
data, genomes, or proteomes. Subsequently, quantitative analysis is
performed to ultimately provide more, accurate, and detailed
information about the tumor lesion itself and the surrounding
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microenvironment (109). Currently, a large number of experimental
literatures focus on the preoperative prediction of tumor benignity and
malignancy, pathological grading, molecular typing, gene and protein
expression, occult lymph node metastasis, recurrence risk, and drug
efficacy, etc. (110).

Molecular imaging technology

It is an important branch in the field of precision diagnosis and
treatment of tumors. It mainly detects the changes in genes, proteins,
and the microenvironment of tumors in the ultra-early stage at the
microscopic level, enabling the ultra-early diagnosis and treatment of
tumors. In the future, molecular imaging technology will also be
integrated into the decision support system throughout the entire
diagnosis and treatment cycle, playing a role in pre-operative grading
diagnosis, intra-operative navigation, efficacy evaluation, and post-
operative follow-up. With the development of nanotechnology and
multimodal imaging technology, tumor molecular imaging technology
aims to achieve breakthroughs in finding highly sensitive targeted
markers, constructing probes with high specificity, high stability, and
high biocompatibility, establishing high-resolution imaging techniques,
and developing efficient therapeutic functions. For example: 1.
Arbitrarily combine and integrate multiple imaging technologies
(radionuclide, CT/MRI, ultrasound, fluorescence, and photoacoustic
imaging) into one type of probe to achieve comprehensive visualization
of the macroscopic morphology and microscopic functions of tumors
(111). 2. Develop single-or multi-targeted probes that are more
sensitive and stable, responding specifically to tumor receptors and
the tumor microenvironment, as well as probes that respond to both
receptors and the microenvironment (112-115). 3. Develop integrated
probes with both diagnostic and therapeutic functions (chemotherapy,
hyperthermia, photodynamic therapy, sonodynamic therapy,
immunotherapy, radionuclide therapy, and gene therapy), where the
diagnostic and therapeutic functional modules can be easily combined
to maximize the effectiveness of the probes. However, currently, such
technologies are in the experimental stage, and more investment is
needed for their full integration into clinical practice (116).

Artificial intelligence

In the era of big data, there are a large number of cases for the same
tumor, and the radiogenomics and radiomics data of each patient’s
tumor form a huge database. Artificial intelligence technologies mainly
including machine learning (ML) and deep learning (DL) have
developed rapidly in CT and MRI image analysis. Currently, artificial
intelligence technologies mainly empower radiomics, and the two have
become important analytical tools in imaging medicine (117), which
are mainly applied in the development of various prediction models
(118), such as diagnostic assistance, treatment response prediction, and
prognosis assessment. ML is applied in tumor feature extraction and
analysis, improving the accuracy of tumor diagnosis, the safety of
treatment, and the reliability of prognosis assessment. For example,
Ramkumar et al. 39 found that MRI-based structural analysis could
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potentially distinguish sinus SCC from inverted papilloma (accuracy:
89.1%), and the results were comparable to the manual evaluation by
neuroradiologists (P=0.0004) (119). Ranjbar et al. used CT-based
texture analysis to classify the HPV status of oropharyngeal SCC
(accuracy: 75.7%) (120). The advantages of DL lie in achieving
automatic feature extraction, reducing manual intervention, and
identifying complex patterns and subtle changes in tumor images,
such as internal texture changes and metabolic features of tumors (121,
122). Moreover, DL can be applied in multi-center studies and promote
data sharing. With the continuous development of artificial intelligence
algorithms and computing power, some algorithms can be used for the
rapid and repetitive diagnosis and treatment of nasal and sinus tumors.
In addition, artificial intelligence can also enhance multimodal imaging
technology and molecular imaging technology, making image
recognition and segmentation and prediction model construction
more accurate and perfect. In the future, the development direction
of AI combined with multimodal imaging, radiomics, and molecular
imaging technology should focus on data standardization and sharing,
multidisciplinary integration, and clinical implementation
and promotion.

Author contributions

XZ: Resources, Writing — original draft, Writing - review &
editing. YZ: Resources, Writing — original draft. LC: Resources,
Writing - review & editing. YS: Investigation, Resources,
Supervision, Writing - review & editing. XY: Investigation,
Supervision, Writing - review & editing. HW: Conceptualization,
Funding acquisition, Investigation, Project administration,
Supervision, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research and/or publication of this article. The authors thank the
financial supports from the National Natural Science Foundation of
China (82271969), the Major Program of Shanghai Municipal
Commission of Education (202101070002E00085), the Program
of Science and Technology Commission of Shanghai Municipality
(19411951403), the Grant of Shanghai Hospital Development
Center (SHDC22011310-A).

Conflict of interest

The authors declare that the article was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

frontiersin.org


https://doi.org/10.3389/fonc.2025.1626584
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Smaadahl N, Hool S-L, Reinhardt P, Mose L, Hohenberger R, Giger R, et al.
Treatment and related morbidity of nasal cavity and paranasal sinus cancers. Front
Oncol. (2024) 14:1422892. doi: 10.3389/fonc.2024.1422892

2. Bhargava R, Hahn G, Hirsch W, Kim M-], Mentzel H-J, Olsen OE, et al. Contrast-
enhanced magnetic resonance imaging in pediatric patients: review and
recommendations for current practice. Magn Reson Insights. (2013) 6:95-111.
doi: 10.4137/MRI.S12561

3. Uramatsu M, Takahashi H, Barach P, Fujisawa Y, Takahashi M, Mishima S, et al.
Improving pediatric magnetic resonance imaging safety by enhanced non-technical
skills and team collaboration. Brain Dev. (2025) 47:104311. doi: 10.1016/
j.braindev.2024.104311

4. Enterline DS, Martin KW, Parmar HA, Triulzi FM, Colosimo C. Safety and
diagnostic efficacy of gadobenate dimeglumine in MRI of the brain and spine of
neonates and infants. AJNR Am ] Neuroradiol. (2019) 40:2001-9. doi: 10.3174/ajnr.A6319

5. DeLano MC, Spampinato MV, Chang EY, Barr RG, Lichtenstein RJ, Colosimo C,
et al. Dose-lowering in contrast-enhanced MRI of the central nervous system:
A Retrospective, parallel-group comparison using gadobenate dimeglumine. ] Magn
Reson Imaging JMRI. (2021) 54:1660-75. doi: 10.1002/jmri.27731

6. Patel SJ, Reede DL, Katz DS, Subramaniam R, Amorosa JK. Imaging the pregnant
patient for nonobstetric conditions: algorithms and radiation dose considerations.
Radiogr Rev Publ Radiol Soc N Am Inc. (2007) 27:1705-22. doi: 10.1148/rg.276075002

7. Committee opinion no. 723: guidelines for diagnostic imaging during pregnancy
and lactation. Obstet Gynecol. (2017) 130:¢210. doi: 10.1097/A0G.0000000000002355

8. Expert Panel on MR Safety, Kanal E, Barkovich AJ, Bell C, Borgstede JP, Bradley
WG, et al. ACR guidance document on MR safe practices: 2013. ] Magn Reson Imaging
JMRI. (2013) 37:501-30. doi: 10.1002/jmri.24011

9. Xu K, Chung M, Hayward JH, Kelil T, Lee AY, Ray KM. MRI of the lactating
breast. Radiogr Rev Publ Radiol Soc N Am Inc. (2024) 44:230129. doi: 10.1148/
rg.230129

10. Kubik-Huch RA, Gottstein-Aalame NM, Frenzel T, Seifert B, Puchert E, Wittek
S, et al. Gadopentetate dimeglumine excretion into human breast milk during lactation.
Radiology. (2000) 216:555-8. doi: 10.1148/radiology.216.2.r00au09555

11. Badger D, Aygun N. Imaging of Perineural Spread in Head and Neck Cancer.
Radiol Clin North Am. (2017) 55:139-49. doi: 10.1016/j.rc1.2016.08.006

12. Gomaa MA, Hammad MS, Abdelmoghny A, Elsherif AM, Tawfik HM. Magnetic
resonance imaging versus computed tomography and different imaging modalities in
evaluation of sinonasal neoplasms diagnosed by histopathology. Clin Med Insights Ear
Nose Throat. (2013) 6:9-15. doi: 10.4137/CMENT.S10678

13. King AD, Thoeny HC. Functional MRI for the prediction of treatment response
in head and neck squamous cell carcinoma: potential and limitations. Cancer Imaging
Off Publ Int Cancer Imaging Soc. (2016) 16:23. doi: 10.1186/s40644-016-0080-6

14. Hanna E, Vural E, Prokopakis E, Carrau R, Snyderman C, Weissman J. The
sensitivity and specificity of high-resolution imaging in evaluating perineural spread of
adenoid cystic carcinoma to the skull base. Arch Otolaryngol Head Neck Surg. (2007)
133:541-5. doi: 10.1001/archotol.133.6.541

15. McIntyre JB, Perez C, Penta M, Tong L, Truelson J, Batra PS. Patterns of dural
involvement in sinonasal tumors: prospective correlation of magnetic resonance
imaging and histopathologic findings. Int Forum Allergy Rhinol. (2012) 2:336-41.
doi: 10.1002/alr.21022

16. Wang X, Song L, Chong V, Wang Y, Li ], Xian J. Multiparametric MRI findings
of sinonasal rhabdomyosarcoma in adults with comparison to carcinoma. ] Magn
Reson Imaging JMRI. (2017) 45:998-1004. doi: 10.1002/jmri.25484

17. Desai DD, Brandon BM, Perkins EL, Ebert CS, Zanation AM, Thorp BD. Staging
of sinonasal and ventral skull base Malignancies. Otolaryngol Clin North Am. (2017)
50:257-71. doi: 10.1016/j.0tc.2016.12.004

18. Suarez C, Llorente JL, Fernandez De Leon R, Maseda E, Lopez A. Prognostic
factors in sinonasal tumors involving the anterior skull base. Head Neck. (2004) 26:136-
44. doi: 10.1002/hed.10358

19. FangR, Sun W, ShiJ, XuR, Peng L, Lai Y, et al. Risk factors and characteristics of
the recurrence of juvenile nasopharyngeal angiofibroma: A 22-year experience with 123
cases at a tertiary center. Clin Exp Otorhinolaryngol. (2022) 15:364-71. doi: 10.21053/
€e0.2022.01053

Frontiers in Oncology

10.3389/fonc.2025.1626584

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

20. Gaddikeri S, Gaddikeri RS, Tailor T, Anzai Y. Dynamic contrast-enhanced MR
imaging in head and neck cancer: techniques and clinical applications. AJNR Am |
Neuroradiol. (2016) 37:588-95. doi: 10.3174/ajnr.A4458

21. Kania RE, Sauvaget E, Guichard J-P, Chapot R, Huy PTB, Herman P. Early
postoperative CT scanning for juvenile nasopharyngeal angiofibroma: detection of
residual disease. AJNR Am ] Neuroradiol. (2005) 26:82-8.

22. Snyderman CH, Pant H, Carrau RL, Gardner P. A new endoscopic staging
system for angiofibromas. Arch Otolaryngol Head Neck Surg. (2010) 136:588-94.
doi: 10.1001/archoto.2010.83

23. Mirza S, Bradley PJ, Acharya A, Stacey M, Jones NS. Sinonasal inverted
papillomas: recurrence, and synchronous and metachronous Malignancy. J Laryngol
Otol. (2007) 121:857-64. doi: 10.1017/S002221510700624X

24. Semiz Oysu A, Ayanoglu E, Kodalli N, Oysu C, Uneri C, Erzen C. Dynamic
contrast-enhanced MRI in the differentiation of posttreatment fibrosis from recurrent
carcinoma of the head and neck. Clin Imaging. (2005) 29:307-12. doi: 10.1016/
j.clinimag.2005.01.024

25. Hwang I, Choi SH, Kim Y-J, Kim KG, Lee AL, Yun TJ, et al. Differentiation of
recurrent tumor and posttreatment changes in head and neck squamous cell
carcinoma: application of high b-value diffusion-weighted imaging. AJNR Am ]
Neuroradiol. (2013) 34:2343-8. doi: 10.3174/ajnr.A3603

26. Varoquaux A, Rager O, Dulguerov P, Burkhardt K, Ailianou A, Becker M.
Diffusion-weighted and PET/MR imaging after radiation therapy for Malignant head
and neck tumors. Radiogr Rev Publ Radiol Soc N Am Inc. (2015) 35:1502-27.
doi: 10.1148/rg.2015140029

27. King AD, Chow SKK, Yu K-H, Mo FKF, Yeung DKW, Yuan J, et al. DCE-MRI
for pre-treatment prediction and post-treatment assessment of treatment response in
sites of squamous cell carcinoma in the head and neck. PloS One. (2015) 10:¢0144770.
doi: 10.1371/journal.pone.0144770

28. Lisan Q, Laccourreye O, Bonfils P. Sinonasal inverted papilloma: From diagnosis
to treatment. Eur Ann Otorhinolaryngol Head Neck Dis. (2016) 133:337-41.
doi: 10.1016/j.anorl.2016.03.006

29. Lawson W, Schlecht NF, Brandwein-Gensler M. The role of the human
papillomavirus in the pathogenesis of Schneiderian inverted papillomas: an analytic
overview of the evidence. Head Neck Pathol. (2008) 2:49-59. doi: 10.1007/s12105-008-
0048-3

30. Lawson W, Patel ZM. The evolution of management for inverted papilloma: an
analysis of 200 cases. Otolaryngol-Head Neck Surg Off ] Am Acad Otolaryngol-Head
Neck Surg. (2009) 140:330-5. doi: 10.1016/j.0tohns.2008.11.010

31. Momeni AK, Roberts CC, Chew FS. Imaging of chronic and exotic sinonasal
disease: review. AJR Am ] Roentgenol. (2007) 189:535-45. doi: 10.2214/AJR.07.7031

32. Jeon TY, Kim H-J, Chung S-K, Dhong H-J, Kim HY, Yim Y], et al. Sinonasal
inverted papilloma: value of convoluted cerebriform pattern on MR imaging. AJNR Am
J Neuroradiol. (2008) 29:1556-60. doi: 10.3174/ajnr.A1128

33. Garcla-Fernandez A, Fernandez-Rueda M, Garcia-Gonzalez E, Mata-Castro N.
Endoscopic surgical management of juvenile nasopharyngeal angiofibroma:
Correlating tumour characteristics, risk of hemorrhage, and recurrence. Auris Nasus
Larynx. (2024) 51:940-6. doi: 10.1016/j.anl.2024.09.004

34. Felippu AWD, Fontes EB, Felippu AWD, Ellery BC, de Oliveira ACS, Guimarées
AV, et al. Juvenile nasopharyngeal angiofibroma: A series of 96 surgical cases. Int Arch
Otorhinolaryngol. (2024) 28:¢432-9. doi: 10.1055/s-0043-1777293

35. Nicolai P, Berlucchi M, Tomenzoli D, Cappiello J, Trimarchi M, Maroldi R, et al.
Endoscopic surgery for juvenile angiofibroma: when and how. Laryngoscope. (2003)
113:775-82. doi: 10.1097/00005537-200305000-00003

36. Reyes C, Bentley H, Gelves JA, Solares CA, Byrd JK. Recurrence Rate after
Endoscopic vs. Open Approaches for Juvenile Nasopharyngeal Angiofibroma: A Meta-
analysis. J Neurol Surg Part B Skull Base. (2019) 80:577-85. doi: 10.1055/5-0038-
1676562

37. Das A, Bhalla AS, Sharma R, Kumar A, Thakar A, Vishnubhatla SM, et al. Can
diffusion weighted imaging aid in differentiating benign from Malignant sinonasal
masses?: A useful adjunct. Pol J Radiol. (2017) 82:345-55. doi: 10.12659/PJR.900633

38. YuE, Mikulis D, Nag S. CT and MR imaging ﬁndings in sinonasal schwannoma.
AJNR Am ] Neuroradiol. (2006) 27:929-30.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1422892
https://doi.org/10.4137/MRI.S12561
https://doi.org/10.1016/j.braindev.2024.104311
https://doi.org/10.1016/j.braindev.2024.104311
https://doi.org/10.3174/ajnr.A6319
https://doi.org/10.1002/jmri.27731
https://doi.org/10.1148/rg.276075002
https://doi.org/10.1097/AOG.0000000000002355
https://doi.org/10.1002/jmri.24011
https://doi.org/10.1148/rg.230129
https://doi.org/10.1148/rg.230129
https://doi.org/10.1148/radiology.216.2.r00au09555
https://doi.org/10.1016/j.rcl.2016.08.006
https://doi.org/10.4137/CMENT.S10678
https://doi.org/10.1186/s40644-016-0080-6
https://doi.org/10.1001/archotol.133.6.541
https://doi.org/10.1002/alr.21022
https://doi.org/10.1002/jmri.25484
https://doi.org/10.1016/j.otc.2016.12.004
https://doi.org/10.1002/hed.10358
https://doi.org/10.21053/ceo.2022.01053
https://doi.org/10.21053/ceo.2022.01053
https://doi.org/10.3174/ajnr.A4458
https://doi.org/10.1001/archoto.2010.83
https://doi.org/10.1017/S002221510700624X
https://doi.org/10.1016/j.clinimag.2005.01.024
https://doi.org/10.1016/j.clinimag.2005.01.024
https://doi.org/10.3174/ajnr.A3603
https://doi.org/10.1148/rg.2015140029
https://doi.org/10.1371/journal.pone.0144770
https://doi.org/10.1016/j.anorl.2016.03.006
https://doi.org/10.1007/s12105-008-0048-3
https://doi.org/10.1007/s12105-008-0048-3
https://doi.org/10.1016/j.otohns.2008.11.010
https://doi.org/10.2214/AJR.07.7031
https://doi.org/10.3174/ajnr.A1128
https://doi.org/10.1016/j.anl.2024.09.004
https://doi.org/10.1055/s-0043-1777293
https://doi.org/10.1097/00005537-200305000-00003
https://doi.org/10.1055/s-0038-1676562
https://doi.org/10.1055/s-0038-1676562
https://doi.org/10.12659/PJR.900633
https://doi.org/10.3389/fonc.2025.1626584
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

39. Brahmbhatt P, Kumar T, Bhatt AA, Vibhute P, Patel V, Desai A, et al. Sinonasal
schwannomas: imaging findings and review of literature. Ear Nose Throat J. (2023)
1455613221150573. doi: 10.1177/01455613221150573

40. Helbing D-L, Schulz A, Morrison H. Pathomechanisms in schwannoma
development and progression. Oncogene. (2020) 39:5421-9. doi: 10.1038/s41388-020-
1374-5

41. Kim YS, Kim H-J, Kim C-H, Kim J. CT and MR imaging findings of sinonasal
schwannoma: A review of 12 cases. AINR Am ] Neuroradiol. (2013) 34:628-33.
doi: 10.3174/ajnr.A3257

42. Agely A, Okromelidze L, Vilanilam GK, Chaichana KL, Middlebrooks EH,
Gupta V. Ectopic pituitary adenomas: common presentations of a rare entity. Pituitary.
(2019) 22:339-43. doi: 10.1007/s11102-019-00954-y

43. Campana C, Nista F, Castelletti L, Caputo M, Lavezzi E, Marzullo P, et al.
Clinical and radiological presentation of parasellar ectopic pituitary adenomas: case
series and systematic review of the literature. J Endocrinol Invest. (2022) 45:1465-81.
doi: 10.1007/s40618-022-01758-x

44. Thompson LDR, Seethala RR, Miiller S. Ectopic sphenoid sinus pituitary
adenoma (ESSPA) with normal anterior pituitary gland: A clinicopathologic and
immunophenotypic study of 32 cases with a comprehensive review of the english
literature. Head Neck Pathol. (2012) 6:75-100. doi: 10.1007/s12105-012-0336-9

45. Yang BT, Chong VFH, Wang ZC, Xian JF, Chen QH. Sphenoid sinus ectopic
pituitary adenomas: CT and MRI findings. Br ] Radiol. (2010) 83:218-24. doi: 10.1259/
bjr/76663418

46. Hou L, Harshbarger T, Herrick MK, Tse V. Suprasellar adrenocorticotropic
hormone-secreting ectopic pituitary adenoma: case report and literature Review.
Neurosurgery. (2002) 50:618-25. doi: 10.1097/00006123-200203000-00035

47. Billingsley JT, Wiet RM, Petruzzelli GJ, Byrne R. A locally invasive giant cell
tumor of the skull base: case report. J Neurol Surg Rep. (2014) 75:e175-179.
doi: 10.1055/s-0034-1378153

48. Gupta R, Mohindra S, Mahore A, Mathuriya SN, Radotra BD. Giant cell tumour
of the clivus. Br | Neurosurg. (2008) 22:447-9. doi: 10.1080/02688690701818943

49. Mendenhall WM, Zlotecki RA, Scarborough MT, Gibbs CP, Mendenhall NP.
Giant cell tumor of bone. Am ] Clin Oncol. (2006) 29:96-9. doi: 10.1097/
01.¢0c.0000195089.11620.b7

50. Murphey MD, Nomikos GC, Flemming DJ, Gannon FH, Temple HT, Kransdorf
M]J. From the archives of AFIP. Imaging of giant cell tumor and giant cell reparative
granuloma of bone: radiologic-pathologic correlation. Radiogr Rev Publ Radiol Soc N
Am Inc. (2001) 21:1283-309. doi: 10.1148/radiographics.21.5.g01se251283

51. Som PM, Shapiro MD, Biller HF, Sasaki C, Lawson W. Sinonasal tumors and
inflammatory tissues: differentiation with MR imaging. Radiology. (1988) 167:803-8.
doi: 10.1148/radiology.167.3.3363145

52. Ferrari M, Taboni S, Carobbio ALC, Emanuelli E, Maroldi R, Bossi P, et al.
Sinonasal Squamous Cell Carcinoma, a Narrative Reappraisal of the Current Evidence.
Cancers. (2021) 13:2835. doi: 10.3390/cancers13112835. Available online at: https://
www.medknows.com/pdf.js/web/viewer.html?file=https%3A%2F%2Fnullht-dmc-
private.oss-cn-shanghai.aliyuncs.com%2FPMC%2Foa_pdf%2Fac%2Ff1%
2FPMC8201377.pdf%3FExpires%3D1744556275%260SSAccessKeyld%
SBDLTAIStEptKDd6gw7QLutDATB%26Signature%
3D5Lcdk05CqQe22j8f8FgIMmTGVmc%253D (Accessed April 13, 2025).

53. Cohen E, Coviello C, Menaker S, Martinez-Duarte E, Gomez C, Lo K, et al. P16
and human papillomavirus in sinonasal squamous cell carcinoma. Head Neck. (2020)
42:2021-9. doi: 10.1002/hed.26134

54. Oliver JR, Lieberman SM, Tam MM, Liu CZ, Li Z, Hu KS, et al. Human
papillomavirus and survival of patients with sinonasal squamous cell carcinoma.
Cancer. (2020) 126:1413-23. doi: 10.1002/cncr.32679

55. Amanian A, Ishii M, Fakhry C, London NR. Epidemiologic trends in human
papillomavirus-associated sinonasal squamous cell carcinoma. JAMA Otolaryngol-
Head Neck Surg. (2024) 150:609-18. doi: 10.1001/jamaoto0.2024.1311

56. Mani N, Shah JP. Squamous cell carcinoma and its variants. Adv
Otorhinolaryngol. (2020) 84:124-36. doi: 10.1159/000457932

57. Gencturk M, Ozturk K, Caicedo-Granados E, Li F, Cayci Z. Application of
diffusion-weighted MR imaging with ADC measurement for distinguishing between
the histopathological types of sinonasal neoplasms. Clin Imaging. (2019) 55:76-82.
doi: 10.1016/j.clinimag.2019.02.004

58. Marini K, Garefis K, Skliris JP, Skitotomidou E, Astreinidou A, Hajiioannou J,
et al. Adenoid cystic carcinoma of pterygopalatine fossa: report of a rare case. Indian |
Otolaryngol Head Neck Surg. (2024) 76:3493-6. doi: 10.1007/5s12070-024-04582-2

59. Kato H, Kanematsu M, Sakurai K, Mizuta K, Aoki M, Hirose Y, et al. Adenoid
cystic carcinoma of the maxillary sinus: CT and MR imaging findings. Jpn J Radiol.
(2013) 31:744-9. doi: 10.1007/s11604-013-0247-z

60. Mauthe T, Meerwein CM, Holzmann D, Soyka MB, Mueller SA, Held U, et al.
Outcome-oriented clinicopathological reappraisal of sinonasal adenoid cystic
carcinoma with broad morphological spectrum and high MYB:NFIB prevalence. Sci
Rep. (2024) 14:18655. doi: 10.1038/541598-024-69039-6

61. Vaziri Fard E, Zhang S, Cai Z, Ding J, Sun Q, Saluja K, et al. Sinonasal
undifferentiated carcinoma: clinicopathological spectrums and diagnosis reappraisal.
Hum Pathol. (2019) 89:62-70. doi: 10.1016/j.humpath.2019.04.008

Frontiers in Oncology

10.3389/fonc.2025.1626584

62. Bell D, Hanna EY. Sinonasal undifferentiated carcinoma: morphological
heterogeneity, diagnosis, management and biological markers. Expert Rev Anticancer
Ther. (2013) 13:285-96. doi: 10.1586/era.13.1

63. Abdelmeguid AS, Bell D, Hanna EY. Sinonasal undifferentiated carcinoma. Curr
Oncol Rep. (2019) 21:26. doi: 10.1007/s11912-019-0776-4

64. Tanzler ED, Morris CG, Orlando CA, Werning JW, Mendenhall WM.
Management of sinonasal undifferentiated carcinoma. Head Neck. (2008) 30:595-9.
doi: 10.1002/hed.20748

65. Musy PY, Reibel JF, Levine PA. Sinonasal undifferentiated carcinoma: the search
for a better outcome. Laryngoscope. (2002) 112:1450-5. doi: 10.1097/00005537-
200208000-00023

66. Kuan EC, Arshi A, Mallen-St Clair J, Tajudeen BA, Abemayor E, St John MA.
Significance of tumor stage in sinonasal undifferentiated carcinoma survival: A
population-based analysis. Otolaryngol-Head Neck Surg Off ] Am Acad Otolaryngol-
Head Neck Surg. (2016) 154:667-73. doi: 10.1177/0194599816629649

67. WHO Classification of Tumours Editorial Board. Head and neck tumours[ED/
OL] (2022-12-06) . Available online at: https://www.iarc.who.int/news-events/
publication-of-the-who-classification-of-tumours-5th-edition-volume-9-head-and-
neck-tumours (Accessed April 14, 2025).

68. Rooper LM, Bishop JA, Faquin WC, Foss RD, Gallia GL, Jo VY, et al. Sinonasal
tumors with neuroepithelial differentiation (Olfactory carcinoma): delineation of their
pathologic and clinical features with insights into their relationship to olfactory
neuroblastoma and sinonasal carcinoma. Am J Surg Pathol. (2022) 46:1025-35.
doi: 10.1097/PAS.0000000000001908

69. Dumont RA, Palma Diaz MF, Hsu W, Sepahdari AR. Olfactory neuroblastoma:
re-evaluating the paradigm of intracranial extension and cyst formation. Diagn Basel
Switz. (2022) 12:614. doi: 10.3390/diagnostics12030614

70. Connor SE, Umaria N, Chavda SV. Imaging of giant tumours involving the
anterior skull base. Br ] Radiol. (2001) 74:662-7. doi: 10.1259/bjr.74.883.740662

71. Nenclares P, Ap Dafydd D, Bagwan I, Begg D, Kerawala C, King E, et al. Head
and neck mucosal melanoma: The United Kingdom national guidelines. Eur ] Cancer
Oxf Engl 1990. (2020) 138:11-8. doi: 10.1016/j.ejca.2020.07.017

72. Algudkar A, Harrington K, Kerawala C, Bagwan I, ap Dafydd D. Head and neck
mucosal melanoma: radiological considerations and UK imaging guidelines. Oral
Maxillofac Surg. (2024) 28:363-72. doi: 10.1007/s10006-023-01150-w

73. Lopez F, Rodrigo JP, Cardesa A, Triantafyllou A, Devaney KO, Mendenhall WM,
et al. Update on primary head and neck mucosal melanoma. Head Neck. (2016) 38:147—
55. doi: 10.1002/hed.23872

74. Xu Q-G, Fu L-P, Wang Z-C, Xian J-F, He L-Y, Zhang Z-Y, et al. Characteristic
findings of Malignant melanoma in the sinonasal cavity on magnetic resonance
imaging. Chin Med ] (Engl). (2012) 125:3687-91. doi: 10.3760/cma.j.issn.0366-
6999.2012.20.016

75. Edmond M, Nenclares P, Harrington K, Ap Dafydd D, Bagwan I, Begg D, et al.
What is the role of the surgeon in the management of head and neck mucosal
melanoma in the immunotherapy era? Head Neck. (2021) 43:3498-503. doi: 10.1002/
hed.26849

76. Amit M, Tam S, Abdelmeguid AS, Roberts DB, Raza SM, Su SY, et al.
Approaches to regional lymph node metastasis in patients with head and neck
mucosal melanoma. Cancer. (2018) 124:514-20. doi: 10.1002/cncr.31083

77. Liu H, Wang X, Su M, Wang N, Xian ]. Differentiating sinonasal Malignant
melanoma from squamous cell carcinoma using DWI combined with conventional
MRI. Neuroradiology. (2023) 65:1263-70. doi: 10.1007/s00234-023-03164-3

78. Kim Y-K, Choi JW, Kim H-J, Kim HY, Park GM, Ko Y-H, et al. Melanoma of the
sinonasal tract: value of a septate pattern on precontrast T1-weighted MR imaging.
AJNR Am ] Neuroradiol. (2018) 39:762-7. doi: 10.3174/ajnr.A5539

79. Gerth DJ, Tashiro J, Thaller SR. Pediatric sinonasal tumors in the United States:
incidence and outcomes. J Surg Res. (2014) 190:214-20. doi: 10.1016/j.jss.2014.04.004

80. Martin-Giacalone BA, Weinstein PA, Plon SE, Lupo PJ. Pediatric
rhabdomyosarcoma: epidemiology and genetic susceptibility. J Clin Med. (2021)
10:2028. doi: 10.3390/jcm10092028

81. Skapek SX, Ferrari A, Gupta AA, Lupo PJ, Butler E, Shipley J, et al.
Rhabdomyosarcoma. Nat Rev Dis Primer. (2019) 5:1. doi: 10.1038/s41572-018-0051-2

82. Larson JH, Rutledge R, Hunnell L, Choi DK, Kellogg RG, Naran S. Nasal
embryonal rhabdomyosarcoma in the pediatric population: literature review and report
of midline presentation. Plast Reconstr Surg Glob Open. (2021) 9:e3534. doi: 10.1097/
GOX.0000000000003534

83. Liu J-H, Qi M, Huang W-H, Sha Y, Zhang F. The magnetic resonance
characteristics of sinonasal rhabdomyosarcoma in adults: analysis of 27 cases and
comparison with pathological subtypes. BMC Med Imaging. (2023) 23:98. doi: 10.1186/
$12880-023-01062-x

84. Chen L, Chen B, Yu S, Zhao Z, Shen L. Multimodality imaging evaluation of
nasal rhabdomyosarcoma in adults: A case report and literature review. Curr
Radiopharm. (2025) 18:73-9. doi: 10.2174/0118744710288830240405090932

85. Yang S, Sun R, Liang J, Zhou Z, Zhou J, Rui J. Sinonasal teratocarcinosarcoma: a
clinical and pathological analysis. Int J Surg Pathol. (2013) 21:37-43. doi: 10.1177/
1066896912457202

frontiersin.org


https://doi.org/10.1177/01455613221150573
https://doi.org/10.1038/s41388-020-1374-5
https://doi.org/10.1038/s41388-020-1374-5
https://doi.org/10.3174/ajnr.A3257
https://doi.org/10.1007/s11102-019-00954-y
https://doi.org/10.1007/s40618-022-01758-x
https://doi.org/10.1007/s12105-012-0336-9
https://doi.org/10.1259/bjr/76663418
https://doi.org/10.1259/bjr/76663418
https://doi.org/10.1097/00006123-200203000-00035
https://doi.org/10.1055/s-0034-1378153
https://doi.org/10.1080/02688690701818943
https://doi.org/10.1097/01.coc.0000195089.11620.b7
https://doi.org/10.1097/01.coc.0000195089.11620.b7
https://doi.org/10.1148/radiographics.21.5.g01se251283
https://doi.org/10.1148/radiology.167.3.3363145
https://doi.org/10.3390/cancers13112835
https://www.medknows.com/pdf.js/web/viewer.html?file=https%3A%2F%2Fnullht-dmc-private.oss-cn-shanghai.aliyuncs.com%2FPMC%2Foa_pdf%2Fac%2Ff1%2FPMC8201377.pdf%3FExpires%3D1744556275%26OSSAccessKeyId%3DLTAI5tEptKDd6gw7QLutDATB%26Signature%3D5Lcdk05CqQe22j8f8FglMmTGVmc%253D
https://www.medknows.com/pdf.js/web/viewer.html?file=https%3A%2F%2Fnullht-dmc-private.oss-cn-shanghai.aliyuncs.com%2FPMC%2Foa_pdf%2Fac%2Ff1%2FPMC8201377.pdf%3FExpires%3D1744556275%26OSSAccessKeyId%3DLTAI5tEptKDd6gw7QLutDATB%26Signature%3D5Lcdk05CqQe22j8f8FglMmTGVmc%253D
https://www.medknows.com/pdf.js/web/viewer.html?file=https%3A%2F%2Fnullht-dmc-private.oss-cn-shanghai.aliyuncs.com%2FPMC%2Foa_pdf%2Fac%2Ff1%2FPMC8201377.pdf%3FExpires%3D1744556275%26OSSAccessKeyId%3DLTAI5tEptKDd6gw7QLutDATB%26Signature%3D5Lcdk05CqQe22j8f8FglMmTGVmc%253D
https://www.medknows.com/pdf.js/web/viewer.html?file=https%3A%2F%2Fnullht-dmc-private.oss-cn-shanghai.aliyuncs.com%2FPMC%2Foa_pdf%2Fac%2Ff1%2FPMC8201377.pdf%3FExpires%3D1744556275%26OSSAccessKeyId%3DLTAI5tEptKDd6gw7QLutDATB%26Signature%3D5Lcdk05CqQe22j8f8FglMmTGVmc%253D
https://www.medknows.com/pdf.js/web/viewer.html?file=https%3A%2F%2Fnullht-dmc-private.oss-cn-shanghai.aliyuncs.com%2FPMC%2Foa_pdf%2Fac%2Ff1%2FPMC8201377.pdf%3FExpires%3D1744556275%26OSSAccessKeyId%3DLTAI5tEptKDd6gw7QLutDATB%26Signature%3D5Lcdk05CqQe22j8f8FglMmTGVmc%253D
https://www.medknows.com/pdf.js/web/viewer.html?file=https%3A%2F%2Fnullht-dmc-private.oss-cn-shanghai.aliyuncs.com%2FPMC%2Foa_pdf%2Fac%2Ff1%2FPMC8201377.pdf%3FExpires%3D1744556275%26OSSAccessKeyId%3DLTAI5tEptKDd6gw7QLutDATB%26Signature%3D5Lcdk05CqQe22j8f8FglMmTGVmc%253D
https://doi.org/10.1002/hed.26134
https://doi.org/10.1002/cncr.32679
https://doi.org/10.1001/jamaoto.2024.1311
https://doi.org/10.1159/000457932
https://doi.org/10.1016/j.clinimag.2019.02.004
https://doi.org/10.1007/s12070-024-04582-2
https://doi.org/10.1007/s11604-013-0247-z
https://doi.org/10.1038/s41598-024-69039-6
https://doi.org/10.1016/j.humpath.2019.04.008
https://doi.org/10.1586/era.13.1
https://doi.org/10.1007/s11912-019-0776-4
https://doi.org/10.1002/hed.20748
https://doi.org/10.1097/00005537-200208000-00023
https://doi.org/10.1097/00005537-200208000-00023
https://doi.org/10.1177/0194599816629649
https://www.iarc.who.int/news-events/publication-of-the-who-classification-of-tumours-5th-edition-volume-9-head-and-neck-tumours
https://www.iarc.who.int/news-events/publication-of-the-who-classification-of-tumours-5th-edition-volume-9-head-and-neck-tumours
https://www.iarc.who.int/news-events/publication-of-the-who-classification-of-tumours-5th-edition-volume-9-head-and-neck-tumours
https://doi.org/10.1097/PAS.0000000000001908
https://doi.org/10.3390/diagnostics12030614
https://doi.org/10.1259/bjr.74.883.740662
https://doi.org/10.1016/j.ejca.2020.07.017
https://doi.org/10.1007/s10006-023-01150-w
https://doi.org/10.1002/hed.23872
https://doi.org/10.3760/cma.j.issn.0366-6999.2012.20.016
https://doi.org/10.3760/cma.j.issn.0366-6999.2012.20.016
https://doi.org/10.1002/hed.26849
https://doi.org/10.1002/hed.26849
https://doi.org/10.1002/cncr.31083
https://doi.org/10.1007/s00234-023-03164-3
https://doi.org/10.3174/ajnr.A5539
https://doi.org/10.1016/j.jss.2014.04.004
https://doi.org/10.3390/jcm10092028
https://doi.org/10.1038/s41572-018-0051-2
https://doi.org/10.1097/GOX.0000000000003534
https://doi.org/10.1097/GOX.0000000000003534
https://doi.org/10.1186/s12880-023-01062-x
https://doi.org/10.1186/s12880-023-01062-x
https://doi.org/10.2174/0118744710288830240405090932
https://doi.org/10.1177/1066896912457202
https://doi.org/10.1177/1066896912457202
https://doi.org/10.3389/fonc.2025.1626584
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

86. Fatima SS, Minhas K, Din NU, Fatima S, Ahmed A, Ahmad Z. Sinonasal
teratocarcinosarcoma: a clinicopathologic and immunohistochemical study of 6 cases.
Ann Diagn Pathol. (2013) 17:313-8. doi: 10.1016/j.anndiagpath.2013.01.003

87. Belotti A, Carpenito L, Bulfamante AM, Maccari A, Bulfamante G. Sinonasal
teratocarcinosarcoma treated with surgery and proton beam therapy: clinical,
histological aspects and differential diagnosis of a new case. Pathologica. (2021)
113:469-74. doi: 10.32074/1591-951X-215

88. Yoon SY, Park KS, Hwang JH, Park SH, Han MH. Sinonasal
teratocarcinosarcoma, a rare tumor involving both the nasal cavity and the cranial
cavity. Brain Tumor Res Treat. (2020) 8:57-61. doi: 10.14791/btrt.2020.8.e2

89. Agrawal N, Chintagumpala M, Hicks ], Eldin K, Paulino AC. Sinonasal
teratocarcinosarcoma in an adolescent male. J Pediatr Hematol Oncol. (2012) 34:
€304-307. doi: 10.1097/MPH.0b013e318266baa8

90. Chakraborty S, Chowdhury AR, Bandyopadhyay G. Sinonasal
teratocarcinosarcoma: Case report of an unusual neoplasm. J Oral Maxillofac Pathol.
(2016) 20:147. doi: 10.4103/0973-029X.180979

91. van Zyl T, van Rensburg L], Naidoo K, Merven M, Opperman JF. Correlative
imaging and histopathology of a complicated sinonasal teratocarcinosarcoma. SA |
Radiol. (2023) 27:2548. doi: 10.4102/sajr.v27i1.2548

92. Vuong HG, Le T, Le TTB, Le HT, El-Rassi ET, McKinney KA, et al.
Clinicopathological features and prognostic outcomes of molecularly defined entities
in the new edition of the WHO classification of sinonasal carcinoma. Front Oncol.
(2023) 13:1117865. doi: 10.3389/fonc.2023.1117865

93. Dubal PM, Dutta R, Vazquez A, Patel TD, Baredes S, Eloy JA. A comparative
population-based analysis of sinonasal diffuse large B-cell and extranodal NK/T-cell
lymphomas. Laryngoscope. (2015) 125:1077-83. doi: 10.1002/lary.25111

94. Wajda BN, Rabinowitz MR, Nyquist GG, Mardekian SK, Rosen MR, Rabinowitz
MP. Paranasal sinus lymphoma: Retrospective review with focus on clinical features,
histopathology, prognosis, and relationship to systemic lymphoma. Head Neck. (2017)
39:1065-70. doi: 10.1002/hed.24686

95. Hung L, Chang P, Lee T, Hsu Y, Chen Y, Fu C, et al. Extranodal natural killer/T-
cell lymphoma, nasal type: Clinical and computed tomography findings in the head and
neck region. Laryngoscope. (2012) 122:2632-9. doi: 10.1002/lary.23531

96. Prakash A, Kumar Upadhyay A. A rare case of metastases to paranasal sinus
from colonic adenocarcinoma. Cureus. (2021) 13:e14718. doi: 10.7759/cureus.14718

97. Hess AO, Terry RS, Lobo BC, Justice JM. Sinonasal and skull base metastatic
renal cell carcinoma: A case series. Cureus. (2023) 15:¢48757. doi: 10.7759/cureus.48757

98. Trapp LP, Koo EY, Lee V, Yu J. Metastatic hepatocellular carcinoma to the
sinonasal cavity: A case report and literature review. Otolaryngol Case Rep. (2022)
24:100449. doi: 10.1016/j.x0cr.2022.100449

99. Spirin DS, Kobyakov GL, Cherekaev VA, Nazarov VV, Kadasheva AB, Vetlova
ER, et al. Epidemiology, diagnosis, clinical symptoms, and classification of Malignant
primary skull base tumors. Zh Vopr Neirokhir Im N N Burdenko. (2016) 80:106-13.
doi: 10.17116/neir02016803106-113

100. Lopez F, Devaney KO, Hanna EY, Rinaldo A, Ferlito A. Metastases to nasal
cavity and paranasal sinuses. Head Neck. (2016) 38:1847-54. doi: 10.1002/hed.24502

101. Li W-J, Xue H-X, You J-Q, Chao C-J. Lung adenocarcinoma metastasis to
paranasal sinus: A case report. World ] Clin cases. (2022) 10:5869-76. doi: 10.12998/
wjcc.v10.i17.5869

102. Okada H, Kamino Y, Shimo M, Kitamura E, Katoh T, Nishimura H, et al.
Metastatic hepatocellular carcinoma of the maxillary sinus: a rare autopsy case without
lung metastasis and a review. Int J Oral Maxillofac Surg. (2003) 32:97-100.
doi: 10.1054/ijom.2002.0242

103. Bin J, Jianhong Li, Fei Y, Junfang X. Imaging manifestation of metastatic
tumors in nasal cavity and paranasal sinuses. Chin ] Radiol. (2015) 49:372-5.
doi: 10.3760/cma.j.issn.1005-1201.2015.05.012

104. Klein MJ, Siegal GP. Osteosarcoma: anatomic and histologic variants. Am J Clin
Pathol. (2006) 125:555-81. doi: 10.1309/UC6K-QHLD-9LV2-KENN

105. Choi JH, Ro JY. The 2020 WHO classification of tumors of bone: an updated
review. Adv Anat Pathol. (2021) 28:119-38. doi: 10.1097/PAP.0000000000000293

Frontiers in Oncology

23

10.3389/fonc.2025.1626584

106. Hagen F, Soschynski M, Weis M, Hagar MT, Krumm P, Ayx I, et al. Photon-
counting computed tomography - clinical application in oncological, cardiovascular,
and pediatric radiology. ROFO Fortschr Geb Rontgenstr Nuklearmed. (2024) 196:25-35.
doi: 10.1055/a-2119-5802

107. Shah HJ, Keraliya AR, Jagannathan JP, Tirumani SH, Lele VR, DiPiro PJ.
Diffuse large B-cell lymphoma in the era of precision oncology: how imaging is helpful.
Korean J Radiol. (2017) 18:54-70. doi: 10.3348/kjr.2017.18.1.54

108. Michael AE, Schoenbeck D, Woeltjen MM, Boriesosdick J, Kroeger JR,
Moenninghoff C, et al. Nonenhanced photon counting CT of the head : impact of
the keV level, iterative reconstruction and calvaria on image quality in
monoenergetic images. Clin Neuroradiol. (2024) 34:75-83. doi: 10.1007/s00062-
023-01331-w

109. Gillies RJ, Kinahan PE, Hricak H. Radiomics: images are more than pictures,
they are data. Radiology. (2016) 278:563-77. doi: 10.1148/radiol.2015151169

110. Lambin P, Leijenaar RTH, Deist TM, Peerlings ], de Jong EEC, van Timmeren J,
et al. Radiomics: the bridge between medical imaging and personalized medicine. Nat
Rev Clin Oncol. (2017) 14:749-62. doi: 10.1038/nrclinonc.2017.141

111. Yin C, Hu P, Qin L, Wang Z, Zhao H. The current status and future directions
on nanoparticles for tumor molecular imaging. Int | Nanomed. (2024) 19:9549-74.
doi: 10.2147/IJN.S484206

112. Davodabadi F, Mirinejad S, Malik S, Dhasmana A, Ulucan-Karnak F, Sargazi S,
et al. Nanotherapeutic approaches for delivery of long non-coding RNAs: an updated
review with emphasis on cancer. Nanoscale. (2024) 16:3881-914. doi: 10.1039/
d3nr05656b

113. Pola R, Grosmanova E, Pechar M, Horak D, Krunclova T, Pankrac J, et al.
Stimuli-responsive polymer nanoprobes intended for fluorescence-guided surgery of
Malignant head-and-neck tumors and metastases. Adv Healthc Mater. (2023) 12:
€2301183. doi: 10.1002/adhm.202301183

114. WangL, Hong D, LiJ, Wu L, Xia Y, Di X, et al. Dual-target-activated dual-color
molecular probe for imaging analysis of cellular senescence. Chem Commun Camb
Engl. (2025) 61:5669-72. doi: 10.1039/d5cc00755k

115. Ehlerding EB, Sun L, Lan X, Zeng D, Cai W. Dual-targeted molecular imaging
of cancer. ] Nucl Med Off Publ Soc Nucl Med. (2018) 59:390-5. doi: 10.2967/
jnumed.117.199877

116. Xing J, Gong Q, Akakuru OU, Liu C, Zou R, Wu A. Research advances in
integrated theranostic probes for tumor fluorescence visualization and treatment.
Nanoscale. (2020) 12:24311-30. doi: 10.1039/d0nr06867e

117. Gravante G, Arosio AD, Curti N, Biondi R, Berardi L, Gandolfi A, et al.
Artificial intelligence and MRI in sinonasal tumors discrimination: where do we stand?
Eur Arch Oto-Rhino-Laryngol Off ] Eur Fed Oto-Rhino-Laryngol Soc EUFOS Affil Ger
Soc Oto-Rhino-Laryngol - Head Neck Surg. (2025) 282:1557-66. doi: 10.1007/s00405-
024-09169-9

118. Zhong N-N, Wang H-Q, Huang X-Y, Li Z-Z, Cao L-M, Huo F-Y, et al
Enhancing head and neck tumor management with artificial intelligence: Integration
and perspectives. Semin Cancer Biol. (2023) 95:52-74. doi: 10.1016/
j.semcancer.2023.07.002

119. Ramkumar S, Ranjbar S, Ning S, Lal D, Zwart CM, Wood CP, et al. MRI-based
texture analysis to differentiate sinonasal squamous cell carcinoma from inverted
papilloma. AJNR Am ] Neuroradiol. (2017) 38:1019-25. doi: 10.3174/ajnr.A5106

120. Ranjbar S, Ning S, Zwart CM, Wood CP, Weindling SM, Wu T, et al.
Computed tomography-based texture analysis to determine human papillomavirus
status of oropharyngeal squamous cell carcinoma. J Comput Assist Tomogr. (2018)
42:299-305. doi: 10.1097/RCT.0000000000000682

121. Wang L, Lin N, Chen W, Xiao H, Zhang Y, Sha Y. Deep learning models for
differentiating three sinonasal Malignancies using multi-sequence MRI. BMC Med
Imaging. (2025) 25:56. doi: 10.1186/s12880-024-01517-9

122. Altmann S, Abello Mercado MA, Ucar FA, Kronfeld A, Al-Nawas B,
Mukhopadhyay A, et al. Ultra-high-resolution CT of the head and neck with deep
learning reconstruction-assessment of image quality and radiation exposure and
intraindividual comparison with normal-resolution CT. Diagn Basel Switz. (2023)
13:1534. doi: 10.3390/diagnostics13091534

frontiersin.org


https://doi.org/10.1016/j.anndiagpath.2013.01.003
https://doi.org/10.32074/1591-951X-215
https://doi.org/10.14791/btrt.2020.8.e2
https://doi.org/10.1097/MPH.0b013e318266baa8
https://doi.org/10.4103/0973-029X.180979
https://doi.org/10.4102/sajr.v27i1.2548
https://doi.org/10.3389/fonc.2023.1117865
https://doi.org/10.1002/lary.25111
https://doi.org/10.1002/hed.24686
https://doi.org/10.1002/lary.23531
https://doi.org/10.7759/cureus.14718
https://doi.org/10.7759/cureus.48757
https://doi.org/10.1016/j.xocr.2022.100449
https://doi.org/10.17116/neiro2016803106-113
https://doi.org/10.1002/hed.24502
https://doi.org/10.12998/wjcc.v10.i17.5869
https://doi.org/10.12998/wjcc.v10.i17.5869
https://doi.org/10.1054/ijom.2002.0242
https://doi.org/10.3760/cma.j.issn.1005-1201.2015.05.012
https://doi.org/10.1309/UC6K-QHLD-9LV2-KENN
https://doi.org/10.1097/PAP.0000000000000293
https://doi.org/10.1055/a-2119-5802
https://doi.org/10.3348/kjr.2017.18.1.54
https://doi.org/10.1007/s00062-023-01331-w
https://doi.org/10.1007/s00062-023-01331-w
https://doi.org/10.1148/radiol.2015151169
https://doi.org/10.1038/nrclinonc.2017.141
https://doi.org/10.2147/IJN.S484206
https://doi.org/10.1039/d3nr05656b
https://doi.org/10.1039/d3nr05656b
https://doi.org/10.1002/adhm.202301183
https://doi.org/10.1039/d5cc00755k
https://doi.org/10.2967/jnumed.117.199877
https://doi.org/10.2967/jnumed.117.199877
https://doi.org/10.1039/d0nr06867e
https://doi.org/10.1007/s00405-024-09169-9
https://doi.org/10.1007/s00405-024-09169-9
https://doi.org/10.1016/j.semcancer.2023.07.002
https://doi.org/10.1016/j.semcancer.2023.07.002
https://doi.org/10.3174/ajnr.A5106
https://doi.org/10.1097/RCT.0000000000000682
https://doi.org/10.1186/s12880-024-01517-9
https://doi.org/10.3390/diagnostics13091534
https://doi.org/10.3389/fonc.2025.1626584
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Chinese expert consensus on imaging examination and diagnosis of nasal cavity and paranasal sinus tumors
	Introduction
	Contraindications
	CT
	MRI

	Imaging examination process
	Non-contrast CT scan
	Contrast-enhanced CT
	Non-contrast MRI
	Contrast-enhanced MRI

	Image quality control
	CT
	MR

	Examination of special populations
	Children and infants
	CT examination
	MRI examination
	Pregnant and lactating women
	CT examination
	MRI examination


	Application of CT and MRI examinations in nasal cavity and paranasal sinus tumors
	Imaging diagnosis of nasal cavity and paranasal sinus tumors
	Benign tumor
	Sinonasal inverted papilloma
	Juvenile nasopharyngeal angiofibroma
	Schwannoma
	Ectopic pituitary adenomas
	Giant cell tumor of bone

	Malignant tumors
	Squamous cell carcinoma
	Adenoid cystic carcinoma
	Sinonasal undifferentiated carcinoma
	Olfactory neuroblastoma
	Malignant sinonasal melanoma
	Rhabdomyosarcoma
	Sinonasal teratocarcinosarcoma
	Lymphoma
	DLBCL
	ENKTCL

	Sinonasal metastasis
	Osteosarcoma


	Prospects
	Multidisciplinary collaboration
	Multimodal imaging
	Radiomics
	Molecular imaging technology
	Artificial intelligence

	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


