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Abstract:  

Nasopharyngeal carcinoma is a head and neck cancer with a specific etiology, pathogenesis, anatomical and clinical 

pathology in comparison to malignancies in this region. We present the case of a patient with giant nasopharyngeal 

carcinoma with the invasion of the all three cerebral fossa and will try to find a few anatomical models of skull base 

and intracranial space invasion that are important for clinical diagnosis and imaging and in the treatment of this 

malignancy. 
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INTRODUCTION 

Due to its deep and hidden location in a 

hollow organ, tumor’s infiltration capacity and 

its non specific symptoms, nasopharyngeal 

carcinoma (NC) is often diagnosed when the 

tumor reaches a gigantic size and is in a very 

advanced stage [1]. NC generally develops in 

the side wall of the nasopharynx and may 

extend to all directions:  superior, inferior, 

lateral, anterior and posterior. This paper 

presents the case of a patient diagnosed with 

giant NC with skull base invasion in all its 

three floors and suggests a few anatomical 

models of intracranial space invasion [2]. 

 

CASE REPORT 

A male patient, aged 60 years presented 

―Prof.Dr.Nicolae Oblu‖ Emergency Hospital 

Iași with headaches and diplopia. Contrast-

enhancend computed tomography of head 
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made upon admission showed a giant tumor 

lesion located in the nasopharynx with 

extension into the nasal cavities, ethmoid cells, 

sinus sphenoid and the intracranial space sellar 

and suprasellar region, sinuses cavernous, 

carotid canal and prepontine cistern (figure 

1A,1B).  A biopsy from the tumor was 

performed during hospitalization.  

 

THE METHODS 

The tissue specimens were processed 

according with the routine histological 

technique. The specimens were fixed in 4% 

buffered formalin and paraffin embedded. Five 

micrometers thick serial sections were stained 

with Hematoxylin–Eosin (HE). The 

immunostaining was performed on 5 μm 

paraffin sections. The slides were 

deparaffinized in xylene, then rehydrated 

through graded alcohol series. The endogenous 

peroxidase was blocked using 3% hydrogen 

peroxide. Slides were immunostained with 

Monoclonal Mouse Anti-Human Cytokeratin 

Clones AE1/AE3 (Dako, Carpinteria, CA, 

USA), using DAKO EnVision TM + Dual 

Link System-HRP (DAB +) (Dako, 

Carpinteria, CA, USA). Finally the slides were 

counterstained with hematoxylin. 

RESULTS  

The histological examination of HE stained 

slides showed malignant epithelial cells 

disposed in a syncytial pattern of growth and 

included in a fibrous background infiltrated 

with lymphocytes and plasmocytes (figure 2). 

The positivity of tumor cells for pan-

cytokeratin established the final diagnosis of a 

nasopharyngeal nonkeratinizing carcinoma, 

non-differentiated subtype (figure 3). 

 

 

DISCUSSION 

NC is a distinct type of cancer that differs 

from other malignancies of the upper 

respiratory and digestive tract by its 

epidemiology, etiology, pathology, clinical 

presentation and responsiveness to therapy [3-

5].  

Symptoms 

NC develops from nasopharynx epithelium 

and due to its expansion into a clinically 

relatively silent hollow organ and due to its 

increased capacity to invade the bone and its 

extension along neurovascular packages; it can 

reach very large sizes with poor, non-specific 

or even absent clinical symptoms. Due to its 

aspect, approximately 70% of NC patients 

seek medical attention in an advanced stage of 

disease, III-IV [3, 5].  

Unfortunately, there are just few symptoms 

that can occur in the early stage disease and 

these are non-specific. Clinical NC can 

resemble, mimic temporomandibular disorders 

and limited movement of the jaw due to 

invasion of pterygoid muscles [3, 4]. 

Symptoms related to nose, throat, ear invasion, 

such as nasal obstruction, decreased hearing, 

otalgia, and nasal stuffiness or epistaxis [4]. 

Oral and dental care 

Patients having NC may first present patients 

to dental professionals due to appearance of a 

facial pain or due to the limitation of the jaw 

and temporomandibular joints.  Therefore, the 

dentist or oro-maxillo-facial surgeon can face 

a NC and an early recognition is essential to 

avoid any delay in diagnosis and treatment. 

Clinical differentiation between NC and 

temporomandibular disorders can be made by 

looking for other key NC symptoms, such as 

nasal obstruction with epistaxis, unilateral 

hearing deficit or neck masses [3]. 

Anatomy of nasopharynx 

Nasopharynx (figure 4) is a cuboid cavity 

located below the skull base and bounded, as 

follows: upper - the basisphenoid and clivus, 

lower-the oropharynx, anterior - nasal 

choanae,  posterior - the retropharyngeal and 

prevertebral space and lateral- parapharyngeal 

space. Also, there are two main recesses in the 

NC spreading in the nasopharynx: the lateral 

pharyngeal recess (or fossa of Rosenmüller) 

and the Eustachian tube orifice. 

Another important element in the nasopharynx 

is the pharyngobasilar fascia, a tough 

aponeurosis space that separates the 

nasopharynx from the mastication. This fascia 

attaches to the skull base prior to the medial 
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plate of the pterygoid process, superior to the 

petrous apex and posterior to occipital tuber 

and the prevertebral pharyngeal muscles [6]. 

Although the pharyngobasilar fascia limits the 

tumor spread, it has two points of weakness 

through which the tumor creates its path to the 

intracranial space: foramen lacerum to which 

fascia attaches to the skull base and sinus of 

Morgagni (a posteriolateral defect of 

pharyngobasilar fascia  through which 

Eustachian tube and levator veli palatini 

muscle enter the nasopharynx) [7]. 

Hypothetical anatomical models of NC tumor 

spread 

Being a cuboid cavity, NC cannot spread to all 

six neighboring areas of the nasopharynx. 

Anterior spread 

NC develops also towards nasal fossa, 

especially as the nasopharynx is not separated 

from it by any anatomic barrier. From this 

level, the tumor can easily infiltrate into 

pterygopalatine fossa through sphenopalatine 

foramen. Once in pterygopalatine fossa, the 

tumor can spread towards: the inferior orbital 

fissure and further to the orbital apex, the 

foramen rotundum along the maxillary nerve 

(V2), the infratemporal fossa and perineural 

extension along the mandibular nerve (V3) 

towards foramen ovale and to vidian canal 

along the pterygoidien nerve and on to the 

petrous apex [6]. Along V2 and V3 nerves, the 

tumor will go through perineural space 

expansion and will penetrate through the 

foramen ovale and foramen rotundum towards 

cavernous sinus. These are retrograde 

collateral pathways of intracranial space 

invasion. 

Posterior spread 

NC can extend backwards to the 

retropharyngeal space and prevertebral 

muscles destroying vertebral bodies, found in 

few cases, in case of giant tumors. 

Posterolateral development may also involve 

the jugular foramen and even the hypoglossal 

canal. 

Lateral spread 

The extension of the tumor to the 

parapharyngeal space can occur directly 

through pharyngobasilar fascia or areas of 

weakness, such as sinus Morgagni. Further, 

the tumor can spread to the infratemporal fossa 

and masticatory space, and from here through 

perineural extension along the perineural 

mandibular nerve (V3) towards foramen ovale 

and cavernous sinus [6, 7]. 

 

Inferior spread 

NC cannot extend below the oropharynx, with 

tonsillar fossa invasion. 

 

Superior spread 

In the superior part, NC may invade sphenoid 

sinus, sella turcica and clivus and also the 

foramen lacerum with the  intracranial 

extension.  

Anatomical models of skull base invasion 

Skull base invasion occurs in 25-65% of 

patients with NC [8, 9] and is one of the 

poorest prognostic factors [2, 10, 11] due to 

severe erosion degrees beyond the base 

invasion of sphenoid bone, pterygoid process, 

clivus and petrous apex, it will lead to a high 

risk of metastasis [2]. Some studies reported a 

five-year survival rate of 26.9% for patients 

with skull base invasion who received a single 

radiation therapy. Moreover, when the degree 

of intracranial invasion is so high that cranial 

nerves are involved in the anterior and 

posterior parts, the survival rate is only 7.7% 

[12]. Other studies associate the invasion 

prepontine cistern (figure 5) with an extremely 

reserved prognosis. [13] 

Although the tumor invasion in the skull base 

of NC is achieved both by direct perineural 

invasion along the formina and fissures [6, 7] 

and metastasis along the lymphatic circulation 

in the skull base, we only discuss the direct 

invasion by orifices and bone destruction. 

Although  several classifications  of NC 

staging have been suggested, the most recent 

was proposed in 2010 by the American Joint 

Committee on Cancer and the International 

Union for Cancer Control updates on the 

tumor-node Metastasis (TNM) (7th edition) [ 

14] which defines the skull base/or paranasal 
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sinus invasion without cranial nerve deficits  

as stage T3. 

The internal surface of the skull base is 

divided into three regions: anterior cranial 

fossa, middle cranial fossa and posterior 

cranial fossa crossed by numerous foramina 

and fissures through which the NC could 

expand to the intracranial space. Out of these, 

the most frequently invaded in NC is the 

middle cranial due to its proximity to the 

nasopharynx (figure 6A). 

 Several models of skull invasion have 

been suggested aimed to help radiologists and 

surgeons in the early detection and treatment 

of NC, but a consensus on these has not been 

reached. 

 Van Huijzer divided the lateral skull 

base into six regions: the nasopharyngeal 

region, otopharyngeal region, acoustic region, 

neurovascular region, articular region and 

infratemporal region [15, 16, 17] and some 

studies have shown that the most  invaded is 

the nasopharingeal region (100%), followed in 

terms of order of by the otopharyngeal region 

(approximately 74%), neurovascular region 

(approximately 49%), infratemporal region 

(approximately 42%), acoustic region 

(approximately 25) and joint region 

(approximately 9%) [16]. 

The explanation for second place of the 

oropharyngeal region in the order of the 

invaded anatomical regions is very simple: 

after tumor development in the region of 

nasopharynx, it ascends through natural 

anatomical orifices, such as Eustachian tube 

located bilaterally on the side wall of the 

nasopharynx and is projected on the 

posterolateral direction to the base of the skull. 

 Some studies have shown that in terms 

of erosion of the skull base, the most common 

site is the base of the sphenoid bone, followed 

by pterygoid process, then clivus and petrous 

apex [2,11] (figure 6B) .The explanation could 

be that these anatomical sites have no tissue 

barrier and are very close to the original tumor 

[2] The second in NC invasion are the greater 

wing of the sphenoid bone, lateral pterygoid 

plate, foramen magnum, foramen lacerum and 

cavernous sinus, and the third in  incidence of 

invasion are: foramen ovale, occipital condyle, 

ethmoid sinus, jugular foramen, hypoglossal 

canal, lateral plate of atlas. As it could be 

noted, the tumor spread is gradual, starting 

from proximal sites around the nasopharynx 

towards distant locations [2]. 

Han et al. reported in a study that the most 

frequently invaded regions of the skull base 

are cavernous sinus and internal carotid canal, 

followed by clivus, sphenoid sinus and sella 

base [16]. However, Han states that invasion 

regions of the skull base depend on the 

original site of tumor development in the 

nasopharynx. Therefore, due to the fact that 

most NC develops most commonly in the 

lateral pharyngeal fossa, the degree of invasion 

was higher in adjacent carotid sheat region and 

cavernous sinus [16]. 

Teresi et al. observes that the invasion of 

middle cranial fossa is done most often 

through both natural anatomical orifices of the 

skull base, such as foramen spinosum, foramen 

ovale or foramen lacerum and through direct 

destruction of the bone [18], while other 

studies report other main paths of endocranium 

invasion: Eustachian tube, sphenopalatine 

foramen, pteygoid canal, internal jugular 

lymph node and internal carotid artery and 

direct invasion [19].  

   

 

CONCLUSIONS 

Although several anatomical models of skull 

and intracranial space invasion in NC have 

been suggested authors have not reached a 

consensus. However, we may state that NC 

can invade the skull through all natural  

anatomical orifices from the endobase  along  

the neurovascular bundles or through areas of 

bone destruction that it creates, the tumor 

reaching gigantic sizes as in the case of our 

patient. The peculiarity of this case is given by 

the poor clinical symptoms compared to giant 

NC invading all three floors of the skull base. 

Knowledge of NC ways of expansion is 

important for early diagnosis and the 

understanding of tumor behavior by 
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radiologists, surgeons and oncologists is 

essential in order to provide treatment more 

rapidly for the patients. 

 

 

Figures 

 

 
 
Figure 1 A. Head contrast-enhanced CT (sagittal image) where sella turcica (arrow) 

and clivus (arrowhead) are observed; 1 B. Axial contrast-enhanced CT image where 

the right orbital apex invasion (arrowhead) and bilateral cavernous sinuse invasion 

(arrows) are observed  
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Figure 2. Histopathological exam of the biopsy: 

the tumour comprises irregular islands of 

neoplastic undifferentiated epithelial cells 

surrounded by a desmoplastic stroma infiltrated 

with mononuclear inflammatory cells. The 

syncytial-appearing large tumour cells have  

indistinct cell borders, and a scant eosinophilic 

cytoplasm (Hematoxylin and Eosin staining, x 

400)  

 

Figure 3. Immunostaining for pan-cytokeratin 

highlights the irregular clusters of strongly 

positive tumor cells located in the stroma that 

is infiltrated with unstained mononucleated 

inflammatory cells (AE1/AE3, Dako; x 200) 

 

 

 

 
 

 

 

 

 

Figure 4. Sagittal T1- weighted MRI image   

showing the normal nasopharynx (asterix) and 

its superior limit represented by basiphenoid 

(arrowhead) and clivus (arrow). Superiorly is 

sphenoid body with a large sphenoid sinus (¤). 

Inferiorly, the junction between nasopharynx 

and oropharynx (white line) is represented by a 

line between the hard palate and anterior arch 

of C1 vertebra 
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Figure 5. Sagittal contrast-enhanced CT image 

in which tumoral invasion  of  prepontine 

cistern  (arrow) with basilar artery 

compression (arrrowhead) is seen   
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