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Cancer around the brain
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Background. Neuro-oncologists are familiar with primary brain tumors, intracerebral metastases meningeal carcinomatosis and extra-
cerebral intracranial tumors as meningeoma. For these conditions, and also some other rare tumor entities several treatment options
exist. Cancer can also involve structures around the brain as the dura, the base of the skull, the cavities of the skull and tissue around
the bony skull, the skin, the tissue of the neck. and either compress, invade or spread in the central or peripheral nervous system.

Methods. A systematic literature research was conducted determining symptoms and signs, tumor sites of nerve invasion, tumor
types, diagnostic techniques, mechanisms of nerve invasion, and important differential diagnosis. Additional cases from own experi-
ence were added for illustration.

Results. The mechanisms of tumor invasion of cranial nerves is heterogenous and not only involves several types of invasion, but also
spread along the cranial nerves in antero- and retrograde fashion and even spread into different nerve territories via anastomosis. In
addition the concept of angiosomas may have an influence on the spread of metastases.

Conclusion. In addition to the well described tumor spread in meningeal carcinomatosis and base of the skull metastases, dural
spread, lesions of the bony skull, the cavities of the skull and skin of the face and tissue of the neck region need to be considered,

and have an impact on therapeutic decisions.
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Neuro-oncologists are familiar with primary brain tumors and
extracerebral intracranial tumors such as meningioma, intra-
cerebral metastases, and meningeal carcinomatosis. Many treat-
ment options exist for these more commonly observed conditions
as well as for some of the rarer tumor entities within the brain.
However, cancer that affects the nervous system may also involve
structures external to the brain including the dura, the base of the
skull, the cavities and tissue around the bony skull, the skin, and
the tissue of the neck where the tumors compress, invade, or
spread into the central or peripheral nervous system. This review
focuses on different types of tumor entities, sites of tumor
growth, detection by imaging, and mechanisms of tumor growth
in and along the cranial nerves (CNs) as well as the differential
diagnosis of other conditions that must be distinguished from
malignancy.

Neurological symptoms and signs of cancer around the brain dif-
fer depending upon the site. Metastasis along the base of the skull
can cause varied symptoms characterized as a combination of CN
lesions and pain, metastasis to the calvaria or dura, and unspecific
headache symptoms or remain asymptomatic. Tumors in the neck

can affect the extensive anastomotic caudal CNs and cause pain
projection into the skull, which can be a misleading sign.

Tumor sites around the central nervous system are not con-
fined to bone but also occur in the skin, the glands (lacrimal, par-
otid), the palate, the ear/nose/throat (ENT) regions, the orbits,
and the tissues of the neck. The incidence of perineural invasion
is estimated to occur in 2%-5% of ENT tumors. Most commonly
in such cases, the nerves CN V and CN VII are affected by nerve
infiltration, but other CNs can be affected. Anatomical studies
show that the rich anastomosis of the CNs also enables perineur-
ial tumor spread from one CN territory into another. Apart from
the spread of local tumors of the skull, breast, prostate, and
lung cancers as well as myeloma seem to be the most frequent
tumors that metastasize into the skull and damage the CNs.

For these reasons, diagnosis must not only be based on clinical
signs and symptoms but also on imaging such as CT, MRI, and
combinations of CT and PET. Ultrasound and electrophysiology
may be helpful in some accessible sites. Cerebrospinal fluid (CSF)
studies are needed to exclude meningeal spread, and nerve and
tissue biopsies are often necessary to confirm the diagnosis.
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Fig. 1. Dural metastasis can present in different locations. (a) A dural metastasis from prostate cancer. (b) A dural metastasis mimicking meningeoma,
also from prostate cancer.
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Fig. 2. Clinical findings of base of the skull metastasis: (a) MRI showing destruction at the base of the skull (arrow). Possible infiltration of cerebral
parenchyma. (b) Lesion of CN V 1; reduced blinking and chronic infection resulted. (c) Visible atrophy of masseteric muscle. Chin also moved to the
right side when opening the mouth (arrow). (d) CN XII paresis without atrophy at this time.

Nerve damage from these conditions is not limited to com-  in which a 3-dimensional combination of tissue structures around
pression and invasion but may also involve other mechanisms  the vasculature acts jointly to distribute the cancer, is an interest-
including perineurial spread, dermatomal spread, the sprouting ing possibility. Treatment options for these conditions depend upon
of nerves in tissue invasion, and other factors that impact the site, tumor type, operability, and radio-chemotherapeutic
tumor growth within the nerves. The involvement of angiosomes,  approach.
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Symptoms and Signs

Symptoms and signs depend upon the site of the lesion. Calvarial
metastases can be diffuse or circumscribed.! Dural metastases
can appear at several sites (Fig. 1) and are often asymptomatic
or have unspecific symptoms.? Metastases occurring at the
base of the skull are typically accompanied by a combination of
pain and CN symptoms.>*

Infiltration of the CNs by perineural spread is often initially
asymptomatic and takes time to manifest itself clinically. In the
case of perineural invasion, the trigeminal (V2) and facial nerves
(VII) seem to be the most frequently affected, although all CNs
can be affected. (Fig. 2 and Supplementary Fig. S2). Tumor spread

can also occur between the individual nerve territories. One ex-
ample is the auriculotemporal nerve, which allows tumor spread
from CN V to CN VII. The typical presentation of CN infiltration is
focal CN V or CN VII dysfunction, resulting in pain, sensory symp-
toms, or focal motor deficit. Centripetal spread via the trigeminal
nerve into the cavernous sinus can occur,” which results in lesions
that can impact extraocular muscle function by affecting branches
of the oculomotor nerves and causing facial pain. Infiltration of the
caudal CN, including the vagal, accessory, and hypoglossal nerves,
is characteristically located either at the site of their exit from the
skull or within their course outside of the skull.

The pattern of CN lesions accompanying metastases in the
base of the skull depends upon the site and nature of the

Fig. 3. Different types of tongue involvement. (a) Unilateral peripheral CN XII paresis with atrophy in a patient with leptomeningeal carcinomatosis.
(b) “Amyloid tongue“ in a patient with paraproteinemia. (c) Local tongue tumor, presenting as a suspected CN XII lesion.

Table 1. Metastasis around the brain

Site of metastasis Subgroups

Involvement of CNs

CN Infiltration

Calvarial metastases
Dural metastases (+)
(Meningeal carcinomatosis)

Orbital +
Parasellar

Middle fossa

Jugular

Occipital

Cerbellopontine angle
Foramen magnum

Base of the skull syndromes

Other regions Orbit (+)
ENT cavities
Oral cavity
Miscellaneous

Skin (+)

Head and neck tumors

(Not subject to this review, but meningeal carcinomatosis
can be associated with nerve lesions and base of the skull
metastases)

In addition to local compression and infiltration,
anterograde and retrograde spread can also occur.

Invasion into the inner skull by the natural foramina

Anterograde and retrograde spread possible
Often local pain syndromes, radiating into the skull.

Abbreviation: CN, cranial nerve.
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Fig. 4. Glioma infiltration of nerves in the cavernous sinus. (a) Macroscopic site of the middle cranial fossa and cavernous sinus at autopsy. (b) Nerve
twigs from the cavernous sinus. Grey arrow: large fascicle with signs of nerve damage, locally infiltrated nerve twigs. (c) Nerve twig with disarranged

tissue (black arrow), suspected infiltration (red arrow).

damage. Classically, 5 typical syndromes have been described by
Greenberg® and were recently updated by Mitusuya.’ The inclusion
of the controversial anatomical concept of angiosoma® may prove
to be helpful in diagnosis and treatment. Angiosomas divide the
tissue compartments of the head and skull according to their vas-
cularization in contrast to the more traditional way of viewing the
skull by the distribution of CN nerve trunks and vessels.

ENT tumors and cancer in the neck predominately affect cau-
dal CNs and result in pain that is often projected into the head,
hoarseness, swallowing difficulties, and atrophying of the tongue
(Fig. 3 and Supplementary Fig. S3).

A summary of tumor locations, defined subgroups and CNs, is
given on Table 1.

Tumor Sites

The most common site of metastases for the cases we are de-
scribing is the bony skull, where the calvaria and the base of

the skull are most often affected. Dural metastasis occurs less
frequently and may mimic subdural hematoma or be associated
with effusions.” In rare cases, dural metastases can appear in
the posterior fossa and thus resemble meningioma. A number
of tumors spread through cavities such as the nasal cavity, the
orbit,® the oral cavity, and the soft palate” as well as through
other locations including the eyelids,'® the lacrimal glands, the
parotid, and several locations in the neck.*! These tumors, in add-
ition to causing symptoms as a consequence of compression, can
invade or spread into CNs either anteriorly or in a retrograde fash-
ion. The centrifugal spread of tumors into a dermatomal skin dis-
tribution has been described as zosteriform metastasis in
melanoma.*? Tumor growth in the skull can also result in the for-
mation of cirrhotic tissue, which could in turn result in enophtal-
mos in the orbit.> Local metastasis in the cavernous sinus, the
sphenoid bone, and the jugular foramen often causes multiple
CN palsies.** In some rare cases, primary brain tumors may infil-
trate the cavernous sinus (Fig. 4 and Supplementary Fig. S4).
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Tumors

In addition to local tumors, particularly those with an ENT origin,?
several other cancers such as lung, breast, renal, and prostate
may metastasize at the base of the skull and result in single or
multiple CN palsies. Likewise, hematological malignancies,
including lymphoma and multiple myeloma, can metastasize
into the skull. Local tumors, including ENT cancers, oral cancers,
skin cancer, and melanoma, can spread along the CNs in addition
to their local spread.*>~*°

Usually, the patients who experience the conditions we are de-
scribing are aged 50 years and older. A number of these patients
may also have brain parenchymal metastases. In the base of the
skull, those metastases can be circumscribed or diffusely invasive.

The incidence of perineural tumor spread ranges from 2.5%-
5.0% and may occur with a wide variety of head and neck malig-
nancies. In particular, adenoid cystic carcinoma seems to have a
high propensity for perineurial spread.?® Cancer of the salivary
gland has a nerve invasion rate of up to 60%.?* In melanoma,
the infiltration of CN V1 and V2 and muiltiple CN involvement implies
a negative prognosis and is accompanied by a high rate of relapse
after treatment.? In addition to metastatic tumors, malignant
nerve-sheath tumors can occur in the skull”® and affect the CNs.

Life expectancy following a diagnosis of metastatic skull
tumor resulting from cancer of the prostate is around 2 years,
and 1.5 years from breast cancer, 6 months from malignant
lymphoma, and 5 months from lung cancer. The incidence is dif-
ficult to estimate, as the references originate from different
tumor types and tumor locations and are often based on case
reports or small series only.

In general, the pathology of nerve invasion of tumors that ori-
ginate from the pancreas or the prostate is a prognostic factor
and may be a key factor in predicting the outcome. Reciprocal sig-
naling interactions between tumor cells and nerves may contrib-
ute to tumor spread along nerves.*~2°

Diagnostics

The most popular diagnostic approaches for the cases we are dis-
cussing include CT, MRI, and the combination of imaging meth-
ods such as PET CT.?” New techniques such as MR neurography
will likely prove to be helpful.?® Ultrasound can be useful, especial-
ly in approachable areas of the skull and neck.?®

Indirect diagnostic evidence includes structural lesions, par-
ticularly those of the bone, enlargement of foraming, thickening
of nerves, and muscle atrophies or muscle tissue changes due to
denervation.** Angiography and MR angiography are useful for
assessing the vascular structure, which is necessary to assess
the feasibility of surgical or vascular intervention.

An MRI of nerves affected by perineural tumor spread usually
shows breakdown of the blood-nerve barrier and leakage of con-
trast media, which may become apparent even before any thick-
ening of the affected nerves.?° Once the diameter of the nerves
has increased, the perineurial fat tissue (particularly that at the
foraminal openings) tends to decrease.

The muscle groups of the head can be divided into muscles of
mastication,>? tongue and floor of the mouth muscles, ocular
muscles, superficial sternocleidomastoid and trapezius muscles,
posterior neck muscles, and anterior neck and prevertebral mus-
cles. When motor branches are affected, muscle signal changes

Table 2. Mechanisms of nerve invasion: several mechanisms of nerve
involvement are known and vary from mechanical lesions to different
oncological patterns

Type of nerve Remarks

growth

Subgroups

Mechanical
causes

Compression

Engulfing

Pushing and stretching of the
nerve by mass lesion

Direct invasion (local
infiltration)

Perineural

Endoneurial

Intravascular spread

Isolated intranerval (rare)

Anterograde

Retrograde

Particular patterns:

Spread via nerve scaffolds

Dermatomal spread

Anastomotic spread from one
nerve region into another

Peripheral nerve sprouting

Invasion

Metastasis
Perineurial spread

Observed
experimentally

Tumor invasion —
nerve growth
Growth factors NGF, NCAM, other local factors
promoting nerve growth

Concept of metastatic

Angiosoma vs The angiosoma

common distribution concept divides

anatomical the skull into 13

distribution different
angiosomas

Abbrevations: NGF, Nerve growth factor; NCAM, Neural Cell Adhesion
Molecule.

that may indicate a CN lesion can be detected in MRIs.>? Over a
longer time, fatty infiltration of the muscle occurs. In the chronic
phase, muscle atrophy can be detected as hyperintense signals
on T1 and in fast spin-echo sequences.

Other methods of investigation include fine needle and open
biopsies, surgical explorations, and CSF examinations, especially
if meningeal involvement is suspected. When building a differen-
tial diagnosis, the search for infections, immune-mediated dis-
eases, and generalized diseases such as neurofibromatosis
must be considered.

Mechanisms of Nerve Invasion

Damage to the CNs can result from several mechanical factors
such as compression, engulfing, stretching, and pushing.
(Table 2, Figs. 5-7) Even without infiltration by malignant cells,
these mechanical factors may result in pain, sensory loss, or
nerve dysfunction. Direct infiltration of the CNs usually occurs in
the vicinity of local mass lesions. The type of spread can be epi-
neural, perineural, or endoneural. In rare cases of lymphoma, an
intravascular tumor spread may occur,® or CN infiltration may re-
sult in neurolymphomatosis.®*° In squamous cell carcinomas of
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Fig. 5. Types of nerve infiltration. (a) Biopsy of a facial nerve in a patient with retrograde nerve infiltration in a case of skin tumor (courtesy of Dr. Tissa
Wijeratne, Australia). (b) Nerve root infiltration with cuff like tumor cells and intranerval tumor cells (adenocarcinoma of lung). (c) Neurolymphomatosis:
lymphoma spread in a peripheral nerve. (d) Diffuse cranial nerve infiltration

Fig. 7. Nerve infiltration/ tumor spread. (A) Retrograde infiltration along
peripheral nerves (eg, facial nerve or trigeminal nerve) (black arrow). (B)
Spread from tumors arising in the cavities of the skull. (C) Nerve
infiltration can occur in both directions through the foramina (dotted
arrows). (D) Anterograde and retrograde spread in CN (bidirectional
arrow). With kind permission of Springer Science+Business Media this
Fig. 6. Nerve infiltration. (A) Nerve compression and invasion. (B)  figure is reproduced from Feldman EA, Grisold W, Russell JW, Zifko UA.
Intranerval metastasis. (C) Tumor spread within the nerve. (D) Cranial nerves. In: Atlas of Neuromuscular Disease: A Practical Guideline.
Intravascular lymphoma. Austria: Springer-Verlag/Wien; 2005: 47.
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the head and neck, the tumor spread is usually contiguous; skip
lesions do not seem to occur,® as they do in parotid tumors.?° In
rare cases of primary brain tumors, continuous nerve infiltration
can occur in the cavernous sinus,>’ along the CNs, and continu-
ously into the bone and surrounding tissue.

The pattern of peripheral nerve involvement in cancer, includ-
ing a detailed outline, has been described by Meller et al.*® Intra-
neural metastases are rare.*? Tumor cells travel via the vasa
nervorum through the epineurium, perineurium, and endoneur-
ium, and these vessels anastomose with the vascular system
that parallels the nerve fibers.'* In the CNs, perineurial spread
occurs in a centripedal or centrifugal fashion, although the litera-
ture more typically describes centripetal spread. Spread occurs in
the CNs at intracranial and extracranial sites as well as in skin and
ENT tumors. The spread can occur inside the skull, outside the
skull, or pass through the basal foramina“®“* and thus have a
portion both inside and outside of the skull.

Several interesting conclusions emerge from observations of
this spread: (a) tumor spread can use the same or neighboring
CN as a scaffold; (b) spread from the distribution of one CN into
the territory of another can occur via anastomosis (eg, the auri-
culotemporal nerve), which can be a site of extensive cancer
spread, particularly in the richly anastomized areas of the caudal
CN, and (c) the spread of cancer along nerves can serve as a valu-
able prognostic factor in the general pathology of prostate and
pancreatic cancer.?”

Spread via Anastomosis

In addition to the CNs and nerve trunks described in anatomy
textbooks, anastomoses also exist between nerves (eg, the auri-
culotemporal and greater petrosal nerves and nerves of the ton-
gue)*? that allow the spread of tumors from one area of nerve
distribution into another. The anastomoses are often widely dis-
tributed, and extensive connectivity between CNs has been
demonstrated in the tongue and in the pharynx using the Siloh
staining technique.*?

Small Nerve Fibers in Cancer Growth

Experiments studying metastases of breast or prostate carcin-
oma to the bone show the invasion of bony tissue being accom-
panied by sprouting of sensory nerves, which can be suppressed
by anti-nerve growth factor (NGF) treatment in animals. Although
those experiments were primarily initiated to investigate cancer
pain, they demonstrate the importance of nerve sprouting in can-
cer growth.***>

Factors Promoting or Inhibiting Nerve Growth

In addition to mechanical and cellular factors in neoplastic
spread to the CNs, several factors, such as NGF, neural cell adhe-
sion molecule, p75, and immune regulators of the nervous sys-
tem, have been shown to enhance or delay nerve growth and
may either facilitate or inhibit cancer spread in nervous tissue.
There may well be a strong relationship between the nerve
growth found in reinnervation and the growth of cancer tissue
in peripheral nerves that could ultimately enhance the treatment
of cancer metastases.

Angiosomas

The “angiosome concept,” originally described by Taylor,® divides
the body into 3-dimensional anatomic units of tissue fed by a
source artery (the angiosome). The head and neck regions consist
of 13 angiosomas, from which 3 are not in contact with the skin
but rather exist within the neck and skull region.*® The angiosome
concept originally comes from plastic and reconstructive surgery
and has significantly improved the success of skin flaps due to
increased understanding of vascularization. When applied to
the head, skull, and neck, this concept suggests a different ana-
tomical perspective than that used in clinical neurology, which is
traditionally based on the CN distribution and nerve trunks stem-
ming from the cervical roots. For example, this concept has previ-
ously been used in part to explain vascular ischemic CN lesions.*’
When this concept is applied to invasion from cancer within the
nerves of the neck and head, this concept may well explain why
the upper CNs, which are mostly supplied by branches of the ca-
rotid artery, are more prone to metastatic nerve lesions than the
lower CN, which is supplied by the ascending pharyngeal artery. A
practical implication of this concept might be the application of
embolization of tumors of the skull, where the knowledge of
the pattern of CN vascularization can prevent damage.

An interesting type of cancer spread into the skin (centrifugal
type) has been observed in melanoma, in which the skin mestas-
tases are seen as a dermatomal spread resembling herpes.'?
Conversely, skin tumors have also been observed to result in a
retrograde spread into the skull.

Other Mechanisms of Cranial Nerve Lesions

CNs can be mechanically involved in tumors of the base of the
skull (eg, meningeomas), where they might be injured or sacri-
ficed by surgical interventions or damaged by radiation. Three
nerves (the optic, the abducens, and the hypoglossal) seem to
be particularly prone to radiation injury that results in radiation
neuritis. In clinical practice, the amount of time that passes be-
tween application of radiation and development of CN lesions is

Table 3. Differential diagnosis of cranial nerve cancer involvement

Infections Inflammatory Other conditions
Bacteria, Immune mediated: Craniopharyngeoma
spirochochetes, 1gG4-related perineurial Lipomatosis,”*
fungj, viral disease,*?
pseudotoumoral

hypertrophic neuritis®°
Churg-Strauss syndrome
Giant cell arteritis
Wegener‘s granulomatosis
Orbital inflammation

Mucocele
Neurofibromatosis
Perineuroma’?
Pituitary tumor

Sarcoidosis Pseudotumor
cerebri
Systemic lupus Schwannoma
erythematosus
Tolosa-Hunt syndrome Trauma
Thyroidal orbitopathy Vascular
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an important diagnostic factor.*® Vascular interventions, such as
embolization or ligation of arteries, can cause CN damage.

Differential Diagnosis

Thickening and enlargement of CNs is not specific to perineurial
tumor spread and can also be associated with several other con-
ditions such as infections, inflammatory and granulomatous dis-
orders, schwannomatosis neurofibromatosis, lipomatosis, trauma,
and vascular conditions. In addition, rare conditions, such as intra-
cranial perineuromas, lipomatosis of peripheral nerves, pseudohy-
pertropic neuritis, and IgG4-related perineurial disease (Table 3),
must be considered when evaluating enlarged CNs.

Practical and Therapeutic Considerations

MRI imaging has significantly improved the diagnosis of cancers
arising around the brain and in the skull and neck following the
“classical” concept of base of skull metastases. However, the
spread of cancer along nerves has proven to be more complex
than previously assumed and has increased the importance of in-
nervation and tumor nerve growth along the nerves in the gen-
eral pathology. In addition to the micronerval factors, the
conventional explanation of nerve lesions spreading along nerve
trunks needs to be revised to account for the rich anastomoses of
CNs and the possible effects of angiosomic structure of vascular-
ization of the skull.

In clinical practice, once nerve infiltration has been identified, it
is usually necessary to both confirm the diagnosis and treat the
patient’s symptoms. Surgery is often feasible in selected situa-
tions; embolization of vessels may be performed in others. The
mainstay of treatment, however, is radiation therapy in its differ-
ent forms.® When adopting surgery and endovascular interven-
tion, the concept of angiosomic vascularization can be applied to
prevent additional damage.

Chemotherapy can be used, depending on the tumor type, and
either applied systemically or regionally. The choice of drugs
depends on the chemosensitivity of the tumor. In particular, lym-
phoproliferative disorders may be prone to respond to chemo-
therapy. Concommitant intrathecal chemotherapy may be used
in cases involving additional CSF.

Any treatment for metastasis to the skull, and in particular
of the CNs, needs to aim for amelioration of symptoms and
symptomatic treatment. In addition to straightforward sen-
sory and motor symptoms, more complex symptoms (eg, the
patient’s speech and communication ability) need to be
considered.

Conclusion

In addition to metastases into the brain parenchyma, the menin-
ges, and the base of the skull, several other types of cancer in-
volvement and tumor spread can occur. Tumor involvement of
the dura, bony skull, cavities of the skull, and skin and the tissue
of the neck can involve CNs at different sites and with different
mechanisms. Often, a multidisciplinary approach for diagnosis
and treatment will be needed.

Supplementary Material

Supplementary material is available online at Neuro-Oncology
(http://neuro-oncology.oxfordjournals.org/).
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