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SUMMARY

Neurofibromatosis type 2 (NF2) is a rare, inherited genetic disorder associated with
mutations in the NF2 gene, which encodes the tumor suppressor protein merlin. This
defect results in the development of tumors of both the central and peripheral nervous
systems, most commonly vestibular schwannomas, meningiomas, and ependymomas.
The disease follows an autosomal dominant inheritance pattern with high penetrance
(approximately 95%), although de novo mutations are observed in around 30% of cases.
The clinical presentation typically includes progressive hearing loss, tinnitus, balance
disturbances, and neurological symptoms determined by the location of the tumors. Di-
agnostic evaluation relies on neuroimaging (MRI), auditory brainstem responses (ABR),
and advanced genetic testing techniques such as next-generation sequencing (NGS).
The diagnostic process is complemented by multidisciplinary consultations. Treatment
is primarily symptomatic and includes clinical monitoring, surgical and radiosurgical in-
terventions, and, in cases of profound hearing loss, auditory implants including auditory
brainstem implants (ABI). Research is ongoing into targeted therapies, which may offer
future treatment options. Early diagnosis and interdisciplinary care are crucial to im-
proving both prognosis and quality of life in affected patients.

STRESZCZENIE

Nerwiakowtdkniakowatos¢ typu 2 (NF2) to rzadkie, dziedziczne zaburzenie genetyczne
zwigzane z mutacjami w genie NF2, ktory koduje biatko supresorowe nowotworu mer-
line. Defekt ten prowadzi do rozwoju guzéw zaréwno osrodkowego, jak i obwodowego
uktadu nerwowego, najczesciej nerwiakow przedsionkowych, oponiakéw i wyscidtcza-
kéw. Choroba dziedziczy sie w sposdb autosomalny dominujacy z wysoka penetracjg
(ok. 95%), chociaz mutacje de novo obserwuje sie w ok. 30% przypadkéw. Obraz kli-
niczny zazwyczaj obejmuje: postepujgcy utrate stuchu, szumy uszne, zaburzenia réw-
nowagi oraz objawy neurologiczne zalezne od lokalizacji guzéw. Diagnostyka opiera sie
na neuroobrazowaniu (MRI), stuchowych potencjatach pnia mézgu (ABR) oraz zaawan-
sowanych technikach badan genetycznych, takich jak sekwencjonowanie nowej gene-
racji (NGS). Proces diagnostyczny uzupetniajg konsultacje multidyscyplinarne. Leczenie
jest przede wszystkim objawowe i obejmuje monitorowanie kliniczne, interwencje chi-
rurgiczne i radiochirurgiczne, a w przypadku gtebokiego ubytku stuchu — implanty stu-
chowe, w tym implanty pniowe (ABI). Trwajg badania nad terapiami celowanymi, ktére
moga w przysztosci zaoferowac nowe opcje leczenia. Wczesna diagnoza i opieka interdy-
scyplinarna maja kluczowe znaczenie dla poprawy rokowania i jakosSci zycia pacjentow
dotknietych tg choroba.
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INTRODUCTION

Neurofibromatosis type 2 (NF2) is a rare, inherited ge-
netic condition classified among tumors of the central nerv-
ous system (ICD-10: D33) (1-11), caused by mutations in the
NF2 gene (22qg12.2) encoding the tumor suppressor protein
merlin (1). Loss of merlin function results in uncontrolled
cell proliferation and tumor formation, predominantly
vestibular nerve schwannomas, which lead to hearing loss,
tinnitus, and balance dysfunction (12, 13). Other charac-
teristic lesions include meningiomas and ependymomas
located within the meninges, spinal cord, and the vitreous
body of the eye. NF2 gene mutations encompass both point
mutations and deletions, resulting in loss of function of the
encoded protein (14).

PREVALENCE AND INHERITANCE RISK

Neurofibromatosis type 2 (NF2) is an autosomal domi-
nant disorder with high penetrance (approximately 95%),
meaning that a mutation in a single copy of the NF2 gene
is sufficient to cause clinical manifestations (1). The risk of
transmitting the mutated gene to offspring is 50%. Approxi-
mately 30% of cases arise from de novo mutations without
a family history. In cases of germline mosaicism, the risk
of transmission may be reduced (1). The mutation type
influences the disease phenotype — nonsense mutations
and deletions are associated with a more severe course,
while missense variants usually result in milder forms of
NF2. Clinical symptoms most commonly appear before the
age of 20 years; approximately 90% of affected individuals
develop bilateral vestibular schwannomas, with about half
also presenting with meningiomas (15). Ependymomas, as
well as spinal and cutaneous tumors, are also frequently
observed. The estimated prevalence of NF2 is approximately
1in 30,000-40,000 individuals (1).

PATHOPHYSIOLOGY AND GENETIC BACKGROUND

Neurofibromatosis type 2 is a monogenic disorder caused
by mutations in the NF2 gene located on chromosome 22,
which encodes merlin, a key component of the Hippo signal-
ing pathway regulating cell proliferation and apoptosis (12).
Loss of merlin function leads to uncontrolled Schwann cell
growth and subsequent tumor formation. The primary patho-
genic mechanism is loss of heterozygosity, although epige-
netic alterations, such as NF2 gene hypermethylation, may
also play a role. A more severe clinical course is typically
observed in nonsense and splicing mutations, while missense
variants are associated with a milder phenotype (16). Bilateral
vestibular schwannomas, characteristic of NF2, show typical
histological features (Verocay bodies, Antoni A and B pat-
terns). Despite their generally benign histopathology, these
tumors can produce significant neurological symptoms due to
compression of critical brain structures (16). The mosaic form
of NF2 is characterized by a milder course, fewer tumors, and
a better prognosis, with asymmetrical growth rates of lesions
on both sides of the body (17).

CLINICAL FEATURES AND IMAGING
OF DISEASE LESIONS

The clinical picture of NF2 is dominated by bilateral
vestibulocochlear schwannomas, leading to progressive
hearing loss, tinnitus, balance disturbances, vertigo, and
ataxia (1). Meningiomas, ependymomas, and schwannomas
involving other cranial nerves are also common, whereas
astrocytomas occur less frequently. Neurological symptoms
are diverse and depend on tumor location, including cranial
nerve palsies, headaches, visual disturbances, and epileptic
seizures (18). Ocular manifestations, such as juvenile cata-
racts and reduced visual acuity, are common, while café-
au-lait spots occur less frequently than in NF1 (1). Tumors
may also be located within the spinal cord and the brain
ventricles. A milder form (Gardner type) and a severe form
(Wishart type), characterized by earlier onset and poorer
prognosis, can be distinguished (19). Magnetic resonance
imaging (MRI) is the primary diagnostic modality, enabling
precise assessment of tumors and their extent (7). Menin-
giomas associated with NF2 often display a more aggressive
course compared to their sporadic counterparts. Current
molecular research and preclinical models continue to ex-
pand our understanding of NF2 pathogenesis and support
the development of novel therapeutic strategies. Due to the
limited survival time following diagnosis, early detection and
interdisciplinary specialist care are essential.

DI1AGNOSTIC CRITERIA

The diagnosis of NF2 is based on clinical criteria, the
most important of which is the presence of bilateral ves-
tibulocochlear nerve schwannomas. Diagnosis is also pos-
sible in cases of unilateral tumor in a patient with a positive
family history or coexisting lesions such as meningiomas,
gliomas, subcapsular lens opacities, or intracerebral calci-
fications (1, 6). Alternatively, NF2 can be diagnosed when
two meningiomas are present along with one of the above-
mentioned associated features (1, 6).

Diagnosis requires a multidisciplinary approach involving
consultations with a geneticist, neurologist, otolaryngolo-
gist, ophthalmologist, and oncologist (20). Audiological as-
sessment (including pure-tone audiometry and ABR) as well
as vestibular testing (VNG, VEMP) allow for early detection
of hearing and balance dysfunction. The primary imag-
ing modality remains magnetic resonance imaging (MRI),
complemented by computed tomography (CT) for evalua-
tion of calcifications and bony lesions (18). Genetic testing
supports family diagnosis and differentiation from other
neurocutaneous syndromes. Early diagnosis and regular
follow-up are crucial for optimizing treatment and improv-
ing prognosis (20).

IMAGING METHODS

The primary diagnostic tool in NF2 is contrast-en-
hanced magnetic resonance imaging (MRI), which enables
precise evaluation of vestibulocochlear schwannomas,

New Medicine 3/2025



Neurofibromatosis type 2 - etiology, diagnostics and up-to-date methods of treatment
Nerwiakowlékniakowatos¢ typu 2 - etiologia, diagnostyka i nowoczesne metody leczenia

meningiomas, and ependymomas. The use of various se-
quences (T1, T2, FLAIR, DWI) allows for accurate localiza-
tion and monitoring of lesions (1). In selected cases, high-
resolution MRI (HR-MRI) is employed, providing detailed
visualization of cranial nerves and brain structures (21).

In situations where MRI is contraindicated (e.g., pace-
maker implantation), computed tomography (CT) serves as
an alternative, particularly useful for evaluating bony struc-
tures and calcifications. Additionally, X-ray imaging (e.g., for
assessment of spinal curvature) and ocular ultrasonography
in suspected lens abnormalities may be applied.

Hearing function assessment includes pure-tone audi-
ometry, speech audiometry, otoacoustic emissions (OAE),
and auditory brainstem responses (ABR), which enable
early detection of neural conduction disorders that may
precede MRI findings. Comprehensive audiological evalua-
tion facilitates monitoring of hearing loss progression and
assessment of therapeutic effectiveness.

GENETIC DIAGNOSTICS

Confirmation of the NF2 diagnosis relies on DNA analy-
sis, usually performed from peripheral blood samples.
The primary method is next-generation sequencing (NGS),
which enables detection of point mutations, deletions,
and insertions in the NF2 gene (22). In cases of suspected
larger structural alterations, the MLPA (multiplex ligation-
dependent probe amplification) test is applied (23).

Available techniques include genetic panels, whole-
exome sequencing (WES), and whole-genome sequencing
(WGS) (24). WES allows analysis of all exons, which is par-
ticularly useful in differential diagnosis and the identifica-
tion of mosaicism. WGS provides information on the entire
genome, but is mainly used in research contexts.

Genetictesting plays a key role not only in diagnosis but also
in assessing familial risk, treatment planning, disease moni-
toring, and prenatal diagnostics. The process involves DNA
isolation, sequencing, bioinformatic processing, and interpre-
tation by a clinical geneticist. The result may confirm a path-
ogenic mutation, a variant of unknown significance (VUS),
or exclude changes in the NF2 gene (1).

Molecular diagnostics is currently the standard of care
in NF2, enabling precise diagnosis and personalization of
subsequent treatment strategies.

THERAPEUTIC OPTIONS

Currently, there is no causal treatment for NF2, and
therapy focuses on controlling tumor growth and alleviating
symptoms. Management includes regular neurological, au-
diological, and imaging follow-up. Surgical and radiosurgical
interventions are employed depending on the location, size,
and growth dynamics of the lesions (25).

SURGERY AND RADIOSURGERY

The main methods for treating vestibular schwannomas
are surgical tumor removal and stereotactic radiosurgery
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(e.g., gamma knife), which is particularly recommended
for tumors under 3 cm in diameter (26). Both procedures
carry risks of complications such as hearing loss, facial nerve
palsy, or swallowing disorders. Surgical intervention is indi-
cated in cases of brainstem compression or deterioration of
cranial nerve function. Radiosurgery can halt tumor growth
while preserving neurological function; however, it is also
associated with potential adverse effects, including balance
disorders and trigeminal nerve neuropathies.

HEARING IMPLANTS

In advanced hearing loss, cochlear implants may be used
if the vestibulocochlear nerve remains intact. Otherwise,
auditory brainstem implants (ABI) are recommended, which
stimulate the cochlear nuclei of the brainstem, partially re-
storing sound perception, speech understanding, and spatial
orientation. Although ABI does not fully restore hearing, it
significantly improves patients’ quality of life (27).

TARGETED THERAPIES AND EXPERIMENTAL
STUDIES

Research is ongoing into targeted therapies such as
mTORC1 inhibitors and other molecular drugs (27). Ra-
diotherapy, despite its potential effectiveness, is applied
cautiously due to the risk of secondary tumors. Preclinical
NF2 models enable the testing of new drugs and therapeu-
tic strategies, offering hope for the development of more
effective and less invasive treatment options in the future.

DruGs USED IN NF2 THERAPY

NF2 therapy is evolving thanks to targeted drugs that
precisely inhibit molecular mechanisms of tumor growth,
providing greater efficacy and fewer adverse effects com-
pared to classical chemotherapy (6). The most commonly
used agent is bevacizumab - a VEGF inhibitor, which limits
angiogenesis in tumors, slows their progression, and im-
proves hearing in some patients with vestibular schwan-
nomas (1). Numerous clinical trials are underway to confirm
its safety and efficacy. Lapatinib, targeting ErbB1 and ErbB2
receptors, has been tested in NF2-related meningiomas,
although its effects remain limited (28). Increasing attention
is being paid to mTOR inhibitors (e.g., everolimus), which
modulate pathways of tumor cell proliferation, as well as
MEK and FAK kinase inhibitors, which are currently in the
research phase (28).

PATIENT MONITORING AND LONG-TERM CARE

Effective NF2 management requires regular, specialized
follow-up in dedicated centers. Patients should undergo
annual clinical, audiological, and imaging assessments
(contrast-enhanced MRI of the brain and spinal cord), or
more frequently in the event of new symptoms. Modern
technologies such as remote patient monitoring (RPM) and
mobile applications allow for continuous symptom tracking
and remote consultations. Hearing rehabilitation is based
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on hearing aids and auditory brainstem implants (ABI) for
patients with vestibulocochlear nerve damage (29). Moni-
toring also includes balance assessment using sensors in
mobile devices. Advanced communication disorders are
supported by communication tools and audiovisual train-
ing. Cataracts, a common symptom of NF2, are treated with
corrective lenses or surgically (30).

MANAGEMENT OF COMPLICATIONS
AND THERAPEUTIC CHALLENGES

The treatment of NF2 carries the risk of complications
resulting from both the disease itself and the applied
therapies. Early detection of adverse effects and treatment
adjustments (e.g., dose reduction of targeted therapies) are
crucial. Tumor resistance to treatment requires a change
in therapeutic strategy, including participation in clinical
trials or the implementation of palliative care. Complica-
tions mainly involve the nervous system, including hearing
loss, dizziness, neuropathies, or hydrocephalus, which
require comprehensive rehabilitation and symptomatic
pharmacotherapy (1). Surgical interventions carry a risk
of nerve damage and postoperative complications; there-
fore, they should be performed in specialized centers with
neuromonitoring. Stereotactic radiotherapy, although an
alternative, requires precise qualification due to the risk of
damage to healthy tissues (31). Given the chronic nature
and consequences of the disease, psychological support,
cognitive-behavioral therapy, and access to support groups
are essential. A comprehensive, interdisciplinary approach
should include medical, psychological, and social support.

HEALTH AND PSYCHOSOCIAL
PRrROBLEMS IN NF2

Neurofibromatosis type 2 is a chronic and progressive dis-
ease affecting physical health as well as patients’ psychologi-
cal, social, and occupational functioning. Bilateral hearing loss,
a characteristic feature, limits communication and leads
to social isolation, especially among children and adoles-
cents. Additionally, balance disorders, nerve paralysis, and
neuropathies occur, impairing independence and increas-
ing anxiety. The disease generates significant psychologi-
cal stress, often accompanied by depression and anxiety
disorders (32, 33). Physical and communication limitations
cause social and occupational withdrawal, while aesthetic
problems and treatment-related complications further
burden patients (32). Insufficient access to facilities such
as sign language interpreters or adapted educational and
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work environments complicates daily functioning. For these
reasons, care for NF2 patients should be interdisciplinary
and comprehensive, including treatment, rehabilitation,
psychological support, and education. Patient organizations
play an important role in raising public awareness and sup-
porting the social integration of affected individuals.

THE ROLE OF SOCIAL AND PSYCHOLOGICAL
SUPPORT

The chronic course of NF2 is associated with significant
psychological and social challenges. Emotional support from
family and close relatives reduces stress and anxiety and
improves adaptation to the disease. Psychological therapy,
particularly cognitive-behavioral therapy, is effective in al-
leviating depression, anxiety, and low self-esteem, especially
at key stages of the disease, such as diagnosis or treat-
ment. Support groups and patient organizations facilitate
the exchange of experiences, reduce social isolation, and
improve access to therapeutic information (32). Individual
adjustments in educational and professional environments
promote social inclusion. Additionally, spiritual and existen-
tial support helps patients find meaning in life despite the
disease. Therefore, the most effective care is long-term,
comprehensive, and combines medical, psychological, and
social support.

CONCLUSIONS

Neurofibromatosis type 2 (NF2) is a genetic disorder
characterized by numerous nerve tumors and progressive
hearing loss. Diagnosis relies on modern molecular methods
that enable precise detection of mutations and treatment
planning.

NF2 treatment is multifaceted and includes surgery,
radiosurgery, hearing implants, and targeted therapies
(including VEGF and mTOR inhibitors), which inhibit tumor
growth and improve neurological function. Although there
is no causal treatment, available methods allow for disease
control and improved quality of life.

Regular monitoring and interdisciplinary care, combining
diagnostics, rehabilitation, and psychological support, are
crucial due to the chronic nature of NF2 and its numerous
physical and psychosocial complications.

Social support, psychological therapy, and patient and
family education play an important role in coping with the
disease and its consequences, while ongoing research on
new therapies and monitoring technologies offers prospects
for more effective and personalized treatment.
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