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Abstract. Neurofibromatosis type 2 (NF2) is a genetic 
disorder caused by mutations in the NF2 tumor suppressor 
gene. This disease causes the growth of multiple schwannomas 
and meningiomas. There are currently no Food and Drug 
Administration‑approved treatments for these malignancies. 
Due to their continuous development, these tumors cause a high 
rate of morbidity and mortality. The aim of the present study 
was to observe the short‑term efficacy of brigatinib in treating 
NF2. Patients diagnosed with NF2 at The First Medical Center 
of Chinese PLA General Hospital (Beijing, China) between 
June 2021 and April 2024 were retrospectively enrolled and 
treated with 90 mg oral brigatinib once daily, with changes in 
the size of meningiomas and vestibular schwannomas, as well 
as hearing, emotional state and pain, measured before and after 
treatment. Adverse reactions to medication administration 
were also seen and documented. Changes in markers before 
and after therapy were investigated using repeated‑measures 
ANOVA. Patients were stratified into two age groups (<18 and 
≥18 years), with disease progression evaluated by longitudinal 
changes in meningioma maximal diameter on magnetic reso‑
nance imaging. The log‑rank test was used to determine the 
difference in time between drug delivery and illness develop‑
ment. A total of 12 patients were enrolled. After 12 months of 
oral brigatinib therapy, the meningioma volume significantly 

decreased (P<0.05) at both the 6 and 12th month. There was a 
significant difference in time to illness development between 
individuals aged <18 and ≥18 years (P=0.049). The symptom 
checklist‑90 and visual analogue scale scores were consid‑
erably reduced at 6 and 12 months (P<0.05). However, no 
significant improvement was seen in acoustic neuroma volume 
or the mean hearing threshold (both P>0.05). In conclusion, 
brigatinib may relieve meningiomas and pain and improve 
emotional well‑being in patients with NF2.

Introduction

Neurofibromatosis type 2 (NF2) is an autosomal dominant 
condition resulting from mutations in the NF2 gene located on 
chromosome 22, and it is marked by the presence of multiple 
neurological tumors  (1). The main manifestations of NF2 
include the presence of bilateral vestibular schwannomas (also 
known as bilateral acoustic neuromas), meningiomas, spinal 
tumors and various neoplasms affecting both the central and 
peripheral nervous systems. These may result in hearing loss, 
balance issues, headaches, facial nerve paralysis, impaired 
vision and various neurological symptoms (2,3).

The management of NF2 generally requires a compre‑
hensive strategy, which encompasses the surgical removal 
of tumors, radiation treatment, medication‑based therapies 
and supportive rehabilitation services. The surgical resec‑
tion method is frequently employed to remove tumors that 
are accessible; however, it entails certain risks, particularly 
when dealing with tumors located in sensitive areas. Radiation 
therapy is effective in managing tumor growth; however, it can 
also lead to negative side effects. At present, there are limited 
effective treatments for NF2 available. The effectiveness of 
pharmaceutical agents in addressing NF2‑associated tumors 
is constrained, thus surgical intervention continues to be the 
primary approach for managing NF2 progression (4,5). For 
individuals with NF2 who are unable or opt against surgical 
intervention, pharmacological treatments play a vital role in 
disease management. Currently, there are no specific medica‑
tions that demonstrate high efficacy in the treatment of tumors 
associated with NF2.

NF2 is linked to various intracellular signaling path‑
ways, including Hippo, protein kinase A, PI3K/AKT, 
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Rac/p21 activated kinases/JNK, WNT/β‑catenin, receptor tyro‑
sine kinase, Ras, MAPK, Yes‑associated protein, p21‑activated 
kinase, CD44 and Rac/Rho (6,7). Inactivation of NF2 leads 
to the activation of these cellular pathways, which are crucial 
in the pathological development of NF2‑associated tumors. 
Focusing on these pathways may prove beneficial in the treat‑
ment of the tumors (8). Protein tyrosine kinase inhibitors have 
demonstrated the ability to decelerate tumor growth and prolong 
progression‑free survival in clinical trials (9,10). The potential 
of these inhibitors as a treatment for NF2 tumors warrants 
further investigation. Brigatinib represents an advanced class 
of tyrosine kinase inhibitors that has received approval for the 
treatment of anaplastic lymphoma kinase/ROS proto‑oncogene 
1 (ALK/ROS1)‑positive non‑small cell lung cancer (NSCLC). It 
effectively inhibits ALK and ROS1 fusion proteins, obstructing 
downstream pro‑survival pathways including MAPK/ERK and 
PI3K/AKT. This combined approach effectively diminishes 
tumor growth and spread, particularly in individuals with 
central nervous system involvement (11,12). In NF2, the absence 
of the Merlin protein resulting from mutations in the NF2 gene 
causes the hyperactivation of various tyrosine kinases, such as 
focal adhesion kinase 1 (FAK1) and Ephrin type‑A receptor 2 
(EphA2). The activity of these kinases is a significant factor 
in the proliferation of schwannomas and meningiomas. A 
preclinical study showed that brigatinib inhibits FAK1 and 
EphA2 activity without relying on ALK/ROS1, leading to a 
reduction in NF2‑deficient tumors in mouse models (13). This 
multi‑targeted approach highlights brigatinib as a compelling 
candidate for tumors associated with NF2. Currently, there is 
a limited number of clinical studies validating its short‑term 
efficacy for NF2. The present study assessed the immediate 
efficacy of brigatinib for NF2, with the goal of introducing a 
novel therapeutic option for the condition.

Patients and methods

Study design. Twelve patients with NF2 were retrospectively 
identified from the hospital medical information database at 
The First Medical Center of Chinese PLA General Hospital 
(Beijing, China), covering the period from June 2021 to 
April 2024. Inclusion criteria included age ≥6 years, clinical 
diagnosis of NF2. Exclusion criteria included medical condi‑
tions incompatible with brigatinib, and tumors not amenable 
to volumetric MRI analysis. The present study adhered to 
the STROBE guidelines (https://www.strobe‑statement.org/). 
All 12 patients received medical consultation and treatment 
at the First Medical Center of Chinese PLA General Hospital 
(Beijing, China). Their surgical histories involved multiple 
medical centers, including the First Medical Center of Chinese 
PLA General Hospital (Beijing, China), Xuanwu Hospital of 
Capital Medical University (Beijing, China), Beijing Tiantan 
Hospital (Beijing, China) and Huashan Hospital Affiliated to 
Fudan University (Shanghai, China).

The hypothesis of the present study posits that brigatinib 
will lead to a substantial reduction in meningioma volume 
and delay disease progression. The primary outcome measure 
of this study was the change in meningioma after vs. before 
treatment. Secondary outcomes included changes in patients' 
hearing, emotional state, pain level and the occurrence of 
adverse events.

Participants. Inclusion criteria were defined as patient age 
>6 years, a clinical diagnosis of NF2 between the ages of 
14 and 16 years (14‑16) and no prior treatment with tyrosine 
kinase inhibitors. Individuals were excluded from the study 
if they met any of the following criteria: Prior treatment with 
tyrosine kinase inhibitors, surgical procedures necessitated 
by tumor progression during the trial, medical conditions that 
are not compatible with brigatinib treatment and tumors that 
are not amenable to measurement via magnetic resonance 
imaging (MRI). Brigatinib was administered for the treatment 
of NSCLC at a dosage of 180 mg once daily, following a 7‑day 
lead‑in period at 90 mg once daily (17). To ensure safety and 
tolerability in evaluating the potential effects of brigatinib 
on NF2, a dose of 90 mg was chosen for the intervention. 
Participants received a daily dosage of 90 mg of brigatinib, 
provided by Takeda Pharma. Written informed consent was 
obtained from the patient's parents or guardians to allow the 
patient to receive the treatment.

Variables. The primary outcome was change in meningioma 
volume and secondary outcomes included changes in the size 
of vestibular schwannomas, as well as hearing, emotional 
state and pain, measured before and after treatment. The 
change in the maximum diameter of meningiomas on MRI 
was employed to assess disease progression, following the 
RECIST criteria (18). Disease progression was defined as a 
≥20% increase in the maximum meningioma diameter on 
MRI. Patients without progression by the end of follow‑up 
(censored data) were those who either completed the 12‑month 
follow‑up without meeting the progression criteria or were lost 
to follow‑up. The time from starting medication to disease 
progression was assessed and patients were divided into 
two age groups (<18 and ≥18 years) to compare progression 
times. Secondary endpoints included changes in the volume of 
vestibular schwannomas, changes in hearing, emotional state 
and pain. Adverse effects during the study were also observed 
and recorded.

Data sources and data measurement. Brain MRIs were 
performed at baseline, as well as 6 and 12 months during treat‑
ment. For scans, sagittal and coronal positions were used and 
scanning sequences Spin Echo (SE), Fast SE (FSE) and Fast 
Recovery FSE for multi‑angle T1‑weighted imaging (T1WI) 
and T2WI imaging were measured. The MRI scans included 
post‑contrast images of the internal auditory canal and the 
entire brain. The physician selected the largest meningioma 
and vestibular schwannoma to assess tumor volume. The 
measurements in the MRI examination were carried out by 
two board‑certified neuroradiologists with >8 years of work 
experience and these two neuroradiologists received training 
before the study was launched. The tumor's maximum diam‑
eter was measured in the coronal plane (a), axial plane (b) and 
sagittal plane (c) using the Siemens Picture Archiving and 
Communication System (version 4.5; Siemens Healthineers), 
with the tumor volume calculated as a x b x c.

Hearing levels were assessed using pure‑tone audiom‑
etry (PTA) for air conduction thresholds. Initially, patients 
were guided into the auditory evaluation chamber to ensure 
a tranquil testing setting for accurate results. Using standard 
headphones, audiologists gradually increased the sound 
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volume until the participants could hear it and then decreased 
it until they could no longer hear it. This meticulous procedure 
allowed accurate recording of the minimum sound thresholds 
at which participants could hear different frequencies. PTA 
was measured at the frequencies 0.25, 0.5, 1.0, 2.0, 4.0 and 
8.0 kHz in each ear and the average of the thresholds at four 
frequencies was used to assess hearing loss (19).

Quantitative variables. The patients' emotional state was 
assessed using the Symptom Checklist‑90 (SCL‑90)  (20). 
A total score of 150 indicated a poor emotional state. The 
SCL‑90 is a widely used psychological appraisal instrument to 
assess an individual's psychological well‑being and emotional 
disposition. This measure includes 90 items that explore 
various psychological symptoms and emotions, including but 
not limited to anxiety, depression, hostility, obsession and fear. 
Participants rate each item based on their experiences over the 
past month, providing a detailed view of their psychological 
landscape.

A visual analog scale (VAS) was used to measure the 
patient's pain levels  (21). The VAS is a common tool for 
assessing the intensity of pain or other attributes based on 
individual experiences. The VAS consists of a line of adjust‑
able length, with numerical values at each end representing 
diametrically opposed sensations, denoted as 0 and 10. Patients 
indicate their pain levels along this continuum to create a 
gradient of ratings. Types and severity of adverse reactions 
are carefully recorded. Regular follow‑ups were conducted 
through outpatient clinics or by phone for 12 months.

Research studies assessed patients' overall health status and 
functional capacity using the Eastern Cooperative Oncology 
Group (ECOG) performance score (22).

The hearing levels, pain and emotional states of the patients 
were evaluated by the same two board‑certified neuroradiolo‑
gists who conducted the MRI imaging assessment.

Statistical analysis. Data were statistically analyzed using 
SPSS software (version 25.0; IBM Corp.) and the R program‑
ming language (version 4.3.2; The R Project for Statistical 
Computing; www.r‑project.org). Continuous variables 
were expressed using means and standard deviations and 
categorical data were presented as counts and percentages. 
Repeated‑measures ANOVA was used to compare the 
changes over time (pre‑ and post‑medication). The normality 
of the data distribution was tested using the Shapiro‑Wilk test 
before conducting the analysis. Non‑parametric tests, like 
the Friedman non‑parametric repeated‑measures ANOVA 
test, were used to compare the change before and after the 
medication if the data didn't follow a normal distribution 
assumption. Kaplan‑Meier curves were generated to visu‑
alize time‑to‑progression differences between age groups, 
as previously described in studies analyzing tumor growth 
dynamics (17). For the comparison of the time to disease 
progression between patients aged <18 and ≥18 years, the 
log‑rank test was initially used. However, considering the 
potential issue of survival curves crossing, an alternative 
analysis using the Fleming‑Harrington test family was 
also conducted. Categorical variables were compared with 
Fisher's exact test. In this study, multiple hypotheses were 
tested. To address the potential increase in Type  I error 

probability, the Bonferroni correction method was applied 
for the post‑hoc tests. P<0.05 was considered to indicate 
statistical significance.

Results

Patient characteristics. A total of 12 participants were 
enrolled with a median age of 22 years (range, 14‑32 years) 
and a median body mass index of 21.02  kg/m² (range, 
17.6‑26.8 kg/m²). The cohort included nine men (75%) and three 
women (25%). The median follow‑up time was 20.58 months 
(range, 12‑40 months) (Table I). A total of nine participants 
had previous surgeries. The median time from diagnosis to 
receiving brigatinib was 13 months (range, 3‑30 months). All 
participants had bilateral vestibular nerve schwannomas and 
spinal meningiomas; nine participants had cranial menin‑
giomas and seven participants had subcutaneous tumors. The 
number of participants reporting hearing loss, pain, impaired 
motor function, visual impairment and poor emotional states 
was, respectively, 10, 5, 6, 7 and 6 (Table I).

Tumor size. The average size of the meningioma in the brain 
was 13.00±4.86 mm³ at the start, 12.14±4.12 mm³ at 6 months 
and 11.58±3.89 mm³ at 12 months, indicating a significant 
decrease (P<0.05; Fig. 1A). The time to disease progression was 
significantly different between patients aged <18 years and those 
aged ≥18 years (P=0.049; Fig. 1B), but there was no significant 
difference between patients with a low ECOG score (<2) and 
high ECOG score (>2) (P>0.05 according to the log‑rank test) 
(Fig. 1C). By contrast, the volume of vestibular nerve schwan‑
nomas showed little change during drug treatment (Fig. 2).

Hearing function, emotional state and pain. Median PTA 
thresholds of participants who had hearing loss (n=10) were 
39.90±15.34 dB (left ear) and 38.30±19.37 dB (right ear). 
After 12 months of treatment, the thresholds were 40.2±16.19 
dB (left ear) and 37.80±20.10 dB (right ear). Hearing did 
not significantly improve (P>0.05; Fig. 3). The VAS (Fig. 4) 
and SCL‑90 (Fig. 5) scores were significantly lower at 6 and 
12 months compared to the baseline (P<0.05).

Safety. At the 6 months, 17 adverse events were reported: 
Hypertension (n=1), diarrhea (n=5), liver dysfunction (n=1), 
arrhythmia (n=1), skin rash (n=4) and fatigue (n=5). At 
12 months, 19 adverse events were reported: Hypertension 
(n=2), diarrhea (n=4), liver dysfunction (n=1), arrhythmia 
(n=2), skin rash (n=5) and fatigue (n=5) (Table II).

Discussion

NF2 is marked by the presence of numerous tumors within the 
nervous system that progressively deteriorate over time. Even 
though tumors may be classified as histologically benign, they 
can lead to significant complications, including hearing and vision 
loss, motor function impairment, paralysis, pain and epilepsy, 
which are substantial contributors to mortality and disability (23). 
Bilateral vestibular schwannomas are the most prevalent tumors 
associated with NF2, occurring in ~90% of cases. Furthermore, 
it is observed that 45‑58% of individuals with NF2 present with 
intracranial meningiomas, while 20% exhibit spinal meningiomas. 

https://www.spandidos-publications.com/10.3892/ol.2025.15033
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Meningiomas frequently present as multiple benign tumors that 
exert pressure on surrounding brain tissue and cranial nerves, 
potentially leading to seizures and cerebral edema (24).

To date, no effective treatment for NF2 has been estab‑
lished. Surgery and stereotactic radiosurgery are employed 
in the management of tumors; however, their effectiveness is 
typically limited to short‑term relief. The long‑term outlook 
for patients continues to be unfavorable (25). Currently, there 
is no medication authorized for the treatment of NF2 tumors. 
Investigations indicate that bevacizumab, a vascular endothelial 
growth inhibitor, has the potential to impede the growth of 
NF2‑induced acoustic neuromas and may lead to some enhance‑
ment in hearing (26‑29). However, the impact on meningiomas 
and cutaneous neurofibromas remains ambiguous.

Chang et al  (13) discovered that cells from NF2‑related 
meningioma and schwannoma do not exhibit ALK expression. In 
contrast to NSCLC, where ALK inhibition is applied, brigatinib 
demonstrates the ability to inhibit multiple tyrosine kinases, such 
as EphA2 and FAK1. Brigatinib has demonstrated the ability to 
inhibit the activity of NF2 gene knockout cells and decrease the 
volume of meningioma and schwannoma in mice, suggesting its 
potential as a treatment for NF2 tumors (13). Building upon the 
foundation established by Chang et al (13), the present investiga‑
tion involved a follow‑up of 12 patients receiving oral therapy 
with brigatinib. While brigatinib is mainly focused on targeting 
tyrosine kinases in NSCLC, emerging evidence indicates its 
possible application in NF2. A phase II trial indicated a 25% 
tumor response rate and a 35% improvement in hearing among 
patients with NF2 receiving brigatinib at a dosage of 180 mg 
daily (30). However, the effectiveness regarding the meningioma 
volume and non‑auditory symptoms is still uncertain, necessi‑
tating additional research. The present investigation built upon 
previous findings by showcasing its efficacy against menin‑
giomas, underscoring a wider scope of therapeutic possibilities.

NF2 represents an autosomal dominant genetic disorder 
resulting from mutations in the NF2 gene. The gene is 

responsible for encoding and expressing the Merlin protein 
in vivo, predominantly located in Schwann cells, meningeal 
cells, lens fiber cells and nerve cells  (30). Merlin plays a 
crucial role in inhibiting cell proliferation through the regula‑
tion of cell‑cell adhesion. Consequently, the loss of Merlin due 
to mutations in the NF2 gene results in tumor growth. Merlin 
engages with various intracellular signaling pathways, such as 
receptor tyrosine kinases. Certain tyrosine kinase inhibitors 
have shown efficacy in NF2‑deficient mice (31), indicating that 
these inhibitors may represent a viable treatment option for 
NF2.

Brigatinib demonstrates inhibitory effects on several receptor 
tyrosine kinases, such as ALK, ROS1, insulin‑like growth 
factor‑1 receptor and EGFR. However, there is a lack of studies 
regarding its application in the treatment of NF2. The study by 
Plotkin et al (30) evaluated the efficacy and safety of brigatinib 
in the treatment of NF2‑related schwannomatosis. Their results 
showed that with brigatinib, significant radiological responses 
were achieved in multiple types of tumors. Of the target tumors, 
10% (95% CI, 3‑24%) showed shrinkage and 23% (95% CI, 
16‑30%) of all tumors showed a response. In addition, ~35% 
(95% CI, 20‑53%) of patients experienced improved hearing and 
there was a reduction in self‑reported pain severity. This present 
study involved the observation and evaluation of brigatinib's 
short‑term effectiveness in treating NF2, revealing its potential 
to reduce the volume of meningioma. Meningiomas present a 
range of histological features and genetic irregularities. Research 
shows that between 45 and 58% of individuals with NF2 present 
with intracranial meningiomas, while ~20% exhibit spinal 
meningiomas (32). NF2‑related meningiomas predominantly 
arise in the supratentorial areas, encompassing the frontal, pari‑
etal and temporal lobes, along with the cerebral falx. The MRI 
scans conducted on the patients in this study revealed the pres‑
ence of meningiomas in the conventional cranial regions. The 
mean volume decreased from baseline. Although the volume 
change was not significant, the patient's pain and emotional 

Table I. Demographics and clinical characteristics of participants at baseline.

Participant	 Age,		  BMI,	 Previous surgical	 Time before	 Follow‑up
no.	 years	 Sex	 kg/m2	 excision	 brigatinib, years	 time, months	 Type of tumora	 Symptomsb

  1	 30	 Male	 23.1	 Yes	 20	 24	 1, 2, 3	 1, 3, 4, 5
  2	 32	 Male	 19.4	 Yes	 30	 24	 1, 2, 3, 4	 1, 2, 3, 4, 5
  3	 14	 Female	 17.8	 Yes	 13	 16	 1, 2, 3	 1, 5
  4	 19	 Male	 22.7	 Yes	 3	 38	 1, 2, 3	 1, 2, 4, 5
  5	 26	 Female	 20.4	 Yes	 21	 18	 1, 2, 3	 1, 2, 4, 5
  6	 32	 Male	 22.3	 Yes	 17	 24	 1, 2, 3	 1, 3, 4, 5
  7	 17	 Male	 20.1	 No	 3	 13	 1, 3	
  8	 15	 Male	 19.1	 No	 3	 12	 1, 2, 3	 1, 2
  9	 30	 Male	 17.6	 Yes	 10	 13	 1, 3	 1, 2
10	 15	 Male	 24.2	 Yes	 12	 40	 1, 3, 4	 3, 4
11	 14	 Female	 18.7	 No	 10	 13	 1, 2, 3, 4	 1, 3
12	 20	 Male	 26.8	 Yes	 14	 12	 1, 2, 3, 4	 1, 3, 4

a1, Bilateral vestibular nerve schwannomas; 2, cranial meningioma; 3, spinal meningioma; 4, subcutaneous tumor. b1, Hearing loss; 2, pain; 3, 
impaired motor function; 4, visual impairment; 5, poor emotional states. BMI, body mass index.
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state improved significantly. Younger patients (aged <18 years) 
exhibited a shorter disease progression time in comparison to 
their older counterparts (≥18 years). This may be associated with 
accelerated tumor growth in younger individuals (15).

NF2 may lead to peripheral neuropathy, ophthalmic abnor‑
malities and cutaneous lesions. Patients with NF2 frequently 
present with cutaneous lesions; however, these lesions are gener‑
ally less pronounced compared to those seen in patients with 
NF1. Schwannomas cause significant pain in individuals with 
NF2. While the precise mechanisms underlying NF2‑related pain 
remain incompletely understood, it is suggested that this pain may 
be linked to tumor activation and/or the sensitization of primary 
sensory afferents through several pathways, such as mechanical 
compression of nerves, direct cell‑cell signaling and the release of 
secretory factors (33). Currently, surgical resection is recognized 
as the most effective and safe approach for addressing pain asso‑
ciated with NF2 peripheral nerve schwannoma (34). Nonetheless, 
pain associated with schwannomas frequently continues after 
tumor removal and does not seem to have a direct relationship 
with the size of the tumor. This indicates that pain could arise 
from factors beyond nerve compression (35).

Figure 1. (A) Line graph showing the marginal mean of volumes of cranial meningioma, with a significant difference between the baseline, 6 and 12th‑month 
values. (B) Comparison of disease progression by Kaplan‑Meier curves. The time from medication administration to disease progression was longer in patients 
aged ≥18 years than in those aged <18 years (P<0.05 by the log‑rank test). (C) Comparison of disease progression based on ECOG scores. No discernible 
difference was observed between low ECOG score (<2) and high ECOG score (≥2) (P>0.05 by the log‑rank test). ECOG, Eastern Cooperative Oncology Group.

Figure 2. Line graph showing the marginal mean volume of vestibular nerve 
schwannomas. There was no significant difference between the baseline, 
6 and 12th‑month values.

https://www.spandidos-publications.com/10.3892/ol.2025.15033
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The present investigation evaluated the short‑term effec‑
tiveness of brigatinib in the treatment of NF2. An important 
advantage of brigatinib is its ability to enhance patients' pain 
management and emotional well‑being. Follow‑up feedback 
revealed notable pain relief within 24 h of initiating brigatinib 
treatment. Brigatinib primarily focuses on tumor cells by 
engaging multiple pathways to impede their growth and dissem‑
ination, particularly in the context of NSCLC. This investigation 
indicates that brigatinib may also alleviate tumor‑associated pain 
symptoms through a reduction in tumor burden. Furthermore, 
brigatinib has the potential to offer swift pain relief via addi‑
tional mechanisms, warranting further exploration.

The findings suggest that blocking tyrosine kinase activity 
may serve as an effective strategy for managing NF2 symp‑
toms and enhancing clinical outcomes. This facilitates further 
investigation into tyrosine kinase inhibitors as a possible 
treatment for NF2. Nonetheless, there was no observed 
enhancement in acoustic neuroma and hearing, likely attribut‑
able to the challenges of addressing all symptoms in patients 
with NF2 with a singular pharmacological intervention.

The majority of individuals diagnosed with vestibular 
schwannomas demonstrate a reduction in Merlin expression. 
Investigations into the associated cellular pathways triggered by the 
loss of Merlin have examined these as possible therapeutic targets 

for addressing vestibular schwannomas. Merlin's interaction with 
ErbB2 facilitates the activation of downstream MAPK/ERK and 
PI3K/Akt signaling pathways (36). Activation of ErbB receptors 
occurs in both sporadic and NF2‑related vestibular schwannomas, 
with EGF expression showing an increase in NF2‑related cases. 
This indicates the potential effectiveness of EGFR inhibitors in 
the treatment of NF2‑related vestibular schwannomas. Clinical 
studies indicate that the EGFR inhibitor erlotinib does not have 
a significant impact on hearing or tumor size in patients with 
progressive vestibular schwannoma (37).

Tyrosine kinase inhibitors that target EGFR/ErbB2 show 
variable efficacy in reducing tumor size and enhancing hearing 
in NF2‑related vestibular schwannomas, presenting challenges 
in their role as effective treatment options. The levels of VEGF 
and its receptors are increased in schwannomas, showing an 
association with tumor growth and volume. VEGF inhibitors, 
such as bevacizumab, have demonstrated encouraging outcomes 
in vestibular schwannomas, notably enhancing hearing and 
decreasing tumor size. Nonetheless, the administration of 
bevacizumab poses several challenges, such as the requirement 
for regular parenteral delivery, potential side effects, noticeable 
drug resistance and the possibility of rebound tumor progres‑
sion (38). Numerous investigations into the use of bevacizumab 
for vestibular schwannomas depend on brief follow‑up periods 

Figure 3. Pure tone average of patients with hearing loss. Every horizontal line represents one patient's left or right ear. The blue dots represent the pure tone 
average at baseline, while the red dots represent that at 12 months of receiving brigatinib.
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and are deficient in long‑term findings. Brigatinib engages in 
distinct pathways compared to those that have demonstrated 
efficacy in reducing tumor size and enhancing hearing in 
NF2‑related vestibular schwannomas. This may clarify the 
absence of observed improvements in acoustic schwan‑
noma size or hearing in the present study. Besides, the study 
by Plotkin  et al  (30) observed a certain degree of hearing 
improvement, but in the present study, there was no significant 
improvement in the volume of acoustic neuroma or the average 
hearing threshold (P>0.05). This difference may be, to a certain 
extent, attributed to the variation in sample size.

The small cohort of patients with NF2 and the elevated 
expense of brigatinib constrained the sample size of the present 
study, complicating the evaluation of brigatinib's impact on 
spinal tumors in NF2. This may clarify the absence of prog‑
ress in vestibular schwannomas and auditory function. In the 
interim, additional clinical observation is required to assess the 
long‑term efficacy of brigatinib in the treatment of NF2.

The main adverse effects noted during the trial included 
fatigue, skin rash and diarrhea, none of which resulted in 

the cessation of the medication. No significant adverse reac‑
tions were observed; however, one patient experienced severe 
anemia. Given the patient's history of anemia, which showed 
improvement following treatment, anemia may not be associ‑
ated with brigatinib. No instances of anemia were reported in 
other studies involving brigatinib (39,40).

Of note, the present study has several limitations. NF2 
exhibits a wide range of clinical manifestations that differ 
significantly from one individual to another, complicating 
the development of a universal treatment that can effectively 
address all patient symptoms. Tailored approaches that involve 
collaboration across various disciplines could prove to be a 
promising strategy in the management of NF2. In addition, 
further clinical drug studies are essential to generate evidence 
and explore new therapeutic possibilities for NF2. The limited 
sample size (n=12) restricts the statistical power of the find‑
ings. Although selection bias was minimized by continuously 
enrolling all eligible patients, as this study was based on a 
retrospective dataset, selection bias may still exist. Certain 
patients may not have been included in the study due to milder 

Table II. Adverse events occurring in patients receiving brigatinib.

Adverse Event	 Total no. of events (n=36)	 6 months (n=17)	 12 months (n=19)

Hypertension	 3	 1	 2
Diarrhoea	 9	 5	 4
Liver dysfunction	 2	 1	 1
Arrhythmia	 3	 1	 2
Skin rash	 9	 4	 5
Fatigue	 10	 5	 5

Figure 4. Line graph showing the VAS score, with a significant difference 
between the baseline and the 6 and 12th‑month values. VAS, visual analog scale.

Figure 5. Line graph showing the SCL‑90 total score, with a significant difference 
between the baseline, 6 and 12th‑month values. SCL‑90, symptom checklist‑90.
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or more severe conditions, which may result in the sample of 
the present study not fully representing the entire NF2 patient 
population. It is essential to validate these findings through 
larger, multicenter trials. Although both the log‑rank test and 
Cox model indicated a significant relationship between age 
and progression risk, it is essential to interpret these findings 
with caution and validate them in larger cohorts.

In conclusion, the present findings indicate that brigatinib 
has a notable impact on reducing meningioma volume in 
individuals with NF2, while also enhancing their emotional 
health and relieving pain. Nonetheless, the effect on vestibular 
schwannoma volume and hearing thresholds is not significant.
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