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       Meningioma and Its Treatment: An Update
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ABSTRACT
Meningiomas are benign tumors that are found in the 
cerebral cortex. They pose a risk and can result in death. 
Technically, the brain falls into the category of tumors, 
but as it grows, it puts pressure on the brain. Interestingly, 
meningiomas containing progesterone receptors are 
therefore more prevalent in women. It has been observed 
that meningiomas have three stages tumor location, tumor 
shape, degree of spread, and relapse rate. Meningitis and 
its treatment are being researched more as technology 
advances with the current therapy. The review includes 
the pathophysiology of meningitis, molecular mechanisms, 
diagnostics, and therapeutic options.
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Central nervous system (CNS) tumors are a 
heterogeneous neoplasm group with an important 
morbidity and mortality rate.[1] Since it causes 
symptoms in the case of pressure, it can often be 
late to detect. Symptoms of diagnosis may vary 
depending on the tumor’s growth rate, CNS location, 
and the age of the individual.[2] 

Meningiomas, a CNS tumor, are the most common 
intracranial tumors that originate from the arachnoid 
cells of the leptomeninges and are more common 
than other tumors.[3] Meningiomas, benign tumors 
of CNS tumors, represent 13-26% of intracranial 
tumors.[4] For the development of meningiomas, there 
are two opposing main hypotheses. The first is that, 
while supporting the independent evolution of these 
tumors, the other suggests, by contrast, the spread 
of an unprecedented clone transformation of tumor 
cells through cerebral spinal fluid. In the formation of 
meningiomas, the neurofibromin 2 (NF2) gene is an 
important internal risk factor and some exogenous 
risk factors are suspected, but only exposure to 
ionizing radiation has been proven.[5] 

The World Health Organization (WHO) classifies 
meningiomas as grade I, grade II, and grade III in 
its system, depending on various histological 

characteristics.[6] Although meningiomas are known 
as benign tumors, they are up to 15% atypical and up 
to 2% anaplastic according to WHO 2016 histological 
criteria. Treatments for primary care are observation, 
surgery, or radiotherapy, but surgery and radiotherapy 
are recommended together in grade II and grade III 
tumors.[7]

EPIDEMIOLOGY AND ETIOLOGY
Meningiomas are rare in children and their 

incidence increases with age. The incidence was 
higher in women than in men.[8,9] Based on data 
from the Central Brain Tumor Registry of the United 
States (CBTRUS) from 2004 to 2006, the age-adjusted 
incident rate (per 100,000 people) was 8.44 for women 
and 3.76 for men.[10] Overall, meningiomas account for 
more than a third of primary CNS tumors, with an 
incidence rate of 8.03 per 100,000 population. This 
makes them the most common primary intracranial 
neoplasm.[3,11] 

In recent years, there has been an increase in 
the incidence of primary brain tumors in general 
and especially meningitis.[12] Etiological factors such 
as head trauma, ionizing radiation, hormones, and 
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other receptor binding regions, genetic factors, and 
viruses were identified as factors in the formation of 
meningitis.[8] 

Among these factors, people with certain 
mutations of NF2 in the neurofibromatosis gene 
contain a very significant risk for meningitis. Since 
women are twice as likely as men to develop meningitis 
and these tumors contain hormone receptors, both 
endogenous and exogenous hormones are assumed 
to have an etiological role.[13]

MOLECULAR GENETICS OF 
MENINGIOMAS

Meningiomas make up a third of tumors in the 
nervous system. Unlike other types of cancer, it 
has three stages. These are classified as grade I, 
grade II, and grade III. According to WHO data, 80% 
of meningioma patients are grade I and can be 
treated with surgical resection.[14] WHO 2016 tumor 
classification has taken a histological-molecular 
attitude by adding molecular data to the classification 
to identify primary brain tumors. Despite this, the 
classification of meningiomas continues to be based 
entirely on histopathological characteristics. However, 
recently, with the use of next-generation sequencing 
techniques, the idea emerged that molecular 
mutations are also effective in meningiomas. 

Mutations in meningiomas can be divided into 
non-NF2 and non-NF2-based changes.[15] The NF2 
mutation is a gene that causes tumor-causing disease. 
It has an incidence of one in 25,000 and has a dominant 
hereditary property. The NF2 gene is most often 
involved in the production of meningitis tumors. The 
NF2 mutation has consequences such as frameshift, 
non-functioning protein array productions, and 22q 
chromosome loss. In particular, the loss of 22q has an 
important role in the development of meningitis.[15,16] 

Some of the other genes involved in the 
formation of mutation-induced meningitis include 
TNF receptor-associated factor 7 (TRAF7), v-akt 
murine thymoma viral oncogene homolog 1 (AKT1), 
Kruppel-like factor 4 (KLF4), smoothened (SMO), 
phosphatidylinositol-4,5-bisphosphate 3-kinase 
catalytic subunit alpha (PIK3CA). According to the 
results of the most effective mutation research, 55% 
NF2, 20% TRAF7, 9% AKT1, 9% KLF4, 4.5% PIK3CA, 
and 3% SMO mutations were found to be effective in 
meningitis formation. It was observed that about 80% 
of general meningitis cases were caused by genetic 
mutations.[17]

PATHOLOGY
When the pathological aspect of meningiomas 

was examined, nine histological subunits of 
the grade I stage were identified. These are 
meningothelial, fibrous, transitive, psammomatous, 
angiomatous, microcystic, secretion, rich, and 
metaplastic meningiomas by lymphoplasmacytic. In 
grade II, chordoid is divided into histological subunits 
as cell and atypical meningiomas, and in grade III as 
papillary, rhabdoid, and anaplastic meningiomas.[18] 
Grade II and grade III meningiomas are less common 
than grade I meningiomas. Histological relapse 
rates were 7-25% in phase 1, 29-52% in grade II, 
and 50-94% in the grade III phase.[19] Embolization 
of some meningioma sub-branches is requested 
before surgery. In the pathological examination 
of such embolized meningiomas, microscopic 
necrosis chambers were detected in 40-89%. In 
non-embolized meningiomas, the rate is 16%.[20] 
Peritumoral brain edema (PTBE) can be seen in the 
types of secretory or angiomatous meningitis. It was 
observed that the vascular endothelial growth factor 
was slightly effective in the formation of PTBE.[21] At 
the same time, mast cells, hypoxia-inducible factor-1 
(HIF-1), aquaporin 4-5, and interleukin 6 (IL-6) factors 
also play a role in the formation of PTBE alone 
or together.[18,22] Sometimes meningiomas may 
show malignant tumor characteristics as a result 
of histological progeny.[23] Approximately 28% of 
meningioma patients undergo maligned histological 
progression. Maintaining telomere length plays an 
active role in the progression of malignant tumors. 
Telomerase reverse transcriptase (TERT) mutations 
have an effect on patients undergoing malignant 
histological prosthesis. TERT mutations are important 
genetic changes that play a role in the progression 
of meningiomas.[24] Although meningiomas grow 
slowly, the TERT mutation activates their growth and 
accelerates their spread. It also causes a significant 
increase in the rate of relapse of the disease. In the 
study of meningioma patients, the TERT mutation was 
associated with mRNA expression. TERT mutations are 
thought to have further therapeutic consequences. [25]

DIAGNOSIS AND TREATMENT
The appearance of meningiomas is generally 

not specific, but the location and compression of 
the neighboring brain and vascular structures can 
lead to focal neurological deficits (including cranial 
nerve deficits).[26] Although most meningiomas are 
asymptomatic, patients usually experience only mild 
headaches in the early stages. When tumors progress, 
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numerous complications and poor functional 
outcomes occur.[27] Common symptoms in patients are: 
headache (33.3-36.7%), focal cranial nerve deficiency 
(28.8-31.3%), seizures (16.9-24.6%), cognitive change 
(14.4%), weakness (11.1%), vertigo/dizziness (9.8%), 
ataxia/gait change (6.3%), pain/sensory change (5.6%), 
proptosis (2.1%), syncope (1.0%) and asymptomatic 
(9.4%). In the fate of these symptoms, the initial 
definitive diagnosis of meningitis can be made 
via magnetic resonance imaging (MRI) or contrast 
computed tomography (CT).[26,27] Pet-based imaging 
using Somatostatin receptors (SSTRs) ligands such 
as DOTA-(Tyr3)-octreotate (68Ga-DOTATOC) and 68 
is cited as an auxiliary additional diagnostic tool for 
meningioma cells somatostatin-receptor subtype 2 
(SSTR2).[28] As with any type of tumor, surgery is the 
first treatment method in meningitis. The location 
of the tumor, brain tissue invasion and vascular 
condition limit surgical operation. A patch is used 
to prevent recurrence after tumor removal.[29] The 
extension of the area where the tumor is removed 
is measured by Simpson rating and classified at five 
degrees. Relapse rates occurring within five years of 
tumor removal are 7-23% for type 1, 50-55% for type 
2, and 72-78% for type 3.[3] However, neurological 
neurocognition and functional results may occur in 
these patients that reduce the quality of life after 
surgical operation. At this stage, the location of the 
tumor is very important. In order to completely clean 
the area where the tumor is, it is necessary to remove 
the bone it is clinging to. Advances in neurosurgery 
are a hope that the quality of life of patients will 
not decrease. Among these developments, high-
resolution exoscope systems enable wide focus and 
quality video images. They are especially useful in the 
treatment of spinal meningiomas.[30] 

Radiotherapy is the second type of treatment 
for meningiomas that cannot be treated with 
surgical intervention. Although it is not as effective 
as surgical intervention, it is used to control local 
growth. Radiotherapy methods are performed in two 
types: external beam radiation therapy (EBRT) and 
single fraction stereotactic radiosurgery (SRS). The 
SRS is used for meningiomas smaller than 30 mm in 
diameter. Prevents edema and necrosis complications. 
EBRT method is used especially in the treatment 
of meningitis, which is inhabited in the brain. EBTR 
prevents local relapse and provides a wider radiation 
field.[31] Radiotherapy performed after surgery is called 
adjuvant radiotherapy. The aim of adjuvant therapy is 
to reduce the risk of postoperative relapse and to 
improve it in a controlled manner. Adjuvant therapy 
has been shown to be particularly effective in grade I 

meningiomas. It is mostly used to treat those located 
in high-risk location areas and tumor areas that have 
not been fully cleaned.[32] If we examine the evolution 
of radiotherapy in the treatment of meningioma, 
improvements in 3D conformal radiation therapy 
(3D-CRT) and multi-leaf choline, which first appeared 
in the early 1990s, have been applied. In the following 
years, EBRT and SRS methods, which are still used 
today, started to be used. Intensity-modulated 
radiation therapy (IMRT) is performed by the EBRT 
method. The purpose of this treatment is to scan the 
entire region by providing the desired dose to the 
patient. Finally, particle treatments are included. This 
method, which is very popular worldwide in current 
times, is done with carbon or proton ion therapy. 
The aim of particle treatment is to reduce the rate 
of exposure of neighboring tissues and cells and to 
break down even long-lasting tumors. However, this 
method is still under investigation. In the research, 
especially meningitis around the pituitary gland was 
seen to have good effects.[33] 

Another treatment method is systematic 
treatments, which are largely experimental. It 
is preferred in cases with high meningiomas 
and relapse rates in areas that are difficult to 
treat surgically.[34] Chemotherapy is the first 
of the systematic treatments. Trabectedin, a 
chemotherapeutic agent, interacts with meningitis 
transcriptionally. In this way, it is an important agent 
for treatment and studies are continuing. Secondly, 
molecular therapies are discussed. Tumor-targeted 
molecular therapies are developed and continue 
to be developed by identifying specific genetic 
differences in meningiomas. PIK3CA, AKT, and mTOR 
pathways are used in molecular therapy. Another 
treatment method that is still in the research phase 
is immunotherapy. Maling meningiomas in the 
immunosuppressive microenvironment were found 
to respond to treatment. In this way, it is investigated 
whether it is possible to treat recurrence by inhibiting 
the checkpoints of high-grade meningiomas. These 
methods have also given hope to patients with other 
types of cancer.[28,31,35]

In conclusion, benign tumors that originate from 
the meninges, a membranous layer that surround the 
central nervous system and spinal cord, are called 
meningiomas. It is usually more common in women 
than its appearance in adults. Due to their benign 
structure, they cannot metastasize and their structure 
is low statistically, one in 1,000 people is diagnosed 
every year. Although it is not known for certain why 
meningitis occurs, it is known that it is triggered by 
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causes such as head trauma, genetic predispositions, 
excessive radiation victimization, and genetic 
mutations are especially thought to be effective. 
Symptoms of meningitis are usually asymptomatic 
and appear in a brain MRI taken incidentally. The 
best diagnostic method is contrasted MRI imaging. 
Follow-up is an option in asymptomatic patients 
with an incidental diagnosis. Surgery is preferred 
as the initial step in the treatment of symptomatic 
individuals. It is aimed to reduce the risk of relapse by 
removing the entire tumor with surgery. The grade 
stage of the tumor removed by surgical intervention 
is determined by pathological examination. In cases 
where surgery is risky, radiotherapy is preferred 
as the second option in treatment, radiosurgery is 
often performed. As a result of the developments in 
modern medicine, systematic treatments have also 
come into play. It is hoped that advances in medicine 
and genetics will allow us to treat meningitis at 
the molecular level and decrease the incidence of 
recurrence in the coming years.

Declaration of conflicting interests
The authors declared no conflicts of interest with 

respect to the authorship and/or publication of this article.

Funding
The authors received no financial support for the 

research and/or authorship of this article.

REFERENCES
1. Alegría-Loyola MA, Galnares-Olalde JA, Mercado M. 

Tumores del sistema nervioso central [Tumors of the 
central nervous system]. Rev Med Inst Mex Seguro Soc. 
2017 May-Jun;55:330-40. Spanish. 

2. Packer RJ, MacDonald T, Vezina G. Central nervous system 
tumors. Pediatr Clin North Am. 2008 Feb;55:121-45, xi.

3. Ostrom QT, Gittleman H, Liao P, Vecchione-Koval T, 
Wolinsky Y, Kruchko C, et al. CBTRUS Statistical Report: 
Primary brain and other central nervous system tumors 
diagnosed in the United States in 2010-2014. Neuro 
Oncol. 2017 Nov 6;19:v1-v88.

4. Marosi C, Hassler M, Roessler K, Reni M, Sant M, Mazza 
E, et al. Meningioma. Crit Rev Oncol Hematol. 2008 
Aug;67:153-71.

5. Terrier LM, François P. Méningiomes multiples [Multiple 
meningiomas]. Neurochirurgie. 2016 Jun;62:128-35. 
French.

6. Gupta A, Dwivedi T. A Simplified Overview of World 
Health Organization Classification Update of Central 
Nervous System Tumors 2016. J Neurosci Rural Pract. 
2017 Oct-Dec;8:629-41. 

7. Apra C, Peyre M, Kalamarides M. Current treatment 
options for meningioma. Expert Rev Neurother. 2018 
Mar;18:241-49. 

8. Bondy M, Ligon BL. Epidemiology and etiology of 
intracranial meningiomas: a review. J Neurooncol. 1996 
Sep;29:197-205. 

9. Longstreth WT Jr, Dennis LK, McGuire VM, Drangsholt MT, 
Koepsell TD. Epidemiology of intracranial meningioma. 
Cancer. 1993 Aug 1;72:639-48. 

10. Ostrom QT, Gittleman H, Farah P, Ondracek A, Chen Y, 
Wolinsky Y, et al. CBTRUS statistical report: Primary brain 
and central nervous system tumors diagnosed in the 
United States in 2006-2010. Neuro Oncol. 2013 Nov;15 
Suppl 2:ii1-56. 

11. Akverdi B, Erbaş O. Tumor markers and clinical use. D J Tx 
Sci 2021;6:29-36.

12. Baldi I, Engelhardt J, Bonnet C, Bauchet L, Berteaud 
E, Grüber A, et al. Epidemiology of meningiomas. 
Neurochirurgie. 2018 Mar;64:5-14.

13. Wiemels J, Wrensch M, Claus EB. Epidemiology 
and etiology of meningioma. J Neurooncol. 2010 
Sep;99:307-14.

14. Brastianos PK, Horowitz PM, Santagata S, Jones RT, 
McKenna A, Getz G, et al. Genomic sequencing of 
meningiomas identifies oncogenic SMO and AKT1 
mutations. Nat Genet. 2013 Mar;45:285-9. 

15. Suppiah S, Nassiri F, Bi WL, Dunn IF, Hanemann CO, 
Horbinski CM, et al. International Consortium on 
Meningiomas. Molecular and translational advances in 
meningiomas. Neuro Oncol. 2019 Jan 14;21:i4-i17.

16. Petrilli AM, Fernández-Valle C. Role of Merlin/NF2 
inactivation in tumor biology. Oncogene. 2016 Feb 
4;35(5):537-48. 

17. Yuzawa S, Nishihara H, Tanaka S. Genetic landscape of 
meningioma. Brain Tumor Pathol. 2016 Oct;33:237-47.

18. Shibuya M. Pathology and molecular genetics of 
meningioma: recent advances. Neurol Med Chir (Tokyo). 
2015;55:14-27.

19. Campbell BA, Jhamb A, Maguire JA, Toyota B, Ma R. 
Meningiomas in 2009: controversies and future 
challenges. Am J Clin Oncol. 2009 Feb;32:73-85. 

20. Perry A, Chicoine MR, Filiput E, Miller JP, Cross DT. 
Clinicopathologic assessment and grading of embolized 
meningiomas: a correlative study of 64 patients. Cancer. 
2001 Aug 1;92:701-11.

21. Osawa T, Tosaka M, Nagaishi M, Yoshimoto Y. Factors 
affecting peritumoral brain edema in meningioma: special 
histological subtypes with prominently extensive 
edema. J Neurooncol. 2013 Jan;111:49-57. 

22. Tirakotai W, Mennel HD, Celik I, Hellwig D, Bertalanffy H, 
Riegel T. Secretory meningioma: immunohistochemical 
findings and evaluation of mast cell infiltration. 
Neurosurg Rev. 2006 Jan;29:41-8. 

23. Üzümcü İ, Erbaş O. Bone marrow transplantation use on 
treatment solid tumors. D J Tx Sci 2021;6:52-65

24. Goutagny S, Nault JC, Mallet M, Henin D, Rossi JZ, 
Kalamarides M. High incidence of activating TERT 
promoter mutations in meningiomas undergoing 
malignant progression. Brain Pathol. 2014 Mar;24:184-9. 

25. Spiegl-Kreinecker S, Lötsch D, Neumayer K, Kastler L, 
Gojo J, Pirker C, et al. TERT promoter mutations are 



JEB Med Sci46

associated with poor prognosis and cell immortalization 
in meningioma. Neuro Oncol. 2018 Nov 12;20:1584-1593.

26. Ogasawara C, Philbrick BD, Adamson DC. Meningioma: 
A Review of Epidemiology, Pathology, Diagnosis, 
Treatment, and Future Directions. Biomedicines. 2021 
Mar 21;9:319.

27. Lin DD, Lin JL, Deng XY, Li W, Li DD, Yin B, et al. Trends in 
intracranial meningioma incidence in the United States, 
2004-2015. Cancer Med. 2019 Oct;8:6458-6467. 

28. Nowosielski M, Galldiks N, Iglseder S, Kickingereder P, 
von Deimling A, Bendszus M, et al. Diagnostic challenges 
in meningioma. Neuro Oncol. 2017 Nov 29;19:1588-1598.

29. SIMPSON D. The recurrence of intracranial meningiomas 
after surgical treatment. J Neurol Neurosurg Psychiatry. 
1957 Feb;20:22-39.

30. Maggio I, Franceschi E, Tosoni A, Nunno VD, Gatto L, 
Lodi R, et al Meningioma: not always a benign tumor. A 
review of advances in the treatment of meningiomas. 
CNS Oncol. 2021 Jun 1;10:CNS72.

31. Rogers L, Barani I, Chamberlain M, Kaley TJ, McDermott 
M, Raizer J, et al. Meningiomas: knowledge base, 
treatment outcomes, and uncertainties. A RANO review. 
J Neurosurg. 2015 Jan;122:4-23. 

32. Goldbrunner R, Minniti G, Preusser M, Jenkinson MD, 
Sallabanda K, Houdart E, et al. EANO guidelines for the 
diagnosis and treatment of meningiomas. Lancet Oncol. 
2016 Sep;17:e383-91.

33. Brastianos PK, Galanis E, Butowski N, Chan JW, Dunn 
IF, Goldbrunner R, et al. International Consortium on 
Meningiomas. Advances in multidisciplinary therapy for 
meningiomas. Neuro Oncol. 2019 Jan 14;21:i18-i31.

34. Huang RY, Bi WL, Weller M, Kaley T, Blakeley J, Dunn I, 
et al. Proposed response assessment and endpoints for 
meningioma clinical trials: report from the Response 
Assessment in Neuro-Oncology Working Group. Neuro 
Oncol. 2019 Jan 1;21:26-36. 

35. Yürekli A, Erbaş O. Cancer and Immunosuppression. JEB 
Med Sci 2021;2:116-21.


