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Patients with radiation-induced meningioma (RIM), most of whom had received

head radiation therapy or had been exposed to ionizing radiation during

childhood or adolescence, are at risk of developing cranial meningiomas

throughout their lifetimes because of the long latency period. Although

intermediate-to-high–dose ionizing radiation exposure is an established risk

factor for RIM, risk factors for low-dose RIM remain incompletely defined. This

study presents the case of a 56-year-old woman diagnosed with radiation-

induced giant meningioma 2.5 years after undergoing an interventional

embolization procedure for a brain aneurysm. This is the first report of RIM

attributable to a brain intervention with an extremely short latency period. The

total radiation dose received by the patient during the operation was 1367.3 mGy,

representing a low dose. Our case report strengthens the evidence that even low

radiation doses can increase the risk of RIM. These findings provide a realistic

basis for the theoretical study of RIM and suggest some new ideas for RIM

treatment. The need for caution in the use of radioactive treatments and

optimization of interventional procedures is highlighted.
KEYWORDS
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Introduction

The use of radiologic therapeutic measures such as computed tomography (CT), X-rays,

radiotherapy, angiography, and interventional procedures in clinical practice has rapidly

increased with technological advances. Although the benefits of these techniques in patient

management are unquestionable, the cumulative dose of radiation over a long period or with

frequent application can increase the risk of cancer (1–3). Meningiomas are mostly benign

tumors originating from arachnoid cap cells. They are the most common benign intracranial

tumors, accounting for 13%–26% of all primary intracranial tumors (4–6). Radiation-induced
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meningioma (RIM) is the most common brain tumor known to be

caused by ionizing radiation (7, 8). In 1933, Lacassagne first proposed

this concept in an animal model, and in 1953, Mann et al. reported

the first case of RIM (9). Later, Cahan established the diagnostic

criteria for RIM (10), and Harrison categorized RIM as low-,

medium-, and high-dose lesions according to the cumulative dose

of radiation (11). Current research on RIM focuses on etiology,

epidemiology, and prognostic factors. In this study, we present the

case of a 56-year-old woman diagnosed with low-dose RIM only 2.5

years after an interventional surgery. The patient’s symptoms were

linguistic confusion, left limb immobility, and drowsiness. Emergency

CT and magnetic resonance imaging (MRI) revealed an intracranial

lesion, and the patient’s condition deteriorated during the

examination. Immediate surgery was performed to remove the

intracranial tumor. To the best of our knowledge, this is the first

reported case of RIM triggered by a brain interventional procedure.

Our case provides new evidence for the risk factors of low-dose RIM,

and by reviewing the related literature, our report also provides a

realistic basis for some theoretical studies of RIM and suggests some

new ideas for its management. In the future, the sample size should

be expanded to thoroughly study the influence of the radiation

dose in brain interventional procedures, and the findings should be

used as a basis to optimize such procedures and reduce the risk of

low-dose RIM.
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Case presentation

The patient was a 56-year-old woman who underwent

embolization of an intracranial aneurysm 2.5 years before

presentation. The patient was admitted to the hospital on June 20,

2019 with a sudden onset of impaired consciousness, headache,

dizziness, and vomiting for 4 h. Cranial CT (Figure 1A) revealed

subarachnoid hemorrhage, which was considered a ruptured

intracranial aneurysm. Total cerebral angiography and interventional

embolization of the intracranial aneurysm were performed under

general anesthesia. Intraoperatively, abnormal protrusion of the

apical portion of the basilar artery measuring approximately 3.37 ×

2.14 × 2.82 mm3 was found, and tight embolization was performed.

According to the records, the duration of the surgery was 1.5 h. The

patient received a radiation dose of 1367.3 mGy during this procedure.

The patient’s postoperative course was uneventful, and the outcome

was favorable. No intracranial tumor was detected on preoperative or

postoperative cranial CT (Figure 1B). However, the patient did not

follow the doctor’s orders for review until 2.5 years after the surgery.

The patient was admitted to the hospital with sudden linguistic

confusion, left limb immobility, and drowsiness. Urgent cranial MRI

and CT revealed a right temporal lobe occupancy with significant

displacement of midline structures, brainstem compression, and

deformation but no dilatation of the ventricular system, and no
A

B

FIGURE 1

(A) The basal pools, ring pools, tetrapodal pools, and lateral fissure pools were all visible as hyperdense shadows with a full brain parenchyma and
flattened sulcus gyrus. The initial diagnoses were subarachnoid hemorrhage and brain swelling. (B) Dense shadows were present in the bilateral
lateral fissure pools and in part of the left parietal sulcus, and the hemorrhagic portion had decreased in size.
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enhanced scan was performed (Figures 2A, B). During the

examination, the patient’s condition gradually deteriorated, leading to

unconsciousness and an inability to answer questions, resulting in a

Glasgow coma scale (GCS) score of 6. Additionally, her right pupil

diameter was 6 mm, and her left pupil diameter was 3 mm. Bilateral

pupillary direct and indirect light responses were absent. The muscle

strength of the left limb was grade I, and that of the right limb was

grade III. The left Babinski sign was positive. The initial diagnoses were

right temporal lobe occupation and brain herniation. The patient’s

critical condition necessitated emergency tumor resection via a right

enlarged pterygoid approach and decompressive craniectomy under

general anesthesia. Intraoperatively, a small portion of tumor tissue

bulged through the bone window, but intraoperative ultrasound

indicated no blood flow signal, eliminating the possibility of a large

intracranial aneurysm. The tumor tissue had an intact thicker envelope

after incision, clear borders defined with surrounding brain tissue, and

edema of peripheral normal brain tissue. The tumor, measuring

approximately 5 × 5 × 5 cm3 in size, was adherent to the dura mater

at the base of the skull and located at the right mid-cranial base. The

tumor was resected in chunks, and the adherent basal dura mater was

cauterized using bipolar electrocoagulation to prevent remnants of

tumor tissue. Brain tissue collapsed after tumor resection, and drains

were placed in the cavity, followed by the placement of artificial dura

mater and drains outside the dura mater. Because of preoperative brain

herniation, the bone flap was no longer retracted, and decompression

of the bone flap was performed. The skull was closed layer by layer, and

the patient was admitted to the neurosurgery intensive care unit with

mannitol and hormones to eliminate cerebral edema and control

intracranial pressure. Based on the postoperative physical
Frontiers in Oncology 03
examination, the patient’s GCS score was 12. The bilateral pupils

were equal in size and round but dull to light reflection. The muscle

strength of the left limb was grade 3, and that of the right limb was

grade 4. The patient’s postoperative CT confirmed that the tumor had

been completely resected, with no significant bleeding in the

operative area (Figure 3A). Histopathological examination

confirmed that the right temporal lobe lesion was a meningioma

[meningothelial, World Health Organization (WHO) grade I;

Figure 4]. On the fifth postoperative day, the patient developed

fever, lumbar puncture suggested an intracranial pressure of 210

mmH2O, and the color of cerebrospinal fluid was slightly yellowish

and turbid. Therefore, the possibility of intracranial infection was

considered, and the patient was administered meropenem +

vancomycin. Physical examination illustrated that the patient’s GCS

score was 12, the pupils were equal in size and sensitive to light

reflexes, and muscle strength was grade 4 in the left limb and grade 5

in the right limb (Figure 3B). On postoperative day 23, the patient’s

condition was stable, physical examination revealed a GCS score of

15, and the pupils were equal in size and sensitive to light reflex. The

muscle strength of the left limb was grade 4, and that of the right limb

was grade 5. MRI revealed that the meningioma had been completely

resected (Figure 3C). The patient was discharged from the hospital

waiting for review with a recommendation for MRI every 3–6

months. Considering the patient’s financial situation, we chose the

less expensive CT instead of MRI at the time of the review. Follow-up

CT 2 and 5 months after surgery revealed no residual or recurrent

tumor (Figures 3D, E), and the patient was able to return to normal

activities without epilepsy, visual and auditory disturbances,

headaches, or other sequelae.
A

B

FIGURE 2

(A, B) The right temporal lobe had an abnormal signal shadow similar to a circle. The shadow measured approximately 5.1 × 4.1 cm2 with a clear
border, and the adjacent lateral ventricle was compressed and deformed, with a leftward deviation of the midline of approximately 0.5 cm. These
findings were consistent with the manifestation of a tumor, and the lesion was considered more likely to be a meningioma.
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Discussion

RIM is a meningioma that occurs after exposure to ionizing

radiation for certain diseases. In 1933, Lacassagne developed the

concept of radiation-induced tumors by demonstrating tumor

formation in animal models (12–15). The earliest report of

meningioma after radiation therapy was published by Mann et al.

in 1953 (9). In 1998, Cahan et al. (10) established the diagnostic

criteria for radiation-induced brain tumors based on the following

parameters: 1) the tumor must occur within the radiation field; 2)

there must be a latency period between irradiation and tumor

development; 3) radiation-induced tumors have a different

histological type than the previous tumor; 4) patients must not

have any disease conducive to tumor development, phakomatosis,

tuberous sclerosis, pigmentary dry skin disease, retinoblastoma, or

neurofibromatosis; 5) the tumor must not be present before radiation

therapy; and 6) the tumor must not be recurrent or metastatic.

According to the radiation dose, Harrison et al. (11) grouped RIMs

into three categories, namely those attributable to high-dose (>20,000

mGy), intermediate-dose (10,000–20,000 mGy), and low-dose

radiation (<10,000 mGy). At present, RIM is the most common

brain tumor known to be caused by ionization radiation (7). The

cohort study by Bowers et al. recorded a 3-year survival rate of 95%

and a 5-year survival rate of 91% for RIM, with the high-risk groups

comprising female patients and children, who had an 88.2%

probability of neurologic sequelae at 5 years (16). Cranial

irradiation is a proven etiologic risk factor for the development of
Frontiers in Oncology 04
meningioma (17–19). High-dose RIM is mostly observed after

radiotherapy for primary and metastatic brain tumors, and

intermediate-dose RIM is mostly observed after the treatment of

vascular nevi and local irradiation of superficial head and neck

tumors (14). Low-dose RIM has more potential causes, and even

low radiation doses of 1000–2000 mGy significantly increase the risk

of secondary brain tumors and neurological tumors (20). Currently

known sources include the atomic bombings of Hiroshima and

Nagasaki (21–24), childhood receipt of radiotherapy for tinea

capitis (20, 25–29), radiological examinations of the head and neck,

and stomatological X-rays (30–34). Thus, this is the first known case

in which RIM was triggered by an interventional procedure. The

latency period of RIM varies widely from a minimum of 12 months

(35) to a maximum of 63 years (36). The mean latency period of RIM

is 22.9 ± 11.4 years (24, 37). Factors affecting the latency of RIM

include the radiation dose, age, and grade of pathology. The effect of

the radiation dose on the latency period remains controversial. Some

studies found statistically significant differences in latency between

patients receiving low- and high-dose radiotherapy, as the latency

period was inversely proportional to the radiation dose (11, 37–40).

Contrarily, Strojan et al. described 126 cases of RIM from the

literature. From the reported data, latency was inversely related to

age at the time of radiation, with the latency period being significantly

shorter in patients who were exposed before the age of 17.

Conversely, the analysis revealed no correlation between latency

and the radiation dose (22). Retrospective studies with larger

sample sizes are needed to clarify this issue. According to statistics,
A B D EC

FIGURE 3

(A) The right side of the skull was partially missing, irregular flaky mixed density shadows were present in the right temporal lobe, and the ventricular
system was narrowed by compression, with a leftward shift of the midline of approximately 0.5 cm. (B) The right side of the skull was partially
missing, the hyperdense and isodense shadows in right temporal lobe were less dense than previously observed, the ventricular system was
narrowed by compression, and the midline was shifted to the left by approximately 0.3 cm. (C) Partial absence of the right cranium centered in the
midline. (D) The right side of the skull was partially missing, irregular flaky hypodense shadows were present in the right temporal lobe, and the
ventricles were structurally sound and centered on the midline. (E) The right side of the skull was partially missing, the right temporal lobe had an
irregular flaky hypodense shadow that was significantly less extensive than previously observed, and the ventricular system was fair and centered on
the midline.
FIGURE 4

(Right temporal lobe) Meningothelial meningioma, WHO grade I. Vimentin (+), EMA: portion (+), GFAP (−), S-100 (−), Ki-67 (+).
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the average latency periods of WHO grade I, II, and III meningiomas

are 24.8, 21.9, and 12.9 years, respectively (37), indicating the inverse

relationship between the pathology grade and latency period. In the

present case, the pathologic grade was WHO grade I, but the benign

tumor had an extremely short latency period with an extremely rapid

growth rate. We believe these findings add new evidence for studying

the pathological behavior of RIM. RIM is clinically considered

separate from spontaneous meningioma (SM). Of all RIMs, 68%

are WHO grade I, 27% are WHO grade II, and 5% are WHO grade

III. Among SMs, 91.5% are WHO grade I, 7.1% are WHO grade II,

and 1.4% are WHO grade III (14). This comparison revealed that

RIM has a greater probability of developing into high-grade

meningioma, a higher probability of presenting with multiple

tumors, a higher recurrence rate, and greater aggressiveness

(13, 15). Shoshan et al. compared RIM and SM and found that

inactivation of the NF2 gene and deletion of chromosome 22q

were less common in RIM than in SM, but the probability of a

chromosome 1p deletion was 57% in RIM, versus 30% in SM (41–43).

However, these studies on the cytogenetic aspects of RIM had small

sample sizes, and further studies are needed. In terms of cellular

dynamics, the current view is that there is no correlation among the

cellular dynamics, histology, and invasive behavior of RIM, which

indicates that even benign RIM can exhibit invasiveness (15). The

RIM we reported had WHO grade I pathology, and it was benign

meningiomas. However, they grew rapidly, and clinical symptoms

developed within a short latency period, highlighting a more

aggressive nature than observed for ordinary meningiomas. We

believe these characteristics support the cytokinetic theory of the

study. Regarding the management of patients with RIM, surgical

resection remains the treatment of choice (15, 44), and given the high

recurrence and growth rates of RIM (40), dura and peridural bone

tissue should be removed as widely as possible at the time of surgery

(11). High-dose RIM should consider scalp atrophy in the radiation

area, and surgical incisions can increase the potential for poor

prognoses (13). The use of radiotherapy for RIM is controversial.

RIMs can sometimes be treated with radiation, whereas Mathiesen

found that radiotherapy is of little significance in the control of RIM

(45). However, Umansky et al. concluded that the use of radiotherapy

is desirable for WHO grade II–IV RIM and for lesions that cannot be

radically resected (13). By reviewing the literature and considering

our experience of this case, we believe that radiotherapy should be

avoided after WHO grade I RIM has been radically resected, but

radiotherapy can be used to reduce the risk of recurrence and prolong

the time to recurrence for incompletely resectable and high-grade

RIM. For RIM prevention, patients who have received radiotherapy

and radiological examinations of the head should be monitored for a

long period, and imaging should be performed every 3–6 months

(46). Asymptomatic meningiomas can be detected by long-term

testing of the patient (47–50), and such patients should be treated

as early as possible to reduce the morbidity and mortality of the

neurological sequelae of RIM (16, 51). In addition, we believe that

non-radiological examinations such as MRI should be used in long-

term monitoring to avoid further radiation exposure as a risk factor

for RIM. In the current case, meningioma occurred within the

irradiated area with a sufficient latency period between irradiation

and meningioma development (2.5 years), and the patient had no
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history of a tumor or a condition conducive to tumor development

prior to the diagnosis of meningioma. According to the records, the

radiation dose received by the patient during this intervention was

1367.3 mGy. Eventually, we diagnosed the lesion as low-dose RIM.

The meningioma in this case grew to 5 × 5 × 5 cm3 in approximately

2.5 years. To our knowledge, this is the first reported case of RIM

triggered by a brain interventional procedure. This case adds new

evidence to the risk factors for low-dose RIM. We have reviewed the

literature to guide the treatment process, and in this manner, we have

identified new ideas for the prevention, diagnosis, and postoperative

management of RIM, which add to the current diagnostic and

treatment strategies for RIM. In the course of reviewing the

literature, it was found that this case provides a realistic basis for

theoretical studies of the cellular dynamics of RIM. However, several

limitations must be noted. First, for the postoperative review of RIM,

we recommend non-radiological auxiliary examinations such asMRI,

but because of the patient’s financial status, CT was selected as a less

expensive alternative. Second, because the patient did not follow the

medical advice for regular review after the intervention, we could not

confirm the exact latency period of RIM. Although the time from the

intervention to re-admission for intracranial occupancy was 2.5 years,

the actual latency period might have been shorter. As a future

direction of RIM research, we should expand the sample size,

thoroughly study the influence of the radiation dose in brain

interventional procedures, and use these findings as a basis to

optimize brain interventional procedures and reduce the risk of

low-dose RIM.
Conclusion

RIM is a definable clinical entity. The most susceptible

population is young children and women. Even low doses of

radiation can significantly increase the incidence of RIM. A

younger age at the time of initial radiation exposure and a higher

pathologic grade of RIM are associated with shorter latency periods

for RIM. The effect of the radiation dose on the latency period to

tumor development is uncertain. RIM is more aggressive than

common meningiomas, and it has a higher rate of postoperative

recurrence. Surgery remains the treatment of choice for RIM, and

complete resection can significantly reduce the postoperative

recurrence rate. Long-term surveillance of people at high risk for

RIM can detect early asymptomatic RIM, and early detection and

treatment can significantly improve the prognosis of RIM. In this

study, we reported a rare case of low-dose RIM occurring 2.5 years

after embolization of an intracranial aneurysm. To our knowledge,

this is the first patient in whom RIM was triggered by an

interventional procedure, adding a new risk factor for low-dose

RIM. The patient’s tumor specimen was pathologically classified as

a WHO grade I benign tumor, but it had a very short latency period

and exhibited a more aggressive nature than ordinary meningiomas.

These characteristics provided a realistic basis for the theoretical

study of RIM cell dynamics by AL-MEFTY et al. Based on the

treatment experience of this case, we suggest that RIM generally has

a long latency period, and people at high risk of RIM, including

those undergoing cerebral angiography and cerebral vascular
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interventions, should undergo lifelong monitoring using non-

radiological auxiliary examinations such as MRI. Second,

considering the excellent prognosis of total surgical resection and

the specificity of RIM triggers, postoperative radiotherapy should be

avoided in WHO grade I RIM. We believe that this will provide a

new reference for the diagnosis and treatment of RIM. Considering

the high sensitivity of meningeal tissues to radiation and the current

widespread use of radiological examinations and treatments, we

should be more cautious in the use of these procedures. We should

be aware of the risks associated with cerebral interventional

procedures and should further optimize the radiation dose for

cerebral interventional procedures to reduce the accumulation of

RIM risk factors.
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22. Strojan P, Popović M, Jereb B. Secondary intracranial meningiomas after high-
dose cranial irradiation: report of five cases and review of the literature. Int J Radiat
Oncology Biology Phys. (2000) 48:65–73. doi: 10.1016/S0360-3016(00)00609-X

23. Preston DL, Ron E, Yonehara S, Kobuke T, Fujii H, Kishikawa M, et al. Tumors
of the nervous system and pituitary gland associated with atomic bomb radiation
exposure. J Natl Cancer Inst. (2002) 94:1555–63. doi: 10.1093/jnci/94.20.1555

24. Choudhary A, Pradhan S, Huda MF, Mohanty S, Kumar M. Radiation induced
meningioma with a short latent period following high dose cranial irradiation - case
report and literature review. J Neuro-oncology. (2006) 77:73–7. doi: 10.1007/s11060-
005-9009-9

25. Beller AJ, Feinsod M, Sahar A. The possible relationship between small dose
irradiation to the scalp and intracranial meningiomas. Neurochirurgia (Stuttg). (1972)
15:135–43. doi: 10.1055/s-0028-1090531

26. Gosztonyi G, Slowik F, Pásztor E. Intracranial meningiomas developing at long
intervals following low-dose X-ray irradiation of the head. J Neuro-oncology. (2004)
70:59–65. doi: 10.1023/B:NEON.0000040812.19235.d1

27. Coca-Pelaz A, Mäkitie AA, Strojan P, Corry J, Eisbruch A, Beitler JJ, et al.
Radiation-induced sarcomas of the head and neck: a systematic review. Adv Ther.
(2021) 38:90–108. doi: 10.1007/s12325-020-01556-y

28. Omran AR, Shore RE, Markoff RA, Friedhoff A, Albert RE, Barr H, et al. Follow-up
study of patients treated by X-ray epilation for tinea capitis: psychiatric and psychometric
evaluation. Am J Public Health. (1978) 68:561–7. doi: 10.2105/ajph.68.6.561

29. Ron E, Modan B, Boice JD, Alfandary E, Stovall M, Chetrit A, et al. Tumors of
the brain and nervous system after radiotherapy in childhood. New Engl J Med. (1988)
319:1033–9. doi: 10.1056/NEJM198810203191601

30. Preston-Martin S. Descriptive epidemiology of primary tumors of the spinal
cord and spinal meninges in Los Angeles county, 1972-1985. Neuroepidemiology.
(1990) 9:106–11. doi: 10.1159/000110757

31. Memon A, Rogers I, Paudyal P, Sundin J. Dental X-rays and the risk of thyroid
cancer and meningioma: A systematic review and meta-analysis of current
epidemiological evidence. Thyroid. (2019) 29:1572–93. doi: 10.1089/thy.2019.0105

32. Preston-Martin S, Mack W, Henderson BE. Risk factors for gliomas and
meningiomas in males in Los Angeles county. Cancer Res. (1989) 49:6137–43.

33. Longstreth WT, Phillips LE, Drangsholt M, Koepsell TD, Custer BS, Gehrels J-A,
et al. Dental X-rays and the risk of intracranial meningioma: A population-based case-
control study. Cancer. (2004) 100:1026–34. doi: 10.1002/cncr.20036

34. Hujoel P, Hollender LG. More than 5 full-mouth radiographic series increases
intracranial meningioma risk. J Evid Based Dent Pract. (2005) 5:162–3. doi: 10.1016/
j.jebdp.2005.06.008
Frontiers in Oncology 07
35. Bliss P, Kerr GR, Gregor A. Incidence of second brain tumours after pituitary
irradiation in edinburgh 1962-1990. Clin Oncol (R Coll Radiol). (1994) 6:361–3.
doi: 10.1016/S0936-6555(05)80187-6

36. Kleinschmidt-DeMasters BK, Lillehei KO. Radiation-induced meningioma with
a 63-year latency period. Case report. J Neurosurg. (1995) 82:487–8. doi: 10.3171/
jns.1995.82.3.0487

37. Yamanaka R, Hayano A, Kanayama T. Radiation-induced meningiomas: an
exhaustive review of the literature. World Neurosurg. (2017) 97:635–44.e8.
doi: 10.1016/j.wneu.2016.09.094

38. Iacono RP, Apuzzo ML, Davis RL, Tsai FY. Multiple meningiomas following
radiation therapy for medulloblastoma. Case report. J Neurosurg. (1981) 55:282–6.
doi: 10.3171/jns.1981.55.2.0282

39. Rubinstein AB, Shalit MN, Cohen ML, Zandbank U, Reichenthal E. Radiation-
induced cerebral meningioma: A recognizable entity. J Neurosurg. (1984) 61:966–71.
doi: 10.3171/jns.1984.61.5.0966

40. Gillespie CS, Islim AI, Taweel BA, Millward CP, Kumar S, Rathi N, et al. The
growth rate and clinical outcomes of radiation induced meningioma undergoing
treatment or active monitoring. J Neuro-oncology. (2021) 153:239–49. doi: 10.1007/
s11060-021-03761-3

41. Yigal Shoshan M, Olga Chernova P, Jeun S-S, Somerville RP,P, Israel Z, Barnett
GH, et al. Radiation-induced meningioma: A distinct molecular genetic pattern? J
Neuropathology Exp Neurol. (2000) 59(7):614–20. doi: 10.1093/jnen/59.7.614

42. Bello MJ, Leone PE, Nebreda P, de Campos JM, Kusak ME, Vaquero J, et al.
Allelic status of chromosome 1 in neoplasms of the nervous system. Cancer Genet
Cytogenet. (1995) 83:160–4. doi: 10.1016/0165-4608(95)00064-V

43. Sulman EP, Dumanski JP, White PS, Zhao H, Maris JM, Mathiesen T, et al.
Identification of a consistent region of allelic loss on 1p32 in meningiomas: correlation
with increased morbidity. Cancer Res. (1998) 58:3226–30.

44. Lillehei KO, Donson AM, Kleinschmidt-DeMasters BK. Radiation-induced
meningiomas: clinical, cytogenetic, and microarray features. Acta Neuropathol.
(2008) 116:289–301. doi: 10.1007/s00401-008-0401-3

45. Mathiesen T. Radiation-induced meningiomas: the paradox of radiation
treatment. Neurosurg Focus. (2008) 24:E6. doi: 10.3171/FOC/2008/24/5/E6

46. Goldbrunner R, Stavrinou P, Jenkinson MD, Sahm F, Mawrin C, Weber DC,
et al. Eano guideline on the diagnosis and management of meningiomas. Neuro-
oncology. (2021) 23:1821–34. doi: 10.1093/neuonc/noab150

47. Banerjee J, Paakko E, Harila M, Herva R, Tuominen J, Koivula A, et al.
Radiation-induced meningiomas: A shadow in the success story of childhood
leukemia. Neuro Oncol. (2009) 11:543–9. doi: 10.1215/15228517-2008-122

48. Goshen Y, Stark B, Kornreich L, Michowiz S, Feinmesser M, Yaniv I. High
incidence of meningioma in cranial irradiated survivors of childhood acute
lymphoblastic leukemia. Pediatr Blood Cancer. (2007) 49:294–7. doi: 10.1002/
pbc.21153

49. Co JL, Swain M, Murray LJ, Ahmed S, Laperriere NJ, Tsang DS, et al.
Meningioma screening with mri in childhood leukemia survivors treated with cranial
radiation. Int J Radiat Oncology Biol Phys. (2019) 104:640–3. doi: 10.1016/
j.ijrobp.2019.02.057

50. Laitt RD, Chambers EJ, Goddard PR, Wakeley CJ, Duncan AW, Foreman NK.
Magnetic resonance imaging and magnetic resonance angiography in long term
survivors of acute lymphoblastic leukemia treated with cranial irradiation. Cancer.
(1995) 76:1846–52. doi: 10.1002/(ISSN)1097-0142

51. Felicetti F, Fortunati N, Garbossa D, Biasin E, Rudà R, Daniele D, et al.
Meningiomas after cranial radiotherapy for childhood cancer: A single institution
experience. J Cancer Res Clin Oncol. (2015) 141:1277–82. doi: 10.1007/s00432-015-
1920-7
frontiersin.org

https://doi.org/10.1200/JCO.2016.70.1896
https://doi.org/10.1093/oxfordjournals.aje.a010202
https://doi.org/10.1148/rg.210150
https://doi.org/10.1002/hed.27279
https://doi.org/10.3171/jns.2002.97.5.1078
https://doi.org/10.3171/jns.2002.97.5.1078
https://doi.org/10.3171/jns.1993.79.1.0028
https://doi.org/10.1016/S0360-3016(00)00609-X
https://doi.org/10.1093/jnci/94.20.1555
https://doi.org/10.1007/s11060-005-9009-9
https://doi.org/10.1007/s11060-005-9009-9
https://doi.org/10.1055/s-0028-1090531
https://doi.org/10.1023/B:NEON.0000040812.19235.d1
https://doi.org/10.1007/s12325-020-01556-y
https://doi.org/10.2105/ajph.68.6.561
https://doi.org/10.1056/NEJM198810203191601
https://doi.org/10.1159/000110757
https://doi.org/10.1089/thy.2019.0105
https://doi.org/10.1002/cncr.20036
https://doi.org/10.1016/j.jebdp.2005.06.008
https://doi.org/10.1016/j.jebdp.2005.06.008
https://doi.org/10.1016/S0936-6555(05)80187-6
https://doi.org/10.3171/jns.1995.82.3.0487
https://doi.org/10.3171/jns.1995.82.3.0487
https://doi.org/10.1016/j.wneu.2016.09.094
https://doi.org/10.3171/jns.1981.55.2.0282
https://doi.org/10.3171/jns.1984.61.5.0966
https://doi.org/10.1007/s11060-021-03761-3
https://doi.org/10.1007/s11060-021-03761-3
https://doi.org/10.1093/jnen/59.7.614
https://doi.org/10.1016/0165-4608(95)00064-V
https://doi.org/10.1007/s00401-008-0401-3
https://doi.org/10.3171/FOC/2008/24/5/E6
https://doi.org/10.1093/neuonc/noab150
https://doi.org/10.1215/15228517-2008-122
https://doi.org/10.1002/pbc.21153
https://doi.org/10.1002/pbc.21153
https://doi.org/10.1016/j.ijrobp.2019.02.057
https://doi.org/10.1016/j.ijrobp.2019.02.057
https://doi.org/10.1002/(ISSN)1097-0142
https://doi.org/10.1007/s00432-015-1920-7
https://doi.org/10.1007/s00432-015-1920-7
https://doi.org/10.3389/fonc.2024.1413610
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Case report: Low-dose radiation-induced meningioma with a short latency period
	Introduction
	Case presentation
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


