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Summary

Radiation induced meningiomas (RIM) are rare late complications in patients who have received high dose irra-
diation for brain tumors. The mean latency period for induction of RIM in most of the series is 18.7±10.2 years.
There are only 9 reported cases of RIM following high dose cranial irradiation with unusually short latency periods
of less than 5 years. Herein, we report a child diagnosed with RIM with an unusually short latency period of
14 months. An 11-year old male child underwent gross total resection of medulloblastoma. Following surgery he
received high dose craniospinal irradiation. Postoperative computed tomography scan (CT scan) after 1 month did
not show features of any residual tumor, recurrence or tumor at a new site. The child was asymptomatic for
14 months and then presented with complaints of headache and vomiting. CT scan head showed multiple solid
homogenously enhancing lesions in bilateral basifrontal and right basitemporal region. Histopathology of the
lesions turned out to be atypical meningioma.

Introduction

The concept of radiation induced tumors developed with
the demonstration of tumor formation in an animal
model by Lacassagne [1] in 1933. Several reports on
radiation induced gliomas, sarcomas and meningiomas
have followed since then. Currently, radiation induced
meningiomas (RIM) are the commonest radiation
induced tumors reported in the literature [2]. Harrison
et al. [3] have classified RIM into three groups based on
dose of radiation received, as follows: (1) low dose
(<10 Gy); (2) moderate dose (10–20 Gy); and (3) high
dose (>20 Gy). A sufficient latency or induction period
following radiation has been crucial in the definition of
the criteria for the diagnosis of RIM [4,5]. There has
been a wide range of variation in the latency period
following high dose radiation as reported in the litera-
ture, with shorter latent periods of 2 years [6] and
3.5 years [7] and a longer period of as much as 63 years
[8]. Characteristically, RIMs occur in a younger popu-
lation particularly, in those who have received high dose
of radiation [3,9–11]. In the majority of series the diag-
nosis of RIM has been in the teens or early twenties with
a mean latency period of 18.7±10.2 years [3,9,11–13].
There is an inverse relationship between the dose of
radiation received and the time to tumor formation
[3,9,13,14]. As reported in the literature, nearly 75% of
patients who received radiation during childhood
developed RIM, thereby suggesting that the meninges in
younger age group are particularly sensitive to the effect

of radiation [15]. Herein, we report a case of RIM
following high dose cranial irradiation with an unusu-
ally short latent period, which is one of shorter periods
reported in the literature.

Case report

An 11-year old boy presented with complaints of
headache, vomiting, difficulty in walking and occasional
blurring of vision for a period of 6 months. Examina-
tion of the child revealed bilateral papilledema, truncal
ataxia and overt cerebellar signs on both sides. The child
had no history of any neurocutaneous disorder. Com-
puted tomography scan (CT scan) head revealed a large,
solid and enhancing midline posterior fossa tumor with
mass effect and obstructive hydrocephalus (Figure 1).

He underwent a midline suboccipital craniectomy and
gross total resection of tumor. The large tumor arose
from the superior vermis, was firm in consistency, vas-
cular and with a poorly defined plane of cleavage. The
postoperative period was uneventful and patient im-
proved neurologically except for mild gait ataxia. His-
topathological examination of the operated specimen
showed closely packed sheets and nodules of round to
oval tumor cells having hyperchromatic nuclei and
scanty cytoplasm. Mitotic figures were frequent. A
diagnosis of medulloblastoma was made (Figure 2). The
postoperative CT scan, done a month later, showed no
sign of any residual disease or tumor at a new site
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(Figure 3). The patient underwent craniospinal irradia-
tion one month after surgery. A dose of 30 Gy in 20
fractions was delivered to the spine. Whole brain re-
ceived 36 Gy in 18 fractions with a final boost of 18 Gy
in 9 fractions to the posterior cranial fossa, by parallel
opposed lateral portals.

Except for mild gait ataxia, the patient was
asymptomatic and was under regular follow up. He
underwent follow-up clinical examinations every
3 months. Follow-up CT scan was done 3 months
after completion of radiotherapy. As a result of
financial constraints on the part the patient, it had
been decided to get a CT scan done every alternate
visit. The second post radiotherapy CT scan was done
during the third follow-up. Fourteen months following
radiotherapy, the child presented with complaints of
headache and vomiting. Repeat CT scan head showed
multiple solid homogenously enhancing space-occupy-
ing lesions (SOL) in bilateral basifrontal and right
basitemporal region (Figure 4). Presuming it initially
as multifocal recurrence of medulloblastoma in other
areas of the brain, chemotherapy was started using
CCNU, vincristine and cisplatin. With the chances of
an uncal herniation occurring due to the temporal
mass, a simultaneous plan was made for decompres-
sion biopsy of right temporal SOL.

Right temporal craniotomy was performed. Grossly,
the tumor was well defined, discrete, firm, vascular and
was adherent to the basal dura. A gross total resection
of right basitemporal tumor with coagulation of dural
attachment (Simpson Grade 2) was done.

Histopathological examination of tumor specimen
showed interlacing bundles and ill formed whorls of oval
to spindle tumor cells having plump vesicular nuclei.
Many of the nuclei showed prominent nucleoli. Mitotic
figures were 3–4 per 10 high power fields. Reticulin stain
revealed abundant pericellular reticulin fibres. A diag-
nosis of atypical meningioma was made (Figure 5).
Subsequently, gross total resection of bilateral basifrontal
tumor was also done (Simpson Grade 2). Thereafter, the
patient has been on follow up for the last 6 months
without any further neurological deterioration.

Figure 1. (a) and (b) A midline posterior fossa inhomogenously enhancing lesion with perilesional halo, significant mass effect and obliteration of

fourth ventricle

Figure 3. Postoperative follow-up CT scan showing no sign of any

residual disease or tumor at a new site.

Figure 2. Photomicrograph of the first tumor showing diffuse closely

packed sheets of tumor cells with intervening vascular channels (H & E

stain, original magnification �200). In inset: Higher magnification (H

& E stain, original magnification �400) showing monomorphic tumor

cells.
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Discussion

Secondary intracranial meningiomas following high-
dose cranial irradiation represent a rare but distinct
clinical entity. RIM is characterized by a younger age at
presentation, increased rate of multiplicity and recur-
rence after treatment and by an increased percentage of
atypical or anaplastic histology, as compared to spon-
taneous meningiomas. The latency period is related to
age at the time of radiation and varies inversely with
radiation dose and biologic aggressiveness [3,9,13]. RIM
following high dose radiation has been reported fol-
lowing a latency period ranging from 3.5 to 63 years
[7,8]. Horanyi [16] has reported a low latency of 2 years
following moderate dose irradiation of 20 Gy delivered
for the treatment of tinea capitis. In the present case the
latency period has been only 14 months. Survey of
literature of cases of RIM with a latency period of

60 months or less for induction following irradiation is
presented in Table 1. Of all the patients whose age is
known, only one patient was a young adult and the rest
were in the pediatric age group with the majority of
them below 5 years of age at the time of cranial irradi-
ation following a diagnosis of brain tumor. Our patient
was 11 years of age at the time of irradiation. The
present case has the shortest latent period second only to
the latency period of 12 months that has been reported
by Bliss et al. [19].

It has been demonstrated that the difference in
latencies between low and high dose irradiated popula-
tions is statistically significant [22,23]. The diminishing
latency period with increasing dose is indicative of a
dose response relationship and lends additional support
for the presumed induction of meningioma by radiation.
The greater chromosomal injury invoked by higher
radiation dosage elicits more rapid loss of cellular
control mechanisms and earlier expression of the neo-
plastic phenotype [3,24,25]. However, the calculation on
pooled data by Strojan et al. [11] indicated an insignif-
icant correlation between latency period and radiation
dose and they considered the relationship latency-dose
not persuasive enough to be characteristic of secondary
meningiomas.

More convincing is the relation of latency period to
patients’ age at the time of cranial irradiation. From
reported data the majority of patients with secondary
meningioma were irradiated before the age of 17 years
and those irradiated at age of 5 years or less had sig-
nificantly shorter interval to tumor formation than
others [11]. Strojan et al. [11] assumed that more chro-
mosome injury is invoked by radiation in the developing
nervous tissue of young.

There is a relation between tumor histology and la-
tency period as calculated from pooled data. As a result
of more pronounced proliferative activity shorter la-
tency was associated with atypical or anaplastic tumors
[11]. Theoretically, following the results of cell kinetics
measurements, the latent period could probably be less

Figure 4. (a) and (b) CT Scan showing multiple solid homogenously enhancing space occupying lesion in bilateral basifrontal and right basi-

temporal region.

Figure 5. Photomicrograph of the second tumor showing fascicles and

ill formed whorls of oval to spindle shaped tumor cells (H & E stain,

original magnification �200). In inset: Higher magnification (H&E

stain, originalmagnification�400) showingplumpoval to spindle tumor

cells with vesicular nuclei, prominent nucleoli and mitotic figures.
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than a year [11,15]. The mitotic labeling index (LI) is
predictive of tumor growth rate. For recurrent tumors,
the time to detection for LI of 1%, 3%, and 5% would
be 2–4 years, 6–12 months and 3–6 months respectively
[15]. In the series published by Mack and Wilson [13], 4
of the 10 RIM were characterized as being other than
benign: one had an unusually high LI (3%) two were
microscopically aggressive or invasive and one was
atypical.

The carcinogenic effect of radiation is limited to cells
that have undergone mutation leading to cancer but
have not been killed by radiation. As a result, the
highest incidence of radiation induced tumors occur at
the periphery of the field which receive a dose lesser than
that at the center [10,25]. In the present case the whole
brain has been irradiated to 36 Gy and the site of the
primary disease in the posterior fossa received a dose
of 54 Gy. The meningiomas have manifested in the
basitemporal and basifrontal regions. The incidence of
multiple meningiomas in the radiation-induced group is
higher compared to that of non-RIM group [3,9,14].
Multiple meningiomas were also seen in the present
case.

Conclusions

RIM is a clearly recognizable clinical entity. The most
susceptible population are young children, most likely
because of the extensive chromosome damage induced
by radiation in the developing nervous system.

There appears to be a distinct relationship between
age and latency period. There is contradiction with
regard to dose of irradiation and the time to tumor
formation. In the present day, as many of the children
with brain tumors are long-term survivors, it is abso-
lutely necessary to limit the volume of irradiation and
thereby dose to adjoining normal tissues. In view of the
chances of a short latent period for meningioma
induction, close follow-up with a scope for immediate
surgical intervention, where feasible, is warranted. This
is especially with respect to the developing and under-
developed countries where, unlike that in developed
countries, exists a problem with regard to regular follow
up.
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