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they had at least one brain computed tomography or mag-
netic resonance imaging performed at a minimum interval 
of 10 years after treatment for pediatric cancer.
Results We identified 90 patients (median follow-up 
24.6 years). Fifteen patients developed meningioma (median 
time from pediatric cancer, 22.5 years). In four patients, it was 
suspected on the basis of neurological symptoms (i.e., head-
ache or seizures), whereas all other cases, including five giant 
meningiomas, were discovered in otherwise asymptomatic 
patients. Multiple meningiomas were discovered in four CCS. 
Ten patients underwent surgical resection. An atypical men-
ingioma (grade II WHO) was reported in four patients. One 
patient with multiple meningiomas died for a rapid growth of 
the intracranial lesions. A second neoplasm (SN) other than 
meningioma was diagnosed in five out of the 15 patients with 
meningioma and in ten out of the 75 CCS without meningi-
oma. Cox multivariate analysis showed that the occurrence 
of meningioma was associated with the development of other 
SNs, whereas age, sex, or CRT dose had no influence.
Conclusions CCS at risk of the development of menin-
gioma deserve close clinical follow-up, especially those 
affected by other SNs.
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Introduction

The number of childhood cancer survivors (CCS) world-
wide is increasing, due to the improvement in treatment 
modalities (Jemal et al. 2006). However, these children are 
at increased risk of developing a wide range of late effects, 
including second neoplasms (SNs), due to the anti-can-
cer therapies received in pediatric age (Olsen et al. 2009; 
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Purpose Childhood cancer survivors (CCS) treated with 
cranial radiation therapy (CRT) are at risk of developing 
meningiomas. The aim of this study was to evaluate the 
cumulative incidence of meningiomas in a cohort of CCS 
who previously underwent CRT.
Methods We considered all CCS who received CRT and 
were followed up at the “Transition Unit for Childhood 
Cancer Survivors” in Turin. Even though asymptomatic, 
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Friedman et al. 2010). The occurrence of a SN has a dra-
matic impact on the duration and quality of life of cancer 
survivors. Second tumors have been reported to develop in 
about 10 % of survivors by 30 years from their initial can-
cer diagnosis and are considered the most frequent cause 
of mortality in patients who survive for more than 20 years 
(Lawless et al. 2007; Armstrong et al. 2009).

Even though since early 70 s pediatric chemotherapy 
and radiotherapy have been tailored to reduce toxicity 
while maximizing efficacy, the risk of developing a SN is 
real and several authors recommend continuous and strin-
gent follow-up (Kaatsch et al. 2009; Friedman et al. 2010; 
Nathan et al. 2010; Reulen et al. 2011).

Ionizing radiation causes damage to DNA and to the 
DNA-repairing systems, thus promoting cancer. Neural 
tissue is mostly sensitive to the radiation effect. It is well 
known that exposure to ionizing radiation increases the risk 
of meningioma. It was reported (Unmansky et al. 2008) that 
this risk is higher and has a shorter latency after high doses 
of radiation, but even low doses significantly increase the 
risk of meningioma. The location of the SN is related to the 
previous site of radiation exposure. Furthermore, radiation-
induced meningiomas differ from others meningiomas in 
patient age at presentation and in the multiplicity, aggres-
siveness, and rate of tumor recurrence (Sadetzki et al. 2002).

In 2010, Taylor and coworkers of The British Child-
hood Cancer Survivor Study reported, within a national, 
population-based, cohort study of 17,980 individuals surviv-
ing at least 5 years after diagnosis of childhood cancer, that 
the risk of meningioma was significantly increased (Taylor 
et al. 2010). More recently, Sabin and coworkers (Sabin et al. 
2014) performed a non-contrast MRI of the brain as part of a 
broad assessment of neurocognitive status on 219 childhood 
cancer survivors in the St. Jude Lifetime Cohort. They report 
an incidental detection of secondary intracranial neoplasms in 
survivors who received cranial radiotherapy; all but one of the 
neoplasms had imaging features suggestive for meningioma.

The aim of this study was to evaluate the cumulative 
incidence of meningioma in a cohort of CCS previously 
treated with cranial radiotherapy and followed up at the 
“Transition Unit for Childhood Cancer Survivors” of the 
University Hospital of Turin. We also aimed to identify 
factors that could increase the risk of second meningioma 
development in CCS who underwent cranial radiotherapy.

Methods

Study population

We considered all patients referred to the “Transition 
Unit for Childhood Cancer Survivors” (Turin, Italy) from 
November 2001 to March 2014. This is a specialized 

adult-focused follow-up clinic, located in a tertiary cancer 
center (and connected with a network of multidisciplinary 
specialists), to whom CCS are transitioned by the pediat-
ric oncologist usually when they are over 18 years and off-
therapy for at least 5 years (Brignardello et al. 2013).

For this study, we selected all subjects who satisfied the 
following criteria: (a) age at diagnosis under 18 years; (b) 
at least one visit after the 18th birthday; (c) previous treat-
ment with cranial radiotherapy.

At our unit, CCS underwent periodical follow-up vis-
its including physical examinations and laboratory/imag-
ing investigations depending on the previous anticancer 
treatments. All the information about the cancer diagno-
sis, treatments, and the medical history (relapses, second 
tumors, late toxicities) were collected during visits and 
recorded in a specific database.

Until few years ago, in our practice and according to 
the Children’s Oncology Group guidelines (The Children’s 
Oncology Group Guidelines 2008), CCS previously treated 
with cranial radiotherapy underwent a brain MRI (or CT 
scan, in the presence of contraindication for MRI) in case 
of neurological symptoms only. However, after finding 
some large meningiomas in asymptomatic patients, more 
recently we started to routinely perform brain MRI in all 
CCS who received cranial irradiation. Therefore, at the 
time of the study, all included patients had at least one brain 
imaging evaluation performed within the previous 3 years.

MRI examinations were obtained on a 1.5 Tesla scan-
ner. In all patients, pre-contrast sagittal T1 and axial T2 
fluid attenuated invertion recovery (FLAIR), fast spin-echo 
(FSE) sagittal T1 and T2, and coronal FSE T2 and axial 
T1 sequences were performed. After contrast medium 
(Gadovist Schering, 0, 2 mmol/kg) administration, axial, 
sagittal, and coronal T1 sequences were obtained.

Statistical analysis

The characteristics of the patients were described using 
medians and ranges for continuous variables and percent-
age frequencies for categorical variables. Cox multivariable 
analysis was performed to identify potential risk factors for 
the development of meningioma.

Given the ratio event/variable, a propensity score was 
forced into Cox multivariable analysis, in order to obtain 
more accurate results (D’Ascenzo et al. 2012). Variables 
selected for multivariable analysis were chosen according 
to the clinical experience and literature.

Results

Ninety patients in our cohort were treated with cranial 
radiotherapy. All patients received whole-brain radiation 
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therapy (from 18 to 54 Gy); some of them (n = 30) received 
additional spinal treatment (from 18 to 47 Gy). Demo-
graphic and clinical characteristics are detailed in Table 1. 
The median follow-up was 24.6 years (range: 13.2–
36.8 years). During follow-up, 15 patients developed a 
meningioma (Table 2). The median time elapsed between 
the pediatric cancer and the diagnosis of meningioma was 
22.5 years (range 12.2–34.3 years). In four patients, men-
ingioma was suspected on the basis of neurological symp-
toms (i.e., headache or seizures), whereas all other cases 
were discovered by MRI in asymptomatic patients. Multi-
ple meningeal tumors were discovered in four CCS. In five 
patients, of whom three had mild symptoms only, the neu-
roimaging showed a giant meningioma (Fig. 1).

Ten patients (66.6 %) diagnosed with “suspected men-
ingioma” on CT/MRI underwent surgery due to the large 
volume with mass effect or progressive enlargement of the 
lesion, or due to the onset of neurological symptoms. One 
patient died during anesthesia induction, due to cardiac 
arrhythmia.

The histological diagnosis was: meningioma grade 
I WHO in five of nine patients and atypical meningioma 
(grade II WHO) in four of nine.

After surgery, a recurrence or a residual disease was 
found in five of our patients. Two of them were re- oper-
ated, two were treated with stereotactic radiotherapy on 
the postoperative residual tumor, and one is still in follow-
up (Table 2). One patient with multiple meningiomas, 
who previously underwent surgery and stereotactic radio-
therapy, died because of the rapid growth of intracranial 
lesions. Non-operated meningiomas have been followed up 
with regular MRI scans, showing stable lesions without any 
neurological symptoms to date.

Five of 15 CCS with meningioma also developed a SN 
other than meningioma: thyroid cancer (three patients), 
melanoma (one patient), and basal cell carcinoma (one 
patient). Instead, a SN was diagnosed in ten out of the 75 
CCS who did not develop a meningioma.

At multivariable analysis, the occurrence of SN other 
than meningioma was associated with the presence of men-
ingioma, whereas no influence was demonstrated for age at 
pediatric cancer diagnosis, sex or cranial radiotherapy dose 
(Table 3).

Discussion

Our data confirm that CCS previously treated with cranial 
radiotherapy are at high risk of a subsequent development 
of meningioma. The prevalence of meningioma detected in 
our study (16.6 %, after a median follow-up of 24.6 years.) 
is quite similar to that reported in recently published series 
(Goshen et al. 2007; Banerjee et al. 2009; Sabin et al. 

2014), but higher when compared to epidemiological stud-
ies based on cancer registries (Taylor et al. 2010).

It should be highlighted that none of our CCS developed 
high-grade CNS tumors. Accordingly to a previous report 
(Chowdhary et al. 2012), this is likely due to the young 
median age of our patients. Indeed, after brain exposure to 
ionizing radiation, younger patients are more likely to have 
lower-grade lesions (i.e., menigiomas) as a SN, while older 
patients show a higher risk to develop high-grade lesions.

In our series, meningiomas were suspected on the basis 
of clinical symptoms only in about 25 % of patients. Nev-
ertheless, a significant proportion of the silent lesions were 
large, if not giant, meningiomas. In more than one half of 
our patients, a surgical resection was needed, due to ini-
tial tumor size, and/or progressive enlargement, and/or to 
the presence of neurological symptoms. We did not find 
any malignant menigioma; however, 26.6 % of our men-
ingiomas showed atypical histology according to WHO 
classification (Louis et al. 2000), and more than 20 % of 
lesions were multiple. The results of our study confirm that 
radiation-induced meningiomas have a greater biological 
aggressiveness if compared with sporadic lesions (Sadetzki 
et al. 2002; Unmansky et al. 2008).

Table 1  Demographic and clinical characteristic

* Retinoblastoma, malignant teratoma (N = 2); Optic nerve glioma, 
Ewing sarcoma, Hodgkin disease, choroid plexus carcinoma, pinealo-
blastoma, rhabdomyosarcoma (N = 1)

Total (N = 90)

Sex Nr %

M 53 58.89

F 37 41.11

Pediatric cancer diagnosis

ALL/NHL 44 48.89

Medulloblastoma 19 21.11

Ependymoma 7 7.78

Astrocytoma 6 6.66

Germinoma 4 4.44

Others* 10 11.11

Cranial radiotherapy (dose)

<30 Gy 46 51.11

>30 Gy 44 48.89

Age at pediatric cancer (years)

<10 53 58.89

>10 37 41.11

Age at the study (years)

18–24 15 16.67

25–29 20 22.22

30–34 26 28.89

35–39 20 22.22

>40 9 10.00



1280 J Cancer Res Clin Oncol (2015) 141:1277–1282

1 3

At multivariate analysis, RT dose did not impact on the 
risk of meningioma. This result, probably influenced by the 
small number of included patients, could also be explained 
considering that, in our cohort, brain irradiation doses were 
always >18 Gy. Indeed, it has been demonstrated that the 
risk of meningioma is stronger for doses higher than 9.9 Gy 
(Neglia et al. 2006; Taylor et al. 2010).

The causal relationship between ionizing radiation 
and meningioma is well known, as well as that between 
ionizing radiation and tumors at other sites (Sadetzki 
et al. 2002; Unmansky et al. 2008; Friedman et al. 2010; 
Nathan et al. 2010; Chowdhary et al. 2012); thus, a com-
mon mechanism initiating carcinogenesis at different sites 
(including extra-CNS sites) should be hypothesized. At 
least three different putative molecular mechanisms have 
been postulated in CCS. Recently, the telomere content 
was assessed in CCS who developed secondary breast 
cancer, thyroid cancer, or sarcoma, following radiother-
apy; in these patients, a reduction in telomere content was 
reported. The authors suggest that shortening of telomeres 
could be a predisposing factor for the development of SNs 
but also that, taking into consideration further age-related 
telomere shortening, in the next 5–10 years, the number 
of CCS developing SNs could increase (Gramatges et al. 
2014). Another recent study reported that higher basal 
and post-irradiation DNA double-strand break levels were 
associated with risk of SNs in CCS. It was suggested that 
CCS cells present a clear defect in double-strand breaks 

(DSB) repair that could predispose to the development of 
SNs (Haddy et al. 2014).

It is known that several meningiomas present a complex 
pattern of gene copy number changes and rearrangements. 
In particular, the tumor suppressor NF2 gene is inacti-
vated in approximately half of meningiomas, while in an 
additional 8 %, epigenetic alteration of NF2 is observed 
(Brastianos et al. 2013). Furthermore, epigenetic alteration, 
mainly hyper/hypomethylation of specific DNA regions 
(e.g., inactivation of tumor suppressor gene TIMP3, hyper-
methylation of TP73 gene interacting with cell cycle con-
trol), have been associated with meningioma development, 
progression, and recurrence (He et al. 2013).

One can speculate that CCS might harbor modifications 
of their DNA repair and/or of epigenetic mechanisms, both 
induced by radiotherapy, which initiate and maintain tumor 
development at different sites.

Regardless of the mechanism of radiation-induced car-
cinogenesis, the high prevalence of meningioma found in our 
cohort suggests the need for serial brain imaging studies in 
CCS who underwent cranial irradiation. Many factors must 
be considered when a screening program is proposed such as: 
prevalence and severity of the disease, potential reduction in 
morbidity and mortality associated with early detection, sen-
sitivity, specificity, predictive value and cost of the screening 
program. On one hand, it should be taken into account that 
incidental detection of small and slowly growing lesions could 
induce anxiety in asymptomatic CCS (Sugden et al. 2014); on 

Table 2  Clinical features of patients with meningioma

* Between pediatric cancer and meningioma diagnosis (years)

** Patient died during anesthesia induction

Pts. Pediatric cancer Pediatric cancer 
(year)

Meningioma  
site

Elapsed 
time*

Surgery Meningioma 
WHO grading

Multiple  
meningioma

Recurrence

1 ALL July 1979 Parietal (right) 23.0 Yes Grade I No Yes

2 ALL March 1986 Temporal (left) 24.2 Yes Grade II No Yes

3 Medulloblastoma March 1982 Temporal (right) 26.8 No No No

4 Low grade glioma January 1977 Frontal (left) 28.0 Yes Grade I Yes Yes

5 Ependymoma March 1990 Cerebellopontine 
angle

16.2 Yes Grade II No No

6 ALL July 1985 Temporal (left)/ 
Frontal (right)

26.4 Yes Grade I Yes No

7 ALL January 1988 Frontal (left) 12.2 Yes Grade II Yes Yes

8 ALL June 1974 Frontal (left) 16.7 No Yes No

9 Medulloblastoma September 1987 Frontal (left) 22.5 No No No

10 Ependymoma January 1993 Parietal (left) 15.5 No No No

11 Medulloblastoma April 1981 Frontal (right) 21.5 Yes ** No

12 ALL December 1977 Parietal (left) 34.3 No No No

13 ALL September 1990 Parietal (right) 20.0 Yes Grade I No No

14 Germ cell tumor July 1985 Frontal (left) 16.0 Yes Grade I No Yes

15 ALL July 1983 Frontal (right) 29.0 Yes Grade II No No
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the other hand, a potential benefit of an early detection could 
be expected in terms of reduction of surgery-related morbidity, 
especially in case of giant and asymptomatic meningiomas. 
Our cohort is too small to draw conclusions regarding the need 
for a screening with MRI in CCS who were previously treated 
with cranial radiotherapy, and prospective studies defining the 
risk of meningioma in larger cohorts of CCS are warranted. 
Looking forward to definitive recommendations in this field, 
we would like to emphasize that CCS at risk of the develop-
ment of meningioma, especially those affected by different 
SNs, deserve close clinical follow-up in order to promptly 
recognize the often subtle neurological symptoms and avoid 
delayed diagnosis of large lesions.
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