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Abstract

Childhood cancer survivors are at risk for development of subsequent neoplasms of the central 

nervous system (CNS). Better understanding of the rates, risk factors for and outcomes of 

subsequent neoplasms of the CNS among survivors of childhood cancer may lead to the 

development of more informed screening guidelines. Two independent investigators 

independently performed a systematic search of studies from the MEDLINE and EMBASE 

databases (1966 – 2012) for studies examining subsequent neoplasms of the CNS among 

childhood cancer survivors. Articles were selected to answer 3 questions: What is the risk of CNS 
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tumors following radiation to the cranium for a pediatric cancer as compared with the general 

population? What are the outcomes in children with subsequent neoplasms of the CNS who have 

been treated with CNS directed radiation for a pediatric cancer? Are outcomes of subsequent 

neoplasms different from primary neoplasms of the same histology? Our search identified 72 

reports, of which 18 publications were included in this review. These studies reported that 

childhood cancer survivors have an 8.1 – 52.3 times higher incidence of subsequent CNS 

neoplasms compared with the general population. Nearly all cancer survivors who developed a 

CNS neoplasm had been exposed to cranial radiation; some studies demonstrate a correlation 

between radiation dose and risk of subsequent CNS tumors. Five year survival rates for 

subsequent high-grade gliomas and meningiomas range from 0 – 19.5% and 73 – 100%, 

respectively, which are similar to those observed in patients with primary gliomas or 

meningiomas. The quality of evidence was limited by variation in study design, heterogeneity of 

details regarding treatment and outcomes, limited follow-up and relatively small sample sizes. We 

concluded that survivors of childhood cancer who were treated with cranial radiation therapy have 

an elevated risk for subsequent CNS neoplasms. The current literature is insufficient to comment 

about the potential harms and benefits of routine screening for subsequent CNS neoplasms.

INTRODUCTION

An estimated 10,700 children between the ages 0 – 14 years are diagnosed with cancer in the 

United States every year.1 Although cancer among children is rare, the development of 

effective treatments for childhood cancer is one of the most impressive success stories of 

modern medicine. With contemporary therapies, greater than 80% of all children who are 

diagnosed with cancer are expected to become long-term survivors.1 For survivors, the 

occurrence of a subsequent neoplasm is among the most devastating sequelae following 

cancer therapy and is often associated with considerable morbidity and risk for mortality.

Children exposed to cranial radiation are at increased risk for developing subsequent 

neoplasms of the central nervous system (CNS). The risk was first recognized among 

children who developed brain tumors following treatment with radiation therapy during the 

1940s and 1950s for tinea capitis2 or tonsillitis3, and was observed among children who 

were exposed to as little as 2·5 Gray (Gy) (or dose equivalent) radiation. A recent study by 

Pearce and colleagues demonstrated an almost three-fold increased risk of brain tumors 

among children following CT scans with exposures doses of approximately 60 mGy 

radiation.4 Furthermore, a dose-response relationship with an increased risk of CNS tumors 

was identified among atomic bomb survivors.5 In the modern era, children with acute 

lymphoblastic leukemia (ALL) and CNS tumors, the two types of childhood cancer that are 

most often treated with cranial radiation therapy, are also at risk of subsequent neoplasms of 

the CNS.6–10

Childhood cancer survivors with subsequent neoplasms of the CNS are at high risk for 

death.11–13 A study utilizing the Surveillance, Epidemiology, and End Results (SEER) 

database reported a 10 year survival rate of 13·6% after subsequent CNS tumors after a 

primary diagnosis of pediatric solid tumors.14 A report by Morris and co-workers reported 

that death due to subsequent neoplasms of the CNS was the second most common cause of 
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death among five year survivors of CNS tumors, ranking only behind recurrence of the 

primary tumor.15

The Long-Term Follow-Up Guidelines for Survivors of Childhood, Adolescent, and Young 

Adult Cancers,16 published by the Children’s Oncology Group (COG), recommend that 

childhood cancer survivors exposed to cranial radiation therapy undergo annual history and 

physical examinations with screening MRI of the brain “as clinically indicated for 

symptomatic patients.” The Long-Term Follow-Up Guidelines also suggest that clinicians 

consider brain MRI every other year for patients with neurofibromatosis beginning 2 years 

after radiation therapy.”16 Nevertheless, the benefit derived from screening MRI for 

subsequent neoplasms among childhood cancer survivors treated with cranial radiation 

therapy is incompletely understood and approaches to surveillance are variable. A study of 

surveillance imaging by pediatric oncologists revealed that 57·4% did not routinely obtain 

MRIs beyond 10 years after diagnosis for survivors of childhood brain tumors treated with 

cranial radiation.17 The objectives of this systematic review is to examine rates of, risk 

factors for, and outcomes of subsequent CNS tumors with the intention of establishing more 

informed guidelines for screening for these tumors.

METHODS

Study Population

This manuscript is a review of studies describing survivors of childhood, adolescent or 

young adult cancer (aged < 21 years at diagnosis) who are diagnosed with subsequent 

neoplasms of the CNS.

Key Questions

The review focused upon three key questions. (1) What is the risk of CNS tumors following 

radiation to the cranium for a pediatric cancer as compared with the general population? (2) 

What are the outcomes in children with subsequent neoplasms of the CNS who have been 

treated with CNS directed radiation for a pediatric cancer? (3) Are outcomes of subsequent 

neoplasms different from primary neoplasms of the same histology?

Search Strategy and Selection Criteria

Before performing the literature review, criteria were defined for inclusion of studies and for 

assessing the validity of these studies. Inclusion and exclusion criteria for each key question 

are detailed in Table 1. The MEDLINE and EMBASE databases were searched for literature 

published from January of 1966 through March of 2012. Limits were set for human only and 

English language only. The MeSH terms brain neoplasm, CNS neoplasm, meningioma, 

glioma, glioblastoma, astrocytoma$ and second neoplasm/cancer; child$ or adol$ and 

neoplasm; radiotherapy and brain or cranium or craniospinal; cancer screening or MRI 

were used in separate searches, and studies found during each search were combined. 

Cavernous hemangiomas and other vascular malformations were not considered to be 

neoplasms and were not examined in this review. Two of the authors (DCB, LB) 

independently reviewed the full texts of the articles that appeared to meet eligibility criteria 

based upon abstract review. The STROBE (Strengthening the Reporting of Observational 
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Studies in Epidemiology) reporting criteria18 were utilized to evaluate all studies included in 

the review. The STROBE criteria were developed by the STROBE Initiative, an 

international collaboration of epidemiologists, methodologists, statisticians, researchers and 

journal editors with the aim to assist authors when writing up analytical observational 

studies, to support editors and reviewers when considering such articles for publication, and 

to help readers when critically appraising published articles. Relevant articles, abstracts, and 

review articles were selected and reviewed, and we supplemented this reference list by 

cross-checking bibliographies of retrieved articles to identify additional studies. The last 

search was done May 30, 2011.

Data Extraction

For key question 1, we extracted measures of subsequent CNS tumor risk [standardized 

incidence ratios, relative risk, absolute excess risk, and cumulative incidence]. For key 

question 2, we extracted information regarding age at first cancer diagnosis, exposure to 

cranial radiation, interval from primary cancer diagnosis to subsequent CNS tumor diagnosis 

and survival (both overall and 5 year survival rates). For key question 3, we compared 

survival of cancer survivors with subsequent CNS tumors with young adults with primary 

CNS tumors of the same histology (high-grade gliomas and meningiomas). Estimates of 

survival of people from the general population with high-grade gliomas were obtained from 

the Central Brain Tumor Registry of the United States (CBTRUS).19 The CBTRUS report 

from the years 2004 – 2008 was selected as a comparison group for survivors of childhood 

cancer with subsequent CNS tumors because this database contains the largest aggregation 

of population–based data for the incidence of all primary CNS tumors in the United States.19 

The 2012 CBTRUS Report contains data provided by forty-nine population-based cancer 

registries from the National Program of Cancer Registries of the Centers for Disease Control 

and Prevention of the United States and selected participating states of the National Cancer 

Institutes’ Surveillance, Epidemiology, and End Results (SEER) program. Non-malignant 

meningiomas have only been included in the SEER registry since 2004;20 therefore, the 

estimates of survival of people from the general population with meningiomas from 1985 – 

1992 was derived from the study by McCarthy and colleagues of the National Cancer Data 

Base, which includes tumors from approximately 1000 hospitals participating in the 

American College of Surgeons’ tumor registry program.21

RESULTS

Sixty-nine articles were initially identified from the MEDLINE and EMBASE searches. 

Thirty nine studies were excluded after review of the abstract due to inadequate content or 

not meeting inclusion criteria (Figure 1). Thirty manuscripts were reviewed in full by two 

authors (DCB, LB). Of these, 15 manuscripts were included in the final review along with 

three additional studies which were identified from the study bibliographies. Thus, 18 

manuscripts met inclusion criteria for inclusion in this review: 16 retrospective cohort 

studies and 2 retrospective case-control studies (representing 14 separate institutions and 

consortia) (Figure 1).
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Question 1: What is the risk of CNS tumors following radiation to the cranium for a 
pediatric cancer as compared with the general population?

Fourteen retrospective cohort studies8, 10, 22–33 evaluated risk of subsequent CNS tumors 

following treatment for a childhood or young adult malignancy (Table 2). These cohort 

studies included more than 150,000 survivors of childhood or young adult cancer distributed 

over 7 decades (1940 – 2005). Among these cancer survivors, there were 959 subsequent 

CNS tumors.

The study populations, objectives, and design varied. Most studies examined cohorts of 

childhood cancer, ALL or primary CNS tumor survivors. Although not reported in all 

studies, the reported rates of treatment with cranial radiation therapy in the cohorts ranged 

from 38% to 78%.8, 10, 22, 26–28, 32, 33 The precision and generalizability of risk estimates of 

several of the cohort studies were limited by lack of detailed information about CNS 

radiation therapy,23–25, 29–31 relatively small sample sizes or numbers of CNS tumor 

cases,22, 26 included less than 10 years of follow-up,8, 22, 25–27, 29, 30 or were single 

institution cohorts.22–24 Many studies examined only malignant tumors and excluded most 

or all meningiomas because they were considered to be benign tumors.8, 22, 26, 28–31

Despite these limitations, each study reported an increased incidence of subsequent tumors 

of the CNS. Among the studies that reported rates of cranial radiation therapy,8, 22, 26–28 the 

standardized incidence ratios (SIRs) for a subsequent CNS tumor (including both gliomas 

and meningiomas) ranged from 8·1 – 52·3, and the absolute excess risk of a subsequent CNS 

tumor among childhood cancer survivors (many of whom were exposed to cranial radiation) 

compared to the general population ranged from 1·9 – 72·8 per 10,000 person years. 

Although only calculated in three manuscripts, the SIRs for subsequent gliomas ranged from 

8·9 to 24·3 and SIRs for subsequent meningiomas ranged from 41·2 – 714·7.2, 8, 12 Most 

importantly, the increased rates of subsequent CNS tumors did not appear to plateau over 

time.23, 30, 34

Two large cohort studies have demonstrated that the cumulative dose of radiation exposure 

correlates with rates of subsequent CNS tumors.7, 10 Taylor and colleagues’ report from the 

British Childhood Cancer Survivor Study (BCCSS) demonstrated a linear correlation 

between dose of radiation therapy and relative risk of both subsequent high-grade gliomas/

PNETs and meningiomas.10 In their report, the significantly increased relative risk of 

subsequent meningiomas first appeared at exposure doses of 20 Gy and increased to a 

relative risk of > 479·1 (95% confidence intervals: 25·0 – < 657·2; p = < 0·001) at exposure 

doses of at least 40 Gy. Neglia and colleagues’ study from the North American Childhood 

Cancer Survivor Study (CCSS) demonstrated a linear correlation between doses of radiation 

exposure and rates of both high-grade gliomas and meningiomas.7 Odds ratios for 

subsequent glioma increased with dose of radiation exposure and peaked at 21-fold for 

exposures of 30 – 44·9 Gy (p < 0·001). Odds ratios for meningiomas also increased with 

dose of radiation exposure and peaked at 96·3-fold at exposures doses of 30 – 44·9 Gy (p < 

0·001). The excess relative risk was 0·33 per Gy (95% confidence intervals = 0·07 – 1·71) 

for high-grade gliomas and 1·06 per Gy (95% confidence intervals = 0·21 – 8·15) for 

meningiomas.
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Question 2: What are the outcomes in children with subsequent neoplasms of the CNS 
who have been treated with cranial radiation for a pediatric cancer?

Four studies which included 141 patients examined the outcomes of subsequent high-grade 

gliomas among childhood cancer survivors (Table 3).7, 13, 35, 36 Three of the studies were 

cohort studies and one was a single institution report. Two studies included the median age 

at first cancer diagnosis: 2·5 years and 4·3 years.35, 36 The interval between first cancer 

diagnosis and subsequent high-grade glioma was 8 – 20 years.7, 13, 35, 36 The two most 

common primary childhood cancer diagnoses were ALL and CNS tumors.10 Nearly all (95 – 

100%) patients had received CNS directed radiation therapy as treatment of their primary 

malignancy. In the examined manuscripts, nearly all subsequent gliomas were described as 

high-grade (WHO grades III and IV) gliomas, with the majority being described as 

glioblastoma.7, 13, 35, 36 The 5 year survival rates were reported in 3 studies13, 35, 36 and 

ranged from 0 – 19·5%.

Seven studies which included 256 patients examined the outcomes of subsequent 

meningiomas among childhood cancer survivors (Table 4).7, 13, 23, 34, 36–38 These studies 

included case series, review of the literature,37 institutional reports,23, 34, 36, 38 and cohort 

studies.7, 13 Median or mean ages at diagnosis of the primary cancer, described in 4 studies, 

ranged from 2·5 – 7·6 years.34, 36–38 The mean or median intervals between primary cancer 

diagnosis and subsequent meningioma diagnosis were 10·7 – 23·1 years.7, 13, 23, 34, 36–38 

The two most common primary cancer diagnoses included ALL and brain tumors, and 

nearly all (90 – 100%) patients had received radiation therapy as treatment for their primary 

malignancy. Survival of childhood cancer survivors with subsequent meningiomas, reported 

in four studies, ranged from 73 – 100%.13, 23, 36, 37

Question 3: Are outcomes of subsequent neoplasms different from primary neoplasms of 
the same histology?

The reported 5 year survival rates for patients with subsequent high-grade gliomas ranged 

from 0 – 19·5%13, 35, 36 and is similar to the 5 year survival rate of 16·6% in adults aged 20 

– 44 years with glioblastoma in the CBTRUS.19 Survival of childhood cancer survivors with 

subsequent meningiomas ranged from 73 – 100%.13, 23, 36, 37 One of these studies13 

described 5 year survival rates of subsequent low-grade and high-grade meningiomas of 

84·3% and 57·3%, respectively. These survival rates are similar to the 5 year survival rates 

of people aged 0 – 44 years with benign and malignant meningiomas from the National 

Cancer Database from the United States of 89·1% and 65·1%, respectively.21

The amount of detail in these studies varies with regards to age at diagnosis of first cancer 

and diagnosis of a second cancer, primary cancer treatment (including radiation dosimetry), 

the treatment of subsequent cancers, era of treatment and survival rates. Keeping these 

limitations in mind, available evidence suggests that the outcomes for childhood cancer 

survivors diagnosed with both subsequent high-grade gliomas and subsequent meningioma 

are similar to young adults in the general population.
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DISCUSSION

Evidence from multiple retrospective cohort studies demonstrates that survivors of 

childhood cancer have an 8·1 – 52·3 times higher incidence of developing subsequent CNS 

neoplasms compared with the general population. High-grade gliomas and meningiomas are 

the two most common subsequent CNS neoplasms, although medulloblastoma/primitive 

neuro-ectodermal tumors (PNETs), schwannomas, and low-grade gliomas have also been 

reported at much lower rates in some studies (Table 2).10, 32 Studies identified higher SIRs 

for meningiomas than for gliomas. Potential explanations for this observation include a 

higher dose-sensitivity relationship with radiation exposure for meningioma than 

gliomas.7, 10 Alternatively, increased SIRs for meningiomas may be explained as a result of 

surveillance bias due to an increased number of subsequent meningiomas being detected 

among childhood cancer survivors exposed to radiation and decreased number of primary 

meningiomas being diagnosed in the general young adult population. Early studies 

suggested that high-grade gliomas occur in the first decade after primary cancer diagnosis, 

but more recent studies with longer follow-up have demonstrated that they also occur in the 

second decade after primary cancer therapy.13, 35, 36 Recent studies have also emphasized 

that the incidence of subsequent meningiomas does not plateau.23, 30, 34, 38 For example, a 

manuscript by Armstrong and colleagues from the CCSS reported that survivors of brain 

tumors who had not developed meningiomas at 20 years after diagnosis of their original 

cancer still had an 5·3% incidence of meningiomas in the subsequent decade.32

Antecedent radiation to the CNS appears to play a necessary although perhaps not sufficient 

role in the cause of subsequent CNS tumors among childhood cancer survivors. With rare 

exceptions, nearly all of the childhood, adolescent and young adult cancer survivors 

described in the reports who subsequently developed CNS tumors had received treatment 

with cranial radiation. Cohort studies from both the CCSS and BCCSS have demonstrated 

that the dose of radiation exposure to the cranium has a linear relationship with the risk of 

both subsequent high-grade gliomas and meningiomas.7, 10 Furthermore, younger age at 

exposure to radiation therapy was associated with an increased risk of subsequent CNS 

tumors.7, 10 Finally, the study from the BCCSS identified the cumulative dose of intrathecal 

methotrexate, but not other chemotherapeutic agents, as being associated with the 

development of subsequent meningiomas.10 However, childhood leukemia survivors 

exposed to intrathecal methotrexate as an alternative to cranial radiation do not appear to be 

at high risk of subsequent CNS tumors.8

Individual studies have identified additional genetic risks factors for the development of 

subsequent high-grade gliomas, such as polymorphisms in the thiopurine methyltransferase 

gene39 or suggested inherited predispositions to cancer, such as Li Fraumeni Syndrome and 

neurofibromatosis type-1.10, 35, 40 In contrast, a report by Taylor and colleagues did not 

identify CNS tumor survivors with germline RB gene mutations as being at higher risk for 

subsequent CNS tumors.10

The outcome for childhood cancer survivors who develop subsequent high-grade gliomas is 

poor. The 5 year survival rates of patients ranged from 0 – 19·5% and overall survival rates 

ranged from 6 – 15%.13, 35, 36 In contrast, the outcome for childhood cancer survivors 
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diagnosed with subsequent meningiomas is relatively good. The 5 year survival rates of 

affected patients ranged from 73 – 100% and overall survival rates ranged from 69 – 

100%.13, 23, 36, 37 Outcomes for subsequent high-grade gliomas and meningiomas among 

childhood cancer survivors are similar to young adult patients diagnosed with primary 

gliomas and meningiomas. The 5 year survival rate of 2227 young adults aged 20 – 44 years 

with primary glioblastoma from the CBTRUS registry from the years 2004 – 2008 database 

was 16·6%, which was similar to the 5 year survival rates reported among childhood cancer 

survivors.13, 19, 35, 36 It would be assumed that patients with subsequent high-grade gliomas 

would have received therapy similar to contemporary therapy for primary high-grade 

gliomas,41, 42 although we acknowledge that the treatment of subsequent high-grade gliomas 

is challenged and potentially limited by patients’ prior exposure to radiation therapy for their 

primary childhood malignancy.35

The 5 year survival rates for 1,610 young patients aged 0 – 44 years with meningiomas from 

the National Cancer Data Base were 89·1% for benign meningiomas, 77·9% for atypical 

meningiomas and 65·1% for malignant meningiomas, which is similar to overall survival 

rates of 69 – 100% and 5 year survival rates (low-grade meningiomas = 84·3% and high-

grade meningiomas = 57·3%) from the literature.13, 21, 23, 36–38 None of the manuscripts 

included treatment of the subsequent meningiomas; this would likely consist of surgical 

resection which is the treatment of choice for primary meningiomas.43 Fortunately, prior 

treatment exposures would be expected to have little impact upon successful treatment of the 

subsequent meningioma by complete surgical resection of the tumor.38

Determining the optimal frequency of screening for subsequent CNS tumors among 

childhood cancer survivors requires additional formal study. Single institution case series 

that have examined screening neuro-imaging have reported high rates of subsequent 

meningiomas among childhood cancer survivors exposed to cranial radiation therapy.6, 38, 44 

These studies screened a total of 152 patients and found a rate of subsequent meningiomas 

of 18% (Table 5); the investigators recommend routine screening of childhood cancer 

survivors treated with radiation therapy for meningiomas in order to facilitate easier 

resection and reduce mortality and morbidity among survivors with small tumors. However, 

the value of routine screening for subsequent CNS tumors and the impact of screening upon 

outcomes has not yet been validated.

Successful screening methodologies for late effects should consider several factors, 

including the prevalence and severity of the condition, the sensitivity, specificity, predictive 

value and costs of the screening measures. Other factors include the number of survivors 

necessary to be screened for a given duration to prevent one adverse event, the potential 

harms and benefits of screening to individuals, inventions available and the potential 

reduction in morbidity and mortality associated with early detection of the health 

condition.45, 46 Recommendations for screening for subsequent CNS tumors by neuro-

imaging will need to take into account or comment upon optimal intervals for screening 

neuro-imaging, costs of neuro-imaging and whether earlier detection of the subsequent 

neoplasm makes an impact upon effectiveness of treatment upon morbidity or mortality. For 

example, the outcome of patients with high-grade gliomas, including subsequent high-grade 

gliomas, is very poor. There is no evidence that survival would be improved by early 
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detection before developing symptoms. Likewise, the outcome for patients with subsequent 

meningiomas is relatively good following surgical resection and there is no conclusive 

evidence demonstrating that delayed diagnosis would worsen survival or tumor-related 

morbidity.

At present, the Long-Term Follow-Up Guidelines recommend screening MRI of the brain as 

clinically indicated for symptomatic patients who have been exposed to radiation to the 

brain and MRI every other year for patients with neurofibromatosis type-1 beginning two 

years after radiation exposure.16 Due to the increased risk of subsequent CNS neoplasms 

among childhood cancer survivors who have been exposed to radiation to the brain, these 

survivors may benefit from screening for subsequent CNS tumors by MRI, perhaps at five 

year intervals after completion of treatment. More formal studies will be needed to better 

define the role of and the most appropriate intervals for screening neuro-imaging for 

subsequent CNS neoplasms. These studies will need to incorporate multiple variables, 

including host factors such as inherited predispositions to cancer, radiation repair and drug 

metabolism and treatment factors, such as radiation dose and chemotherapy exposure. 

Incorporating such risk factors into screening strategies will identify patients who would be 

most likely to benefit from screening neuro-imaging.
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Figure 1. 
Flow chart showing the progress of selecting manuscripts
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Table 1

Inclusion and Exclusion Criteria for the 3 Key Questions*

Variable Question 1 Question 2 Question 3

Inclusion criteria

 Population

  Cancer survivors who received a diagnosis of brain tumor after cranial radiation X X X

  Previous diagnosis of cancer as a child or young adult X X X

 Study design

  Retrospective cohort X X X

  Retrospective case:control X X X

  Prospective cohort or clinical trial X

 Outcomes

  Risk estimates of subsequent brain tumors: standardized incidence ratios, relative risks, 
absolute excess risks or cumulative incidence; overall and treatment-based (radiation) risk 
estimates

X

  Clinical characteristics of subsequent brain tumor: location, pathologic features, interval 
since primary cancer

X

  Progression-free and overall survival X

Exclusion criteria

 Study did not include humans X X X

 Study was not published in English X X X

 Case report, review, editorial, or letter X X X

*
Question 1: What is the risk of subsequent CNS tumors following radiation to the cranium for a pediatric cancer? Question 2: What are the 

outcomes in children with subsequent neoplasms of the CNS who have been treated with cranial radiation for a pediatric cancer? Question 3: Are 
outcomes of subsequent neoplasms different from primary neoplasms of the same histology?
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