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Opinion statement

Pathologies of pediatric brain tumors are more varied than those diagnosed in adults and
survival outcomes more optimistic. Therapies for pediatric brain tumors are also diverse
and treatment options are expanding. The growing number of adult survivors of childhood
brain tumors is quite diverse. Medical management of these adults requires under-
standing the tumor diagnosis and location, the modalities used to treat the tumor,
the age of the survivor at the time of diagnosis and treatment, any complications of
treatment, and, most importantly, the baseline medical condition and neurological
function of each adult survivor. A network of medical, neurological, and mental health
providers is critical in the care of a child with a brain tumor. A comparable network should
be available to survivors of these tumors since they may transition to adulthood with
medical and neurological deficits and can acquire additional late effects of treatments as
they age. Optimally, each survivor will have an individualized survivor health plan (SHP)
that concisely summarizes the tumor, treatments, potential late effects, and screening
that may identify evolving late effects before they impact mental, social or physical
functioning. This plan helps patients, families, and the medical team advocate for
surveillance aiming to optimize the survivor’s quality of life. Failure to support the health
and function of these heroic cancer survivors renders the medical advances, the courage,
and the struggle that permitted survival meaningless.

http://crossmark.crossref.org/dialog/?doi=10.1007/s11864-019-0602-0&domain=pdf


Introduction

The incidence and survival of children diagnosed with
brain tumorhas gradually increasedover the last 20 years
[1]. Improved survival for low-grade and malignant pe-
diatric brain tumors is likely due to improvements in
detection, diagnosis (clarification and uniform patho-
logic criteria and molecular diagnostic tools), neurosur-
gical techniques, and therapy including conformal radi-
ation techniques, intensification of standard chemother-
apy, targeted or precision tumor treatments, and in-
creased participation in clinical trials [1–3]. Etiologies
for increased incidence, particularly in younger patients
[1, 3] are not clear, but cannot be ascribed to improved
sensitivity and wider availability of neuro-imaging. Re-
gardless of cause(s), the consequence of increased inci-
dence and improved survival is a wave of adult survivors
of childhood brain tumors transitioning from pediatric
oncology care to adult care, with a worldwide incidence
rate of as much as 5 per100,000 annually [1, 3, 4].

Survivors of childhood brain tumors, like all cancer
survivors, require screening for late effects of cancer ther-
apies, regular surveillance for tumor recurrence, and sur-
veillance for development of secondary malignancies.
Evidence-based long-term follow-up guidelines for
screening late effects of therapies for childhood, adoles-
cent, and young adult cancer are regularly updated by the
Children’s Oncology Group (COG) and are available
online (http://www.survivorshipguidelines.org).

Survivors of childhood brain tumors have additional
and unique risks for medical, neurologic, cognitive, and
psychosocial morbidities as their disease and treatment
impact the developing central nervous system. Research
in this population is growing, but not abundant. This
chapter will outline recommended surveillance for adult
survivors of pediatric brain tumors organized by the
treatment, surveillance for unique medical morbidities,
and surveillance for secondary malignancy that aug-
ment, not repeat the guidelines provided by COG. For
the purposes of this chapter, adults will be defined at
individuals at least 19 years of age.

Risk for tumor recurrence varies with tumor pathol-
ogy and time post-diagnosis. Over time, the risk for
primary tumor recurrence decreases, and the risk for
secondary malignancy and medical morbidity increases
[5]. Effective monitoring of adult survivors of childhood
brain tumors includes familiarity with that patient’s
medical history, specifically the timing, pathology, and
treatment of the brain tumor. For example, a 20-year-old
patient diagnosed and treated for a malignant brain
tumor (e.g., medulloblastoma, ependymoma, or malig-
nant glioma) at the age of 17 should be followed closely
for tumor recurrence by multi-specialty services (neuro-
oncology, radiation oncology, neurosurgery) to permit
early detection of recurrence that will increase treatment
efficacy of the recurrence, or palliation of its symptoms.
An adult of similar age diagnosed and treated for CNS
malignancy at age 5 will have less risk of primary tumor
recurrence, and the focus of care will be medical moni-
toring for late effects of therapy. An adult treated for a
low-grade CNS tumor such as a pilocytic astrocytoma
will also needmonitoring for tumor recurrence/progres-
sion, but the risk will depend on the extent of tumor
resection and the time from diagnosis and treatment.
Unfortunately, these low-grade tumors can recur follow-
ing gross total resection and can progress after years of
quiescence [6••]. Adult survivors of pediatric brain tu-
mors are also at increased risk (compared to sibling
cohort) for late-onset neurologic deficits (headaches,
seizures, coordination problems, motor problems, vi-
sion problems, and vertigo), psychiatric disease, endo-
crine, circulatory, musculoskeletal, and renal dysfunc-
tion [7, 8]. Clearly, regular medical care and thorough
neurologic examination is a critical part of monitoring
all adult survivors of childhood brain tumors.

Recommendations regarding intervals of surveillance
for tumor recurrence are a function of tumor pathology
and biology. They will not be discussed here due to
space limitation.

Tumor treatment with surgery alone
Hydrocephalus

Over half of children with brain tumors present with hydrocephalus [9].
This has implications for cognitive and neurological deficits independent
of subsequent therapy [10, 11]. While ventriculoperitoneal shunt (VPS)
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insertion has been the standard for treatment of the hydrocephalus, the
trend is to delay and avoid placement by more aggressive tumor resection,
use of third ventriculostomy, subdural peritoneal shunts and gradual
weaning of cerebrospinal fluid (CSF) diversion with external ventricular
drains [9, 10]. Those adult survivors of pediatric brain tumors who have an
indwelling VPS suffer higher mortality and morbidity compared to siblings
or cancer survivors without VPS and are at risk for shunt malfunction
decades post-insertion [9–11].

Monitoring these patients should include neurologic screening due to
increased risk of late-onset epilepsy and other CNS deficits (motor, senso-
ry, behavioral) [10, 11]. Facilitating access to mental health specialists and
social work is another important part of care as over 20% of adults who
had VP shunts placed in childhood (independent of cancer diagnosis)
were unable to integrate into a competitive work place [10, 11]. These
survivors also struggle with social integration as measured by reports of
living independently or living with a spouse or partner [10, 11]. It is also
recommended that they have access to, or regular surveillance by neuro-
surgery, to expedite evaluation of potential VPS infection or malfunction.

Posterior fossa

Speech
Integration of speech, oculomotor, and motor learning reside within
brainstem, cortical and cerebellar networks [12], so it is not surprising
that these functions are often impaired in survivors of posterior fossa
tumors following extensive resection [13–16]. The phenomenon of tran-
sient cerebellar mutism or posterior fossa decompression syndrome has been
reported in a significant number of children following resection of large
tumors of the cerebellum [13, 14], but Huber and colleagues have dem-
onstrated that the impact on performance IQ, speech, and reading are not
transient [15]. In separate work, the same group demonstrated that adult
survivors of cerebellar tumors without transient cerebellar mutism exhib-
ited slower speech patterns (ataxic dysarthria, dysfluency, and slower
speech rate) than controls and that this phenomenon was exacerbated
by irradiation [16].

Visual-motor function
Oculomotor function is as important as acuity and visual field integrity to
reading, ambulating, and posture [17]. Posterior fossa structures including
cranial nerves and nuclei, the medial longitudinal fasciculi of the pons,
and rostral medial longitudinal fasciculi of the midbrain as well as cortico-
cerebellar and deep cerebellar nuclei are involved in coordination of eye
movements [18]. These are impaired in children with posterior fossa
tumors [19]. While surgical interventions and prism lenses can repair
dysconjugate gaze, they do not correct problems within smooth and sac-
cade visual pursuits. These deficits remain through childhood, school age,
and into adulthood, which will impact education and reading skills;
although, studies to evaluate this are outstanding.
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Attention/cognition
Interconnection of cortical, primarily frontal, brainstem, and cerebellar structures
is involved in maintaining attention [20, 21]. Not surprisingly, almost a quarter
of survivors of childhood brain tumors demonstrate symptoms of attention
deficit disorder, many independent of radiation or chemotherapy [22]. Presence
of symptoms of attention deficit appears to exacerbate other neuro-cognitive
impairments such as IQ, processing speed, executive functioning, and psychoso-
cial function [21, 22]. Behavioral and pharmacotherapies improve performance
in these patients [7, 21], but impact on educational and behavioral outcomes in
adult survivors of childhood brain tumors has not been studied.

Implications of the above are that communication with, and care of adult
survivors of cerebellar tumors will take extra time and patience. Reading assis-
tance and social services will benefit the patients, caregivers, and providers.
Regular ophthalmology examinations may detect and ameliorate oculomotor
dysfunction that can deteriorate with age. Providers should be ready to screen
for signs and symptoms of adult attention deficit disorder and provide access to
programs for cognitive remediation and/or stimulant medication to help with
attention and performance.

Cerebral cortex
Neurological deficits that follow surgical resection of tumors in the cerebral
cortex may be avoided by pre-operative studies such as functional MRI and
diffusion MRI tractography [23, 24], though they often improve with time and
rehabilitation [25]. Unmasking of these neurologic deficits bymetabolic insults
such as systemic illness, intoxication, or sleep deprivation can be frightening,
raising concerns of tumor recurrence, but should resolve when the insult has
abated. However, if the symptoms and signs do not resolve, thorough evalua-
tion, including imaging, is indicated. Brain tumor survivors are at higher risk for
late-onset neurological morbidities such as epilepsy, migraine, and demyelin-
ation even without history of radiation or chemotherapy [7, 8].

Adult survivors of childhood brain tumors require periodic physical exam-
ination and neurological screening. Medical care providers must be familiar
with baseline function and make appropriate referral to neurology for neuro-
radiology studies if there is persistent decline from the baseline.

Hypothalamus/supratentorial midline
Over 10% of pediatric brain tumors occur in or near the third ventricle [26•].
The pathologies for these tumors vary from the highly malignant (e.g., mixed
germ cell tumors) to less aggressive tumors (e.g., pilocytic astrocytomas,
craniopharyngiomas), to tumors that do not grow at all (e.g., hamartomas).
While they represent a small fraction of childhood brain tumors, the overall
survival rate is high [6••, 26•, 27], so attention to monitoring of survivors of
pediatric hypothalamic and supratentorial midline tumors is essential.

Children with supratentorial midline tumors often present with
endocrinopathies, abnormal vision, cognition, and behavior [26•, 27, 28]. Sur-
gical resection or biopsy of tumors in eloquent structures near the chiasm or
medial hypothalamus can cause new or worsen existing endocrine dysfunction
and cognitive impairment. The domains of memory, impulsivity, sleep, and
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satiety are most vulnerable [26•, 27–29, 30•]. These are tumors that rarely kill,
but always maim.

Endocrinopathies

Patterns of endocrine dysfunction are associated with, but not exclusive to, the
presentation of different hypothalamic tumor pathologies. Impairment of
anterior pituitary functions such as secondary adrenal insufficiency, TSH/TRH
deficiency, pubertal arrest, and/or mild hyperprolactinemia can manifest over
time in children with large hypothalamic tumors [26•]. Patterns of endocrine
dysfunction post-resection or biopsy of supratentorial midline tumors are a
function of the location, extent, and complications of the surgery [26•, 27, 28].

Obesity

Hypothalamic obesity, a poorly understood condition that results from
hyperphagia and dysregulation of anorexigenic and orexigenic hormones can
be seen in children who do not have surgery, but is more common after
surgery [27, 28, 31]. It ismanifested asmorbid exponential increase inweight
(BMI 9 +3 SDS) [26•] that is refractory to approaches used to manage other
forms of obesity such as calorie restriction and medical or surgical interven-
tions [32]. Hypothalamic obesity confers increased mortality and morbidity
independent of its detrimental impact on quality of life [26•, 28, 31].

Hypersomnia/autonomic dysfunction

Hypersomnia, or excessive daytime sleepiness, is manifest in survivors of a
variety of childhood brain tumors with rates as high as 1670/100,000 [33].
Tumor location in the supratentiorial midline location is a more robust
predictor of sleep pathology than irradiation or treatment with anti-epileptic
medications [33]. Sleep pathologies include narcolepsy, obstructive sleep
apnea, and central sleep apnea. Thermal and cardiovascular instability is seen
in children with tumors in the medial hypothalamus and can accompany
and complicate hypothalamic obesity [26•, 28, 30•]. Its most aggressive
manifestation is in the relatively newly identified condition of rapid-onset
obesity with hypoventilation, hypothalamic, and autonomic dysregulation
(ROHHAD), a condition associated with neuronal and hypothalamic tu-
mors in young children that can lead to cardiovascular arrest and death [34].
Sympathetic and cardiovascular autonomic dysfunction localize to the
hypothalamic-midbrain interface [35, 36] and may exist in survivors of
childhood brain tumors in patterns less aggressive than ROHHAD [30•].

Cognition/psychiatric disorders

Children with supratentiorial midline tumors demonstrate significant def-
icits in visual memory and visual spatial analysis even prior to surgery [29] .
Problems with learning and memory, executive function, and fine motor
coordination have also been documented prior to radiation therapy [37].
Following surgical intervention, a variety of cognitive and psychiatric dis-
orders may manifest (e.g., Korsakoff-like memory deficits, behavior/
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personality changes, impaired emotional control, cognitive impairment,
mood alteration, and psychotic symptoms). Careful clinical documenta-
tion of cognitive and psychiatric changes and associated hypothalamic
damage has recently generated a model for the neurobiological basis for
cognitive and psychiatric disorders [30•].

Vision

Almost 40% of children with hypothalamic/pituitary tumor present due to
alterations in vision [38]. Therapeutic interventions may reverse the vision
loss [39, 40]. More often, the visual impairment persists and can deteriorate
months to years following presentation [39]. Neuro-ophthalmologic defi-
cits may persist in this patient population along with endocrine dysfunc-
tion, sleep disorders, and obesity [38], but they have independent negative
impact on quality of life [41].
Thus, the scope of medical attention and social support needed to follow
adult survivors of childhood hypothalamic tumors is extensive. Most sur-
vivors of hypothalamic tumors will have established hormone replacement
needs at the time of transition to adult care, but those diagnosed and
treated as young adults may develop additional endocrinopathies, benefit
from dose adjustments, adult dosing of growth hormone replacement [42],
or reproductive counseling [43]. Monitoring of endocrine function is rec-
ommended every 1 to 2 years for survivors of childhood hypothalamic
tumors who have transitioned to adult care. More frequent evaluation of
endocrine function and electrolytes are critical for survivors diagnosed with
diabetes insipidus with adipsia (loss of thirst mechanism). Aggressive
(annual) monitoring and management of weight and the morbidities of
obesity and hyperlipidemia are imperative. Mortality in adult survivors of
craniopharyngioma therapy is less likely to be due to tumor recurrence and
progression, and more likely to be due to cardiovascular, endocrine, he-
patic, or infectious complications [26•, 27, 28]. Referral to sleepmedicine is
recommended for any survivors demonstrating excessive daytime sleepi-
ness or fatigue as the etiology may be a complex mix of abnormal circadian
rhythms, central apnea, or obstructive apnea. Correction of the sleep dis-
order can improve endocrine function, weight control, and problems with
behavior and cognition, with attendant increased quality of life and health
[44]. Problems with memory impairment and/or psychiatric disorders
handicap management of metabolic and endocrine disorders. Medical,
ophthalmological, and neurological surveillances are important for moni-
toring adult survivors of pediatric supratentorial midline tumors. A network
of social, legal, financial, and mental health supports may optimize care of
and improve outcomes for this group of young high-risk patients.

Tumor treatment with cranial or craniospinal radiation

Deleterious impact of radiation therapy on the developing nervous system has
been well documented. Impact increases with dose and volume of radiation
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and as age at time of radiation decreases [45, 46•]. Equally well documented is
the efficacy of radiation for treatment of malignancies of the CNS. The tension
between these two truths has inspired strategies to reduce the volume and dose
of radiation or delay radiation treatments. Regardless of these strategies, the
efficacy of radiation for tumors at presentation and relapse means many adult
survivors of irradiated pediatric brain tumors will transition to adult care.
Recommendations for screening of endocrine, cardiovascular, pulmonary, vi-
sion, and hearing in survivors of cranial irradiation can be found in COG long-
term follow-up guidelines (http://www.survivorshipguidelines.org) and will
not be discussed here. This section will focus on technologies to predict,
monitor, and ameliorate the impact of cranial and craniospinal irradiation in
adult survivors of pediatric brain tumors.

Cognition

The scope of cognitive impairments associatedwith cranial irradiation includes
marred executive function, memory, attention, processing speed, and global
cognitive abilities. A seminal Childhood Cancer Survivor Study reported that
the target of cerebral radiation also impacts cognitive and performance out-
comes with the temporal lobe demonstrating the greatest sensitivity to radia-
tion effects on memory and intellect [45, 46•]. These impairments impact
health-related quality of life of adult survivors of childhood cancer [45–47].
Cerebrovascular injury is the putative etiology of late cognitive impairment.
Radiation-induced vasculopathies such as microbleeds, cavernous
malformations, and cavernomas can be seen in the cerebral imaging of brain
tumor survivors. The amount of cerebral microbleeds correlates with the dose
of radiation and the degree of cognitive impairment [48].

Cerebrovascular disease

COG long-term follow-up guidelines include recommendations for assessing
for accelerated cerebrovascular disease including atherosclerotic occlusion of
carotid arteries, moyamoya, and cavernomas. Survivors of irradiated child-
hood brain cancer with inherited predisposition to vascular disease such as
neurofibromatosis type I or sickle cell disease are likely to present earlier and
with greatermorbidity [49, 50]. Cranial irradiationof9 50Gy increases the risk
of stroke by 1% at 12 years and 12% at 30 years post-treatment [46•].

Secondary malignancy

The risk of secondary malignancy following radiation is a function of radia-
tion dose, age at time of radiation, and existence of inherited predisposition
to cancer. Monitoring for radiation-induced tumors of the skin and bones is
outlined in COG long-term follow-up guidelines. The International Late
Effects of Childhood Cancer Guidelines Harmonization Group is a body of
multiple experts in childhood cancer and survivorship from multiple coun-
tries working to reconcile evidence based guidelines around the world [5].
Their conclusions are that there is a dose-dependent increase in the risk of
CNS tumors in children treatedwith cranial irradiation and that this risk does
not plateau over time. They are poised to release recommendations for
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monitoring for radiation-induced brain tumors in adult survivors of child-
hood cancer. They recommend that providers should be aware of the risk of
development of secondary CNS malignancy and council survivors to report
symptoms consistent with development of a new CNS tumor (escalating
headaches, new onset motor, cognitive, sensory or behavioral changes, new
onset or worsening seizures, or other focal neurological defects).
Surveillance of adult survivors of irradiated childhood brain tumors should
include annual neurological examination to screen for new deficits that
could herald developing a secondarymalignancy or vasculopathy.Wells et al.
recently noted that the risk of new-onset neurologic problems (headaches,
blindness, hearing loss, seizures, coordination problems) increases without
plateau even 30 years after radiation [46•]. Magnetic resonance imaging with
and without contrast is the most sensitive modality to identify tumors of the
central nervous system. Regular surveillance imaging is not recommended
due to financial and emotional stress the survivor may experience, the
potential of identifying incidental conditions that could result in unnecessary
studies and procedures, and finally the lack of evidence that early identifi-
cation of secondary malignancy will change outcome [5]. Conversely, vision
and hearing screens every 1 to 2 years and protection of sensory function are
important because these patients are at risk for further impairment of vision
and hearing. Survivors with neurological, cognitive, or behavioral deficits
become more isolated when sensory function decreases resulting in wors-
ened social function as measured by living independently, graduating high
school, and finding employment. This detriment is independent of, and adds
to, that caused by cognitive impairment alone [51–53].

Chemotherapy
Cognition

Treatment with intensive chemotherapy with or without stem cell rescue
contributes to cognitive impairment in survivors of non-CNS malignancies
[53]. Comparative studies to evaluate how intensive chemotherapy regimens
impact cognition and behavior in survivors of CNS tumors are rare. While
deleterious impact of chemotherapy on cognitive function appears to be less
than that caused by craniospinal radiation in survivors of pediatric brain
tumors, monitoring for changes in memory and behavior remains important
and referral to appropriate specialties (neurology, psychology, social services,
rehabilitation) may improve function and quality of life.

Secondary malignancy

Treatment with intrathecal methotrexate, a therapy commonly used for
myloid malignancies, and occasionally used for embryonal brain tumors
such as atypical teratoid rhabdoid tumors, may increase the risk of
secondary meningioma [5].
Treatment-specific impact of different anti-tumor therapies on health and
hearing with attendant recommended surveillance can be found in COG
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long-term follow-up guidelines. Biologically targeted agents are now more
common in the treatment of pediatric brain tumors and have distinct
endocrine, dermatologic, cardiovascular and ophthalmologic toxicities,
and potential late effects [6••,26•,28]. Long-term guidelines are periodi-
cally updated and will include recommendations for appropriate surveil-
lance as we enter the age of precision medicine.

Chemotherapy + radiation

Chemotherapy given prior to, during and after radiation therapy can potentiate
anti-cancer therapy, but also compound toxicity [45, 46•].

Hearing

Cisplatin and high-dose carboplatin injure the hair cells of the cochlea
resulting in permanent high-frequency hearing loss. This loss is additive to
the impact of cranial radiation on hearing [51–53].

Secondary malignancy

There is not good data to support evidence that treatment with alkylating or
platinating anti-cancer therapies increases the risk of radiation-induced
CNS tumors in adult survivors [5].

Frailty

Frailty, defined as new-onset chronic health conditions and mortality, is a
condition shared by older adults and childhood cancer survivors. Geriatric
medical practices have proven an informative model to identify poor fitness,
muscular weakness, and cognitive decline in young adult cancer survivors
[54]. This premature aging of adults exposed to radiation and/or chemo-
therapy during treatment of pediatric brain tumors is likely grounded in the
mechanism of action of chemotherapy agents on the biological processes of
senescence [55•].
Primary care providers can model the clinical monitoring of young adult
survivors of CNS cancer on the geriatric model used for health surveillance of
adults 10–20 years older, butwithout a history of radiation or chemotherapy.

Summary

Survivors or childhood brain tumors are not uniform in pathology, location,
treatment, or complications. Medical providers monitoring them as they transition
to adult care must be familiar with individual history, medical condition, and
neurological deficits of each survivor to appropriately evaluate for risk of tumor
recurrence and treatment late effects that impact health-related quality of life.
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Specialty clinics to follow these survivorsmay improve quality of life outcome [54],
but are not available or necessary for all these survivors [56]. Surveillance recom-
mendations in the long-term follow-up guidelines and individualized survivor
health plans are helpful in early detection of late effects of cancer therapy [57].
Annual neurologic screens and low threshold to refer to specialists for problems
with hearing, vision, endocrine, sleep, and mental health are indicated for these
patients with high risk for medical, neurologic, cognitive, and psychological mor-
bidity. Regular imaging of the brain is not indicated in the absence of clinical
change unless the survivor has an inherited predisposition to cancer or vasculop-
athy. Coordination of medical care with social services, vocational supports, and
cognitive rehabilitation may promote wellness and positive outcomes [28].
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