Survivors of pediatric intracranial malignancies
are at recognized high risk for neurocognitive and
psychosocial dysfunction, endocrinopathies,
growth abnormalities, and second neoplasms. The
late onset of persistent psychosis may represent an
additional serious psychiatric consequence of
childhood intracranial malignancies. The authors
report eight survivors of pediatric intracranial
malignancies whose course was complicated by
the delayed onset of hallucinations, delusions, and
bizarre behavior 2 to 12 years after diagnosis and
treatment of brain tumors. The purpose of this re-
port is to alert others to the generally unrecog-
nized risk of psychosis following the treatment of
brain tumors in children and adolescents.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2007; 19:293-297)
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Progress in the treatment of pediatric brain tumors
has led to an increase in the number of children,
adolescents, and young adults surviving free of neo-
plastic disease, but this increased survival has come at
a price. Morbidity is high among survivors, both from
consequences of the primary lesion and from the effects
of the multimodal treatment on the developing brain.
Surgery, radiation, and chemotherapeutic agents may
produce both immediate and delayed injury to the CNS,
and lead to profound clinical consequences in survivors.

Combined modality brain tumor treatment often re-
sults in chronic medical complications.' Survivors of pe-
diatric brain tumors may suffer endocrinopathies,
growth abnormalities, intellectual decline, neurocogni-
tive and psychosocial dysfunction, and increased rates
of anxiety, depression, dementia, and personality and
behavioral disturbances.? Additionally, there is an in-
creased actuarial risk for developing a second malignant
neoplasm.’

Among all children successfully treated for cancer,
survivors of CNS malignancies are more likely to have
significant neurocognitive and neuropsychological se-
quelae, neurological impairment, and reduced quality
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of life.! The risk of psychiatric hospitalization is in-
creased for survivors of brain tumors but not among
survivors of other cancers in childhood or adolescence.*
Children treated with only surgery and chemotherapy
may not exhibit as significant a neuropsychiatric com-
promise as irradiated patients.” Tumor location, neuro-
logic status at diagnosis, and surgical morbidity also af-
fect long-term developmental and neurocognitive
status. The greater severity of late neuropsychiatric ef-
fects in survivors of pediatric brain tumors has been pri-
marily attributed to cranial radiation, with the magni-
tude of the impairment relative to radiation dose and
age at treatment.®

Radiation may produce focal or diffuse white matter
necrosis, myelin degeneration, glial cell change and pro-
liferation, and microvascular changes leading to paren-
chymal hemorrhage and necrosis.” The degree of histo-
pathological change may correlate with clinical findings
and vary according to radiation dose, field, and time
from treatment. The degree of direct CNS injury from
radiotherapy appears to plateau 3 to 5 years from treat-
ment. Late focal necrosis and progressive necrotizing
leukoencephalopathy with necrosis, demyelination, and
reactive gliosis can be seen years after initial treatment.
Radionecrosis may present even later, with increased in-
tracranial pressure and focal neurological signs, typi-
cally occurring more than 10 years after radiation ther-
apy in the range of 5000 to 6000 cGy. Cerebral atrophy
with increased ventricular size, widened sulci, areas of
hypodensity or hyperintensity, and focal calcifications
can be seen years later on neuroimaging.®

The purpose of this report is to alert psychiatrists and
other physicians to the risk of psychosis following the
treatment of brain tumors in children and adolescents.

METHOD

We reviewed psychiatric consultations on patients who
were treated for intracranial malignancies at Childrens
Hospital Los Angeles from April 16, 1991 through De-
cember 31, 2000, to identify patients with psychosis.
From this group, we separated patients found to be per-
sistently psychotic from those with delirium or brief
psychotic symptoms. Their clinical presentation and
course were summarized, noting type and original lo-
cation and spread of the neoplasm, surgical procedures,
radiation therapy, chemotherapy, complications includ-
ing ventriculomegaly and seizures, endocrine function,
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neuroimaging studies, neuropsychologic assessment,
mental status examination, psychotropic medication
and response. Data were analyzed and reported descrip-
tively.

RESULTS

Childrens Hospital Los Angeles treated approximately
600 new patients with primary intracranial neoplasms
from 1991 through 2000. On reviewing the psychiatric
consultations done during this period, psychosis was
found in 17 patients who had been treated for a primary
intracranial malignancy. Nine patients with brief psy-
chosis or delirium were excluded, and the remaining
eight patients with persistent psychotic symptoms be-
came the subject of this descriptive study.

There were two boys and six girls in the study group.
They were 9 to 20 (mean=13.8 [SD=23.8], median=14
years) years old when psychosis was first diagnosed.
They ranged in age from 11 months to 13 (mean=7.5
[SD 3.6], median=8) years old at the time of diagnosis
of their brain tumor, and the interval between initial di-
agnosis and later onset of psychosis ranged from 2 to 12
years (mean=7 [SD=23.7], median=7). The correlation
between age at diagnosis and age when psychosis was
found at psychiatric consultation was 0.45.

Six patients were diagnosed with an astrocytoma aris-
ing in the right thalamus, posterior fossa, optic chiasm,
right frontal lobe, or right temporal-parietal lobe. The
remaining two patients had primitive neuroectodermal
tumors (medulloblastoma) arising in the posterior fossa
(Table 1).

Seven lesions were completely or partially surgically
resected, and one patient had biopsy only. Four patients
developed ventriculomegaly postoperatively and re-
quired ventriculo-peritoneal shunt, and one patient had
a shunt placed for persistent headaches without ventric-
ulomegaly. Four patients required hormone supple-
mentation for hypopituitarism with thyroid hormone,
adrenal corticoid, growth hormone, and antidiruetic
hormone.

Four patients were treated postoperatively with both
radiation and chemotherapy, two patients were treated
with chemotherapy only, one patient received radiation
only, and one was given neither radiation nor chemo-
therapy at parents’ request. The five patients treated
with cranial radiation received between 3420 and 5400
cGy to the whole brain. The six patients who were
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treated with chemotherapeutic agents received different
combinations of vincristine, BCNU (1,3-Bis(2-chloro-
ethyl)-1-nitrosourea), cyclophosphamide, CCNU (1-(2-
chloroethyl)-3-cyclohexyl-1-nitrosurea), procarbazine,
hydroxyurea, cytosine arabinoside, idarubacin, and thi-
otepa. One patient underwent autologous bone marrow
transplant.

Neuroimaging studies on six patients coincident with
the onset of psychosis demonstrated diffuse, irregular,
asymmetric focal calcifications, glial scars, and multiple
small areas of necrosis and infarction.

Cognitive impairment was apparent in all eight pa-
tients, and mean IQ was in the borderline range. All
patients were in special education, where their behav-
ioral problems had become more disturbing and pro-
nounced than their cognitive limitations. Two patients
had a history of aggressive behavior.

TURKEL et al.

All patients behaved abnormally at the initial psychi-
atric evaluation, and only two were fully cooperative
with the interview process. The patients were disorga-
nized, impulsive, and bizarre, staring into space, talking
to themselves, wandering off, or lying on the floor but
were not hostile or aggressive at the time of initial in-
terview (Table 2).

The patients reported auditory, visual, and tactile hal-
lucinations. Paranoid or bizarre delusions were noted in
association with hallucinations, and one patient pre-
sented with paranoid delusional thinking without hal-
lucinations. Memory and cognition were significantly
impaired in all of the patients, and attention and con-
centration were limited. Disorganized thinking, confu-
sion and loose associations were common. Suicidal and
homicidal ideation were present in some, but none had
attempted suicide.

TABLE 1. Presentation and Treatment of CNS Malignancies
Age at Treatment Other Sequelae
Patient Number, Diagnosis/ Tumor Location Radiation Endocrine Seizure
Race, Gender Psychosis  and Diagnosis Surgery Therapy Chemotherapy Dysfunction Disorder
#1, Hispanic, 13 years/ Posterior Fossa Total Whole Brain: VCR, CCNU Ovarian, thyroid No
female 20 years PNET resection, VP 8000 cGy
shunt Spinal Cord:
600 cGy
#2, Black, female 9 years/ Posterior Fossa Total Posterior Fossa: VCR, PCB, HU, Growth hormone No
15 years PNET resection, VP 5580 cGy CPM, ARA-C
shunt Whole Brain:
3420 cGy
Spinal Cord:
3420 cGy
#3, Black, male 6 years/ Right thalamus Partial Whole Brain: VCR, CPM, IDA Adrenal, thyroid, Yes
9 years Anaplastic resection, VP 5400 cGy growth hormone
Astrocytoma shunt Spinal Cord:
3600 cGy
#4, Caucasian, 7 years/ Right thalamus Partial Right Thalamus: ~ HD, BCNU, TTP, None Yes
female 10 years Anaplastic resection VP 3060 cGy Stem cell transplant
Astrocytoma shunt
#5, Caucasian, 1 year/ Right frontal lobe  Resected VP None VCR, PCB, CCNU, Adprenal, thyroid, Yes
female 13 years Anaplastic shunt HU, CDDP, ARA-C,  diabetes insipidus
Astrocytoma CPM, MP
#6, Caucasian, 9 years/ Hypothalamus = Resected X 2 None None None Yes
male 11 years Anaplastic VP shunt
Astrocytoma
#7, Hispanic, 6 years/ Posterior Fossa Total Posterior Fossa: None None Yes
female 17 years Anaplastic resection 5580 cGy
Astrocytoma No shunt Spinal Cord:
(T9-L1) 3420cGy
Spinal Cord:
(L2-53) 4500 Gy
#8, Black, female 8 years/ Right temporal- ~ Biopsy only None None None Yes
16 years parietal lobe No shunt
Anaplastic
Astrocytoma

c¢Gy = Centigray; VCR = Vincristine; CCNU = 1-(2-chloroethyl)-3-cyclohexyl-1-nitrosurea; PCB = Procarbazine; HU = Hydroxyurea;
CPM = Cyclophosphamide; ARA-C = Cytosine Arabinoside; IDA =Idarubicin; HD = High Dose; BCNU =1,3-Bis(2-chloroethyl)-1-nitrosourea;
TTP = Thiotepa; CDDP = cis-Diaminedichloroplatinum; MP = Methylprednisolone; PNET = primitive neuroextodermal tumors
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All eight patients were treated with antipsychotic
medications. Their response to medication has been lim-
ited, and psychotic symptoms persisted and progressed.
In addition, antidepressant and mood-stabilizing med-
ications were tried for associated mood symptoms with
minimal benefit. Three patients required inpatient psy-
chiatric hospitalization, either at initial evaluation or
later in their course. All seven surviving patients have
poor control of symptoms despite ongoing antipsy-
chotic treatment. They remain significantly impaired,
dependent on their families for support and close su-
pervision, and continue to need intensive, ongoing psy-
chiatric care.

DISCUSSION

Psychotic symptoms may be seen in association with
infarction, tumors, or traumatic brain injury, and often
a delay of several years may occur between the time of
injury and onset of psychotic symptoms.” Intracranial

neoplasms may present with psychosis, which often re-
mits when the tumor is resected.'’ This is distinct from
the onset of psychosis long after the tumor has been
treated. In a comprehensive review of all psychiatric
hospitalizations in Denmark, where patients with a his-
tory of malignancies in childhood could be identified
and tracked, psychosis occurred in survivors of child-
hood intracranial malignancies at approximately the
same rate (2.4%) as in our series (2.8%).*

Learning and cognition, which require the complex
interplay of cortical, subcortical, and cerebellar circuits,
are known to be impaired in survivors of childhood in-
tracranial malignancies. Psychosis in these patients sim-
ilarly may result from disruption in the circuits under-
lying sensory integration, memory and associative
processes''? and critical injury to the limbic system and
its extensive connections within the cortico-cerebellar-
thalamic-cortical circuit."

This series of pediatric patients represents a hetero-
geneous group, and due to small sample size, any as-

TABLE 2. Psychiatric Presentation
Initial
Hallucinations/ Psychotropic
Patient Behavior Mood/Affect Thought Process Delusions Medications Course
#1 Limited impulse =~ Neutral mood and Poor memory and Auditory Haloperidol ~ Persistent symptoms,
control inappropriate affect insight, concrete hallucinations outpatient care

associations

#2 Staring, blank Depressed mood, sad

Disorganized, loose

Auditory and visual Perphenazine, Prolonged

expression, poor  and constricted associations hallucinations, Carbamazepine  hospitalization,
eye contact affect, suicidal paranoid delusions limited response to
ideation therapy
#3 Withdrawn, Neutral mood, Sparse, delayed Auditory Risperidone  Deteriorating function,
talking to blunted affect responses, cognition hallucinations, poor response to
himself impaired, poor paranoid delusions treatment

attention

#4 Talking to herself, Guarded, flat, odd Disorganized thinking, Auditory Risperidone  Deteriorating function,
disorganized, affect loose associations hallucinations, poor response to
wandering off bizarre delusions treatment

#5 Explosive, Depressed mood, Disorganized, Paranoid delusions, Olanzapine, Persistent psychosis,
disorganized labile affect, suicidal ~ perseverative, loose suicidal and Sertraline mood dysregulation,

and homicidal associations homicidal ideation psychiatric
ideation hospitalizations

#6 Intrusive, Depressed anxious Concrete associations, ~Auditory Olanzapine  Persistent
inappropriate mood, dramatic poor insight hallucinations hallucinations, died
behavior labile affect, suicidal after tumor

and homicidal recurrence
ideation

#7 Inappropriate Dysphoric, irritable Disorganized, loose Auditory, visual, tactile Thioridazine Persistent psychosis,
behavior, poor mood, labile affect associations hallucinations, unresponsive to
insight, paranoid delusions treatment
tantrums

#8 Shouting, curled  Irritable, anxious and  Disorganized, Command auditory Olanzapine, Persistent psychosis,
on floor, angry mood, labile perseverative, loose hallucinations, Citalopram several psychiatric
minimal affect, suicidal and associations, odd paranoid delusions hospitalizations
cooperation homicidal ideation prosody, word-

finding problems
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sociation of late onset psychosis with tumor location,
impact of surgery, treatment with radiation or chemo-
therapy could not be examined, and the mechanism of
psychotic symptoms, bizarre behavior, mood dysfunc-

TURKEL et al.

tion, hallucinations, and delusional thinking could not
be determined. Nonetheless, as more children survive
brain tumors, it is likely we will see more, serious psy-
chiatric problems in this population as they age.
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