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ABSTRACT
Objective: Adolescents diagnosed with brain or central 
nervous system tumors face elevated levels of depression and 
anxiety compared to the general pediatric population. The 
objective of this review was to explore factors associated with 
elevated depression and anxiety symptoms in these patients, 
as well as various currently recommended interventions.

Data Sources: Articles were searched in PubMed and filtered 
to select for the following MeSH keywords: brain neoplasm, 
mental health, behavioral symptom, mental disorder AND (child* 
OR adolescen* OR teen* OR youth OR pediatr*). Articles were 
limited to those published in English between 2000 and 2020.

Study Selection: A total of 1,537 articles were retrieved, and 36 
studies were reviewed. Articles were selected if they pertained 
to human subjects, specifically adolescents aged ≤ 18 years. 
Additionally, only articles about depression and anxiety were 
included. Symptoms of depression and anxiety before a brain 
tumor diagnosis or as symptoms of a possible brain tumor 
were excluded.

Data Extraction: Articles were screened by title and abstract as 
they pertained to depression and anxiety in patients diagnosed 
with brain tumors in adolescence. Data extracted included 
information about risk factors associated with depression and 
anxiety, interventions, and pharmacologic considerations.

Results: Factors associated with increased depressive and 
anxiety symptoms include intensity of cancer treatment, 
female sex, and brain tumor diagnosis. Pediatric brain tumor 
patients also experience elevated antidepressant prescription 
rates. When treating depression and anxiety in these patients, 
it is also important to focus on multifaceted interventions like 
behavioral and communication therapies, as the nature of 
brain tumors can affect psychological, social, and cognitive 
abilities.

Conclusions: Depression and anxiety can have long-lasting 
effects on pediatric brain tumor patients and put them at risk 
for developing other psychosocial problems. Therefore, it is 
important to recognize factors contributing to depression and 
anxiety as well as potential interventions.
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Brain and central nervous system (CNS) tumors are the most 
common solid tumors and the second most common form 

of cancer in the pediatric population.1 Between 2013 and 2017, 
the incidence rate of brain and CNS tumors in those aged ≤ 19 
years in the United States was 6.14 per 100,000 persons.2 While 
cancer survival rates have increased among adolescents, it is 
important to recognize that survivors of pediatric brain tumors 
still experience many long-term complications. Pediatric brain 
tumor survivors face not only risk of neurologic/cognitive 
deficits, endocrine dysfunctions, and growth disturbances, but 
also psychological problems.3 While pediatric cancer patients in 
general have relatively similar rates of depression to the general 
pediatric population, this is not the case for those diagnosed 
with brain/CNS tumors. Of the long-term psychosocial effects 
experienced by pediatric brain tumor survivors, depression and 
anxiety are the most common, with incidences of 19% and 20%, 
respectively.4 This incidence is elevated in comparison to the 
general US pediatric population, for which rates of depression 
and anxiety are 3% and 7%, respectively.5

Many pediatric brain tumor patients appear to be more 
affected by social, behavioral, and emotional difficulties 
rather than neurocognitive or physical dysfunction. These 
difficulties experienced by pediatric brain tumor survivors can 
extend into young adult and adulthood and severely impact 
familial and interpersonal relationships, academic success, and 
mood.6 Neurocognitive or physical impairments like decreased 
attention span and memory issues experienced by these 
patients can also in turn lead to elevated levels of depression 
and anxiety.7,8 Given the psychological consequences of brain 
tumors, the objective of this clinical review is to examine 
depression and anxiety among pediatric brain tumor survivors 
and explore the management and current recommendations 
for treatment.

METHOD 

Data were searched in PubMed using MeSH keywords for 
articles via the following search:

((brain neoplasm[MeSH Terms]) AND (((mental 
health[MeSH Terms]) OR (behavioral symptom[MeSH 
Terms])) OR (mental disorder[MeSH Terms]))) AND (child* 
OR adolescen* OR teen* OR youth OR pediatr*).

Articles were limited to publications between the years 
2000 and 2020 and those pertaining to adolescents aged ≤ 18 
years. Articles were excluded if they were not in English, not 
about human subjects, or had no abstract available. Articles 
that were not systematic, traditional reviews, meta-analyses, 
or clinical trials were also excluded. Articles that included 
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diagnoses of depression or anxiety before cancer diagnoses 
or as symptoms of a possible brain tumor were excluded.

RESULTS

A total of 36 articles fit the selection criteria (Figure 1).

Risk Factors
Adolescence is a critical time for the development 

of children’s social, cognitive, and psychological health, 
making pediatric cancer survivors especially vulnerable to 
psychosocial hardships. Some studies have reported that 
children diagnosed with cancer do not experience more 
psychological difficulties in comparison to their siblings or 
age- and sex-matched counterparts. The overall exception, 
however, has been children diagnosed with brain or CNS 
tumors.9 While there are still a few studies that report no 
difference in depression outcomes between adolescent brain 
tumor survivors and the general healthy population,10,11 
most studies do show that pediatric brain tumor survivors 
experience elevated levels of depression and anxiety. A 

study9 looking at adolescent survivors of acute lymphoblastic 
leukemia (ALL) or brain tumors, the 2 most common 
forms of childhood cancer, suggests that the psychological 
needs of ALL and brain tumor survivors are not being met. 
The 2 most significant risk factors associated with worse 
psychological outcomes, a brain tumor diagnosis and history 
of cranial radiation therapy, were found in 83% and 67% of 
survivors, respectively.9 In particular, diagnosis of pediatric 
astrocytomas or glial tumors, followed by medulloblastomas 
and primitive neuroectodermal tumors, were commonly 
associated with depression.4 However, in a single-center 
study12 looking at children and young adults who had been 
treated for astrocytoma, levels of depression and anxiety 
were low at an average follow-up time of 12 years later. 
Although the extent of tumor location impact on depression 
and anxiety symptoms is unclear, children diagnosed with 
right cortical or left cerebellar tumors have increased anxiety 
symptoms compared to those with tumors in other locations 
of the brain.13 Compared to supratentorial tumors, children 
with infratentorial tumors have increased depression 
symptoms.14 Even compared to other brain complications 
like traumatic brain injury and vascular/infectious brain 
lesions, brain tumor survivors still experience elevated levels 
of anxiety and depression.15

While preoperatively children with brain tumors already 
have increased anxiety symptoms,16 the intensity of brain 
tumor treatments has also been shown to associate with 
elevated levels of depression and anxiety. Many studies 
describe an increase in depression and anxiety with 
radiotherapy compared to chemotherapy.17 The Childhood 

Figure 1. Flowchart for Article Selection
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1,536 Records identified through 
database searching 

1 Additional record identified 
through other sources

687 Records excluded using the following criteria:
• Date of publication not between 2000–2020
• Articles that are not In English
• Articles that are not about humans

804 records were excluded:
• Duplicates
• Studies did not meet outcome of interest

850 Records after applying initial 
exclusion criteria 

850 Records screened by 
title and abstract 

46 Full text articles 
assessed for eligibility 

36 Studies included 

Clinical Points
■■ Children diagnosed with brain tumors experience increased 

risk of depression throughout their disease course.
■■ There is a lack of support and treatment of depression and 

anxiety in children diagnosed with brain tumors despite the 
high prevalence of both disorders in this population.
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Cancer Survivor study18 showed that patients who received 
cranial radiation therapy and/or methotrexate had higher 
depression/anxiety scores than those who did not receive 
either form of treatment. Specifically, radiation to the 
temporal lobes has also been associated with differences in 
depression scores.19 Another study20 showed that patients 
who are categorized as receiving high-risk craniospinal 
irradiation treatments experience higher levels of parent-
reported withdrawn/depressed behavior over time than 
those who receive average risk craniospinal irradiation 
treatments. Additionally, patients with posterior fossa 
syndrome have higher levels of withdrawn/depressed 
behavior at the time of brain tumor diagnosis but exhibit 
reduced levels of this behavior over time.20 When looking 
at patients that underwent surgery-only treatment, 35% 
experienced symptoms consistent with major depressive 
disorder, and 9% experienced anxiety symptoms. Further 
breakdown of these symptoms showed that 46% of patients 
experienced depression symptoms within 2 weeks to 1 year 
after treatment. As time from treatment increased (1–5 
years after treatment), prevalence of depression decreased 
to 29%.21 Surgery can also be a source of anxiety for children 
with brain tumors. This anxiety does not persist after surgery, 
but in 1 patient, postoperative symptoms of depression were 
described. In this case, depression was related to fear of 
relapse.22

Studies have also reported an association between sex and 
depressive symptoms in pediatric brain tumor patients. A 
study by Brinkman and colleagues20 found that females were 
more likely to exhibit parent-reported withdrawn/depressed 
behaviors compared to their male counterparts. This is 
consistent with findings from Barrera and colleagues23 
that females are at greater risk of depression than males, as 
decreased social skills and self-worth has also been shown to 
be associated with depressive symptoms. In a separate study, 
Barrera and colleagues24 designed an intervention program 
focused on social skills like establishing friendships, conflict 
resolution, cooperation, bullying management, building 
self-confidence, and empathy. While the intervention 
improved quality of life, self-control, and social skills, it had 
no significant impact on levels of depression in adolescent 
survivors of childhood brain tumors.24

The psychological effects of a brain tumor diagnosis in 
adolescence can persist into adulthood. In a report from 
the Childhood Cancer Survivor Study,18 levels of clinically 
significant psychological distress at young adulthood in 
pediatric brain tumor survivors were similar to those 
of the general population. However, after adjusting for 
socioeconomic status, physical health status, and sex (risk 
factors for psychological distress), brain tumor survivors 
were more likely to experience depressive symptoms 
than their siblings. Additionally, females and those from 
lower socioeconomic backgrounds were at greater risk of 
experiencing depression. On the contrary, Gunn et al25 found 
that the majority of survivors did not experience increased 
risk of depression but did have impaired quality of life. 
Elevated psychological distress was found to be associated 

with reduced social functioning as a result of cancer, rather 
than cancer treatment directly.26 Memmesheimer et al27 
found that among young adults who had been diagnosed 
with a craniopharyngioma in adolescence, greater than 20% 
and 10% had elevated Hospital Anxiety and Depression 
Scale scores indicative of clinical depression and anxiety, 
respectively. This increase in depression and anxiety 
was not affected by the number of lifetime surgeries, but 
rather experience of a negative life event in the prior year. 
Additionally, among childhood cancer survivors, those with 
a history of brain tumor in particular face increased risk of 
hospitalization for psychiatric disease. However, there was 
no clear trend in risk as related to time since diagnosis or 
age at diagnosis.11

Depression and anxiety are often risk factors for other 
psychological conditions, emphasizing an even greater 
necessity to screen for and address symptoms of depression 
and anxiety. In a study28 looking at suicidal ideation in adult 
and adolescent survivors of childhood brain tumors, 40.8% 
and 27.6% experienced depression and anxiety, respectively. 
Furthermore, depression specifically was associated with 
increased risk of suicidal ideation.28 A study29 looking at 
cognitive fatigue in adolescent ALL and brain tumor patients 
found that while a brain tumor diagnosis was the main 
predictor of cognitive fatigue, depression was the second 
predictor. Depression has also been shown to correlate with 
self-rated apathy30 and decreased quality of life.25,31 On the 
contrary, depression and anxiety symptoms were not found 
to be predictive of reduced adaptive functioning.32

Interventions
Antidepressants are prescribed at higher rates in the 

pediatric oncology population than in the general pediatric 
population. A study by the National Institutes of Health33 
found that, on average, psychotropic medications were 
prescribed twice as often in pediatric oncology patients 
than in the general pediatric population. However, when 
looking at those diagnosed with brain cancer specifically, 
7% of patients received medications, which was similar 
to the rate in the general population (6%). This similarity 
could be due in part to the small sample size of the study. 
Johannsdottir and colleagues,34 however, did find that 
among children and young adult cancer survivors, those 
diagnosed with CNS tumors had a significantly increased 
risk of receiving antidepressant medication. The NIH study33 
also found that the most commonly prescribed medications 
were anticonvulsants and antidepressants, specifically 
sertraline, a selective serotonin reuptake inhibitor (SSRI). A 
study35 across 9 medical centers looked specifically at SSRI 
prescribing practices among pediatric oncologists, with 71% 
of physicians reporting prescribing SSRIs to their patients. 
Sertraline was most prescribed, followed by fluoxetine. 
Physicians often prescribed antidepressants in accordance 
with observance of depressive symptoms, although none 
indicated that symptoms met the DSM diagnostic criteria 
for major depressive disorder.35 The study35 also emphasized 
the need for resources, with 40% of physicians citing desire 
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for improved access to psychiatrists and psychologists and 
19% of physicians recommending increased mental health 
literature and formal training for both physicians and 
families. The study35 suggested that antidepressants were 
unnecessarily overprescribed to pediatric cancer patients 
and increased monitoring of patients on antidepressants 
is necessary. It was also suggested that for mild depressive 
symptoms, behavioral therapies should be utilized prior 
to initiating psychotropic medications, as these should be 
reserved for cases of severe depression.35

There have been no studies, to our knowledge, assessing 
the risk and efficacy of antidepressant usage in pediatric 
brain tumor patients specifically. This is an important area of 
research due to the association between depression and the 
brain. Brain tumors and associated treatments have potential 
impacts on neural circuits related to emotion, which may 
affect the efficacy of antidepressants. Additionally, both 
antidepressants and brain tumors are associated with fatigue, 
epilepsy, and cognitive dysfunction, yet the relationships 
between the 2 have not been fully studied.36 Due to the 
lack of research on antidepressants in this population, it 
may be prudent to first utilize cognitive and behavioral 
interventions to treat depression and anxiety before 
prescribing medication. On the other hand, there has been 
research suggesting that antidepressant medications may 
potentially contain anticancer mechanisms useful in fighting 
glioblastomas and therefore may be beneficial for patients.37

Currently the Children’s Oncology Group suggests annual 
psychosocial evaluations for pediatric cancer survivors. 
However, research suggests that for adolescent brain tumor 
survivors, further recommendations are necessary. Early 
detection of their psychological needs must be made. Long-
term psychological monitoring through parent/teacher 
reports and formal psychological evaluations every 1 to 2 
years would also be beneficial.9 Poggi et al38 suggest that 
due to the age-related differences in psychological disorders 
it is necessary to alter recommendations in accordance with 
the patient’s age. Children in the age range of 7–13 years 
in particular present with higher levels of depression and 
anxiety and should therefore be seen regularly. Assisting 
children with re-entry into the school environment 
and development of social skills may also help improve 
psychological outcomes.38

Physical activity has been shown to improve psychological 
outcomes in survivors of childhood cancers. However, due to 
the nature of brain tumors, children may often present with 
functional deficits including loss of motor, social, or daily 
skills that can limit their ability to engage in activities that 
can improve their psychological health. A study by Cheung 
and colleagues39 showed that musical training is an effective 

alternative intervention to reduce depressive symptoms in 
pediatric brain tumor survivors and may even have a long-
term effect. Studies have also suggested that functional 
deficits may not be the sole factor associated with anxiety 
or depression. Ehrstedt et al40 looked at seizure activity 
in postoperative adolescent glioneuronal tumor patients 
and found that all clinically elevated levels of depression 
and anxiety were in patients who were seizure free, with 
one exception. A study by Adduci and colleagues41 also 
found that anxiety and depression were not associated with 
functional deficits but rather were associated with avoidance 
of communication or ineffective communication about the 
brain tumor diagnosis between parent and child. The study41 
highlights the role of effective communication, which is 
characterized by truthfulness, continuity, completeness, 
consistency, comprehensibility, and personalization in 
improving psychological outcomes. When parents engage 
with their children using effective communication regardless 
of their age, children are better able to comprehend and cope 
with their diagnosis, thereby reducing negative psychological 
impact.13

Because of the relationship of depression and anxiety with 
many other social and emotional difficulties, multifaceted 
interventions are important. In a study42 looking at social 
adjustment and psychological distress in pediatric brain 
tumor patients 8 months posttreatment, baseline levels 
of social withdrawal predicated elevated depression and 
anxiety symptoms. The loss of executive functioning, 
which can impede emotional expression and control, was 
also a predictor of increased depressive symptoms. In turn, 
baseline levels of depression and social skills predicated 
social withdrawal.42 The study42 suggested that successful 
interventions to lower levels of depression and anxiety in 
pediatric brain tumor patients should focus not only on 
psychological domains, but also on development of social 
skills in these patients.

Children diagnosed with brain tumors also experience 
anxiety during their treatments. In Taiwan, a study43 
showed that therapeutic play can reduce anxiety associated 
with external beam radiotherapy, a common form of brain 
tumor management. Children exposed to therapeutic play 
interventions, like painting, watching cartoons and playing 
video games, before external beam radiotherapy procedures 
had decreased salivary cortisol levels and lower fear, anxiety, 
and stress and Beck Youth Anxiety Inventory scores.43

Pharmacologic Considerations
Overall, antidepressants are an effective form of 

depression treatment in cancer patients. However, increased 
antidepressant use in cancer patients also warrants 

Table 1. Drug-Drug Interactions

Chemotherapy Drug
Interaction With 
Antidepressants

Effect on 
Chemotherapy Drug

Temozolomide Imipramine, tranylcypromine Reduced efficacy
Vincristine Sertraline, fluoxetine, paroxetine Increased toxicity
Cyclophosphamide Paroxetine Reduced efficacy
Cisplatin Desipramine Increased toxicity
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recognition of the potential drug interactions associated 
with antidepressants, as many cancer patients are often on 
a multidrug treatment regimen (Table 1). A study44 done 
at The University of Texas MD Anderson Cancer Center 
examined this association in cancer patients in general and 
found that 49% of patients were taking drugs that could 
have major drug interactions with antidepressants. Potential 
major drug interactions involved anticoagulants like heparin 
and serotonin syndrome–inducing drugs like tramadol and 
oxycodone. The presence of these drug interactions was also 
associated with increased risk of hospital and emergency 
department visits.44 Additionally, it is important to recognize 
the potential for drug interactions between antidepressants 
and chemotherapeutic drugs. The inhibition of cytochrome 
P450 is often linked to negative drug interactions, which 
is significant as many antidepressants utilize this enzyme 
system for metabolism. Drug interactions and potential 
inhibition of chemotherapeutic agents can result in 
reduced efficacy or even increased treatment toxicity. 
When prescribing antidepressants, it is of note to consider 
using newer antidepressants like SSRIs, which have lower 
drug interaction risk compared to tricyclic antidepressants 
(TCAs) or monoamine oxidase inhibitors.45 Specifically, 
imipramine and tranylcypromine (TCAs) have been shown 
to reduce the efficacy of temozolomide, the drug of choice for 
treating glioblastomas. However, fluoxetine was not shown 
to have this effect, demonstrating the specificity of these 
drug interactions to various classes of antidepressants.46 It 
is also important to note the potential effect of brain tumor 
treatments on the development of depression and anxiety 

symptoms. In a study47 looking at the use of trametinib in 
children with low-grade gliomas, 5 of 8 patients reported 
increased depressive symptoms, while 3 of 8 reported 
increased anxiety symptoms. While this was a limited case 
series, it highlights the need to be cognizant of possible 
psychiatric effects associated with treatments.47

DISCUSSION

The primary limitation of this study is exclusion of other 
psychiatric disorders, which may be comorbid in patients 
with pediatric brain tumors. These disorders can include 
posttraumatic stress disorder, adjustment disorder, and 
psychotic disorders. Discussion of these associated illnesses 
would be beyond the scope of this article. Classifying 
various tumors according to grade and stage and linking 
mental health issues would have added further depth to 
this review. Further research is needed to identify specific 
chemotherapeutic agents utilized in treating brain tumors 
and associated psychiatric side effects.

CONCLUSION

Depression and anxiety are the 2 most common 
psychological issues faced by survivors of pediatric brain 
tumors. Given the potential lasting psychological impact of 
a brain tumor diagnosis and vulnerability of brain tumor 
patients to psychological deficits, it is important to recognize 
ways in which depression and anxiety can be addressed in 
these children.
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