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Abstract
The management of brain tumors developed in adolescents and young adults (AYAs) is challenging because of their histo-
logical heterogeneity and low incidence. The brain tumor and its treatment interventions can negatively affect neurological, 
neurocognitive, and endocrinological function, and dramatically affect the circumstances of AYA patients progressing to 
further education, employment, and marriage. Specific support is thus necessary to maintain the quality of life (QOL) of 
AYA brain tumor patients. AYA patients and survivors require active intervention and support for returning to school or 
work, progressing to further education, finding employment, and preserving fertility. Recent cancer genome profiling revealed 
that AYA gliomas include pediatric- and adult-type genetic alteration. Insights into the biology underlying the distribution 
of tumors in AYAs may influence the development of prospective trials. A more individualized view of brain tumors may 
influence stratification of patients’ in future clinical studies as well as selection for molecular targeted therapy. Here I review 
strategies for achieving a better outcome to decrease late effects and improve QOL.
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Introduction

Adolescents and young adults (AYAs) comprise a group 
aged between 15 and 29–39 years. Here in line with other 
studies, I define AYAs as aged between 15 and 39 years 
[1–3]. Malignant neoplasms are the leading cause of death 
among AYAs, excluding suicide and unexpected accidents 
[4]. Oncological care of AYA patients is typically not uni-
form as they frequently fall between the pediatric and adult 
services in many countries—including Japan—leading to a 
poor entry into clinical trials, a poorer survival, and many 
psychosocial issues for AYA patients [5]. Despite recent sig-
nificant advances in neuro-oncology, brain tumors among 
AYAs remain a major contributor to morbidity and mortality 
[5]. Although mortality rates among AYAs with cancer as 
a whole have declined by approximately 0.8% per year, the 
survival rate of AYAs with CNS tumors has not improved 
[6]. Tumor biology and clinical outcome for a given tumor 
differ among age groups, suggesting age-specific approaches. 

Brain tumors arising in AYAs are classified as pediatric- 
or adult-type [7]. The period from childhood to adulthood 
entails great physical, psychological, emotional, social, and 
sexual change [8, 9]. Many AYAs with cancer have unmet 
needs during cancer treatment and beyond, which result in 
worse emotional functioning, work or school functioning, 
fatigue, health-related quality of life (QOL) [10]. Moreover, 
AYAs with brain tumors have additional issues including 
cognitive impairment and deterioration, hormonal deficiency 
and deterioration, and appearance change. However, there 
is a paucity of literature about these problems in AYAs with 
brain tumors. Care is divided into adult and pediatric care. 
Changes in behavioral and endocrine function in AYAs 
complicate the differential diagnosis of brain tumors, often 
delaying the diagnosis [4]. Here I review the current con-
cerns surrounding AYA brain tumors and their survivors.

Epidemiology of AYA brain tumors

The spectrum of AYA brain tumors—particularly with 
respect to location—differs significantly from that of 
younger children or older adults [5]. Although brain tumors 
can be observed at any age, brain development and the age of 
brain tumor incidence appear to be interrelated [11]. Choroid 
plexus tumor and atypical teratoid/rhabdoid tumor incidence 

 *	 Fumiyuki Yamasaki 
	 fyama@hiroshima-u.ac.jp

1	 Department of Neurosurgery, Hiroshima University 
Hospital, 1‑2‑3 Kasumi, Minami‑ku, Hiroshima, 
Hiroshima 734‑8551, Japan

http://orcid.org/0000-0003-0164-6295
http://crossmark.crossref.org/dialog/?doi=10.1007/s10147-021-02084-7&domain=pdf


	 International Journal of Clinical Oncology

1 3

peak at infancy. Ependymoma incidence peaks at age 0–4, 
and medulloblastoma and pilocytic astrocytoma incidence 
peak at age 5–9. Craniopharyngioma first peaks at age 0–14. 
Germ cell tumors peak at age 10–19—the timing of testis 
and ovary development. Pituitary adenoma starts increas-
ing at age 15–19—at activation of pituitary gland hormone 
secretion—thereafter gradually increasing. Among pituitary 
adenoma, null cell adenoma and growth hormone-secreting 
adenoma peak at age 55–59, while prolactinoma peaks at age 
25–29. Major adult tumors of meningioma and schwannoma 
increase from age 30 to 39, while lymphoma is rare in AYAs. 
Grade III glioma—including anaplastic oligodendroglioma, 
anaplastic oligoastrocytoma and anaplastic astrocytoma—
peak at age 30–39.

In Fig. 1, I show the registered number of primary brain 
tumors by age group at the brain tumors registry in Japan. 
Gliomas—including unclassified, neuronal, and glioneu-
ronal tumors—are the most common tumors in all AYAs, 
followed by germ cell tumors at age 10–19, and pituitary 
adenomas at age 20–39. Overall, representative malignant 
brain tumors in AYAs are diffuse gliomas and germ cell 
tumors.

Breaking bad news in AYA malignant brain tumors

One of the most important—and difficult—communi-
cation situations for both patients with brain tumor and 
physicians is receiving and giving bad news [12, 13]. No 
reports have focused on breaking bad news in AYA malig-
nant brain tumors. AYA patients, especially adolescents, 
would be disappointed and/or confused about their pros-
pects for further education, employment, independence 
from parents, and marriage. To communicate bad news 
sensitively, physicians need to be aware of the possible 
worst news and the patients’ communication preference 
[14]. Receiving the initial tumor diagnosis was reportedly 
considered the worst of all bad news for most patients 
[15]. Some parents desire to hide the name of disease, and 
the terms “cancer” and “anticancer agent,” because they 
anticipate the stress these terms will give patients. AYAs 
are familiar with the internet and readily seek information 
about their own disease. Patients generally wanted to know 
“the truth” about diagnosis and prognosis, but what they 
meant varied; not all patients appear to wish to know the 

Fig. 1   Age-specific number of patients for each brain tumor at the brain tumor registry 2005–2008, Japan
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full facts: some desired full honest information to allow 
for autonomous choices; others preferred general informa-
tion without details; and some wanted no bad news at all, 
only positive information [16]. The field of neurosurgery/
neuro-oncology is unique, because patients might experi-
ence brain tumor-specific problems (for instance, epilepsy, 
hemiparesis, and changes in cognition and personality). 
Cognitive changes may complicate the breaking of bad 
news. Information given about the prognosis should be 
tailored to the coping styles of individual patients and 
their relatives, rather than to the preference of individual 
clinicians or treatment centers [14]. Therefore, physicians 
need to collect information on the preferences of patients 
and their families in advance and then break the bad news 
gradually by grasping their comprehension.

End‑of‑life care in AYA malignant brain tumors

Advance care planning is an important element in improving 
end-of-life care, but malignant brain tumors remain under-
researched [17]. Some malignant brain tumors in AYAs are 
incurable. Therefore, some AYA patients with malignant 
brain tumor are prematurely faced with mortality, and many 
do not discuss advance directives and living wills. In the 
final stage, patients with brain tumor present severe symp-
toms due to the tumor and/or its treatment, which require 
adequate palliative management and supportive therapy. 
Few physicians are equipped to explain the terminal nature 
of malignant brain tumors to AYAs, who, unconsulted, 
frequently die in hospitals [18–20]. AYAs may be forced 
by their parents to live with them without their spouse or 
children but against their will. The family preferences and 
patient’s personal context should be considered before the 
patient is unable to express a living will, and appropriate 
psychological support should be provided. In incurable set-
tings for AYAs, as with all patients, early palliative care 
and advanced care planning with end-of-life discussions are 
appropriate. Active intervention with sufficient visualized 
information benefited advance care planning for palliative 
care, avoiding cardiopulmonary resuscitation, and being 
confident in end-of-life decision making [21]. Therefore, 
the first step of breaking bad news is essential.

Dysphagia is an important symptom of patients with brain 
tumor, because it may affect nutrition and hydration, poten-
tially inducing aspiration pneumonia [22]. In one study 85% 
of patients presented dysphagia in the last 4 weeks of life 
(median onset to death 21 days) [23]. Dysphagia also com-
plicates the oral intake of drugs, including anticonvulsants. 
Seizures in the last 4 weeks before death occurred in 30% 
of patients and repeated seizures or status epilepticus, in 6% 
of patients [23]. In the last weeks of life, patients presenting 
dysphagia require changes from oral to nasogastric intuba-
tion for anticonvulsants or intramuscular barbiturates. Some 

new antiepileptic drugs such as levetiracetam and lacosa-
mide are administered intravenously.

End stage brain tumors often involve consciousness 
deterioration. Most patients with brain tumor are bedridden 
for longer than other patients with cancer because of con-
sciousness deterioration and/or severe neurological deficit. 
Caregivers of large physique AYA patients encounter other 
challenges. Patients with brain tumor usually die peace-
fully, but delirium or behavioral disturbances may cause 
disruption [23]; agitation and restlessness with moaning and 
grimacing should be interpreted as physical pain. Bulbar 
palsy or pseudobulbar palsy might disrupt breathing, which 
may be eased via the nasopharyngeal airway. No-treatment 
end-of-life treatment decisions for AYA patients with brain 
tumor—including withdrawal of supportive treatment (ster-
oid, anticonvulsant), withdrawing–withholding of artificial 
nutrition–hydration in patients in prolonged vegetative state, 
and palliative sedation—are the most difficult [17]. Advance 
directives can help in taking such decisions. AYA patients 
with brain tumor at the recurrent/progressive stage may not 
be able to decide if they are willing to live with severe neu-
rological symptoms. Hence, earlier active intervention of 
advance care planning with sufficient information of patients 
and their families is essential. Early discussions with fami-
lies and home care personnel are also important.

Fertility preservation and malignant brain tumors

Loss of fertility is a pitiful outcome of cancer treatment and 
has been reported to negatively impact the QOL of cancer 
survivors [24]. Currently, AYA patients with brain tumor are 
underserved because of poor prognosis and fear of treatment 
delay. Patients with primary brain tumors risk infertility via: 
(1) chemotherapy; (2) hypothalamic–pituitary hormonal 
malfunction through tumor infiltration, surgery, or radio-
therapy; and (3) ovary exposure at cerebrospinal irradia-
tion. Among these risks, chemotherapy could impair sperm 
production in men or deplete the pool of ovarian oocytes in 
women, hence becoming a target for fertility preservation 
[25]. Germinoma at neurohypophysis and craniopharyn-
gioma are leading causes of hypothalamic–pituitary mal-
function. Applying proton beam therapy for cerebrospinal 
irradiation avoids radiation exposure of thoracoabdominal 
organs including ovaries [26].

Due to the poor prognosis for AYA malignant glioma, 
fertility preservation is a well-recognized but infrequently 
addressed clinical issue, and only 30% of patients reported 
having a discussion about fertility preservation [27]. Temo-
zolomide, a representative alkylating agent commonly used 
in the treatment of gliomas, impairs fertility [28]. Bevaci-
zumab is also reportedly moderately toxic to ovaries [29]. 
Despite the poor prognosis, reproductive—particularly 
childless—AYA patients with malignant glioma have 
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significant interest in fertility preservation [25]. However, 
female patients with glioma have another issue. Tumor pro-
gression during pregnancy has been reported in 33–45% of 
patients with glioma [30]. Another report showed that the 
growth rate of tumor during pregnancy increased in 87% 
of cases, while clinical deterioration was observed in 38% 
of cases. Clinical deterioration resolved after delivery in 
21.4% of cases. Hence, it is important to inform female 
AYA patient with glioma and her partner about the impact 
of pregnancy on the growth of the glioma.

On the other hand, AYA medulloblastoma is a good can-
didate for fertility preservation, and NCCN guidelines advise 
not only fertility preservation but also contraception [31]. 
Newly diagnosed germinoma at the pineal lesion, usually 
developing only in males, is the best candidate for sperm 
cryopreservation. Germinoma at neurohypophysis—a poor 
candidate for fertility preservation—with equal incidence 
in both sexes, often decreases gonadotropin secretion. 
Although the efficacy of postchemotherapy testicular sperm 
extraction/intracytoplasmic sperm injection was reported 
recently, informing reproductive AYA males of the potential 
risk of treatment-induced infertility is important [32]. First 
line standard treatment in Japan of the three courses of car-
boplatin and etoposide is considered a moderate infertility 
risk. Sperm cryopreservation should be also considered for 
patients with recurrent germinoma, because second remis-
sion is possible via treatment with intensive chemotherapy 
and radiation; newly diagnosed germinoma involving neuro-
hypophysis usually precludes sperm cryopreservation due to 
impaired gonadotrophs. Highly malignant germ cell tumors 
including choriocarcinoma, yolk sac tumor, and embryonal 
carcinoma challenge fertility preservation because of the 
rapid progression of these diseases.

Technical advances offer cryopreservation of ovarian tis-
sue for not only reproductive age but also prepubertal girls 
at risk of sterility, and should be offered before initiation of 
chemotherapy [33]. The cryopreservation of ovarian tissue 
could instead be systematically offered even to prepuber-
tal girls at risk of sterility due to gonadotoxic treatment. 
In 2019, the American Society for Reproductive Medicine 
reported that ovarian tissue cryopreservation and transplan-
tation is no longer experimental, but a standard of care [34]. 
However, fertility preservation is more difficult for female 
patients, because they need to undergo extra surgical pro-
cedure. Patients and/or parents may decline such offers 
because of the poor prognosis for malignant brain tumors. 
Testicular tissue cryopreservation is still under investigation 
and future technical advancement is expected.

To address these unmet needs and improve the QOL 
of AYA brain tumor survivors, it is necessary to establish 
oncofertility programs, including universal counseling 
on individualized infertility risk assessment and avail-
able preservation options, at each institution. In Fig. 2, I 

schematically show the representative clinical course of 
patients with brain tumor at reproductive age. An age-based 
guideline to the establishment of each disease and timely 
updates are essential.

Educational supports

AYAs, especially adolescent patients, require educational 
support during cancer treatment and for cancer survivors 
[8]—issues dependent on specific national education sys-
tems. The Japanese school system comprises 6-year elemen-
tary schools, 3-year junior high schools and 3-year senior 
high schools, followed by 2-or-3-year junior colleges or 
4-year colleges. Compulsory education lasts for 9 years 
through elementary and junior high school. During com-
pulsory education periods, schools for long-term treatment 
of in-patient children are usually available in cancer cent-
ers and university/medical university hospitals. Educational 
support for senior high school students with hematopoeic 
malignancy or solid cancer—including malignant brain 
tumors—is essential. However, the hospital class for senior 
high school is unavailable in most hospitals. Since 2017, 
Hiroshima University Hospital has joined the Board of Edu-
cation in Hiroshima City/Prefecture to teach senior high 
school inpatients students [35]. Remote teaching using infor-
mation and communication technology has been applied 
to patients since 2018; the use of avatar robot OriHime® 
has been developed and utilized for students at senior high 
school (Fig. 3). Remote lessons proved effective for con-
tinuing learning and communication with classmates and 
teacher, providing effective preparation for school life after 
discharge. The establishment of educational systems requires 
collaboration among hospitals, regional senior high schools, 
and the Board of Education in each prefecture. Under coro-
navirus disease 2019, remote classrooms are utilized for 
healthy students. Therefore, it is expected that the remote 
class become generalized for AYA patients during long-term 
hospitalization in the future.

Educational support for brain tumor survivors—includ-
ing school reentry after discharge—presents challenges [12]. 
Malignant brain tumor survivors sometimes encounter dif-
ficulty at school reentry due to cognitive impairment, dif-
ficulties in concentration, memory, or problem-solving, as 

Fig. 2   Expected clinical course of patients with brain tumor at repro-
ductive age
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well as physical disabilities. Patients who underwent high-
dose cranial irradiation may suffer cognitive deterioration 
due to late effects of irradiation [36]. Brain tumor survivors 
also suffer from changes in appearance—including alope-
cia, sparse hair, short stature, obesity, and so on—which 
may result in negativity, demotivation, and anxiety. The 
most common side effect is fatigue [37, 38], from unknown 
causes, with sequelae including cognitive difficulties, hor-
monal deficiency, seizure and anticonvulsant use, anxiety 
and depression, and so on. After school reentry, teachers, 
while encouraging brain tumor survivors, should understand 
the problem of fatigue. Lack of understanding about the per-
sistent fatigue of brain tumor survivors may be their biggest 
problem. Both predischarge coordination conferences and 
periodic coordination conferences with patients, care givers, 
social workers, hospital–school liaison, rehabilitation staff, 
nurses, and attending physicians may further understanding 
of brain tumor survivors’ distress and alleviate their anxi-
ety. Exact evaluation of their cognitive function, neuropsy-
chological condition, and physical disabilities would pro-
vide support during compulsory education—but not during 
postcompulsory education. For AYA brain tumor survivors, 
assistance in utilizing social resources and peer support may 
be more useful. It was reported that a vast majority of AYAs 
remained engaged in education throughout their cancer tra-
jectory with the support of educational support program 
[39]. Because AYA patients with brain tumor with cognitive 
impairment have many unmet needs, establishment of a spe-
cial educational support program is desired. Further research 
will be required to evaluate the quality of interventions and 

incorporate the voice of AYA patients with brain tumors to 
further inform service delivery.

Molecular biology and treatment of the AYA 
population in neuro‑oncology

Recent advances in molecular study have enhanced inte-
grated diagnosis of brain tumors. For example, pediatric 
and adult molecular glioma subtypes differ greatly. In adult 
grade II and III diffuse gliomas, isocitrate dehydrogenase 
(IDH)1/2 and 1p/19q codeletion status play an important 
role. Adults with diffuse gliomas harboring both IDH muta-
tion and chromosome 1p/19q codeletion show more favora-
ble clinical outcomes with significantly longer survival. In 
contrast, adults with diffuse gliomas harboring IDH wildtype 
and 1p/19q noncodeletion show poor clinical outcomes, 
which are consistent with glioblastoma. Adults with diffuse 
glioma harboring IDH mutation and 1p/19q noncodeletion 
show intermediate clinical outcomes [40]. IDH mutation 
and O6-methylguanine–DNA–methyltransferase methyla-
tion are highly linked, and confer more favorable responses 
to alkylator therapy—specifically temozolomide [5]. In 
pediatric high-grade gliomas, histone 3 (H3) K27-altered—
usually observed in pons and thalamic tumors—has a poor 
prognosis. In infant nonbrainstem glioma, 40% of tumors 
harbor NTRK-fusion [41]. In older child and adolescent 
hemispheric high-grade gliomas, H3 G34R/V mutation is 
common [7].

Low-grade gliomas of childhood may be single path-
way diseases. In pilocytic astrocytoma—the most common 
low-grade glioma—activation of the RAS/MAPK pathway 
via BRAF/FGFR alteration has been reported [5]. Among 
BRAF/FGFR alteration, BRAF–KIAA 1549 fusion is most 
common and is associated with a better prognosis [42]. 
BRAFV600E mutation, also observed in minor populations of 
pilocytic astrocytoma, was associated with a poorer progno-
sis. Mutation of BRAFV600E was also identified, most com-
monly occurring in pleomorphic xanthoastrocytoma and 
ganglioglioma, followed by astroblastoma [43]. BRAFV600E 
mutation may be associated with a better prognosis in some 
glioblastoma populations, but epithelioid glioblastoma with 
BRAFV600E mutation showed a poorer prognosis [44]. In 
epithelioid glioblastoma, TERT promoter mutations and 
CDKN2A/B homozygous deletions were also reported [45].

The 5th edition of the WHO classification has taken a 
new approach to classifying gliomas, glioneuronal tumors, 
and neuronal tumors, dividing them into six different fami-
lies as follows: (1) adult-type diffuse gliomas; (2) pediatric-
type diffuse low-grade gliomas; (3) pediatric-type diffuse 
high-grade gliomas; (4) circumscribed astrocytic gliomas; 
(5) glioneuronal and neuronal tumors; and (6) ependymomas 
[7]. AYA gliomas comprise pediatric-type and adult-type. 
Molecular studies are essential for exact diagnosis. The 5th 

Fig. 3   Avatar robot OriHime® remote operation system
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edition of the WHO classification will include much molecu-
lar information: CDKN2A/B homozygous deletion in diffuse 
astrocytoma IDH-mutant; MYB- or MYBL1-alteration in 
pediatric diffuse astrocytoma; ZFTA (the new designation 
for C11orf95, which is considered more representative of the 
tumor type than RELA, because it may be fused with more 
partners than RELA) fusion supratentorial ependymoma; 
MNl-altered astroblastoma; CNS tumor with BCOR inter-
nal tandem duplication; CIC-rearranged sarcoma; and so on.

Importantly, special consideration is necessary for AYA 
brain tumors, because they occur at a developmentally sen-
sitive period and AYAs are likely to survive long enough 
to experience their sequelae. Each indication of radiation 
therapy for brain tumors should take into account the risks 
of functional impairment caused by tumor progression ver-
sus the late effects of radiation, including: neurocognitive 
impairment, endocrine disorder, vascular events such as 
moyamoya syndrome, infraction and cavernous angioma, 
and increased risk of secondary malignancy [46, 47]. For 
example, physicians will recommend local irradiation for 
middle-aged adult patients with oligodendroglioma, but may 
try to avoid or postpone local irradiation for AYA patients 
with oligodendroglioma, a representative chemo- and radio-
sensitive adult-type diffuse glioma. On the other hand, phy-
sicians need to realize the difficulty of applying the stand-
ard pediatric regimen of vincristine and carboplatin against 
nonresectable AYA pilocytic astrocytoma due to the risk of 
gonadal toxicity and higher risk of vincristine neurotoxicity 
[5]. For some diseases, adults with pediatric tumors (such 
as medulloblastoma and germ cell tumors) seem to have a 
worse prognosis than is usually reported for children due to 
under treatment or erroneous treatment, or poor compliance 
with the therapeutic guidelines [48]. Adult patients’ toler-
ance of chemotherapy following radiotherapy is generally 
lower and these treatments should, therefore, be applied at 
centers with experience in neuro-oncology. Survivorship 
of AYA patients with brain tumor is another issue. Future 
development of AYA glioma-specific treatment strategies 
is anticipated.

The vast majority of AYA patients with brain tumor 
appear to be spontaneous and unrelated to either carcino-
gens in the environment or hereditary predisposition, such 
as family cancer syndromes [4]. For AYA patients with brain 
tumor, current cancer multigene panel testing may be less 
useful for discovering therapeutic targets. However, cancer 
multigene panel testing would allow adolescent patients with 
brain tumor to reach an exact diagnosis, especially useful 
in differentiating between pediatric- and adult-type tumors. 
Accumulation of knowledge about AYA brain tumors using 
cancer multigene panel testing would enhance the develop-
ment of integrated diagnosis and treatment. Future devel-
opment with AYA brain tumor-specific cancer multigene 
panels would render development of precision medicine.

One important issue is the low participation rate of AYAs 
with cancer in clinical trials. A previous study reported that 
the participation rate of AYAs was 5–20%, which was much 
lower than that of children (60–80%) [49]. This low par-
ticipation rate is associated with poor survival outcomes 
of AYAs. Improved survival has been documented among 
young adolescents with several tumor types who are treated 
according to the pediatric protocol as compared with older 
AYAs [50, 51]. Pediatric oncologists tend to be more aggres-
sive in chemotherapy, whereas adult oncologists are more 
likely to choose radiation therapy. It is unclear whether this 
difference in the treatment approach changes the outcomes 
of AYA patients with brain tumors. Molecular targeted 
therapy should be developed via clinical trials, because this 
approach potentially reduces the late effect of chemotherapy/
radiotherapy. Cancer multigene panel testing in the diagnos-
tic work-up of AYA brain tumors is critical for the develop-
ment of molecular targeted therapy. An AYA neuro-oncol-
ogy program should be developed in major cancer centers 
to improve the outcomes of AYA patients with brain tumors.

Conclusions

Here, I explained the current status and issues of AYA brain 
tumors. Although the incidence of entire AYA brain tumors 
is not rare, each pathologically based disease is rare and inte-
grated diagnosis of AYA brain tumors is currently in tran-
sition. Because AYAs experience physical, psychological, 
emotional, social, and sexual change with many life events, 
specific consideration is necessary to prevent deteriorating 
QOL by brain tumor-specific symptoms. Although the prog-
nosis for some malignant AYA brain tumors is poor, physi-
cians must be cognizant that reproductive—and particularly, 
childless—AYA patients have significant interest in fertility 
preservation. All AYA brain tumors should undergo molecu-
lar profiling not only for diagnosis but also for investigat-
ing tumor biology and developing an appropriate treatment. 
Development of AYA brain tumor-specific treatment strate-
gies and precision medicine are desirable to avoid sequelae 
and late effects and to improve outcomes.
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