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Abstract
Background Due to technical advancements and availability of neuroimaging, detection of incidental pediatric brain tumors
(IPBT) is growing rapidly. The management of these asymptomatic lesions remains unclear; radiological, pathological, and
clinical risk factors for further growth and malignant transformation (MT) are not well defined.
Methods We systematically reviewed the literature on the dilemmas and management of IPBT suggestive of a low-grade brain
tumor (LGBT). Keyword searches of the PubMed and Medline (NCBI) databases identified studies on IPBT describing the
prevalence, neuroimaging, management, or risk of MT through July 2019. References of the identified articles were also
reviewed.
Results A total of 2021 records were screened. Fifty-nine full-text articles were reviewed, and 34 published studies were
included. IPBT are diagnosed in 0.2–5.7% of children undergoing brain imaging for various reasons. The accepted approach
for management of lesions showing radiological characteristics suggestive of LGBT is radiological follow-up. The rate at which
additional intervention is required during follow-up for these apparently low-grade lesions is 9.5%. Nevertheless, the dilemma of
early surgical resection or biopsy vs. clinical and radiological follow-up of IPBT is still unresolved. The risk in these cases is
missing a transformation to a higher grade tumor. However, MTof pediatric LGBT is very rare, occurring in less than 3% of the
cases of proven low-grade gliomas in children. The risk of future MT in pediatric low-grade gliomas seems to be greater in the
presence of specific molecular markers such as BRAF V-600E, CDKN2A, and H3F3A K27M.
Conclusions The natural history, management, and prognosis of IPBT remain ambiguous. It seems that lesions suggestive of
LGBTcan initially be followed, sincemany of these lesions remain stable over time andMT is rare. However, controversy among
centers concerning the ideal approach still exists. Further observational and prospective cohort studies, focusing on potential
clinical and radiological characteristics or risk factors suggestive of high-grade tumors, tumor progress, or MT of IPBT, are
needed.
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Introduction

The rate of incidentally detected brain tumors in children
(incidentalomas) is growing in recent years, due to availability
and wide spread use of neuroimaging for various indications
[1]. Management of these lesions is controversial, presenting
clinicians and families with practical decision dilemmas [2, 3].
Treatment options in children vary between conservative (im-
age and clinical follow-up), biopsy, or tumor resection [4]. In
adults, it seems that early resection of incidentalomas that are
suspected to be low-grade brain tumors (LGBTs), whenever
feasible, may lead to better survival, due to minimizing risks
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ofmalignant transformation (MT) [5–7]. However in children,
as opposed to adults, MT of low-grade tumors (excluding
cancer predisposition syndromes) rarely occurs, although data
on potential risk factors for MT, such as age, sex, tumor size or
location, radiological factors, and molecular biology, are still
sparse [8]. The purpose of this article is to systematically
review the literature on the prevalence, dilemmas, and differ-
ent management options of incidental pediatric brain tumors
(IPBT).

Methods

Our primary search was conducted using the PubMed and
Medline (NCBI) databases and the following keywords in
titles or abstracts: “brain incidentaloma,” “children brain
incidentaloma,” “pediatric brain incidentaloma,” “incidental
cerebral mass lesion,” “pediatric cranial incidentaloma,” “chil-
dren cranial incidentalomas,” “incidental findings neuroimag-
ing,” “incidental brain lesions,” “incidental brain tumors,”
“incidental cerebral lesions,” “malignant transformation brain
tumor children,” “malignant transformation brain lesions chil-
dren,” “malignant transformation in low grade glioma in chil-
dren.” Databases were searched throughout July 2019. The
inclusion criteria were first applied to titles and abstracts and
then to full-text articles to determine final inclusion status.

Inclusion criteria included the following:

(1) restrictions to English language
(2) inclusion of pediatric patients (under the age of 20 years)

only
(3) focus on incidental tumorous findings

We included studies that used both randomized and non-
randomized designs, while case reports, reviews, and system-
atic reviews were included as well. Abstracts were reviewed
by the authors, who systematically excluded duplicates. The
review was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. Articles were described systematically;
however, formal meta-analysis was not performed due to het-
erogeneity across studies and the sparse number of highly
qualitative studies. In addition, methods of long-term screen-
ing, follow-up physical exams, and radiographic inclusion
criteria were not available in the vast majority of the studies
and therefore could not be accounted for.

Results

Our search resulted in 34 relevant articles that met our inclu-
sion criteria (Fig. 1). Five of the articles deal with the preva-
lence of IPBT [1, 9–12]. One article deals with specific

neuroradiological imaging techniques for further differentia-
tion of IPBT [13]. Ten articles analyze or discuss the potential
management of these lesions (observation vs. intervention) [2,
3, 12, 14–20]. One article dealt with both the prevalence and
the potential management of IPBT [12]. MT of a suspected
pediatric LGBT or low-grade spinal tumor is described in 14
articles [8, 21–33]. Molecular analysis of MT in pediatric
brain tumors is discussed in 5 articles [34–38].

Prevalence of suspected incidental pediatric LGBT

The occurrence of the so-called brain incidentalomas in chil-
dren undergoing brain imaging for various reasons is about
25% (including various intra- and extra-axial lesions).
Suspected incidental brain tumors are diagnosed in 0.2–
5.7% of the cases [1, 9–12]. Most studies analyzing the rate
of IPBT do not focus specifically on incidental brain tumors,
but rather describe the overall prevalence for incidentally de-
tected brain pathologies (including arachnoid cysts, paranasal
sinus fluid, cyst or mucocele, vascular lesions, cavum septum
pellucidum, and Chiari malformation).

In a study by Jansen et al., of 3966 children undergoing an
MRI, in 25.6%, an incidental pathological brain finding was
detected, with suspected LGBT seen in 7 children (0.18%)
[10]. Graf et al., in their analysis of 185 children undergoing
MRI, found an incidental lesion in 21.5% of the children,
with 1.6% showing parenchymal tissue abnormality. They
do not further specify the term “parenchymal tissue abnor-
mality” [1]. Perret et al. analyzed 335 children with a primary
central nervous system (CNS) tumor and found that in 5.7%
of the cases, the diagnosis was an incidental finding [12].
Kaiser et al. found that 1 out of 114 healthy children
(0.88%) undergoing an MRI displayed a suspected inciden-
tal mass lesion within the fourth ventricle [11]. Finally,
Gupta et al. describe an overall rate of 8% incidental findings
on pediatric MRI, although no specific rates for suspected
LGBT are described. [9]

Radiological diagnosis and criteria of suspected
incidental pediatric LGBT

Occasionally, the differential diagnosis between an LGBTand
a pathology that is congenital or acquired of non-neoplastic
origin may become an issue. Based on our systematic litera-
ture search, reports analyzing or discussing typical radiologi-
cal characteristics suggesting a lesion to be of low or high
grade do not exist. Radiological diagnostic criteria of pre-
sumed LGBT are not well defined. Due to these heterogene-
ities, some authors advocate further diagnosis using other im-
aging modalities such as positron emission tomography
(PET). Pirotte et al. analyzed 55 IPBT on MRI, who further
underwent PET imaging of the brain. PET imaging had a high
sensitivity and specificity to detect tumor as well as malignant
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tissue, although the absence of PET tracer uptake does not
definitively exclude tumor tissue [13].

Dilemmas concerning the management of suspected
pediatric incidental LGBT

Once an incidental pediatric LGBT is suspected, many di-
lemmas and uncertainties arise for the child and parents, as

well as for the caregivers. Due to the relatively low prevalence
of these lesions, comparative data on the different treatment
modalities (observation vs. intervention) are (and will proba-
bly stay) rather limited. To date, only 7 studies (plus 3 edito-
rials) describe their experience in the management of IPBT
(Table 1) [3, 12, 14, 15, 17, 19, 20]. Prospective studies com-
paring different treatment modalities, rate of MT, and time to
intervention do not exist.

2015 ar�cles 
iden�fied through 

database searching for 
all search terms

2021 ar�cles iden�fied

46 duplicates removed

1975 ar�cles screened

6 ar�cle iden�fied 
through other sources

59 full text ar�cles 
assessed for eligibility

1916 excluded based
on �tle/abstract 

review

25 excluded with reason
-adult pa�ents included
-non-incidental finding
-non tumorous findings

34 ar�cles included

Fig. 1 Selection of articles
included in this review
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Bredlau et al. published a series of 21 IPBT, diagnosed at a
median age of 12 years, of which 13 (61.9%) were initially
followed over a median period of 32 months (range 1–
104 months). Of these 13, 5 (38.5%) children showed subse-
quent progression of their mass and 4 (30.8%) had surgery at
the time of progression, while 1 lesion stabilized and was
continuously followed. The remaining 8 patients showed sta-
ble disease and did not require intervention. Event-free sur-
vival in the 13 subjects monitored was 84% and 63%, at 12
and 24 months, respectively, with an overall survival (OS) of
100% [15]. Perret et al. included 19 children (median age of
7.6 years) with incidentalomas detected by MRI over a period
of 15 years. Seven patients underwent immediate surgical re-
section, while the remaining 12 (63.2%) were followed with
semi-annual clinical and radiological evaluations. Two pa-
tients (16.6%) underwent delayed surgery (one due to progres-
sion after 1.5 years and one at explicit request of the parents
after 5 years of following), while the remaining 10 (83.4%)
remained stable during the follow-up period [12]. Our group
published a series of 47 children treated at 2 centers, with a
median age of 8.6 years, presenting with IPBT. Of the 22
(46.8%) patients who were observed over a mean period of
25 months, only 2 (9%) were eventually operated (one due to
development of symptoms after 1.5 years and one due to tu-
mor progression after 2 years) [19]. In a published series of 12
children (median age of 10 years) with IPBT who were
followed for a median time period of 16.7 months (range
2.7–59.5 months) one patient (8.3%) required surgery
9 months after initial diagnosis due to progression in size
[14]. In a recently published series of 55 children with IPBT,
14 underwent surgical resection, 3 underwent biopsy, and 38
with benign imaging characteristics (defined as non-
enhancing lesions, a size < 1.5–2 cm in diameter, and no sur-
rounding edema or mass effect) at presentation were moni-
tored. A malignant tumor was detected in 1 out of 17 patients
who underwent surgery (resection or biopsy), while 10 out of
38 radiologically observed tumors showed growth in size dur-
ing a median follow-up of 34.2 months. Out of these 10 pa-
tients, however, only in 2 patients did the tumor increase to a
size requiring surgical resection [3]. Zaazoue et al. published a
series of 144 pediatric incidental brain lesions indeterminate
for neoplasm, with an average age at diagnosis of 11.2 years
and an average follow-up of 3.8 years. In 21.5% (n = 31) pro-
gression was seen, with a mean time to progression of
32.3 months. A change in management was made in 9% of
the patients (n = 13), including surgical resection in 11 pa-
tients, and biopsy or lumbar puncture in one patient each.
Larger lesions and those with contrast enhancement or edema
were significantly more likely to require surgery. They con-
cluded that most incidental lesions indeterminate for tumor
have an indolent and benign course, and should be followed
radiologically. Finally, in a recently published series by our
group analyzing 70 children from two centers with

incidentally detected posterior fossa tumors, 27 underwent
surgical resection, 31 were followed, while 12 underwent de-
layed surgery due to tumor size progression, changes in radio-
logical characteristics, or parental decision [17]. Patients un-
dergoing delayed surgery after a period of radiological and
clinical follow-up showed in the vast majority (94.3%)
LGBT or non-tumorous lesions after histopathological evalu-
ation (Table 2).

Similar to the patterns seen in these 7 studies,
incidentalomas in the general pediatric populations that have
been followed seem to remain stable in 69.2–100% of the
cases and do not require further intervention. Therefore, the
authors of the aforementioned studies all concluded that clin-
ical and radiological follow-up in IPBT has an important role.

The major drawback of all of these studies is their rather
small cohort and the rather short follow-up time. The remain-
ing 3 reports that we identified and included in this study on
the management of suspected incidental pediatric LGBT are
editorials and an international survey discussing the dilemmas
and different treatment modalities in these patients [2, 16, 18].

Malignant transformation and molecular profiling
of pediatric LGBT

MT of LGBT is a rather rare phenomenon in the pediatric
population. Recent studies showed a low occurrence rate
(2.9%) [34, 35, 38]. This stands in clear contrast to adult
patients, where MT is estimated in up to 50% of the cases
[32, 39, 40]. The rate of MT also seems to vary between
different histological subtypes of pediatric LGBT. Even with-
in one pathological entity, differences might exist based on the
molecular profile of the specific lesion [23, 38].

MT of IPBT, suspected to be LGBT and treated by obser-
vation, is described only within the scope of case reports
(Table 3) [8, 31]. Reports on confirmed LGBT showing MT
after surgical removal exist too (Table 2) [21, 22, 24–27, 29,
30, 33]; however, in the majority of these cases, the patients
received adjuvant chemo- or radiotherapy, which is known to
be a risk factor for MT [28].

A study by Broniscer et al., including 11 children
experiencingMTof an LGBTafter a median time of 5.1 years,
completed a molecular analysis of the resected tissue in all
cases. In 9 cases, tissue diagnosis was available before and
after MT [35]. TP53 overexpression and deletions of RB1
and/or CDKN2A were more common after MT. Note that
eight of these patients underwent radio- and/or chemotherapy
after resection of the LGBT, potentially contributing to the
MT. A study by Castello et al. showed an association between
hypermethylation of the UTSS region in the TERT promoter
and MT of pediatric brain tumors [36]. Mistry et al. showed
that BRAF V600E mutation and CDKN2A deletion are seen
early in LGBTs that are at risk of MT into secondary high-
grade brain tumors (HGBT) [38]. Finally, Frazao et al. suggest
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that BRAF V600E mutation or CDKN2A/B MTAP co-
deletions in pediatric gliomas may be used for stratifying pa-
tients for a stricter surveillance, since they occur more often in
HGBT [37].

Discussion

Based on our systematic literature search, IPBT suspected to
be LGBT occur in 0.2–5.7% of patients undergoing MRI.
Differentiating by radiological criteria between low- and
high-grade tumors is often challenging. Modalities such as
PET or MR spectroscopy might help distinguish between the
two.Within the seven available studies analyzing the manage-
ment of suspected incidental pediatric LGBT, 368 children
with a median age of 10 years were retrospectively analyzed.
In 51% of the cases, the lesion was located supratentorial, and
surgery at diagnosis was conducted in 22.8% of the patients.
77.2% of the children were managed conservatively through
clinical and radiological follow-up and 68.8% did not need
any further intervention after a median follow-up time of
32 months. Delayed surgical resection of the lesion after fol-
lowing the lesion for a certain period of time was indicated in
9.5% of the cases, due to radiological changes (e.g., new con-
trast enhancement) or progression in size of the lesion
(Table 1).

Prevalence of suspected incidental pediatric brain
tumors

Due to the growing availability of high-quality cranial
imaging worldwide, as well as low threshold for imag-
ing, the amount of incidentally detected lesions during
the course of brain scanning is growing rapidly. The term
“victims of modern imaging techniques (VOMIT)” de-
scribes the growing phenomenon of patients undergoing
imaging for various reasons (e.g., trauma, unrelated
symptoms, research) where an incidental asymptomatic
lesion is detected, leading at times to a significant med-
ical and psychological burden for the patient and family
[41]. To date, the prevalence of incidental brain lesions
in general, and of incidental suspected LGBT, remains
unknown. In addition, the rate of incidentally detected
brain lesions in general, and tumors specifically, is ex-
pected to rise, due to the increased use of brain imaging.
Every incidentally detected brain tumor must provoke a
multidisciplinary discussion of the suspected diagnosis,
based on the radiological features and tumor location,
and consequently trigger a case-by-case discussion on
the options and the best management for each specific
case.

Radiological diagnosis and criteria of suspected
incidental pediatric brain tumors

LGBT generally are identified by the following imaging
characteristics:

& Hypointense on T1-weighted MRI
& Hyperintense on T2-weighted and T2 fluid-attenuated in-

version recovery (FLAIR) sequences
& Show a non-enhancing pattern
& No restriction on diffuse-weighted imaging (DWI)
& Smaller than 2 cm in diameter
& With no surrounding edema or mass effect [3, 14].

However, some consider asymptomatic tumors with a di-
ameter larger than 2 cm, or with minimal mass effect or ede-
ma, still to be suspected incidental LGBT and not necessarily
suspicious for malignancy [2, 15, 16]. It seems that incidental
tumors showing restriction on DWI and/or contrast enhance-
ment (but especially with the combination of both) have a
higher probability of being high-grade and should prompt
earlier treatment. In addition, radiological appearance is often
misleading, showing an overlap between non-neoplastic le-
sions (e.g., hypothalamic hamartomas, inflammatory lesions)
and LGBT, and even between HGBT and LGBT [19].
Another possible tool for obtaining additional information is
MR spectroscopy. This modality may improve diagnostic ac-
curacy and possibly help to differentiate between different
tumor types. Single-voxel MR spectroscopy in particular has
demonstrated an ability to determine brain tumor histology
and grade in several multicenter studies [42, 43]. A combina-
tion of different types ofMR spectroscopy (short and long TE)
improves diagnostic accuracy for the three main pediatric
brain tumors (medulloblastoma, pilocytic astrocytoma, and
ependymoma), bringing it as high as 98% [44]. Another study
showed the added value of combining MR spectroscopy (hy-
drogen 1) with conventionalMR imaging, compared withMR
imaging alone [45]. This was true for both high-grade and
low-grade tumors, with promising results that might have an
important role in evaluating pediatric incidentalomas. Multi-
contrast radiomics and artificial intelligence with deep learn-
ing may shed a light on both geometric characters and molec-
ular biological traits of lesions, which may correlate with tu-
mor grade and proliferation rate. Combining all-contrast
radiomics models might precisely predict the biological be-
havior of the lesion, which may be attributed to presurgical
personal diagnosis [46, 47].

MT markers in imaging

Currently, there are no specific radiological markers known to
predict MT of LGBT. However, based on the published re-
ports, it seems that if the observed tumor shows any changes,
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however subtle, on imaging, such as growth, new contrast
enhancement, or restriction on DWI, the treatment course
should be adjusted accordingly. Either the lesion is followed
more closely with more frequent imaging, treated surgically
without further delay, or treated by biopsy (if the lesion is deep
or eloquent seated), followed by radiotherapy, chemotherapy,
BRAF inhibitors, or close follow-up, depending on the histol-
ogy and molecular profile of the lesion [8].

Observation vs. early intervention—an ongoing
dilemma

The classic approach of treating suspected LGBT through
observation has existed for over 30 years. Nevertheless, no

clear consensus exists on whether we should observe or
intervene surgically in incidental pediatric brain tumors.
There is no clear evidence on which to base the decision
of whether to follow or treat these lesions. It is therefore
crucial to discuss these cases with an interdisciplinary pan-
el and with the families, providing them with all of the
treatment options. The burden of following these lesions
over a long period of time might represent a significant
psychological burden for the patient and/or the parents, in
addition to various medicolegal aspects that arise when
incidental brain tumors are diagnosed and followed. All
these aspects must be considered and thoroughly discussed
with the families, before reaching a decision concerning
the management of these patients.

Table 2 Histopathological diagnosis of suspected LGBTwhich were resected after initial observation

Author (year) Delayed surgery (n, %) Histology

Perret (2011) 2 (10.6) Medulloblastoma
Fibrillary astrocytoma

Bredlau (2012) 4 (19.2) JPA (2×)
Oligoastrocytoma (LG)
Mature teratoma or dermoid cyst

Roth (2012) 2 (4.2) CPP JPA

Ali (2014) 1 (8.3) Astrocytoma grade II

Zaazoue (2019) 12 (8.3) Oligodendroglioma (2×)
Astrocytoma grade II (2×)
JPA
Neurocytoma
Ependymoma
Epidermoid cyst
Craniopharyngioma
Cavernous malformation
Meningoencephalitis (biopsy)
Non-diagnostic

Kozyrev (2019) 12 (17.1) JPA (8×)
Dermoid/epidermoid cyst (3×)
Medulloblastoma

Wright (2019) 2 (3.6) LGG (2×)

Total 35 (9.5)
High grade: 2 (5.7)
Low grade: 30 (85.7)
Non-tumorous: 3 (8.6)

Low grade:
JPA (13×)
Dermoid/epidermoid cyst (5×)
Astrocytoma grade II (3×)
LGG (2×)
Oligodendroglioma (2×)
Oligoastrocytoma
Ependymoma
Neurocytoma
Craniopharyngioma
CPP
High grade:
Medulloblastoma (2×)
Other/unknown:
Meningoencephalitis
Cavernous malformation
Unknown

n, number of patients; JPA, juvenile pilocytic astrocytoma; CPP, choroid plexus papilloma; LGG, low-grade glioma
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Time of intervention

A recently published survey (from our group) on the manage-
ment of IPBT noted that recommendations regarding inciden-
tal lesions may be affected by time perspective, changing over
time [2].

For example, in two presented cases, a significant per-
centage of the responders originally recommended follow-
up; however, once the tumors showed progression in size,
the recommendation changed and they were resected.
Both tumors showed a pathology of malignant high-
grade tumors (glioblastoma multiforme and medulloblas-
toma) [2].

On the other hand, we presented cases in which the
primary recommendation by many colleagues was for re-
section; however, over time, and with proof of lesion sta-
bility, the recommendations shifted to a more conservative
approach.

Of course, tumor behavior cannot be anticipated.
Although rare, MT may occur. Therefore, some authors
advocate a more aggressive treatment plan for pediatric
incidentalomas that are even suspected to be LGBT [18].
Wisoff et al. demonstrated in their prospective natural
history study that the single most significant factor
influencing outcome in childhood LGBT is an extent of
resection [48]. Therefore, according to their study, GTR
of pediatric LGBTs should be the goal, if achievable with
acceptable functional outcome. However, their series in-
cludes a heterogeneous cohort of children with LGBT,
without distinguishing between incidental and non-
incidental findings. Tumor location was also shown to
have an impact on prognosis. Deep-seated lesions involv-
ing the brainstem, optic pathway, or basal ganglia have a
worse prognosis than superficially seated cortical lesions,
since a resection of these deep-seated tumors is not pos-
sible [18, 48]. Many studies analyzing adult LGBT argue
that delayed operative management compromises the
long-term outcome of these patients [49–55]. However,
the risk of watchful waiting in adult LGBT is not compa-
rable with childhood LGBT, since in childhood, they pres-
ent as a different entity, differentiated on the molecular
level, as well as histological level from adult LGBT.
The childhood tumors typically grow relatively slowly,
rarely undergo MT, and may even undergo spontaneous
regression [18, 19, 32, 34, 38].

An additional drawback when managing incidental pediat-
ric brain tumors through radiological observation is that no
definitive pathological diagnosis can be made based solely
on imaging. Incidentalomas encompass a variety of patholo-
gies, varying in prognosis, and with histological results that
might change the recommended course of management for
these children. In addition, molecular diagnosis and targeted
therapy options, based on genetic analysis of the tumor, may

assist in prediction of the clinical course for individual cases
and therefore influence the course of treatment, as suggested
in a recent study by Mistry et al. [38]. Another theoretical
consideration is that in some cases, early surgical resection
might be advantageous, since potentially, the resection of
smaller lesions would lessen off the operative morbidity, in-
crease the ability to perform a GTR, and lower the risk of
tumor growth and infiltration of adjacent vascular structures
or eloquent brain regions. Finally, the psychological and social
aspect of a child and a family burdened with the uncertainty of
sequential imaging checks is an additional drawback of obser-
vation. In some cultural backgrounds, this may even come
with stigma and marginalization, however real or perceived.
Therefore, the “get it out and get it over with and get on with
life” concept to provide certainty and closure for patients and
their parents and thus get on with their lives is a very important
aspect to consider when discussing the course of treatment.

Malignant transformation and molecular profiling
of suspected LGBT

Molecular profiling of LGBTs might play a greater role than
the histological grading when it comes to estimating the risk of
MT [23, 34, 38]. Further, the molecular profile of an incidental
pediatric brain tumor might have one of the larger impacts on
the decision whether observation or intervention should be
pursued [23, 38]. BRAF V600E mutation and CDKN2A de-
letion are seen early in LGBTs that are at greater risk of MT
into secondary HGBT [37, 38]. Similarly, H3F3A K27M mu-
tation in thalamic gliomas was described as a predictive risk
factor for MT, although further, more robust evidence is need-
ed to prove this statement [23]. Castelo-Branco et al. showed
that in pediatric brain tumor upstream of the transcription start
site (UTSS), hypermethylation is associated with tumor pro-
gression, malignancy, and poor prognosis. Whether this might
represent an additional marker for MT must still be validated
[36]. In LGBTwith these molecular alterations, specific man-
agement modifications, including early surgical resection,
more aggressive resection, and concomitant medical therapy
(e.g., MEK inhibitors), might be indicated, due to the in-
creased risk of MT.

Biopsy options

This raises the question of whether surgical needle biopsy is
indicated even in incidental, small, non-enhancing suspected
LGBT. For the adult population, it is suggested that surgical
needle biopsy should be the standard practice, regardless of
whether observation or intervention is pursued [56]. These
suggestions, however, do not seem to apply for the pediatric
population, since MT is rare, hardly justifying surgery for
every child presenting with an incidental brain tumor. In ad-
dition, surgical needle biopsy presents significant limitations,
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such as sampling error, especially in small lesions, and the risk
of morbidity [14]. It therefore seems that if tissue diagnosis is
pursued, the decision between surgical needle biopsy and
GTR should be based on the location of the tumor and poten-
tial surgically associated risks; for deep-seated lesions, a nee-
dle biopsy would be preferable, while a GTR would be rec-
ommended for superficial and/or accessible lesions GTR.

Shift of the pendulum towards a more aggressive
approach in suspected pediatric incidental brain
tumors?

Following our personal experience with a child who
underwent MT following 6 years of observation for a stable
lesion, our approach to incidental lesions suggestive of being
LGBT has been modified over the years [8]. The pendulum of
management decision has shifted slightly from a conservative
approach of following these children radiologically, based on
the belief that MT is almost non-existent in children, to a
slightly more proactive approach, recommending biopsy once
even a slight change is detected on follow-up imaging. This
shift is influenced by the growing number of reports describ-
ing MT in pediatric LGBT [2, 8, 23, 30, 32, 33] on the one
hand, as well as the recent studies analyzing molecular pat-
terns which might suggest a risk for MT.

Note that in children suffering from a genetic syndrome,
such as neurofibromatosis type 1 (NF1) or tuberous sclerosis
complex (TSC), management of incidental brain tumors is
often different. In these patients, suspected brain tumors are
often followed radiologically, as long as the patient remains
asymptomatic and the lesions are stable. If symptoms occur or
tumor growth is seen, treatment decisions, including chemo-
therapy and targeted therapy with MEK inhibitors in NF1 or
mTORi in TSC, can be made even without tissue sampling
[57–59].

Future prospects

Apart from the question of whether to treat children with in-
cidental suspected LGBTs conservatively or more aggressive-
ly, which is still a matter of great debate [2], many unanswered
questions concerning the conservative treatment itself still re-
main. With which intervals should we follow these children,
clinically and radiologically? Is there a difference in outcome
of observed lesions between different age groups (e.g., infants
vs. children vs. teenagers)? Should we treat teenagers like
children (more conservatively), or rather like adults (early
resection)? Are lesions located at specific locations within
the brain more prone to be of malignant origin or are at a
higher risk for MT? Studies analyzing specific locations, sim-
ilar to our report on suspected incidental LGBT of the poste-
rior fossa, are needed [17]. What radiological criteria would
lead us to change the treatment course from observation to

intervention? What is the role of other imaging modalities
such as PET or spectroscopy? Often, children are diagnosed
with incidental brain tumors as part of an endocrine evaluation
of short stature, with the potential need for growth hormone
substitution (GHS). The dilemma whether to treat these chil-
dren with GHS is still ongoing [2]. While some studies show
that GHS does not seem to influence recurrence, progression,
orMTof cerebral tumors, some physicians are still reluctant to
treat these patients with GHS [2, 60, 61]. All of these uncer-
tainties should be the focus of future studies. Multicenter pro-
spective studies on the true prevalence and incidence of IPBT
are lacking. In addition, uniform and validated radiological
criteria to detect lesions of low grade and low risk for MT
should be an additional focus of future research. The manage-
ment and natural history of observed tumors should be
assessed based on large multicenter cohort studies.

Conclusion

IPBT are diagnosed in 0.2–5.7% of brain images, but repre-
sent a constantly growing entity. Identifying an incidental le-
sion suspected of being a tumor in a child poses a great burden
for the patients, their families, and caregivers. Once an LGBT
is suspected, radiological observation seems to be a valid man-
agement option, since in most cases, no further treatment is
needed. Any change on imaging during follow-up should be
taken seriously, and the management regimen should be
adapted accordingly. Whether molecular biology of the tumor
can predict MT, the risk of tumor progression, and/or overall
survival, remains unknown.
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