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Purpose: To analyze the clinical character of giant pediatric supratentorial tumor (GPST)

and explore prognostic factors.

Materials andMethods: We analyzed the clinical data comprising of 35 cases of GPST

from a single center between January 2015 and December 2020. The tumor volume was

measured by 3D slicer software based on preoperative magnetic resonance imaging

(MRI). Glasgow Outcome Scale (GOS) was used to evaluate the short-term prognosis.

Result: The tumor volume varied from 27.3 to 632.8ml (mean volume 129.8 ml/ median

volume 82.8ml). Postoperative histopathological types include ependymoma,

pilocytic astrocytoma, choroid plexus papilloma (CPP), craniopharyngioma, primitive

neuroectoderm tumor (PNET), choroid plexus carcinoma (CPC), immature teratoma,

atypical teratoid rhabdoid tumor (AT/RT), anaplastic astrocytoma, and gangliocytoma.

Tumors in children younger than 3 years and tumors located at the hemispheres

appeared to be larger than their respective counterparts, though no statistical

significance was found. A patient with giant immature teratoma died during the operation

because of excessive bleeding. Postoperative complications include cerebrospinal fluid

subgaleal collection/effusion, infection, neurological deficits, and seizures. The mean

GOS score of patients with GPST in 6 months is 3.43 ± 1.12, and 83% of patients

(29/35) showed improvement. Favorable GPST characteristics to indicated better GOS

included small tumor (≤100ml) (p = 0.029), low-grade (WHO I-II) (p = 0.001), and

gross total resection (GTR) (p = 0.015). WHO grade was highly correlated with GOS

score (correlation coefficient = −0.625, p < 0.001). GTR and tumor volume were also

correlated (correlation coefficient = −0.428, p = 0.010).

Conclusion: The prognosis of GPST is highly correlated with the histopathological type.

Smaller tumors are more likely to achieve GTR and might lead to a higher GOS score.

Early diagnosis and GTR of the tumor are important for GPST management.
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INTRODUCTION

In the United States, brain tumor was the most common
malignancy found in children younger than 14 years from 2012 to
2016, with an incidence of 5.55–5.83 cases per 100,000 people (1).
Surgical resection is still themain stream treatment with adjuvant
radiotherapy and chemotherapy. A giant pediatric intracranial
tumor (GPIT), defined as those with a diameter bigger than
5 cm, is especially challenging with high morbidity and mortality
(2). Infratentorial tumors and supratentorial tumors have
distinctive histological features and surgical strategies, which
have been discussed previously including our previous research
that analyzed the clinical features of the pediatric giant posterior
fossa tumors (3). However, there is a lack of knowledge on their
supratentorial counterpart, i.e., giant pediatric supratentorial
tumor (GPST).

Pediatric supratentorial brain tumors are often overlooked
in the early phase of disease development due to non-specific
or even absence of symptoms as signs in children, especially in
infants, resulting in the delay of diagnosis (4). Besides, treatment
of pediatric brain tumors is very challenging given the unique
physiology of children, like rapid development and maturity
of various organ systems as well as critical intellectual/mental
developments. Radiotherapy and chemotherapy are known
to cause endocrine/neurological sequelae and radiotherapy is
contraindicated for patients under 3-year-old (5). Therefore,
optimization of surgical strategy based on favorable prognostic
factors is vital for better care of patients diagnosed with GPST.
In this study, we analyzed the clinical characteristics, including
tumor volume based on magnetic resonance imaging (MRI), of
GPST to explore short-term favorable prognostic factors, which
might benefit the management of this disease.

MATERIALS AND METHODS

Patient Selection
We retrospectively analyzed the clinical data of 259 cases of
pediatric intracranial tumors treated at the Department of
Neurosurgery of the Second Affiliated Hospital of Wenzhou
Medical University between January 2015 and December 2020.
Inclusion criteria were as follows: (1) The age of the patient is
≤14-year-old. (2) The largest diameter of tumor mass, including
cystic components, was ≥5 cm on preoperative MRI. (3) Tumor
was primary and with supratentorial location. (4) Patient had
no previous intracranial surgery history. (5) Clinical data and
follow-up records were complete. As a result, 35 cases were
found to be GPST and all received surgical resections. Patients
comprised of 22 boys and 13 girls aged from 37 days to
12 years (Table 1).

Data Acquisition
We collected clinical data from the hospital medical record
system. Data included the patient’s demographic characteristics,
MRI and CT images, operation records, and pathology reports.
The follow-ups included MRI scanning, neurology examination,
and Glasgow Outcome Scale (GOS) evaluation. Every patient
was followed for at least 6 months, and death was the endpoint.

TABLE 1 | Demographic characteristics and sizes of 35 cases of GPST.

Variable Cases Mean volumes p-Value

(percentage) (ml)

Age groups

Normal 0.485

<1 year 8 (23%) 173.7 (59.9–632.8)

1–5 year 14 (40%) 141.0 (40.1–503.7)

6–10 year 10 (29%) 102.5 (38.2–255.8)

11–14 year 3 (9%) 60.4 (27.3–94.4)

Simple 0.202

≤3 year 20 (57%) 154.8 (42.6–632.8)

4–14 year 15 (43%) 98.2 (27.3–255.8)

Sex 1.000

Males 22 (63%) 141.7 (27.3–632.8)

Females 13 (37%) 111.8 (40.1–255.8)

Locations 0.394

Hemisphere 18 (51%) 169.5 (27.3–632.8)

Lateral ventricle 5 (14%) 111.7 (42.8–229.5)

Third ventricle 3 (9%) 66.3 (42.6–83.9)

Sellar region 5 (14%) 84.7 (38.2–230.4)

Pineal region 1 (3%) 82.8

Mixed 3 (9%) 84.8 (70.4–107.9)

Preoperative hydrocephalus

With 26 (74%)

Without 9 (26%)

Symptoms

Vomiting 25 (71%)

Headache 17 (49%)

Gait disorder 15 (43%)

Muscle weakness 8 (23%)

Hypersomnia 5 (14%)

Fever 4 (11%)

Convulsion 1 (3%)

Slow response 1 (3%)

The tumor volume was measured by 3D slicer software (version
4.10.2, https://www.slicer.org/) by reconstruction of the three-
dimensional model based on MRI images.

Surgical Technique
Surgical management was individualized according to tumor
sizes, locations, and features, as well as the physical fitness of
the patient. For patients with severe obstructive hydrocephalus,
we implanted the Ommaya reservoir or performed external
ventricular drainage (EVD) to drain the cerebrospinal fluid (CSF)
and lower intracranial pressure before the tumor resection. The
surgical goal was to achieve gross total resection (GTR) whenever
possible. For tumors with rich vasculatures, we would block
the main feeding vessels with bipolar electrocoagulation or an
aneurysm clip before formal resection to reduce intraoperative
bleeding. Larger craniotomy was preferred for better tumor
exposure and manipulations. If the major tumor feeding vessel
cannot be found or blocked, segmental resection of the tumor
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should be avoided due to high risk of massive blood loss. For
tumors with cystic components, cystic fluid puncture would first
be performed under ultrasound guidance to lower intracranial
pressure and reduce the difficulty of surgical resection. However,
for highly invasive tumors with abundant blood supply, such
as atypical teratoid rhabdoid tumor (AT/RT) and choroid
plexus carcinoma (CPC), or tumors adherent to the important
structures, subtotal resection (STR) would be performed.

Statistical Analysis
SPSS 25.0 (IBM Corp., Armonk NY, USA) was used for data
analysis. Since the data of tumor volume does not conform to
normality, non-parametric tests were employed in its analysis.
Two-sample independent Mann–Whitney U test was used to
compare tumor volume between boys and girls, age groups
(“≤3 years” group vs. “4–14 years” group). Multiple-sample
independent Kruskal-Wallis H test was for the comparison of
tumor volume in detailed age groups and different locations.
Spearman’s correlation and Student’s t-test were employed in
prognosis analysis based on GOS. The data were considered
statistically significant when p < 0.05.

RESULT

Demographic data shows that the largest proportion of tumors
was from patient age group of 1–5 years (14 cases; 40%). The
most common supratentorial site was hemispheres (18/35, 51%);
other locations include ventricle (8/35, 23%), sellar region (5/35,
14%), pineal region (1/35, 3%), and mixture (3/35, 9%). The most
common symptoms were vomiting (71%), headache (49%), and
gait disturbance (43%). Muscle weakness (23%), hypersomnia
(14%), fever (11%), convulsion (3%), and slow response (3%)
were also seen. The tumor volumes ranged from 27.3 (67 ×

40 × 20mm) to 632.8ml (102 × 124 × 98mm). The mean
volume is 129.8 ± 128.0ml while the median is 82.8ml. There
was no statistical difference in the tumor volume from different
groups of age, sex, and location, despite the mean volume in
the younger age group being relatively bigger. But tumors in
hemispheres and lateral ventricles (156.95 ± 30.66ml) were
significantly larger than in other locations (51.67 ± 14.92ml) (p
= 0.040). Hydrocephalus was found in 74% of patients (Table 1).

Ependymoma was the most common histopathological type
in this series, and other types included pilocytic astrocytoma,
choroid plexus papilloma (CPP), craniopharyngioma, primitive
neuroectoderm tumor (PNET), CPC, immature teratoma,
AT/RT, anaplastic astrocytoma, and gangliocytoma. Twenty-
nine cases received gross total resection, while five cases
only achieved subtotal resection. Sadly, the patient with the
biggest tumor in this series (632.8ml, immature teratoma)
died during the operation because of massive bleeding.
Postoperative complications occurred in nine cases, including
CSF subgaleal collection (six cases), neurological deficits (four
cases), pneumonia (one case), central nervous system (CNS)
infection (bacterial cerebritis) (one case), and seizure (one case).
The postoperative GOS score of patients at 6 months was 3.43
± 1.12, and most patients got symptomatic and neurological
improvement after the surgeries (29/35, 83%). However, the

TABLE 2 | Histological types and prognosis of 35 cases of GPST.

Histological type Cases (percentage) Mean GOS

Ependymoma(WHO II-III) 10 (29%) 3.50 ± 1.10

Pilocytic astrocytoma (WHO I) 6 (17%) 4.33 ± 0.52

Choroid plexus papilloma (WHO I) 4 (11%) 4.25 (4, 4, 4, 5)

Craniopharyngioma (WHO I) 3 (9%) 3.67 (3, 4, 4)

Primitive neuroectoderm tumor (WHO IV)*a 3 (9%) 2.67 (2, 3, 3)

Choroid plexus carcinoma (WHO III) 3 (9%) 1.67 (1, 1, 3)

Immature teratoma (WHO III) 2 (6%) 2.50 (1, 4)

Atypical teratoid rhabdoid tumor (WHO IV) 2 (6%) 3.00 (3, 3)

Anaplastic astrocytoma (WHO III) 1 (3%) 3

Gangliocytoma (WHO I) 1 (3%) 4

*a. These two cases were before WHO removed the “Primitive neuroectoderm tumor” in

the new classification system in 2016.

tumor recurred or progressed in six patients (including one
case of ependymoma, one case of CPC, two cases of AT/RT,
and two cases of PNET), and three of them died within
6 month-time (Table 2).

Lower GOS scores were found to be associated with bigger
tumor (>100ml) (p = 0.029), high-grade (WHO III-IV) (p =

0.001), and subtotal resection (p = 0.015). Further, Spearman’s
correlation analysis also confirmed that GOS was related to
tumor volume, tumor grade, and GTR. Among them, the
correlation coefficient between the WHO grade of tumor and
GOS was −0.625 (p ≤ 0.001), indicating that they were highly
correlated. Age and sex were not correlated to GOS. Besides,
Spearman’s correlation between GTR and tumor volume showed
that they were also correlated (correlation coefficient =-0.428,
p= 0.010).

DISCUSSION

In the past, measurements such as length, width, and height
were often used to describe the size of tumors (6). Previous
studies have applied “≥5 cm in any diameter” as the standard of
giant intracranial tumors for children and analyzed pathological
features and surgical outcomes of GPIT or GPST (2, 7).
Although this definition is simple and convenient to apply
to any GPITs; however, intracranial tumors from different
locations vary dramatically in shape and volume. Therefore, it
would be inaccurate to measure the volumes of irregular shape
tumors through their length, width, and height. Recently, a
prospective study used quantitative MRI to calculate cell volume
fraction and volume of glioblastoma (8). Another research
generates brain tumor volume data in rats through multimodal
MRI (9). Therefore, tumor volume measurement based on
MRI reconstruction is more accurate and thus would produce
more reproducible data. In our routine surgical treatment of
pediatric intracranial tumors, we often use 3D slicer software
to reconstruct a stereoscopic model of the tumor based on the
MRI, which is helpful for surgical planning and displaying it to
the family. Therefore, in this case series, we collected the exact
volume data of GPST this way.
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We found tumors sizes in the younger age group were
larger than in older ones: the infant (≤1 year) group had
the largest mean tumor volume of 173.7ml while it was only
60.4ml in the 11–14-year group. Besides, tumors located in
hemispheres and lateral ventricles appeared bigger than those
from other locations. It is likely that the difference in tumor
size between different age/location groups might contribute to
the difference in the onset and manifestations of symptoms.
The most common symptoms of this series were vomiting,
headache, muscle weakness, and hypersomnia, which were all
signs of raised intracranial pressure (ICP). Due to the incomplete
closure of the fontanelle, the immaturity of the CNS, and the
absence of language development, the signs of increased ICPwere
usually hard to identify early in infants. Also, patients might
be misdiagnosed with other conditions like “gastroenteritis”
(10). Besides, symptoms were more likely to be unspecific/non-
localized when tumors involved only hemispheres and lateral
ventricles when compared to other sites (11). Most intracranial
tumors lack specific blood tumor markers, and MRI is the gold
standard for radiological diagnosis. Consequently, GPSTs were
usually diagnosed only until tumors grow large enough to cause
severe symptoms that raise enough suspicion that warrant brain
MRI scan.

Ependymoma and pilocytic astrocytoma were the most
common histopathology types, followed by CPP, ATRT, PNET,
and CPC in our small cohort of patients. Not surprisingly,
different histological types would manifest diverse biological
characteristics in terms of tumor location, growth rate, and
invasion/metastasis tendance, leading to the difference in tumor
size at the time of diagnosis (12). However, due to our small
cohort, we failed to show any tumor volume differences between
different histopathological types. Ependymoma was the most
common type (29%, 10/35) in our series, which was in accordance
with other reports (2, 13), despite it only accounting for 5.3–10%
of all primary CNS tumors (1). Meningioma is a common benign
supratentorial tumor found in children (1, 14), but they were
rarely reported in GPST studies (2, 15). This might be explained
that meningiomas usually lead to early symptoms even when they
were small while ependymoma tends to remain asymptomatic
until they grow relatively big— so-called “giant” tumors.

We adopted different surgical strategies based on the
individual circumstances of each patient and had achieved a
low perioperative mortality rate in our serials. It is reported
that approximately 60% of pediatric supratentorial tumors are
present with hydrocephalus (16, 17). In our series, the percentage
was 74% (26/35). Patients with GPST were more likely to have
hydrocephalus because the “giant” tumors usually compress the
surrounding tissue and block the circulation of cerebrospinal
fluid. We routinely implanted Ommaya reservoir or performed
EVD to reduce ICP in cases with obstructive hydrocephalus
patients before tumor resection. Studies showed that GTR is
related to a better prognosis with a higher survival rate and lower
recurrences rate (18–20). Our analysis also indicated that patients
with GTR or small tumor size (≤100ml) had higher GOS scores
at 6 months. Further analysis suggested that small tumors were
more likely to achieve GTR. During the operations, efforts were
taken to approach, identify, and resect deeply located tumors.

However, it was only feasible to achieve STR in some GPSTs
because of the tight adherence to the surrounding structures.
In the case of pilocytic astrocytoma at the suprasellar region,
we only achieved STR because there were no clear borders
between tumor and brain stem tissue. Further resection may be
life-threatening or cause catastrophic neurological dysfunction.
WHO grade was found to be highly correlated to GOS score.
Benign and low-grade tumors were associated with a good
prognosis after surgery. However, in high-grade malignant
pathological types like AT/RT, CPC, and PENT, tumors not
only invaded the surroundings rapidly but also had rich blood
supply and unclear tumor margin that render GTR extremely
difficult, contributing to the poor prognosis (21). Therefore,
treatment of high-grade malignant GPSTs is still challenging.
New experimental treatments, including molecular targeted
therapy, gene therapy, and autologous stem cell transplantation
combined with chemotherapy, have shown preliminary benefits
in highly malignant tumors (22–24).

An early case was a 7-year-old boy who was diagnosed with
a choroid plexus tumor in the right lateral ventricle based on
the MRI scan, with a volume of 70.4 ml (64 × 46× 52mm)
(Figure 1). We used the transcortical parieto-occipital approach
with tumor location confirmed by intraoperative ultrasound.
Because the deep tumor feeding artery was not isolated during
the early tumor resection and also the tumor was tightly adhered
to the ventricle, the blood loss was massive. Small craniotomy
and deep tumor location further restricted our operation field.
We had to abandon the initial goal of GTR and converted it
to achieve tumor debulking only. The postoperative pathology
showed the tumor was CPC instead. As we know, choroid
plexus tumors can be divided into CPP, CPC, and atypical
choroid plexus papilloma (aCPP), which have quite different
prognosis profiles. Most CPCs are not amenable to GTR for their
high invasiveness and propensity to metastasize, while GTR can
significantly prolong the survival of patients with CPP and aCPP
(25, 26). For achieving GTR in CPC, it requires extensive surgical
experience and careful preoperative assessment and planning.
Preoperative chemotherapy may make resection easier (27). CPC
sometimes can be distinguished from CPP based onMRI features
like the flowing void effect inside the tumor, but pathological
diagnosis is still the gold standard.

In this case, we focused on the preoperative evaluation of
tumor blood supplies in the treatment of GPSTs. Finding and
blocking the feeding vessels before resection can reduce the risk
of massive bleeding, which is crucial in the management of
tumors with hypervascularity. A large craniotomy is also essential
to provide a wider surgical field. However, a larger craniotomy
could cause more damage and bleeding, which is associated with
more perioperative and postoperative complications (28–30). But
we think that expanding the craniotomy area over at least the
longest projected diameter of the tumor on the skull is a necessary
sacrifice. In a case of an 8-years-old girl with a giant ependymoma
in the left frontal lobe, we performed CT angiography before the
surgery to confirm the blood supply of the tumor and determined
the extent of craniotomy needed based on MRI. During the
operation, we clamped the main blood vessels of the tumor and
successfully removed the entire tumor with minimal blood loss.
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FIGURE 1 | A 7-years-old boy with CPC in lateral ventricles. (A–C) Preoperative axial, sagittal and coronal gadolinium-enhanced T1-weighted MRI scan shows an

inhomogeneous tumor with partial cystic changes in right lateral ventricle. (D) 3D model reconstruction of the tumor, the volume of tumor is 70.4 ml (E). CT shows that

tumor was partially removed at 24 h after operation. Guardians reject the advice of secondary surgery after radiation and chemotherapy. (F–H) Axial, sagittal, and

coronal enhanced T1-weighted MRI scan indicates that tumor recurred at 3 months after operation. (I) CT at 4 months after operation, tumor grew further and the

condition of patient got worse. Patient died at 5 months after operation.

The patient recovered rapidly without neurological impairment
after surgery. The latest follow-up showed a reduction in residual
tumor cavity without sign of recurrence (Figure 2).

Surgery in children under 3-years-old is the most challenging
part. Besides, radiation therapy is also contraindicated in this
age group. Therefore, tumor resection combined with adjuvant

chemotherapy is a common strategy (31). In this series, 20
patients under 3-years-old received the surgery, and 80% of them
(16/20) got clinical improvement at 6 months. Four cases had
tumor recurrence in 6 months and two cases (Ependymoma and
CPC) died in the second and fifth month after surgeries. The
prognosis of high-grade malignant tumors is dismal, but, at least
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FIGURE 2 | An 8-years-old girl had a giant ependymoma in the left frontal lobe, the tumor volume was 255.8 ml. (A–C) Preoperative axial, sagittal, and coronal

gadolinium-enhanced T1-weighted MRI scan shows an inhomogeneous enhanced tumor with hemorrhage necrosis and calcification. (D) 3D reconstruction of CT

angiography. (E) Postoperative CT in 24 h after operation. (F) Axial MR at 7d after operation. (G–I) Axial, sagittal and coronal T1-weighted MRI scan indicates that the

tumor was totally removed at 3 months after operation. (J–L) Axial, sagittal and coronal T1-weighted MRI scan at 6 months after operation, the residual cavity of

tumor reduced.
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to some extent, surgical treatment can prolong survival time
and reduce the tumor burden to allow for space for adjuvant
treatment. Some surgeons remove GPSTs in the infant with
different craniotomy approaches in multistage operations to
avoid excessive blood loss (27, 32). However, a staged operation
may increase the risk of operation-related complications, and it
can be less effective in some highly malignant tumors (7, 33). Our
perspective is that GTR is still the goal for most of GPSTs in single
stage surgery; reoperation is only reserved for those in whom the
first GTR attempt was failed.

Apparently, there are several limitations in our current study.
First, the small sample size does not allow for subgroups
statistical analysis, e.g., between different histology types. We
were also not able to conclude survivals analysis because the
follow-up was not long enough. Besides, GOS is not appropriate
for infants and toddlers are given their specific developmental
stages (34). Actually, there is still a lack of appropriate
neurological assessment for this very young age groups. Further
study is required to recruit more cases and collect the molecular
pathology information in different histology types to better
illustrate the clinical significance between clinical features like
tumor size and patient prognosis to guide their management.

CONCLUSION

The prognosis of GPSTs is highly related to the histopathological
type. Early diagnosis and GTR of the tumor are central to
the treatment of GPSTs. Although surgery can improve the
chance of patient survival, we need to adopt individualized
strategies according to the location and pathological features
of the tumors to achieve the best possible outcomes. We
are more likely to achieve GTR in small tumors and those
patients tend to have higher GOS at short-term follow-
ups.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Ethics Committee of the Second Affiliated
Hospital and Yuying Children’s Hospital of Wenzhou Medical
University. Written informed consent to participate in this
study was provided by the participants’ legal guardian/next
of kin. Written informed consent was obtained from the
minor(s)’ legal guardian/next of kin for the publication
of any potentially identifiable images or data included in
this article.

AUTHOR CONTRIBUTIONS

Z-DZ: conceptualization, methodology, investigation,
formal analysis, writing–original draft, writing–review, and
editing. H-YF and CP: conceptualization, methodology,
investigation, writing–review, and editing. YY: methodology,
investigation, writing–review, and editing. L-LZ and G-HB:
methodology, formal analysis, writing–review, and editing.
H-SS: conceptualization, methodology, formal analysis,
validation, writing–original draft, writing–review, and editing.
All authors contributed to the article and approved the
submitted version.

FUNDING

This study was supported by Health Science and Technology
Plan of Zhejiang Province [Grant No. 2021KY794] and
Wenzhou Municipal Science and Technology Bureau [Grant
No. Y2020419].

ACKNOWLEDGMENTS

The authors would like to thank Dr. Fang Shen from Box
Hill Hospital (Eastern Health), Dr. Xie-pan Jing from People’s
Hospital of Bayingolin Mongol Autonomous Prefecture, and Ms.
Jia-Tong Chen fromUniversity of British Columbia for their kind
helps with preparation of the manuscript.

REFERENCES

1. Ostrom QT, Cioffi G, Gittleman H, Patil N, Waite K, Kruchko C, et al.

CBTRUS statistical report: primary brain and other central nervous system

tumors diagnosed in the United States in 2012-2016. Neuro Oncol. (2019)

21:v1–100. doi: 10.1093/neuonc/noz150

2. Guo A, Suresh V, Liu X, Guo F. Clinicopathological features andmicrosurgical

outcomes for giant pediatric intracranial tumor in 60 consecutive

cases. Childs Nerv Syst. (2017) 33:447–55. doi: 10.1007/s00381-017-

3341-1

3. Zhang Z, Zhang J, Yang Y, Fang H, Fu H, Sheng H. Clinical research of

pediatric giant posterior fossa tumors. Chin J Neuromed. (2021) 20:1237–42.

doi: 10.3760/cma.j.cn115354-20210811-00499

4. Hirata K, Muroi A, Tsurubuchi T, Fukushima H, Suzuki R, Yamaki Y, et al.

Time to diagnosis and clinical characteristics in pediatric brain tumor patients.

Childs Nerv Syst. (2020) 36:2047–54. doi: 10.1007/s00381-020-04573-y

5. Rohrer TR, Beck JD, Grabenbauer GG, Fahlbusch R, Buchfelder M, Dörr

HG. Late endocrine sequelae after radiotherapy of pediatric brain tumors

are independent of tumor location. J Endocrinol Invest. (2009) 32:294–7.

doi: 10.1007/BF03345714

6. Aboud E, Abolfotoh M, Pravdenkova S, Gokoglu A, Gokden

M, Al-Mefty O. Giant intracranial epidermoids: is total removal

feasible? J Neurosurg. (2015) 122:743–56. doi: 10.3171/2014.11.JN

S1481

7. de Oliveira RS, Deriggi DJP, Furlanetti LL, Santos MV, Valera ET,

Brassesco MS, et al. The impact of surgical resection of giant supratentorial

brain tumor in pediatric patients: safety and neurological outcome

evaluated in 23 consecutive cases. Childs Nerv Syst. (2015) 31:67–75.

doi: 10.1007/s00381-014-2583-4

8. Thulborn KR, Lu A, Atkinson IC, Pauliah M, Beal K, Chan TA,

et al. Residual tumor volume, cell volume fraction, and tumor cell kill

during fractionated chemoradiation therapy of human glioblastoma using

quantitative sodium MR imaging. Clin Cancer Res. (2019) 25:1226–32.

doi: 10.1158/1078-0432.CCR-18-2079

9. Larkin JR, SimardMA, de Bernardi A, Johanssen VA, Perez-Balderas F, Sibson

NR. Improving delineation of true tumor volume withmultimodal mri in a rat

Frontiers in Pediatrics | www.frontiersin.org 7 April 2022 | Volume 10 | Article 870951

https://doi.org/10.1093/neuonc/noz150
https://doi.org/10.1007/s00381-017-3341-1
https://doi.org/10.3760/cma.j.cn115354-20210811-00499
https://doi.org/10.1007/s00381-020-04573-y
https://doi.org/10.1007/BF03345714
https://doi.org/10.3171/2014.11.JNS1481
https://doi.org/10.1007/s00381-014-2583-4
https://doi.org/10.1158/1078-0432.CCR-18-2079
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Zhang et al. Giant Pediatric Supratentorial Tumor Research

model of brain metastasis. Int J Radiat Oncol Biol Phys. (2020) 106:1028–38.

doi: 10.1016/j.ijrobp.2019.12.007

10. Espíndola AAd, Matushita H, Pimenta JM, Fernandes A, Rosemberg S, Reed

UC. Brain tumors in the first three years of life: a review of twenty cases. Arq

Neuropsiquiatr. (2007) 65:960–4. doi: 10.1590/S0004-282X2007000600007

11. Hadidchi S, Surento W, Lerner A, Liu CJ, Gibbs WN, Kim PE, et al.

Headache and brain tumor. Neuroimaging Clin N Am. (2019) 29:291–300.

doi: 10.1016/j.nic.2019.01.008

12. Dang M, Phillips PC. Pediatric brain tumors. Continuum. (2017) 23. 1727–57.

doi: 10.1212/CON.0000000000000545

13. Zamora C, Huisman TA, Izbudak I. Supratentorial tumors in

pediatric patients. Neuroimaging Clin N Am. (2017) 27:39–67.

doi: 10.1016/j.nic.2016.08.003

14. Barnholtz-Sloan JS, Ostrom QT, Cote D. Epidemiology of brain tumors.

Neurol Clin. (2018) 36:395–419. doi: 10.1016/j.ncl.2018.04.001

15. Palaniswamy SR, Beniwal M, Venkataramaiah S, Srinivas D. Perioperative

management of pediatric giant supratentorial tumors: challenges

and management strategies. J Pediatr Neurosci. (2019) 14:211–7.

doi: 10.4103/jpn.JPN_51_19

16. Sánchez-Sánchez LM, Vázquez-Moreno J, Heredia-Delgado JA, Sevilla-

Castillo R. Clinical presentation of supratentorial and infratentorial

intracranial tumors in pediatric patients. Gac Med Mex. (2016) 152:158–62.

17. Wong TT, Liang ML, Chen HH, Chang FC. Hydrocephalus with

brain tumors in children. Childs Nerv Syst. (2011) 27:1723–34.

doi: 10.1007/s00381-011-1523-9

18. Tang S, Liao J, Long Y. Comparative assessment of the efficacy of gross total

versus subtotal total resection in patients with glioma: a meta-analysis. Int J

Surg. (2019) 63:90–7. doi: 10.1016/j.ijsu.2019.02.004

19. Grewal MR, Spielman DB, Safi C, Overdevest JB, Otten M, Bruce J,

et al. Gross total versus subtotal surgical resection in the management

of craniopharyngiomas. Allergy Rhinol. (2020) 11:2152656720964158.

doi: 10.1177/2152656720964158

20. Lillard JC, Venable GT, Khan NR, Tatevossian RG, Dalton J, Vaughn BN,

et al. Pediatric supratentorial ependymoma: surgical, clinical, and molecular

analysis. Neurosurgery. (2019) 85:41–9. doi: 10.1093/neuros/nyy239

21. Silva AHD, Aquilina K. Surgical approaches in pediatric neuro-oncology.

Cancer Metastasis Rev. (2019) 38:723–47. doi: 10.1007/s10555-019-09832-2

22. Hale GA. Autologous hematopoietic stem cell transplantation for

pediatric solid tumors. Expert Rev Anticancer Ther. (2005) 5:835–46.

doi: 10.1586/14737140.5.5.835

23. Kasow KA, Stewart CF, Barfield RC, Wright NL, Li C, Srivastava DK,

et al. A phase I/II study of CY and topotecan in patients with high-risk

malignancies undergoing autologous hematopoietic cell transplantation: the

St Jude long-term follow-up. Bone Marrow Transplant. (2012) 47:1448–54.

doi: 10.1038/bmt.2012.51

24. Kristensen BW, Priesterbach-Ackley LP, Petersen JK, Wesseling P. Molecular

pathology of tumors of the central nervous system. Ann Oncol. (2019)

30:1265–78. doi: 10.1093/annonc/mdz164

25. Suh DY, Mapstone T. Pediatric supratentorial intraventricular tumors.

Neurosurg Focus. (2001) 10:E4. doi: 10.3171/foc.2001.10.6.5

26. Zhou WJ, Wang X, Peng JY, Ma SC, Zhang DN, Guan XD, et al. Clinical

features and prognostic risk factors of choroid plexus tumors in children. Chin

Med J. (2018) 131:2938–46. doi: 10.4103/0366-6999.247195

27. Van Poppel M, Klimo P, Dewire M, Sanford RA, Boop F, Broniscer

A, et al. Resection of infantile brain tumors after neoadjuvant

chemotherapy: the St. Jude experience. J Neurosurg Pediatr. (2011) 8:251–6.

doi: 10.3171/2011.6.PEDS11158

28. Shimizu T, Aihara M, Yamaguchi R, Sato K, Aishima K, Yoshimoto Y.

Large craniotomy increases the risk of minor perioperative complications

in revascularization surgery for moyamoya disease. World Neurosurg. (2020)

141:e498–507. doi: 10.1016/j.wneu.2020.05.227

29. Schubert A, Mascha EJ, Bloomfield EL, DeBoer GE, Gupta MK, Ebrahim ZY.

Effect of cranial surgery and brain tumor size on emergence from anesthesia.

Anesthesiology. (1996) 85:513–21. doi: 10.1097/00000542-199609000-00010

30. Mahvash M, Boettcher I, Petridis AK, Besharati Tabrizi L. Image

guided surgery versus conventional brain tumor and craniotomy

localization. J Neurosurg Sci. (2017) 61:8–13. doi: 10.23736/S0390-5616.16.0

3142-8

31. Tumturk A, Ozdemir MA, Per H, Unal E, Kucuk A, Ulutabanca H, et al.

Pediatric central nervous system tumors in the first 3 years of life: pre-

operativemean platelet volume, neutrophil/lymphocyte count ratio, andwhite

blood cell count correlate with the presence of a central nervous system tumor.

Childs Nerv Syst. (2017) 33:233–8. doi: 10.1007/s00381-016-3301-1

32. Zhen-yu M, Hong-xin Y, Wei Q, Ge J, Shi-qi L, Yu-qi Z.

Treatment of pediatric deeply located giant brain tumors with

combined approaches in different sittings (report of 50 cases). Chin

Neurosurg J. (2008) 24:409–11. doi: 10.3321/j.issn:1001-2346.2008.

06.008

33. Silva da Costa MD, Camargo NC, Dastoli PA, Nicácio JM, Benevides

Silva FA, Sucharski Figueiredo ML, et al. High-grade gliomas

in children and adolescents: is there a role for reoperation? J

Neurosurg Pediatr. (2020) 27:160–9. doi: 10.3171/2020.7.PEDS2

0389

34. Beers SR, Wisniewski SR, Garcia-Filion P, Tian Y, Hahner T, Berger

RP, et al. Validity of a pediatric version of the glasgow outcome

scale-extended. J Neurotrauma. (2012) 29:1126–39. doi: 10.1089/neu.20

11.2272

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Zhang, Fang, Pang, Yang, Li, Zhou, Bai and Sheng. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Pediatrics | www.frontiersin.org 8 April 2022 | Volume 10 | Article 870951

https://doi.org/10.1016/j.ijrobp.2019.12.007
https://doi.org/10.1590/S0004-282X2007000600007
https://doi.org/10.1016/j.nic.2019.01.008
https://doi.org/10.1212/CON.0000000000000545
https://doi.org/10.1016/j.nic.2016.08.003
https://doi.org/10.1016/j.ncl.2018.04.001
https://doi.org/10.4103/jpn.JPN_51_19
https://doi.org/10.1007/s00381-011-1523-9
https://doi.org/10.1016/j.ijsu.2019.02.004
https://doi.org/10.1177/2152656720964158
https://doi.org/10.1093/neuros/nyy239
https://doi.org/10.1007/s10555-019-09832-2
https://doi.org/10.1586/14737140.5.5.835
https://doi.org/10.1038/bmt.2012.51
https://doi.org/10.1093/annonc/mdz164
https://doi.org/10.3171/foc.2001.10.6.5
https://doi.org/10.4103/0366-6999.247195
https://doi.org/10.3171/2011.6.PEDS11158
https://doi.org/10.1016/j.wneu.2020.05.227
https://doi.org/10.1097/00000542-199609000-00010
https://doi.org/10.23736/S0390-5616.16.03142-8
https://doi.org/10.1007/s00381-016-3301-1
https://doi.org/10.3321/j.issn:1001-2346.2008.06.008
https://doi.org/10.3171/2020.7.PEDS20389
https://doi.org/10.1089/neu.2011.2272
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Giant Pediatric Supratentorial Tumor: Clinical Feature and Surgical Strategy
	Introduction
	Materials and Methods
	Patient Selection
	Data Acquisition
	Surgical Technique
	Statistical Analysis

	Result
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


