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Low-grade gangliogliomas in adults: A population-based study
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1 | INTRODUCTION

Gangliogliomas (GGs) are relatively rare, low grade, and
slowly growing neuroepithelial neoplasms, accounting for
only 0.4% of all central nervous system (CNS) tumors and
1%—7.6% of primary brain tumors.'™ Histopathological ex-
amination exhibits ganglionic and glial cells components,
both of which are thought to originate from glioneuronal pre-
cursor cells.* According to the World Health Organization
(WHO) classification of brain tumors, GGs are classified as
grade I, also referred to as low-grade tumors.” The highest
incidence rates are found in children and young adults, with
a slight male predominance.®® These tumors can be located
anywhere within the CNS, however, predominantly in the
temporal and frontal lobes, and therefore, usually associated
with chronic epilepsy.g’lo

Tumor resection is the standard treatment of choice for
GGs, and a gross total resection (GTR) is the prime ob-
jective for both low-grade and high-grade GGs, because
it has been demonstrated to significantly control seizures
and prolong survival."""!'* For adults with subtotally re-
sected tumors (STR), adjuvant radiation therapy (RT) and
chemotherapy will be considered, however, the definitive
efficacy of which still remains controversial, especially in
low-grade GGs. >+ Some studies show that RT can
only improve the local control but not the overall survival
(OS) of tumors with any grade.11 Similarly, the impact of
chemotherapy is also inconclusive due to the paucity of
research data.>'* In addition, because of the rarity of GGs,
it is still difficult to perform prospective studies now or the
near future.

In the present study, we aim to report the largest se-
ries of adult patients with low-grade GGs based on the
Surveillance, Epidemiology, and End Results (SEER) da-
tabase. To better understand these rare tumors, our study
investigated the epidemiology, prognostic factors, and in
particular, the impact of different treatment patterns on
survival, to further define the role of adjuvant therapies in
low-grade GGs.

2 | MATERIALS AND METHODS

2.1 | Study population

The data information for this study was extracted from the
recent SEER program (www.seer.cancer.gov) (1975-2016),
which is maintained by the National Cancer Institute, Division
of Cancer Control and Population Sciences, Surveillance
Research Program, Surveillance Systems Branch (released
April 2019, based on the November 2018 submission). We
included data from the incidence SEER 18 registries custom
data (with additional treatment fields).
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2.2 | Inclusion criteria, exclusion
criteria, and data collection

Only adult patients (age >18 years) with a pathologically
confirmed ganglioglioma and gangliocytoma (International
Classification of Diseases for Oncology, 3rd Edition histol-
ogy codes 9505/0, 9505/1, and 9492/0) between 1 January
2004 and 31 December 2016 were included in the current
study. Patients with anaplastic ganglioglioma (9505/3), un-
known survival time, unknown surgery (code 90 and 99), and
unknown radiation record were excluded from the present
study. Data collected for analysis included age at diagnosis,
gender, race, marital status, tumor site, extent of surgical re-
section, adjuvant treatment (RT and chemotherapy), and OS.

2.3 | Data analysis and statistical methods
We categorized age as 18-29, 30-39, 40-49, 50-59, 60-69,
and >69 years. Race was categorized into white, others (in-
cluding black and American Indian/Alaska Native or Asian/
Pacific Islander), and unknown. Tumor site was recorded in
15 categories, including the various brain lobes, as well as cer-
ebellum, cerebrum, ventricle, brain stem, spinal cord, pituitary
gland, pineal gland, cerebral meninges, optic nerve, brain-not
otherwise specified (NOS), and overlapping lesion of brain.
The extent of surgical resection was divided into three groups,
including GTR, STR, and biopsy on the basis of SEER sur-
gery codes guidelines and other previous study.15 For further
survival analysis, we categorized age as “<40 years” and
“>40 years,” tumor site as “temporal lobe,” “frontal lobe,” and
“other sites,” according to the previous literatures.>'!
Baseline patient characteristics were summarized by stan-
dard descriptive statistics and frequency tabulation. Overall
survival analysis was estimated by using the Kaplan—-Meier
method and compared with the log-rank test. Univariate and
multivariate Cox regression models were applied to evaluate
the effect of variables of interest on OS. All statistical anal-
yses were performed in SPSS software version 25.0 IBM
Corp., Armonk, NY, USA), and p < .05 was considered sta-
tistically significant. Ethical approval or informed consent
was waivered for this study because of the fully anonymized
information of the patients included in the SEER.

3 | RESULTS

3.1 | Clinical characteristics

A total of 703 adult patients diagnosed with low-grade GGs were
identified between 2004 and 2016. Of the whole population, the
mean and median ages at diagnosis were 36.0 and 32.0 years,
respectively, with 50.1% of patients being male, 84.2% white
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TABLE 1 Clinical characteristics of adult patients with low-grade TABLE 2 Tumor sites of adult low-grade GGs.
GGs.
Tumor site n (%)
Characteristic n (%) Temporal lobe 273 (38.8)
Age at diagnosis (y) Frontal lobe 103 (14.7)
18-29 298 (42.4) Parietal lobe 67(9.5)
30-39 152 (21.6) Cerebellum, NOS 54 (7.7)
4049 116 (16.5) Occipital lobe 32 (4.6)
50-59 77 (10.9) Brain, NOS 32 (4.6)
60-69 42 (6.0) Ventricle, NOS 30 (4.3)
>69 18 (2.6) Cerebrum 29 (4.1
Gender Overlapping lesion of brain 25(3.6)
Female 351(49.9) Spinal cord 22 (3.1
Male 352 (50.1) Brain stem 21(3.0)
Marital status Pituitary gland 10 (1.4)
Unmarried 371 (52.8) Pineal gland 304
Married 283 (40.2) Cerebral meninges 1(0.1)
Unknown 49 (7.0) Optic nerve 1(0.1)
Race Total 703 (100.0)
White 592 (84.2)
Others 99 (14.1)
Unknown 12 (1.7)
Tumor site TABLE 3 Treatment patterns of adult patients with low-grade
Temporal lobe 273 (38.8) GGs.
Frontal lobe 103 (14.7) Treatment n (%)
Other sites 327 (46.5) GTR 385
Extent of surgical resection GTR alone 375 (97.4)
GTR 385 (54.7) GTR +RT 6(1.5)
STR 236 (33.6) GTR + chemotherapy 1(0.3)
Biopsy 82 (11.7) GTR + RT + chemotherapy 3(0.8)
Radiotherapy STR 318
No 661 (94.0) STR alone 282 (88.7)
Yes 42 (6.0) STR + RT 25 (7.9)
Chemotherapy STR + chemotherapy 3(0.9)
No 688 (97.9) STR + RT + chemotherapy 8 (2.5)
Yes 15 (2.1)
Vital status
Alive 624 (88.8) biopsy only. Due to the small number of patients in the
Dead 79 (11.2) group of biopsy, these patients were included in the cohort

people, and 40.2% of married status (Table 1). Regarding tumor
site, 273 patients (38.8%) had temporal lobe tumors, followed
by frontal (14.7%), and parietal lobe (9.5%) (Table 2).

3.2 | Treatment strategy

In current study, 54.7% of the patients underwent GTR,
33.6% of the patients underwent STR, and 11.7% had a

undergoing STR for subsequent survival analysis. For ad-
juvant therapies, RT was used in 6.0% of patients, and 15
patients (2.1%) had chemotherapy (Table 1). In addition,
according to the different extent of surgical resection, the
group of GTR was subdivided into four groups, including
GTR alone (97.4%), GTR + RT (1.5%), GTR + chemo-
therapy (0.3%), and GTR + RT + chemotherapy (0.8%).
Similarly, the group of STR was also subdivided into four
groups, including STR alone (88.7%), STR + RT (7.9%),
STR + chemotherapy (0.9%), and STR + RT + chemother-
apy (2.5%) (Table 3).
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3.3 | Overall survival analysis

The median OS time for the whole cohort was not reached
with a median follow-up time of 60.0 months, and 79 pa-
tients (11.2%) died during follow-up. The 5- and 10-year OS
rates for adult patients with low-grade GGs were 89.2% and
83.1%, respectively. Prognostic factors identified on univari-
ate analysis were age at diagnosis, gender, tumor site, and
treatment pattern (Table 4). On further multivariate Cox re-
gression, younger age, female, temporal lobe tumors, GTR,
and no adjuvant therapies (RT and/or chemotherapy) were
significant factors for longer OS (Table 4).

Because of the possible negative impact of the adjuvant
therapies on OS, to better account for the prognosis of these
patients who received adjuvant therapies, further analyses were
performed in the subgroups of GTR and STR. For the GTR
group, the 5- and 10-year OS rates were 92.5% and 87.2%, re-
spectively, however, the 5- and 10-year OS rates for patients

TABLE 4 Univariate and multivariate analysis of OS.

Univariate analysis
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in the group of STR were 84.8% and 77.0%, respectively
(p = 0.002, log-rank test; Figure 1A). According to the GTR
subgroup analysis, compared with other three treatment pat-
terns, GTR alone had the best OS time and the difference was
significant (p < 0.001, log-rank test; Figure 1B). The similar re-
sults were also found even in the other subgroup of STR, which
suggested that the adjuvant therapies, especially RT received,
resulted in significantly worse OS than STR alone (»p < 0.001,
log-rank test; Figure 1C). In addition, we also compared the
group receiving adjuvant treatment with the group that was
only operated, and the results are showed in Table S1.

4 | DISCUSSION

Up to date, most studies of low-grade GGs are individual
case reports or include a limited number of patients less
than 350.%>%132% The largest report, which included 402

Multivariate analysis

Variable HR (95% CI)
Age at diagnosis (y)

<40 Reference

>40 4.990 (3.068-8.116)
Gender

Female Reference

Male 1.694 (1.076-2.669)

Marital status
Unmarried
Married
Unknown
Race
White
Others
Unknown
Tumor site
Temporal lobe
Frontal lobe
Other sites
Treatment
GTR alone
GTR + RT
GTR + chemotherapy
GTR + RT + chemotherapy
STR alone
STR + RT
STR + chemotherapy
STR + RT + chemotherapy

Reference
1.191 (0.750-1.890)
1.526 (0.680-3.424)

Reference
0.948 (0.501-1.795)
0.856 (0.119-6.169)

Reference
2.657 (1.267-5.575)
3.282 (1.817-5.929)

Reference

6.544 (1.988-21.534)
16.138 (2.180-119.480)
8.680 (2.060-36.569)
1.736 (1.035-2.913)
8.225 (3.974-17.023)
6.034 (0.818-44.494)
18.189 (6.196-53.393)

Overall p-value

HR (95% CI)

Overall p-value

<0.001 <0.001
Reference
4.225 (2.540-7.026)

0.023 0.007
Reference
1.946 (1.204-3.146)

0.529

0.976

<0.001 0.016
Reference
2.174 (1.004-4.705)
2410 (1.317-4.411)

<0.001 <0.001

Reference

5.074 (1.470-17.523)
19.100 (2.333-156.339)
4.812 (1.119-20.698)
1.440 (0.854-2.427)
4.062 (1.932-8.540)
8.514 (1.117-64.912)
8.604 (2.844-26.029)
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FIGURE 1 Overall survival of adult low-grade gangliogliomas.
A. The impact of gross total resection (GTR) and subtotal resection
(STR) on overall survival (OS). B. The impact of adjuvant
radiotherapy (RT) and/or chemotherapy on OS from a subgroup
analysis of patients who underwent GTR. C. The impact of adjuvant
RT and/or chemotherapy on OS from a subgroup analysis of patients
who underwent STR

patients, not only mixed pediatric and adult cases, but also
focused on both low-grade and high-grade tumors.'' Few
researches have specifically focused on adults GGs. 142123
To our knowledge, this study, including 703 cases based on
the SEER database, is the largest series of adult low-grade
GGs, and is the only study to compare several different treat-
ment patterns (including surgery, and combined adjuvant RT
and/or chemotherapy) simultaneously with a large number
of adults. Additionally, our data identify that adjuvant treat-
ment, especially the RT, may have a negative impact on adult
patient's survival and prognosis.

4.1 | Epidemiological and tumor
characteristics

GGs generally has predilection in young adult population,
especially in the second, third, or fourth decades of life.
In our study, 64% of the patients were below the age of
40 years, and the mean and median ages at diagnosis were
36.0 and 32.0 years, respectively, which is consistent with
the previously reported median age for adult low-grade GGs
of 27-40 years.>'** Patients diagnosed with high-grade
GGs usually were older than those with low-grade GGs. 2
Although the majority of studies showed a male predomi-

31522 the male-

nance in either adult or pediatric population,
to-female ratio was close to 1:1 in our study, similar to some
other studies.'>' Finally, the predominant tumor sites lo-
cated in temporal and frontal lobes observed in the present
study also concur with previously published series of low-
grade GGs or high-grade GGs.3!122* However, the pro-
portion of temporal lobe location in pediatric patients could
reach 47.4%, higher than adults.

In terms of treatment, GTR was performed in 54.7% of
adult patients, which corresponds to the previous reports
that the rate of GTR ranges from 47% to 72% in low-grade
GGs 3311162125 Bo adjuvant therapies in our study, 6.0%
and 2.1% of patients received RT and chemotherapy, respec-
tively. The existing research data on RT and chemotherapy
in adult patients with low-grade GGs are limited. Yust-Katz
et al.® reported that 29% of patients underwent RT and 8% of
patients underwent chemotherapy in a total of 62 cases with
low-grade GGs, however, these two proportions in the other
study including 181 cases were 3.9% and 1.7%, rf:spectively.14
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4.2 | Factors associated with survival

Marital status and race were not crucial predictors of survival
in both univariate and multivariate analysis. However, age at
diagnosis, gender, tumor site, and treatment pattern were sig-
nificant factors of survival in adult patients with low-grade
GGs. Although age was not identified as a prognostic factor
in some published series, L1722 6ur result showed that pa-
tients with age >40 years had a worse prognosis, similar to
another study.3 There are few studies considering gender as a
survival predictor, nevertheless, we found that a poorer prog-
nosis in males, in consistent with the study by Rumana et al.?
Compared with other tumor sites, temporal lobe was not only
the most common location of GGs, but also an important fac-
tor of survival in our study, associated with a significantly pro-
longed OS time, in agreement with the previous studies.!"?
This may be due to the fact that the temporal lobe is relatively
far away from important functional areas, and the tumor is
easy to undergo GTR. In addition, patients with GTR had the
highest 5- and 10-year OS rates in this study, making it as
a significantly prognostic indicator in predicting OS in adult
low-grade GGs, in line with other reported data, which might
be due to the reduced risk of tumor recurrence and/or malig-
nant transformation.>>®!"1% Even with anaplastic GGs, GTR
is also regarded as a predictor with improved outcomes.**7%

4.3 | Tumor management
Maximal safe tumor resection is the gold standard in the
treatment of both low-grade and high-grade GGs. Our cur-
rent results demonstrate that GTR is significantly better than
STR in regard to OS. However, there were still 45.3% of pa-
tients who could not be completely resected, in which 11.3%
of these patients underwent adjuvant treatment such as RT
and/or chemotherapy again. The role of RT and chemother-
apy in an adult population remains controversial up to now.
Although a large retrospective meta-analysis showed that
postoperative RT could significantly improve local control
in patients with GGs who underwent STR, the benefit on OS
was not observed,'! and many other studies also reported that
RT had little impact on progression-free survival (PFS) or
08381316 The important finding in our study shows that ad-
juvant RT may have a potentially adverse effect on survival
in adult patients with low-grade GGs. The same result is also
found in patients underwent GTR. The concrete reason is un-
known due to the limited clinical information included in the
SEER database, however, according to some previously pub-
lished data, it is most likely attribute to the side effects and
increased risk of malignant progression after such adjuvant
treatment.>'®26
The study of chemotherapy as the adjuvant treatment
in GGs is rare. Nevertheless, similar to RT, little influence
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was found on prognosis in these limited reports.3’14’16’22 Our

results demonstrate that adjuvant chemotherapy has no pos-
itive effect on OS in patients underwent whatever surgery.
In a recent study, Lundar et al. suggested that repeat surgery
should be considered before given the adjuvant therapy in pa-
tients with incomplete primary resection or recurrent GGs."
Another study also advocated close observation without ad-
juvant treatment after surgery, even the tumor was located in
brainstem.*® Therefore, given these significant findings and
literatures analysis, we do not recommend to further take ad-
juvant RT and/or chemotherapy after surgery in adult patients
with low-grade GGs, unless the malignant transformation has
been confirmed. Certainly, larger collaborative multi-insti-
tutional prospective studies are still warranted to determine
treatment consensus.

In addition, with the new era of advance targeted therapies
and the frequent BRAF mutation in GGs, we also advocate
such treatments options using BRAF inhibitors (e.g., vemu-
rafenib or dabrafenib) and anticipate the promising results of
the ongoing clinical trials in GGs.

4.4 | Limitations

Although a large amount of invaluable demographic, di-
agnostic, and treatment data for rare brain tumors such as
GGs can be found in the SEER database, there are still
several limitations to the current study. First, there are no
data available on tumor progression or recurrence rates,
which are important to evaluate the patients PFS. Second,
patients' quality of life and symptoms, such as neurologic
sequelae and seizure control, which might relate to sur-
vival, are not recorded in the SEER database. Third, SEER
does not provide details on the adjuvant treatments, such
as dose and type of RT, chemotherapeutic agents and cy-
cles, and the exact time of adjuvant treatments. Fourth, the
number of patients receiving adjuvant treatments is small,
which may have a certain impact on the result analysis.
Fifth, it is unable to perform a pathological review of the
tumors, which means that some tumors may have been
misdiagnosed due to the low interobserver agreement in
the diagnosis of different glioneuronal tumors.*'** In ad-
dition, there is a lack of molecular markers, such as BRAF
V600E mutations, which do not allow us to investigate the
relationship between markers and survival. Nevertheless,
considering the prospective studies not available and not
be expected in the near future, due to the rarity of GGs,
a large retrospective study like this appears to be the best
and most useful approach available to define the optimal
treatment for these tumors. Therefore, despite several limi-
tations, this is the largest published series and the best evi-
dence available with respect to low-grade GGs in adults
up to date.
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5 | CONCLUSION

This is the largest retrospective study of adult low-grade GGs,
including 703 cases from the SEER database. Our data reaf-
firms three important prognostic factors such as low age,
female gender, and a temporal lobe location. The extent of sur-
gical resection is also still a positive predictor for OS, and pa-
tients should undergo GTR whenever safely possible. The use
of adjuvant RT and/or chemotherapy may have a potentially
negative impact on patient's survival and prognosis. Therefore,
adjuvant RT and/or chemotherapy is not recommended to con-
sider after whatever surgery in adult patients with low-grade
GGs, unless the malignant transformation has been confirmed.

ACKNOWLEDGMENTS
The authors acknowledge the SEER program that provided
the data for the research project.

CONFLICT OF INTEREST DISCLOSURES
The authors have no conflicts of interest to declare.

AUTHOR CONTRIBUTIONS

Xiaoning Lin: Study design, data collection, data analysis/in-
terpretation, figure preparation, manuscript drafting, review-
ing/editing manuscript. Rong Huang: Data collection, data
analysis/interpretation, manuscript drafting, reviewing/edit-
ing manuscript. Pengfei Zhang: Data analysis/interpretation,
manuscript drafting, reviewing/editing manuscript. Jin Sun:
Data analysis/interpretation, reviewing/editing manuscript.
Guijiang Dong: Data analysis/interpretation, reviewing/edit-
ing manuscript. Yanlin Huang: Study design, data collection,
data analysis/interpretation, manuscript drafting, reviewing/
editing manuscript. Xinhua Tian: Study design, data collec-
tion, data analysis/interpretation, manuscript drafting, re-
viewing/editing manuscript.

DATA AVAILABILITY STATEMENT
The data in present study are available in the Surveillance,
Epidemiology, and End Results (https://seer.cancer.gov).

ORCID

Xiaoning Lin ‘© https://orcid.org/0000-0002-9645-8475

REFERENCES

1. Kalyan-Raman UP, Olivero WC. Ganglioglioma: a correlative
clinicopathological and radiological study of ten surgically treated
cases with follow-up. Neurosurgery. 1987;20(3):428-433.

2. Luyken C, Blumcke I, Fimmers R, Urbach H, Wiestler OD,
Schramm J. Supratentorial gangliogliomas: histopathologic grad-
ing and tumor recurrence in 184 patients with a median follow-up
of 8 years. Cancer. 2004;101(1):146-155.

3. Yust-Katz S, Anderson MD, Liu D, et al. Clinical and prognos-
tic features of adult patients with gangliogliomas. Neuro Oncol.
2014;16(3):409-413.

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

Louis DN, Ohgaki H, Wiestler OD, et al. The 2007 WHO classifi-
cation of tumours of the central nervous system. Acta Neuropathol.
2007;114(2):97-109.

Louis DN, Perry A, Burger P, et al. International society of neuro-
pathology-haarlem consensus guidelines for nervous system tumor
classification and grading. Brain Pathol. 2014;24(5):429-435.
Pandita A, Balasubramaniam A, Perrin R, Shannon P, Guha A.
Malignant and benign ganglioglioma: a pathological and molecu-
lar study. Neuro Oncol. 2007;9(2):124-134.

Im SH, Chung CK, Cho BK, et al. Intracranial ganglioglioma: pre-
operative characteristics and oncologic outcome after surgery. J
Neurooncol. 2002;59(2):173-183.

Compton JJ, Laack NN, Eckel LJ, Schomas DA, Giannini C, Meyer
FB. Long-term outcomes for low-grade intracranial gangliogli-
oma: 30-year experience from the Mayo Clinic. J Neurosurg.
2012;117(5):825-830.

Southwell DG, Garcia PA, Berger MS, Barbaro NM, Chang
EF. Long-term seizure control outcomes after resection of gan-
gliogliomas. Neurosurgery. 2012;70(6):1406-1413; discussion
1413-1404.

Ajithkumar T, Imbulgoda N, Rees E, et al. Uncommon low-grade
brain tumors. Neuro Oncol. 2019;21(2):151-166.

Rades D, Zwick L, Leppert J, et al. The role of postopera-
tive radiotherapy for the treatment of gangliogliomas. Cancer.
2010;116(2):432-442.

Pilcher WH, Silbergeld DL, Berger MS, Ojemann GA.
Intraoperative electrocorticography during tumor resection: impact
on seizure outcome in patients with gangliogliomas. J Neurosurg.
1993;78(6):891-902.

Lundar T, Due-Tgnnessen BJ, Fric R, et al. Neurosurgical treat-
ment of gangliogliomas in children and adolescents: long-term fol-
low-up of a single-institution series of 32 patients. Acta Neurochir.
2018;160(6):1207-1214.

Varshneya K, Sarmiento JM, Nuilo M, et al. A national perspective
of adult gangliogliomas. J Clin Neurosci. 2016;30:65-70.

Dudley RW, Torok MR, Gallegos DR, et al. Pediatric low-grade
ganglioglioma: epidemiology, treatments, and outcome analysis on
348 children from the surveillance, epidemiology, and end results
database. Neurosurgery. 2015;76(3):313-320; discussion 319; quiz
319-320.

Zaky W, Patil SS, Park M, et al. Ganglioglioma in children and
young adults: single institution experience and review of the liter-
ature. J Neurooncol. 2018;139(3):739-747.

Majores M, von Lehe M, Fassunke J, Schramm J, Becker AJ,
Simon M. Tumor recurrence and malignant progression of gan-
gliogliomas. Cancer. 2008;113(12):3355-3363.

Rumana CS, Valadka AB. Radiation therapy and malignant de-
generation of benign supratentorial gangliogliomas. Neurosurgery.
1998;42(5):1038-1043.

Amini A, Chin SS, Schmidt MH. Malignant transformation of
conus medullaris ganglioglioma: case report. J Neurooncol.
2007:82(3):313-315.

Aryan HE, Meltzer HS, Levy ML, Szkandera BJ, Bruce DA.
Hypothalamic ganglioglioma treated by temporal lobectomy. Case
report and review of the literature. J Neurosurg. 2004;100(2 Suppl
Pediatrics):217-219.

Hakim R, Loeffler JS, Anthony DC, Black PM. Gangliogliomas in
adults. Cancer. 1997;79(1):127-131.

Terrier LM, Bauchet L, Rigau V, et al. Natural course and progno-
sis of anaplastic gangliogliomas: a multicenter retrospective study


https://seer.cancer.gov
https://orcid.org/0000-0002-9645-8475
https://orcid.org/0000-0002-9645-8475

LIN ET AL.

“WILEY-L®

Cancer Medicine

23.

24.

25.

26.

217.

28.

29.

of 43 cases from the French Brain Tumor Database. Neuro Oncol.
2017;19(5):678-688.

Yang I, Chang EF, Han SJ, et al. Early surgical intervention in
adult patients with ganglioglioma is associated with improved clin-
ical seizure outcomes. J Clin Neurosci. 2011;18(1):29-33.
Selvanathan SK, Hammouche S, Salminen HJ, Jenkinson MD.
Outcome and prognostic features in anaplastic gangliogli-
oma: analysis of cases from the SEER database. J Neurooncol.
2011;105(3):539-545.

Song JY, Kim JH, Cho YH, Kim CJ, Lee EJ. Treatment and out-
comes for gangliogliomas: a single-center review of 16 patients.
Brain Tumor Res Treat. 2014;2(2):49-55.

Rumana CS, Valadka AB, Contant CF. Prognostic factors in su-
pratentorial ganglioglioma. Acta Neurochir. 1999;141(1):63-69;
discussion 68-69.

Mallick S, Benson R, Melgandi W, Giridhar P, Rath GK. Impact
of surgery, adjuvant treatment, and other prognostic factors in
the management of anaplastic ganglioglioma. Childs Nerv Syst.
2018;34(6):1207-1213.

Zanello M, Pages M, Roux A, et al. Epileptic seizures in anaplastic
gangliogliomas. Br J Neurosurg. 2017;31(2):227-233.

Karremann M, Pietsch T, Janssen G, Kramm CM, Wolff
JE. Anaplastic ganglioglioma
2009:;92(2):157-163.

in children. J Neurooncol.

30.

31.

32.

fOpen Acces:)

Zhang S, Wang X, Liu X, Ju Y, Hui X. Brainstem gangliogliomas:
a retrospective series. J Neurosurg. 2013;118(4):884-888.
Blumcke I, Coras R, Wefers AK, et al. Review: Challenges in the
histopathological classification of ganglioglioma and DNT: micro-
scopic agreement studies and a preliminary genotype-phenotype
analysis. Neuropathol Appl Neurobiol. 2019;45(2):95-107.

Stone TJ, Keeley A, Virasami A, et al. Comprehensive molecular
characterisation of epilepsy-associated glioneuronal tumours. Acta
Neuropathol. 2018;135(1):115-129.

SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section.

How to cite this article: Lin X, Huang R, Zhang P, et
al. Low-grade gangliogliomas in adults: A population-
based study. Cancer Med. 2021;10:416-423. https://doi.
org/10.1002/cam4.3577



https://doi.org/10.1002/cam4.3577
https://doi.org/10.1002/cam4.3577

