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Abstract
Background: Ganglioglioma (GG) is a low-grade mixed neuronal-glial tumor which is the most common
type of long-term epilepsy-associated tumors (LEATs). However, primary anaplastic ganglioglioma (AGG)
which composes of malignant changes is rare. Here, we report a case of pediatric primary AGG which is
consisted of low-grade/begnin GG and high-grade glioma that was characterized by astroblastoma-like
pseudorosettes.

Case presentation: We describe a case of 4-year-old female who presented with medically refractory
seizure for 14 months by a temporal mass. The patient underwent a gross total mass resection at the �rst
surgery, and was only treated with antiepileptic therapy and followed by observation. After nine months,
tumor recurrence was found. Followed by second operation, the patient was treated with chemotherapy
(oral temozolomide and antiepileptic drugs) and local radiotherapy. At 58-month follow-up after the
second operation, no epileptic seizures and tumor recurrence were found again. In the �rst sample, the
tumor contained two different components. The major component presented the low-grade GG’s features
of neoplastic glial cells and dysplastic ganglion cells. The minor component was a heterogeneous high-
grade glioma characterized astroblastic-like pseudorosettes clusters with increased mitotic �gure (about
4-6 per 10 high-power �elds). CD34 staining was negative. BRAFV600E was positive in both
components. In the recurrent  sample, the heterogeneous high-grade glioma became the major
component. The fuorescence in situ hybridization (FISH) of  MN1 break-apart probe and MYB–QKI
fusions probe were negative. BRAFV600E mutation, and deletion of CDKN2A/B, PTEN and BMPR1A were
detected by targeted DNA sequencing.

Conclusion: This case extends the histomorphologic spectrum and enriched genetic features of primary
AGG in childhood. The high-grade glioma charactered astroblastoma-like pseudorosettes may be an
important cause of tumor recurrence in a short period of time. Tumor gross total surgical resection and
adjuvant chemoradiotherapy were important to achive an event-free survival.

Background
Ganglioglioma (GG) is a low-grade mixed neuronal-glial tumor which preferentially occurs in temporal
lobe of children and adolescents, and which is the most common type of long-term epilepsy-associated
tumors (LEATs)[1, 2]. GG is a well-differentiated, slow-growing giloneuronal neoplasm composed of
dysplastic ganglion cells in combination with neoplastic glial cells. Anaplastic ganglioglioma (AGG)
rarely represent 1–30% of GGs[3] and categorized as grade 3 according to WHO classi�cation, which
composed of dysplastic ganglion cells and an anaplastic glial component with increased proliferative
index, angiogenesis and necrosis. Here, we report a case of pediatric primary AGG which is consisted of
low-grade/begnin GG and high-grade glioma that was characterized by astroblastoma-like
pseudorosettes.

Case Presentation
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A 4-year-old female presented with medically refractory seizure for 14 months. The preoperative magnetic
resonance imaging (MRI) showed the mass in the temporal with slight hypointense on T1-wighted image
(T1WI) (Fig. 1. A), hyperintense on T2-weighted image (T2WI) (Fig. 1. B) and on Flair sequence (Fig. 1. C).
After the enhancement, the lesion was mildly enhanced (Fig. 1. D). The CT scan showed that there was
obvious calci�cation within tumor (Fig. 1. E). The patient underwent a gross total mass resection in the
right anterior and medial temporal that con�rmed by postoperative CT (Fig. 1. F). Postoperatively, the
patient was only treated with antiepileptic therapy and followed by observation. After nine months, tumor
recurrence was found by MRI. Followed by second operation, the patient was treated with chemotherapy
(oral temozolomide and antiepileptic drugs) and local radiotherapy. At 58-month follow-up after the
second operation, no epileptic seizures and tumor recurrence were found. This study was approved by the
ethical committee of Beijing Sanbo Brain Hospital.

Histologically, the lesion located in the cortex involving with the hippocampus and subarachnoid space.
The tumor contained two different components (Fig. 2). The major component presented the GG’s
features of glial and neuronal cell elements combination. The glial cells with mild nuclear atypia
resembled �brillary astrocytoma. Occasional mitoses were observed in the glial component. The neuronal
cells appeared the features of dysplastic ganglion cells, which included the vacuolar nucleus and obvious
nucleoli. There were dystrophic calci�cation and prominent capillary network. The neoplastic glial cells
had diffused immunoreactivity for GFAP, S-100, Nestin, OLIG2. Neuronal proteins markers, such as MAP2,
synaptophysin (Syn), chromogranin-A (CgA), neuro�laments (NF) and NeuN, displayed scattered
positivity in the dysplastic neurons. CD34 staining was negative in this case. BRAFV600E was positive in
both glial and neuronal cells. The Ki-67 staining showed positivity only in the glial component as a ratio
about 1–2%. The minor component (< 5%) was a heterogeneous high-grade glioma characterized
astroblastic-like pseudorosettes clusters, distributing among the major component. Astroblastic-like
pseudorosettes were composed of elongated tumor cells containing abundant esosinophilic cytoplasm.
Tumor cells distributed around the blood vessels in single-layered or pseudostrati�ed form with a broad
process. Mitoses were about 4–6 per 10 high-power �elds. Astroblastic-like pseudorosettes presented
diffused immunoreactivity for S-100, Nestin, Vimentin, and BRAFV600E, but were negative for GFAP,
OLIG2, Syn, NF, NeuN, and CD34. EMA immunoreactivity showed a patchy pattern as dot-like perinuclear
structures. The Ki-67 proliferation index was up to 15%. Microvascular proliferation and necrosis were not
observed. The heterogeneous high-grade glioma characterized astroblastic-like pseudorosettes became
the major component at tumor recurrence (Fig. 3). However, the minor component (about 20%) with mild
nuclear atypia was similar to low-grade �brillary astrocytoma, there was not obvious dysplastic neurons
or ganglion cells. For both components in the recurrence tumor sample, immunohistochemical
characteristics were also similar to the initial.

Targeted DNA sequencing was performed in formalin-�xed para�n-embedded samples (425-cancer-
relevant genes, Geneseeq Technology Inc.) (Supplementary Table 1). BRAF mutation (c.1799T > A,
p.V600E) was identi�ed with the mutant allele at a frequency of 30.84% (Fig. 4. A). The deletion copy
number variations (CNV) of CDKN2A (copy number: 0.2984), CDKN2B (copy number: 0.3259), PTEN
(copy number: 0.5346), and BMPR1A (copy number: 0.5229) were also be detected in this case (Fig. 4. B).
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Meanwhile, �uorescence in situ hybridization (FISH) was performed with MN1 break-apart probe and
MYB–QKI fusions probe in the astroblastoma-like pseudorosettes. The results of FISH were all negative
that different from astroblastoma[4] and angiocentric gliomas[5].

The �nal pathological diagnosis was primary AGG consisted of low-grade/begnin GG and a
heterogeneous high-grade glioma characterized astroblastic-like pseudorosettes. BRAFV600E mutation,
CDKN2A homozygous deletion, and deletion of PTEN and BMPR1A were observed. Although CD34 is
negative which is consistently expressed in GGs (86.7%)[6], we still diagnosed the major component as
low-grade GG since it ful�lled other GG criteria established by : 1) children with medically refractory
seizure and tumor located in the temporal; 2) morphological features consisted of neoplastic glial cells
and dysplastic ganglion cells; 3) positive staining of BRAFV600E in both glial and dysplastic ganglion
cells. About the heterogeneous high-grade glioma characterized astroblastic-like pseudorosettes, it was
diagnosed as anaplastic glial component of AGG.

Discussion And Conclusions
Primary AGG is rare. Here, we report a case of pediatric primary AGG which is consisted of low-grade GG
and high-grade glioma that was characterized by astroblastoma-like pseudorosettes. The glial
component of most reported AGGs presented diffusely in�ltative glioma[7]. In this case, the anaplastic
glial element was characterized with astroblastoma-like pseudorosettes that were never reported in AGG
before.

Moreover, BRAFV600E mutation, CDKN2A/B homozygous deletion, deletion of PTEN and BMPR1A were
detected by targeted DNA sequencing in this case. BRAFV600E mutation is the most common genetic
alteration in the GG, occurring in 40–66%[8, 9]. BRAFV600E mutation was frequently associated with
additional alterations, most commonly deletion of CDKN2A/B, other alteration including NF1, FGFR1,
KRAS, H3F3A, and so on[10]. The deletion of CDKN2A/B was present in some brian tumor types, including
pediatric glioma and IDH-mutant astrocytoma[11], which was also reported in AGG by array CGH
analysis[12]. PTEN and BMPR1A are tumor suppressor genes which are located in close proximity on
chromosome 10. Mutations or deletions of PTEN are frequent events in GBM (36%)[13] and correlate with
poor prognosis[14]. And loss of PTEN is a late and critical event in GBM progression. PTEN and BMPR1A
deletion dysregulates both the BMP–SMAD and PI3K–AKT–mTOR signaling pathways, promoting cell
proliferation and survival in oncogenic astrocytes[15, 16]. We suppose BRAFV600E mutations was a driver
alteration, CDKN2A/B homozygous deletion, deletion of BMPR1A, and PTEN increased the malignant risk
and evolution.

In general, GG have a good prognosis after surgical resection, but AGG had a poor survival, the 5-year
overall survival rate was about 24.9–63%[3, 17–19]. Some study showed that the prognosis of pediatric
patients with AGG is good, especially for those who undergo gross total tumor resection, and the mean 5-
year OS estimation and standard error was 88 ± 12%[20]. In view of recent studies, some studies reported
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that adjuvant radiotherapy did not in�uence overall survival (OS) of AGG, but surgery is an important
predictor of OS[17]. Others thought optimal treatment was maximal safe surgical resection followed by
postoperative radiotherapy and chemotherapy for AGG or GG composite anaplastic entity[3, 17, 18]. In our
experience of this case, tumor gross total surgical resection was important and adjuvant
chemoradiotherapy is also needed. The high-grade glioma charactered astroblastoma-like
pseudorosettes in AGG may be an important cause of tumor recurrence in a short period of time. Surgery
adjuvant local radiotherapy and chemotherapy could better help control the tumor recurrence.

In summary, there are three particular reasons to present this case. First, this case extends the
histomorphologic spectrum of primary AGG, in which the high-grade glial component charaterized
astroblastoma-like pseudorosettes. Second, it enriched the genetic features of primary AGG in childhood.
BRAFV600E mutation, CDKN2A/B homozygous deletion, deletion of PTEN and BMPR1A were observed in
this AGG case, that was never reported before by our knowlege. Third, the high-grade glioma palyed an
important role in tumor recurrence. Tumor gross total surgical resection and adjuvant chemoradiotherapy
were important to achive an event-free survival.
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Figure 1

The �rst preoperative and postoperative radiographic imagings. MRI showed the mass with slight
hypointense T1-weighted signal intensity (A) and hyperintense T2-weighted signal intensity (B),
hyperintense FLAIR sequence intensity with unclear boundary (C). After the enhancement, the lesion was
mildly enhanced (D). CT showed the right temporal lobe medial swelling with obvious calci�cation (black
arrows) (E). Postoperative CT con�rmed gross total mass resection (F).
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Figure 2

Histological features and immunohistochemical �ndings of the �rst surgery specimens (×400). A GG.
Combination of glial and neuronal cell elements in GG (short arrows showed the dysplastic neurons). The
neoplastic glial cells were diffuse immunoreactivity for GFAP. The dysplastic neurons were positive for
NeuN. BRAFV600E was strong positive staining in scattered dysplastic neurons and weak in glial cells
(long arrows showed the positive staining dysplastic neurons). CD34 was negative. Ki-67 proliferation
index was about 1-2%. B Astroblastoma-like pseudorosettes. Astroblastoma-like pseudorosettes were
composed of single-layered or pseudostrati�ed elongated tumor cells with a broad process and
esosinophilic cytoplasm extending to the central blood vessel. GFAP was negative in pseudorosettes. S-



Page 10/11

100 has diffuse strong expression. EMA showed a patchy dot-like perinuclear structures. BRAFV600E was
strong positive staining. Ki-67 proliferation index was up to 15%.

Figure 3

Histological features and immunohistochemical �ndings of tumor recurrence in two different
components. The left is the astroblastoma-like pseudorosettes element, and the right is like low-grade
glioma without obvious dysplastic neurons (A, ×200). Astroblastoma-like pseudorosette is composed of
pseudostrati�ed elongated tumor cells extending to the central blood vessel (B, ×400). GFAP was
negative staining (C, ×400). S-100 was diffuse strong positve (D, ×400). OLIG2 was positve staining in
some tumor cells (E, ×400). Ki-67 was about 15% (F, ×400).
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Figure 4

The targeted DNA sequencing (425-cancer-relevant genes) of the �rst tumor sample. There was a
missense_variant mutation (c.1799T>A, p.V600E) in BRAF (A). The deletion of CDKN2A/B, PTEN and
BMPR1A were detected (B).
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