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Abstract. The present study describes a rare case of glio‑
blastoma with a primitive neuronal component (GBM‑PNC), 
and provides an in‑depth analysis of the clinical, pathological 
and differential diagnostic findings. A comprehensive litera‑
ture review was conducted to enhance the understanding of 
GBM‑PNC, revealing its distinct characteristics and prognostic 
implications. A 57‑year‑old woman presented with acute onset 
headache, nausea and vomiting, leading to the identification 
of an intracranial mass through magnetic resonance imaging. 
Surgical resection revealed the coexistence of a glial compo‑
nent and a PNC within the tumor. Immunohistochemical 
analysis detected the expression of glial fibrillary acidic 
protein in the glial component and synaptin in the PNC. The 
pathological diagnosis confirmed the presence of GBM‑PNC. 
Gene detection analysis revealed no mutations in isocitrate 
dehydrogenase (IDH)1 and IDH2, and neurotrophic tyrosine 
kinase receptor‑1 (NTRK1), NTRK2 and NTRK3 genes. 
GBM‑PNC is characterized by a propensity for recurrence 
and metastasis, with a low 5‑year survival rate. The present 
case report highlights the importance of accurate diagnosis 
and comprehensive characterization of GBM‑PNC to guide 
treatment decisions and improve patient outcomes.

Introduction

Glioblastoma (GBM) is the most prevalent malignant brain 
tumor in adults, primarily affecting the elderly population with 
a median age at diagnosis of 65 years (1,2). The recognition of 
glial tumors in the brain dates back to a report by Rudolph 
Virchow in 1865 (3). In 1926, Harvard Cushing and Percival 
Bailey introduced the concept of GBM and improved the 
grading system for gliomas (3). Despite more than a century of 
research, the advancements in the treatment and prognosis of 
GBM have been modest. The challenges of achieving complete 

resection while preserving normal brain tissue during surgery, 
along with chemotherapy resistance, contribute to a short 
median survival time of 12‑15 months (1), thus posing a threat 
to the lives of patients.

GBM with a primitive neuronal component (GBM‑PNC) 
is a distinct morphological variant of GBM recognized by 
the World Health Organization (WHO) in 2016 (4). This rare 
subtype accounts for only 0.5% of GBM cases and is histologi‑
cally characterized by the coexistence of malignant glioma 
cells with small round blue cells (PNC) expressing neuronal 
cell surface markers (3,5). GBM‑PNC commonly manifests 
in the temporal lobe and exhibits an aggressive nature with a 
poor survival rate (6). The present study describes a case of 
GBM‑PNC, and provides an analysis of the clinicopathological 
characteristics, immunohistochemistry and gene detection 
findings associated with GBM‑PNC.

Case report

Case presentation. A 57‑year‑old woman was admitted to 
Sunshine Union Hospital (Weifang, China) in October 2022 
due to a sudden onset of headache with nausea and vomiting 
for 5 days. The patient did not experience loss of conscious‑
ness, limb inflexibility, slurred speech, coughing or memory 
impairment. Their medical history included type 2 diabetes 
mellitus and a previous episode of significant bleeding 
requiring transfusion during the delivery of their second child. 
Laboratory examination (Table SI) revealed elevated lactate 
dehydrogenase (LDH) (277.61 U/l) levels. Magnetic resonance 
imaging (MRI) of their brain revealed lumpy T1‑weighted 
hypointense and T2‑weighted hyperintense signals in the 
junction area of the left parietal‑occipital‑temporal lobe, 
exhibiting an irregular shape with a clear boundary, measuring 
~6.3x5.5 cm. Annular enhancement of the marginal zone was 
visible after an enhanced scan (Fig. 1). After their blood sugar 
levels were controlled with insulin, the patient underwent 
surgical intervention. During surgery, the mass was located in 
the left temporal lobe, extending towards the paraventricular 
region. The mass within the mesial temporal lobe appeared 
solid, whereas the mass near the paraventricular region exhib‑
ited cystic features with the presence of yellowish purulent 
fluid. The tumors from the temporal lobe and paraventricular 
region were separately excised and sent for pathological exam‑
ination to establish a definitive diagnosis. The patient's blood 
pressure and temperature remained within normal ranges after 
the operation. The patient exhibited intact mental functioning 
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and normal muscle tension in their limbs; however, they 
experienced difficulties with speech clarity.

Pathological findings
Macro‑examination. The excised brain parenchyma (mesial 
temporal lobe) revealed a gray mass measuring 2x2x1 cm. 
Similarly, a gray mass measuring 2x2x1 cm was obtained from 
the paraventricular region. The tissue specimens were fixed in 
4% neutral formalin at room temperature for 48 h, followed 
by dehydration with alcohol and xylene. Subsequently, the 
specimens were embedded in paraffin at 62˚C and cooled. 
Serial sections (4 µm) were then prepared and stained with 
hematoxylin (~5%) for 5 min, followed by eosin (~1%) staining 
for 2 min at room temperature. Immunohistochemical staining 
and gene detection were also performed using the aforemen‑
tioned paraffin‑embedded tissue.

Microscopic observation. Hematoxylin and eosin (H&E) 
and immunohistochemical staining were examined using an 
Olympus BX53 light microscope (Olympus Corporation). 
H&E staining showed a slight to moderate increase in the 
density of glial cells compared with normal tissue. The 
nuclei exhibited similar size and morphology, displaying 
moderate atypia. They appeared round, quasi‑round or short 
spindle‑shaped, with fine chromatin and either absent or small 
nucleoli. Mitotic figures were infrequent. The PNC consisted 
of closely arranged small round or short spindle‑shaped cells, 
exhibiting a flowing water‑like pattern and abundant blood 
vessels. The cells surrounding the necrotic areas were arranged 
in a palisade manner, characterized by strongly stained nuclei 
and increased mitotic figures (Fig. 2).

Immunohistochemical staining (Fig. 3) was performed 
overnight at 4˚C using the following primary antibodies 
(prediluted by the manufacturer, Guangzhou Anbiping 
Pharmaceutical Technology Co., Ltd.): Anti‑glial fibril‑
lary acidic protein (GFAP; cat. no. IR086), anti‑p53 
(cat. no. IM123), anti‑CD56 (cat. no. IR040), anti‑synaptin 
(Syn; cat. no. IM136), anti‑neuron‑specific enolase (NSE; 
cat. no. IM347), anti‑vimentin (cat. no. IM142), anti‑Ki‑67 
(cat. no. IR098), anti‑thyroid transcription factor 1 (TTF‑1; 
cat. no. IM301), anti‑pan‑cytokeratin (pan‑CK; cat. no. IM067) 
and anti‑chromogranin A (CgA; cat. no. IM053). For 
immunohistochemistry, tissue sections (3 µm) were fixed in 
4% formalin at room temperature for 48 h before being in 
embedded in paraffin. These sections were then rehydrated in a 
descending alcohol series (xylene, 100% ethanol, 95% ethanol, 
85% ethanol, ethanol‑free water) and underwent antigen 
retrieval using EDTA antigen retrieval treatment (EnVision 
FLEX Target Retrieval Solution, High pH; cat. no. K8000; 
Agilent Technologies, Inc.) in a microwave on high heat for 
2 min, followed by incubation at room temperature for 8 min. 
Endogenous peroxidase activity was quenched with 3% 
hydrogen peroxide in methanol before incubation with primary 
antibodies. The secondary antibody was obtained from 
the EnVision FLEX/HRP (prediluted by the manufacturer; 
cat. no. K8000; Agilent Technologies, Inc.) and was used to 
treat sections at room temperature for 25 min. Subsequently, 
a chromogen detection reagent was applied (EnVision FLEX 
DAB+ Chromogen; cat. no. K8000, Agilent Technologies, 
Inc.). The immunohistochemical staining showed strong 
expression of GFAP, and expression of p53, vimentin and 

Ki‑67 (15%) in the glial component. Strong expression of 
Syn, p53, NSE, Ki‑67 (90%) and TTF‑1 was observed in the 
PNC. Additionally, CD56 was observed in both components, 
whereas pan‑CK and CgA were not expressed.

Pathological diagnosis. The patient was diagnosed with 
GBM‑PNC in both the brain parenchyma and paraventricular 
regions.

Gene detection. Gene detection (Sanger sequencing) was 
conducted on selected paraffin‑embedded tissue sections at 
Di'An Diagnostics Group Co., Ltd. The results indicated the 
absence of mutations in the isocitrate dehydrogenase (IDH)1 
and IDH2 genes. Additionally, no mutations were detected in 
the neurotrophic tyrosine kinase receptor‑1 (NTRK1), NTRK2 
and NTRK3 genes using fluorescence in situ hybridization, as 
determined by Di'An Diagnostics Group Co., Ltd (Fig. S1).

Follow‑up. Following discharge, the patient opted to continue 
chemoradiotherapy treatment at a local hospital and declined 
our request for further follow‑up.

Discussion

In the WHO classification of tumors of the central nervous 
system (2016), GBM can be divided into IDH‑wildtype, 
IDH‑mutant, not otherwise specified GBM and GBM‑PNC (6,7). 
GBM‑PNC is a very rare type of GBM, characterized by the 
presence of a PNC within a glioma. The origin of GBM‑PNC 
remains controversial, and possible explanations include: i) The 
development of a differentiated glial tumor from preexisting 
neuronal cells, ii) the phenomenon of neuronal metaplasia or 
dedifferentiation of astrocytic components into neuronal cells, 
iii) collision tumors with two different clonal expansions, 
and iv) the development of two components from normal 
stem cells (8). Donabedian et al (3) suggested that, due to the 
complexity of GBM‑PNC pathogenesis, there may be multiple 
pathways leading to the occurrence of this disease.

The et iology of  GBM‑PNC remains unclea r. 
Vollmer et al (9) reported a case with a previous history of 
leukemia, suggesting a potentially increased risk of brain 
cancer due to therapeutic ionizing brain radiation exposure. 
Among the patients reported by Donabedian et al (3), one 
patient had a sister who died from an unknown type of brain 
cancer; however, it is unclear if there was a hereditary connec‑
tion in that case. In the present study, the patient had a history 
of massive bleeding and diabetes; however, any associations 
with the development of GBM‑PNC are yet to be determined. 

GBM‑PNC typically presents with common clinical mani‑
festations observed in brain tumors, such as limb numbness, 
headache, nausea and vomiting. Additionally, it may result in 
other symptoms, such as hypoesthesia, transient amnesia, hemi‑
plegia and epilepsy. Limited information is available regarding 
the imaging features of GBM‑PNC. Valbuena et al (4) reported 
that the MRI radiological features of this tumor typically show 
a heterogeneous T2‑weighted mass and a well‑circumscribed 
lesion with gadolinium enhancement on T1‑weighted imaging. 
These features are often accompanied by vasogenic edema. 
Heterogeneous enhancement associated with central necrosis, 
cyst formation and tumoral hemorrhage may also be observed. 
Other imaging findings are nonspecific, mainly showing a 
cystic and solid intracranial mass compressing surrounding 
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normal brain tissue. Intra‑cystic hemorrhage, edema, calci‑
fication and necrosis may occur. In the present case report, 
the cystic portion of the mass contained yellow purulent fluid, 
which, to the best of our knowledge, is the first reported case 
of purulent fluid instead of blood or hemorrhagic fluid, which 
could be mistaken for a brain abscess.

Pathological examination of the PNC is recommended 
in patients with intratumoral hemorrhage in GBM (10). In 
the present case report, a laboratory examination showed an 
increase in LDH levels. Tan et al (8) also reported elevated 
LDH levels in their patient. Valvona et al (11) suggested that 
the interaction between LDHA and IDH may influence patient 

Figure 2. Histopathological appearance of GBM‑PNC showing two distinct components. (A) Glial components are characterized by soft pink staining (red 
triangle), whereas PNCs are stained deep blue (yellow triangle). The two components are clearly demarcated (magnification, x100; hematoxylin and eosin 
staining; scale bar, 100 µm). (B) Partial enlarged view of (A) highlighting the PNC of GBM‑PNC; red arrows show mitotic figures (magnification, x400; 
hematoxylin and eosin staining; scale bar, 30 µm). GBM‑PNC, glioblastoma with a primitive neuronal component.

Figure 1. Magnetic resonance imaging of the tumor. (A) T1WI sequence at the junction of the left parietal‑occipital‑temporal lobe was isointense/hypointense, 
with an uneven internal signal and unclear edge. In addition, there was a patchy obviously low signal area in the front and the edge was still clear. (B) The 
lesion showed hyperintensity on the T2WI sequence, an uneven internal signal and a patchy obviously hyperintense area in the front. (C) The fat‑suppressed T2 
sequence of the lesion showed high signal intensity, and a patchy higher signal region was seen around it with an unclear edge. (D) The sagittal position of the 
T2WI sequence showed clear margin of the lesion and surrounding edema zone. (E) The lesion showed an annular DWI sequence with high signal intensity. 
(F) ADC diagram of the lesion showed annular low signal. (G) Annular enhancement of the marginal zone was visible after an enhanced scan, involving the 
posterior horn of the left lateral ventricle, and the midline was deviated to the right. (H) Sagittal and (I) coronal images showed the edge of the lesion annular 
enhancement, and the left lateral ventricle was compressed and invaded. T1WI, T1‑weighted imaging; T2WI, T2‑weighted imaging; DWI, diffusion‑weighted 
imaging; ADC, apparent diffusion coefficient.
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prognosis and has been associated with glioma. Therefore, 
it was hypothesized that LDH detection may be a potential 
diagnostic indicator for GBM‑PNC.

Histologically, GBM‑PNC is characterized by two distinct 
components. The glial component consists of astrocytes 
with abundant eosinophilic cytoplasm, large vacuolar nuclei 
with mitotic figures, necrosis and microvascular prolifera‑
tion. The PNC exhibits high cell density, reduced cytoplasm, 
hyperchromatic nuclei and the formation of Homer‑Wright 
chrysanthemum clusters. There is a clear transition between 
the two components. 

In line with the present findings, a review of the current 
literature (Table SII) (3‑6,8‑10,12‑31) indicated that the 
immunohistochemical profile of GBM‑PNC is diverse but 
generally consistent. The glial component typically shows 
expression of GFAP, S‑100, oligodendrocyte lineage tran‑
scription factor 2 and vimentin. The Ki‑67 proliferation 
index ranges from 10 to 20%, and the expression rate of p53 
is often lower than that detected in the PNC. The expression 
of Syn, neurofilament protein and NSE in the PNC suggests 
neural differentiation, with a Ki‑67 proliferation index of up to 
90% and high expression of p53. In both components, CD56 
shows positive staining. These findings demonstrate that 
immunohistochemistry may have an accurate and feasible role 
in the diagnosis of GBM‑PNC.

In the present case report, TTF‑1 showed immunoposi‑
tivity in the PNC and negative staining in the glial component. 
Previous studies have suggested that not all TTF‑1 clones 
are equally applicable for diagnosing GBM‑PNC (32,33). 
Since TTF‑1 is commonly used to identify metastatic tumors 
originating from the lung or thyroid, different clones of TTF‑1 
may lead to incorrect diagnoses. Therefore, if GBM‑PNC is 
suspected, it is recommended that the aforementioned panel of 
immunohistochemical markers is used.

GBM‑PNC requires a differential diagnosis from papil‑
lary glioneuronal tumors (34) and glioneuronal tumors with 
neuropil‑like islands (35). Papillary glioneuronal tumors 
have neuropil‑like islands and are characterized as low‑grade 
biphasic tumors with astrocytic and neural differentiation. 

These tumors commonly occur in young individuals. The glial 
component forms a pseudopapillary structure surrounding 
the blood vessels, whereas the neuronal component is located 
between the glial regions and consists of nerve cells in an 
oligodendrocyte‑like morphology with very rare necrosis 
and mitotic figures. In the case of glioneuronal tumors with 
neuropil‑like islands, the histological morphology is character‑
ized by a background of infiltrating astrocytomas with islands 
of neuropil‑like tissue surrounded by oligodendrocyte‑like or 
atypical neuron‑like cells.

There is currently no standardized treatment approach for 
GBM‑PNC. The most common treatment method involves 
surgery followed by postoperative radiotherapy and chemo‑
therapy. Temozolomide (TMZ) is commonly used for GBM 
treatment, whereas platinum‑based chemotherapy is effective 
against peripheral neuroectodermal tumors (6). GBM‑PNC 
tends to metastasize through the cerebrospinal fluid, with 
the metastasizing component typically being the PNC, 
highlighting the heterogeneity of the tumor (3,9). Although 
metastases of GBM‑PNC are rare, they can occur in the 
spine (9), lungs (13) and throughout the skeletal system (10). 
GBM‑PNC metastases may be more common than currently 
reported as the identification of metastases may be rare due 
to the poor prognosis and short survival time of patients. The 
short survival time may often prevent metastatic tumors from 
causing noticeable symptoms before the death of the patient. 
Therefore, patients with metastatic symptoms may have a 
relatively better prognosis as their metastatic tumors have had 
time to grow to a noticeable size (9).

In the present case report, the paraffin‑embedded tumor 
sample underwent IDH and NTRK gene detection. IDH1/2 
mutations are a defining factor in the diagnosis of adult‑type 
diffuse glioma. There are three isoforms of IDH: IDH1, IDH2 
and IDH3. The IDH1/2 mutation is common in secondary 
GBM, accounting for 73% of clinical cases, whereas it is rare 
in primary GBM, occurring in only 3.7% of cases (36). It is 
generally considered that only IDH1 and IDH2 can mutate 
in GBM, typically at arginine 132 in IDH1 (p.R132H) and 
arginine 172 in IDH2 (p.R172K). Mutations in either IDH1 or 

Figure 3. Immunohistochemical staining of glioblastoma with a PNC. The glial components exhibited staining for GFAP, weak expression of p53, and negative 
staining for Syn and TTF‑1. The PNCs component exhibited negative staining for GFAP, and strong staining of p53, Syn and TTF‑1; red triangles indicate 
the glial component, yellow triangles indicate the PNC component (low magnification, x100; scale bar, 100 µm; high magnification, x200; scale bar, 60 µm). 
GFAP, glial fibrillary acidic protein; PNC, primary neuronal component; Syn, synaptin; TTF‑1, thyroid transcription factor 1.
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IDH2 provide a growth advantage for mutant cells, and only a 
single mutation is needed to mediate this advantage. Notably, 
few studies have suggested a role for IDH3 in the occurrence 
and development of GBM (36‑40).

According to the 2021 WHO classification of central 
nervous system tumors, the grading of diffuse gliomas relies 
not only on the histological appearance but also on genetic 
parameters (41). The IDH mutation is a key factor in diagnosis, 
and is used to guide eligibility for glioma therapy and clinical 
trials (42). IDH1/2‑mutant GBM generally has a better prog‑
nosis than wildtype GBM, although the exact reason for this 
is unclear. The extent and targets of IDH mutations that lead 
to genomic hypermethylation vary greatly depending on 
the cellular context. This variability may explain why IDH 
mutations are only favorable prognostic markers in certain 
gliomas (43).

The NTRK gene family, which includes NTRK1, NTRK2 
and NTRK3, encodes the tropomyosin receptor kinase (TRK) 
protein family (TRKA, TRKB and TRKC). The TRK pathway 
has been implicated in the pathogenesis of a number of types of 
cancer. Chromosomal rearrangements resulting in oncogenic 
gene fusion, protein overexpression and single nucleotide vari‑
ants are the most commonly described alterations associated 
with the NTRK gene family (44). In the present case report, 
NTRK gene detection was detected on the tumor tissue due to 
the involvement of the NTRK gene family in neuronal develop‑
ment, maintenance and protection, and its tendency to undergo 
fusions in rare diseases such as GBM (45). However, no fusion 
was detected in the NTRK1, NTRK2 or NTRK3 genes. To the 
best of our knowledge, no study has linked NTRK to the prog‑
nosis of GBM‑PNC. However, Pekova et al (46) demonstrated 
that NTRK1 fusion‑positive carcinomas are significantly 
associated with a higher incidence of tumor multifocality and 
distant metastases in thyroid carcinoma. Therefore, further 
studies on the relationship between NTRK and GBM‑PNC 
are warranted.

With the current emphasis on genetic testing in disease 
research, there is an increasing interest in exploring the genetic 
aspects of GBM‑PNC. Recent case reports on GBM‑PNC 
were compiled and several genes that have been relatively 
well‑studied were identified (Tables I and SII). The findings 
indicated that 85.7% of patients had wildtype IDH, 20.0% had 
wildtype tumor protein 53 (TP53), 75% had wildtype ATRX 
chromatin remodeler, 25.0% had wildtype epidermal growth 
factor receptor and 75.0% had wildtype B‑Raf proto‑oncogene, 
serine/threonine kinase. Further investigation into these genes 
may provide insights into the characteristics of GBM‑PNC. 
Moreover, Xu et al (47) reported that the mutation frequencies 
of TP53, phosphatidylinositol‑4,5‑bisphosphate 3‑kinase cata‑
lytic subunit α, phosphoinositide‑3‑kinase regulatory subunit 
1 and phosphatase and tensin homolog in GBM‑PNC were 
significantly higher compared with those in GBM, suggesting 
that GBM‑PNC represents a distinct and rare variant of GBM.

It has been reported that epigenetics can influence the 
survival and prognosis of patients with GBM (48). One 
commonly used method in GBM diagnosis is the detection of 
methylation of the O6‑methylguanine‑DNA methyltransferase 
(MGMT) promoter. Hypermethylation of the MGMT promoter 
is associated with an improved response to TMZ, leading to 
better patient outcomes (49). Suwala et al (32) suggested that 

GBM‑PNC has a unique methylation profile that is similar 
to IDH‑wildtype GBM. Therefore, treatment with TMZ and 
prognosis may also follow a similar approach as IDH‑wildtype 
GBM. However, due to the limited number of patients, further 
extensive studies are still required.

Separately evaluating the glioma component and the PNC 
is important, in order to further study the biological character‑
istics of PNC without being affected by the glioma component; 
however, certain limitations hindered us from conducting these 
tests. Firstly, the paraffin‑embedded tissue samples contained 
numerous blood clots, leaving limited tissue available for 
additional immunohistochemistry and gene testing. Sufficient 
tissue needed to be preserved for potential future tests that 
the patient may require. Secondly, visually distinguishing the 
glioma component from the PNC is challenging and the two 
components are intricately intertwined under the microscope. 
This makes it difficult to ensure complete separation and 
individual detection, thereby compromising the accuracy of 
the results. Therefore, we decided not to conduct other gene 
tests or MGMT methylation tests.

In addition to the rarity and diverse clinical pathological 
features of GBM‑PNC, the present study discussed the 
differential diagnosis from other similar tumor types, such as 

Table I. Literature review of glioblastoma with a primitive 
neuronal component (3‑6,8‑10,12‑31).

Feature Value

Age (n=30) 
  Range 3 months‑81 years
  Mean 42.7 years
  Median 47 years
Sex (n=30) 
  Male 17 (56.7%)
  Female 13 (43.3%)
IDH status (n=21) 
  Mutant 3 (14.3%)
  Wildtype 18 (85.7%)
TP53 status (n=15) 
  Mutant 12 (80.0%)
  Wildtype 3 (20.0%)
ATRX status (n=8) 
  Mutant 2 (25.0%)
  Wildtype 6 (75.0%)
EGFR status (n=4) 
  Mutant 3 (75.0%)
  Wildtype 1 (25.0%)
BRAF status (n=4) 
  Mutant 1 (25.0%)
  Wildtype 3 (75.0%)

ATRX, ATRX chromatin remodeler; BRAF, B‑Raf proto‑oncogene, 
serine/threonine kinase; EGFR, epidermal growth factor receptor; 
IDH, isocitrate dehydrogenase; TP53, tumor protein 53. ‘n’ indicates 
the number of cases with available information.
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small cell GBM and papillary glioneuronal tumors. Genetic 
and epigenetic factors are important in GBM‑PNC, including 
mutations in genes such as IDH1/2 and NTRK1/2/3 and the 
potential influence of epigenetics on patient prognosis. The 
current treatment approach involves surgery, radiotherapy and 
chemotherapy; however, its effectiveness is limited. Therefore, 
further research and a better understanding of GBM‑PNC are 
crucial for improving patient survival and developing more 
effective treatment strategies.
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