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EEGIEINE  Extraventricular neurocytoma (EVN) is an extremely rare neuronal neoplasm that aris-
es outside the ventricle. The clinical implication of the heterogenous prognosis of this rare tumor has
not yet been clarified. Herein, we analyzed our institutional series of EVN.

IETEEE A total of eight consecutive cases were enrolled and investigated. The prognosis of
EVN was analyzed and compared to that of central neurocytoma (CN).

ICESTE  There were two male and six female patients, and the median age was 36.5 years.
The median tumor size was 38 mm, and the most common location of the tumor was the frontal lobe
(8, 37.5%), followed by the parietal and temporal lobes. In brain imaging, four (50%) tumors showed
peritumoral edema and three (37.5%) tumors showed calcification. All patients underwent gross total
resection, and two (25%) underwent adjuvant radiotherapy. The 5-year overall survival (OS) was 55.6%,
and the 2-year progression-free survival (PFS) was 42.9%. The OS and PFS of EVN were poor com-
pared to those of CN. Although EVN is a single disease entity, individual patients showed varying prog-
nosis. One patient showed no recurrence during the 7-year follow-up period; however, another patient
had a recurrence 4 months after surgery and died 2 years later.

EVN may be a heterogenous disease entity. Additional cases with long-term follow-
up are needed to develop optimal management protocols.
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INTRODUCTION

Extraventricular neurocytomas (EVNs) are rare neuronal
neoplasms, designated as a World Health Organization (WHO)
grade 2 tumor in 2007. Central neurocytoma (CN) was first
described by Hassoun et al. [1] in 1982. EVN, which is histologi-
cally identical to CN, occurs in the brain parenchyma. Radio-
logically, EVNs are commonly misdiagnosed as oligodendro-
glioma or ependymoma [2,3]. Atypical EVN can be diagnosed
when the tumor shows histological atypia or a Ki-67 labeling
index of over 2% [4]. Owing to its rarity, the treatment consen-
sus, precise prognosis, and treatment outcome are not well
known. Thus, we reviewed our institutional series of EVN.
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MATERIALS AND METHODS

Patient selection

This study was approved by the Institutional Review Board
of Asan Asan Medical Center (approval no. 2021-1137). In-
formed consent was waived due to the retrospective nature
of the study. We searched our institutional database for EVN
diagnoses made between January 2005 and December 2020.
Only newly diagnosed patients and those who underwent
surgery at our hospital were enrolled in the current study; pa-
tients with recurrent tumors and no available information on
the primary tumor were excluded.

A total of 10 EVN patients were initially included in the study
population, but 2 of them were later excluded due to a lack of
data. In terms of histopathological examination, microscopi-
cally, monotonous bland cells with modest cytoplasm and “salt
and pepper”-like chromatin is characteristics of EVN. Astro-
cytic tumor could be misdiagnosed as EVN. Histopathological
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re-evaluation was performed to exclude misdiagnosis for all
patient. If there was histological atypia or the MIB-1 labeling
index was greater than 2%, our institutional neuropatholo-
gist re-classified the lesions as typical or atypical EVN [5]. The
size of the tumor was defined by its maximal diameter in two
dimensions.

Treatment and follow-up

The extent of resection was defined as gross total resection
(GTR) if total removal was confirmed by postoperative MRI,
or as subtotal resection (STR) for any degree of incomplete

Table 1. Basal characteristics of enrolled patients

Variables Value (n=8)

Sex

Male 2 (25)

Female 6 (75)
Age (years) 36.5 (14-72)
Presenting symptoms

Headache with or without 4 (50)

nausea, vomiting 2 (25)

Hemiparesis 2 (25)

Seizure
Pathology

Atypical feature 4/8 (50)
Tumor size (mm) 38 (17-64)
Location

Frontal lobe 3(37.5)

Parietal lobe 2(25)

Temporal lobe 2(25)

Thalamus 1(12.5)
Radiologic findings

Calcification 3(37.5)

Hemorrhage 2(25)

Peritumoral edema 4 (50)
Follow-up period (months) 38 (4-77)

Data are presented as n (%) or median (range).

Table 2. Detailed patient characteristics and treatment outcome
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resection of the tumor. Adjuvant postoperative typical radia-
tion therapy (RT) was administered for residual tumors at a
dose range of 54-56 Gy, fractionated by 2 Gy. Initial follow-
ups involved clinical evaluations and an MRI in the immedi-
ate postoperative period (within 72 hours), as well as 1 month,
6 months, and 1 year after surgery, with annual examinations
thereafter.

Statistical analysis

The overall survival (OS) and progression-free survival (PES)
outcomes were analyzed using the Kaplan-Meier survival anal-
ysis. Statistical analyses were conducted using SPSS ver. 21.0
(IBM Corp., Armonk, NY, USA). A p value <0.05 was consid-
ered statistically significant.

RESULTS

Patient characteristics and treatment outcomes

This study included two male and six female patients. The
median age was 36.5 years (range: 14-72 years), and the me-
dian tumor size was 38 mm. The most common location of
the tumor was the frontal lobe, followed by the parietal lobe,
temporal lobe, and thalamus. Half of the tumors showed peri-
tumoral edema in brain imaging, and three of eight patients
had intratumoral calcification. The median follow-up period
was 38 months. Detailed characteristics of the enrolled patients
are presented in Tables 1 and 2. Initial imaging findings of the
enrolled patients are presented in Fig. 1.

Treatment outcomes and survival

All patients underwent GTR of tumors, and there were no
postoperative complications. Hemiparesis occurred during the
resection of thalamic tumors. Atypical histology was noted in
four of eight (50%) patients. Adjuvant RT was performed in
two of four atypical tumors. During the follow-up period, four
of eight (50%) patients had tumor recurrence and two of eight
(25%) patients died (Table 3). In terms of recurrence, all of first

Duration of

Sex/age  Atypical . Tumor size Adjuvant FU period
Case . Location Recurrence recurrence Death
(years)  histology (mm) therapy (months) (months)
1 F/72 No Temporal lobe 27 GTR None Yes 9 14 No
2 M/58 Yes Frontal lobe 64 GTR None Yes 17 69 No
3 F/32 No Temporal lobe 17 GTR None No - 43 No
4 F/14 Yes Thalamus 41 GTR  RT, 54 Gy Yes 16 50 Yes
5 F/20 No Frontal lobe 4 GTR None No - 77 No
6 F/19 No Parietal lobe 24 GTR None No - 4 No
7 M/72 Yes Frontal lobe 35 GTR  RT, 60 Gy No - 35 No
8 F/41 Yes Parietal lobe 44 GTR None Yes 4 28 Yes

EOR, extent of resection; GTR, gross total resection; RT, radiation therapy; FU, follow-up
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Fig. 1. Initial MRI findings of 8 enrolled patients. The tumor size and locations vary.

Table 3. Treatment outcomes of EVN

Variables Total (n=8)
Extent of resection
GTR 8(100)
STR 0(0)
Postoperative complications 0(0)

Postoperative neurologic deficits 1 (12.5), hemiparesis
Pathology
Atypical feature 4(50)

Adjuvant radiation therapy 2 (25), atypical EVN

Recurrence 4 (50), 3 atypical EVN,
1 typical EVN
Death 2(25), 2 atypical EVN

Data are presented as n (%). EVN, extraventricular neurocytoma;
GTR, gross total resection; STR, subtotal resection

recurrence was local recurrence. Also, all recurrent tumors
underwent redo-resection. In histological examination, all re-
current tumors were diagnosed as neurocytoma. Two died pa-
tients showed multiple distant recurrence and leptomeningeal
seeding after second surgery. In these two patients, malignant
transformation to higher grade glioma was suspicious, howev-
er, biopsy was not undergone. The treatment outcome varied.
Typical EVN showed a favorable long-term outcome (Fig. 2),
whereas atypical EVN showed a poor outcome, and we encoun-
tered one case with very aggressive features (Fig. 3). The 2-year
OS was 100%, and the 3-year OS was 83.3%. The 6-month PFS
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was 85.7%, and the 2-year PFS was 42.9% (Fig. 4).

Histology and immunohistochemical findings

EVN showed monotonous bland cells with modest cyto-
plasm and “salt and pepper”-like chromatin. They showed no
signs of necrosis or endothelial proliferation (Fig. 5). All tumors
showed ‘synaptophysin’ positivity, and three of seven tumors
showed ‘NeuN’ positivity. Only two of eight tumors showed
weak positivity for glial fibrillary acidic protein. All atypical
EVNs showed a Ki-67 labeling index of over 2%. The immu-
nohistochemical findings are presented in Table 4.

DISCUSSION

EVN is a very rare central nervous system tumor that occurs
in young adults. EVN has been detected in various sites out-
side the ventricular system, including the cerebral hemisphere
and deep nuclei. It can also involve the cerebellum, brainstem,
and spinal cord [6,7]. The 2007 WHO classification included
EVN as a brain tumor entity to distinguish it from CN [8]. How-
ever, EVN has not been revised or re-classified in the 2016 and
2021 WHO classification [9].

On MRI, most tumors were solid-cystic or solid and were
sometimes accompanied by multiple small cysts called “soap-
bubbles” [3]. The tumors were often well circumscribed and
contrast enhanced [3]. However, there was no pathognomonic
radiological finding; EVN usually mimics other astrocytic glial



J Byun et al.

Fig. 2. Representative cases of treatment outcome of typical extraventricular neurocytoma. A and B: Brain MRI of a 20-year-old female pa-
tient (case 5) showing a large solid cystic mass in the right frontal lobe. The mass shows heterogenous enhancement (A). Total tumor resec-
tion is performed, and there is no recurrence during the 7-year follow-up period (B). C and D: Brain MRI of a 58-year-old male patient (case 2)
showing a large solid cystic mass in the right frontal lobe (C). The tumor is totally resected, and there is no recurrence during the 6-year fol-
low-up period (D).
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Fig. 3. Image findings of the worst prognosis of atypical extraventricular neurocytoma. A 41-year-old female patient (case 8) with left parie-
to-occipital tumor undergoing tumor resection through a transcortical approach. A: Initial brain MRI. B: Transcortical approach is performed.
Histopathological examination reveals that it is an atypical EVN. C: On the 4-month follow-up MRI, tumor recurrence is noted. D: Revisional
craniotomy and redo-resection of the tumor is performed. Subsequently, adjuvant radiation therapy is administered. E and F: However, rap-
id recurrence is observed in the 3-month follow-up MRI. Ifosfamide, carboplatin, and etoposide systemic chemotherapy (ICE chemo) regi-
men are prescribed. G: However, continuous tumor progression is noted despite the chemotherapy. EVN, extraventricular neurocytoma;
GTR, gross total resection; RT, radiation therapy.

tumors. Cyst degeneration, calcification, and perilesional ede- pseudorosettes originate from tumor cells arranged irregularly

ma were observed in EVN [7]. On advanced MR, spectros-
copy showed a prominent choline peak and decreased N-acet-
ylaspartate; perfusion is usually increased in solid tumors [2,10].

EVN exhibited a wide spectrum of morphologies, cellularity,
and proliferation rates despite a strong tendency toward gan-
glionic or glial differentiation [6]. Synaptophysin is considered
the most specific marker for EVN [11]. Multiple perivascular

around blood vessels with or without perivascular anucleate
zones, forming synaptophysin in EVN [4,12]. In our series, all
patients showed positivity for synaptophysin. Xu et al. [6] re-
ported that MAP-2 may also be a specific marker for EVN. Fur-
thermore, while EVN does not usually express IDH R132H, as-
trocytic and oligodendroglial tumors do, and this can be an
important differential diagnostic feature [13]. In 2021 WHO
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Fig. 4. Kaplan-Meier survival analysis of extraventricular neurocytoma. Two-year overall survival (OS) of the enrolled patients with extra-
ventricular neurocytoma is 100%, and the 5-year OS is 55.6%. The 6-month progression-free survival (PFS) of the enrolled patients with

extraventricular neurocytoma is 85.7%, and the 2-year PFS is 42.9%.

classification, genetic alteration in FGFRI-TACCI fusion and
IDH R132H wildtype are key findings to establish EVN diag-
nosis [13]. In South Korea, evaluating next generation sequenc-
ing (NGS) for brain tumor was approved to cover Korean Na-
tional Health Insurance after 2017. Unfortunately, all patients
in our study were diagnosed with EVN before 2017. Thus, our
study lacks next generation sequencing data.

Atypical features of EVN include nuclear atypia, increased
mitotic figures, focal necrosis, and high Ki-67 labeling index
[6,12,14]. Atypical EVN has not been assigned a WHO grade.
In CN, the atypical form shows a high recurrence rate, but it
does not affect survival [15]. Atypical EVN could behave ag-
gressively and have an overall poor prognosis with a higher re-
currence rate [2]. Kane et al. [4] reported that atypical histol-
ogy showed a 3-fold higher recurrence rate and 10-fold higher
chance of mortality. This result is consistent with our series.
In our study, one case showed rapid tumor recurrence and dis-
mal prognosis, and all patients who died had atypical EVN.

The treatment consensus of EVN has not yet been established,
and treatment of atypical EVN has not been distinguished from
treatment of typical EVN. Complete resection is the ideal treat-
ment for neurocytoma [15-17]. In CN, STR with adjuvant RT
showed comparable treatment outcomes with GTR [15]. How-
ever, the outcomes of EVN tumor have not yet been clarified.
Moreover, the treatment of atypical EVN with a poor progno-
sis has not been differentiated from that of typical EVN.

Gamma knife radiosurgery (GKS) showed a favorable out-
come in CN as a primary or adjuvant treatment. However, there
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has been a lack of data for EVN owing to its extremely low inci-
dence [15,18]. Byun et al. [15] reported a favorable treatment
outcome of GKS for residual tumor after CN surgery. In their
report, CyberKnife radiosurgery was used as an adjuvant ther-
apy for subtotal-resected CN. Jeon et al. [18] reported a favorable
outcome of GKS for radiologically diagnosed CN and suggested
that GKS can be used as a primary treatment for small CN.

There has been a lack of evidence for chemotherapy for both
typical and atypical EVN. Brandes et al. [19] reported a favor-
able outcome of chemotherapy in progressive and recurrent
CN; they used a platinum-based agent in three patients. How-
ever, there is a lack of data on chemotherapy for both typical
and atypical EVN. In our series, one patient with atypical EVN
received platinum-based chemotherapy for progressive recur-
rent disease; however, the tumor progressed continuously dur-
ing chemotherapy.

Limitations

This study has a few limitations. First, it was a retrospective
study that included only eight patients with EVN, which, com-
bined with the limitations inherent in any retrospective design,
precluded any meaningful multivariate analysis of survival out-
comes or risk factors. Second, since this study series spanned
over 15 years, the treatment methods varied. NGS for brain
tumor now is essential for establishing accurate diagnosis.
Although morphological diagnosis is established, it may be
changed following the result of NGS genetic alterations. How-
ever, NGS could not be performed in our study. In addition,



J Byun et al.

C

Fig. 5. Histopathological findings of extraventricular neurocytoma (EVN). A and B: Tumor cells showing sheets, clusters, and rosettes of mo-
notonous cells with round nuclei and distinct nucleoli (A: hematoxylin-eosin [HE] stain, x40, B: HE stain, X100). C: EVN exhibiting uniform
staining for synaptophysin. D: The Ki-67 index is 5%; thus, the patient is diagnosed with atypical EVN.

Table 4. Immunohistochemical findings of extraventricular neurocytoma

Case Histology Synaptophysin NeuN GFAP IDHI1 R132H Ki-67 (%)
1 Typical + + Weak+ - 1
2 Atypical + + - NA 4
3 Typical + + - - 1
4 Atypical + - - NA 5
5 Typical + - NA 1
6 Typical + - - 1
7 Atypical + NA - NA 10
8 Atypical + - Weak+ NA 5

GFAP, glial fibrillary acidic protein; IDH, isocitrate dehydrogenase

no alternative treatment strategy has been developed for atyp- The prognosis of EVN is variable, and atypical histology may
ical EVN, making it difficult to draw any conclusions regard- be an important prognostic factor. Therefore, we believe that
ing the optimal intervention strategies and outcomes. the data from our current single-center series would signifi-

cantly contribute to the existing literature on these extremely
Conclusion rare tumors, as well as to future meta-analyses of this disease.

EVNs are extremely rare neoplasms that differ from CNs.
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