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OBJECTIVE

The objective of the study was to evaluate the outcomes of central neurocytoma treatments.

METHODS

Between 2003 and 2019, 23 post-operative patients with central neurocytoma were included in the study. 
According to the World Health Organization (WHO) 2021 classification, 14 patients were classified as 
atypical neurocytoma. Gross total resection was performed in 12 patients whereas subtotal resection 
(STR) was performed in ten patients and eight patients had residual disease. In total, 13 patients received 
radiotherapy (RT), nine of whom were irradiated postoperatively, and four patients were irradiated after 
relapse. Recurrence and progression-free survival (PFS) of each subgroup were presented.

RESULTS

The median follow-up was 59 months (15–262 months). The 5-year overall survival (OS) was 89.3% 
and PFS was 83.4%. During follow-up in total three patients died; two patients had disease progression-
related death, and one patient died because of his comorbidities. Comparing the outcome of RT group 
and the observation group; there was no recurrence in the radiotherapy group, but three recurrences or 
progression were detected in the observation arm. There was no statistical significance (p=0.257) due 
to the low number of patients in this subgroup. Patients with extraventricular tumors received postop-
erative radiotherapy; however, patients had recurrences and died due to disease progression. Further-
more, there was no statistical significance (p=1.00) when the operation type was evaluated. In terms of 
histopathology, recurrence or progression was observed in two patients with typical CN and one patient 
with atypical histology, which was not statistically significant (p=0.247).

CONCLUSION

All treatment modalities were applied in our cohort, but due to the small number of patients, the signifi-
cance of any modality could not be demonstrated. However, the prognosis of the patients with extraven-
tricular pathology was very poor and two patients died due to the disease.
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INTRODUCTION

Central neurocytoma (CN) is a rare brain tumor, which 
is usually located in the lateral ventricle.[1] Macroscopi-
cally CN cells consist of round, calcified lesions; where-
as, microscopically the lesions consist of round cells 
with intercellular fibrilar zones and rosette-like struc-
tures. Immunohistochemical staining of synaptophy-
sin is used to diagnose and differentiate. The presence 
of mitosis and necrosis is very rare. The cell with round 
nuclei and spread out thin chromatin are detected on 
electron microscopy.[2] Before the WHO 2016 classifi-
cation, pathological differentiation into typical-atypical 
CN was determined according to mitotic activity, vascu-
lar proliferation, and focal necrosis rates; however, the 
WHO 2016 classifications are based on Ki67 levels.[3]

The gold standard treatment is surgery. Gross total re-
section (GTR) provides an advantage over subtotal resec-
tion (STR) in overall survival (OS) and progression-free 
survival (PFS).[4,5] Post-operative therapy is controver-
sial. After a comprehensive review of available data, ad-
juvant radiotherapy (RT) increased PFS but had no ben-
efit OS.[6–10] RT treatment volumes and doses are also 
controversial and differ greatly among clinics. Our study 
retrospectively analyzed the follow-up status and survival 
of 23 post-operative CN patients with and without RT.

MATERIALS AND METHODS

Study Population
We performed a retrospective analysis with an appropri-
ate Local Ethics Committee approval (Approval Date and 
Number: 14.01.2021 A-09). Between 2003 and 2019, re-
cords of patients were screened who underwent surgery 
for brain tumors and 23 patients with CN were included. 
Before the WHO 2016 classification, pathological dif-
ferentiation into typical-atypical CN was determined 
according to mitotic activity, vascular proliferation, and 
focal necrosis rates; however, the WHO 2016 and 2021 
CN classifications are based on Ki67 levels.[11] Pathol-
ogy pieces of all patients were reassessed by a senior neu-
ropathologist according to the new classification.

Surgery
According to the localization and extension of the tumor, 
the CN operation was performed through an interhemi-
spheric or transcortical approach. The lateral ventricle 
of the related side, where the main bulk of the tumor 
is located, was reached through anterior callosotomy 
in all interhemispheric cases. The transcortical route 
was performed through the middle frontal gyrus. The 

tumor was extracted with the Cavitron Ultrasonic Sur-
gical Aspirator following the normal ependymal lining. 
The tumor’s main determinant of total resection was the 
invasion of diencephalic and vascular structures (thala-
mostriate and internal cerebral veins). A combined ap-
proach (interhemispheric and transcortical) was used 
for total resection to remove the hidden part of the re-
sidual tumor on the superior wall of the lateral ventricle 
in the same session. For intra-axial extraventricular cas-
es, transcortical resection was used according to the site 
of lesions. The external ventricular drainage system was 
placed in the ventricular cavity at the end of the surgery. 
The same craniotomy was used in recurrent cases.

RT Indication and Volume
For CN; RT indications are STR, atypical histology, and 
extraventricular location. Furthermore, the opinion on 
surgery about the quality of resection is considered in 
multidisciplinary councils.

During simulation computed tomography (CT), 
the patients were immobilized with a thermoplastic 
head and shoulder mask in a supine position. The non-
contrast CT was obtained with a 2.5 mm slice thick-
ness from the head to the first cervical vertebra on a GE 
Lightspeed 16 CT scanner. Organs at risk and target 
volumes were contoured according to the Radiation 
Therapy Oncology Group guidelines.

On magnetic resonance images (MRI), CN ap-
pears hyperintense in T2 FLAIR images, and contrast 
enhancement in T1 images. So for determining the ir-
radiation volume, MRI were fused with simulation CT 
images to better visualize the Gross Tumor Volume 
using T1 and T2 FLAIR images. For the microscopic 
disease coverage, clinical target volume (CTV) is de-
termined by contouring the whole lateral ventricles. 
Planning target volume is created by giving a 3–5 mm 
margin for daily set-up errors.

For the tumors located in ventricles, a boost to the 
operation bed was added. CTV was delineated with a 
margin of 1–2 cm to the operation bed in the extra-
ventricular frontal lesion and 54 Gy was implemented 
with External Beam Radiotherapy. After the STR of the 
cerebellar tumor, stereotactic radiosurgery (SRS) was 
applied to the residue in 1 patient (13 Gy). Treatment 
modalities are described in Table 1.

Follow-up
Patients who were observed or were treated with RT 
after surgical treatment was followed up with physical 
and neurological examination, and cranial MRI every 
3 months for the first 2 years, every 6 months between 
2 and 5 years, and annually after 5 years.
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Statistical Analysis
PFS was determined as the time from operation to 
progression according to the RANO. The Kaplan–
Meier survival analysis was performed for OS and 
PFS. Age, histopathological features, and Ki67 levels 
were evaluated in univariate analyzes. SPSS version 
21 (IBM Corp. Armonk, NY) computer software was 
used for statistical analysis, and p<0.05 was accepted 
for statistical significance.

RESULTS

We identified 23 patients with the diagnosis of CN. The 
characteristics of the patients are in Table 1. The me-
dian age was 26 (range 12–41) and 12 (52%) patients 
were male. Twenty patients had tumors located at lat-
eral ventricles, one patient’s was at the third ventricle, 
and two patients had extraventricular tumors (frontal 
lobe and cerebellum). For the surgical routes; the inter-
hemispheric was used in 14 cases, transcortical route in 
seven, combined route in one patient, and endoscopic 
biopsy was performed for one patient whose tumor was 
located on the posterior wall of the third ventricle. In 
15 of the 23 patients, the lateral ventricle was reached 
from the right side; whereas the frontal horn of the left 
lateral ventricle was entered in seven patients. For a 

cerebellar tumor, suboccipital craniotomy was the en-
try route. In one patient, the right frontal subcortical 
extra-ventricular lesion was removed totally through a 
cortical window.

GTR was performed in 12 patients (52%) whereas 
STR was performed in 10 (46%) patients and eight pa-
tients had a median residual disease of 1.7 cc (range: 
0.3–3.5 cc). Since the study spans many years, post-op-
erative MRI’s of two patients were not available; only 
eight residual volume values were reported. After the 
re-evaluation median Ki67 level of our study was 4 
(range: 1–10). One patient was diagnosed by a stereo-
tactic biopsy and treated with only RT. In total, 13 
patients received RT, nine of whom were irradiated 
postoperatively, and four patients were irradiated after 
relapse. The median dose was 54 Gy ((Prescribed dose 
ranged from 45 to 54 Gy in 1,8 to 2 Gy fractions with 
6MV). After 45 Gy to the lateral ventricle and opera-
tion bed, 9 Gy a boost to the operation bed was added. 
After the STR of the cerebellar tumor, 13 Gy SRS was 
given to the residue in one patient. Six patients under-
going GTR and four patients undergoing STR continue 
to be followed up without recurrence, and the median 
follow-up period was 75.3 months (27–130 months). 
The treatment of the patients is in shown Figure 1.

The median follow-up was 59 months (7–262 
months). The 5-year OS was 89.3% and PFS was 83.4% 
(Figs. 2, 3). Three patients died. The cause of death was 
disease progression in two patients and unknown in 
one. Progression was detected in five patients. There 
were three recurrences after GTR and two progressions 
of residue after STR (Fig. 4). After progression all pa-
tients received RT, 3 of them were reoperated before ir-
radiation. One patient with a history of STR could not 
be re-operated and only received RT treatment.

When patients which have intraventricular tumors 
were analyzed, comparing the outcome of RT group 
and the observation group; there was no recurrence in 
the radiotherapy group, but three recurrences or pro-
gression were detected in the observation arm. There 
was no statistical significance (p=0.257) due to the low 
number of patients in this subgroup. Furthermore, 
there was no significance detected when the operation 
type was evaluated (p=1.00). Recurrence or progression 
was observed in two patients with typical CN histology 
and one patient with atypical histology (p=0.247) (Fig. 
5). Ki 67, age, and gender were also found to have no 
statistically significant relations with progression and 
recurrence (p=1.00, p=1.00, and p=1.00, respectively).

For the patients who had extraventricular tumors; 
although radiotherapy was given after GTR, recurrence 

Table 1 Patients’ characteristics

  n  %

Age (Median+range)  26 (12–41)
Gender
 Male 12  52.2
 Female 11  47.8
Resection type
 GTR 12  52.2
 STR 10  43.4
 Biopsy 1  4.3
Fractionation
 Conventional 12  52.2
 SRS 1  4.3
Radiation treatment
 Postoperative after progression/definitive
 Postoperative adjuvant 9  39.1
Location
 Ventricular 21  91.3
 Extraventricular 2  8.7
Pathology
 Typical neurocytoma 8  34.7
 Atypical neurocytoma 15  65.2

GTR: Gross total resection; STR: Subtotal resection; SRS: Stereotactic radio-
surgery
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was observed in the patient with frontal CN. The pa-
tient, who underwent surgery in both recurrences, was 
administered four cycles of chemotherapy after the last 
surgery. The chemotherapy regimen data are unknown. 
Soft tissue and bone metastases were detected during 
the interim evaluation. The patient died due to disease 
progression while receiving chemotherapy treatment. 
On the other hand, the patient with cerebellar tumor 
was treated with Gamma-Knife postoperatively; none-
theless, after recurring with craniospinal seeding, he 
received craniospinal RT. The prescribed radiation 
dose for this patient was 46 Gy in 23 fractions. He died 
6 months after the treatment.

Patterns of dissemination of patients who relapsed 
were analyzed. In all patients who relapsed after GTR, 
the recurrence was in the primary tumor site. While 
recurrence was detected through spinal dissemination 
in one patient who underwent STR, the other patient’s 
tumor progressed through the 3rd ventricle to the 4th 
ventricle. No serious acute or chronic side effects were 
found in both arms. The most common toxicities were 
observed as partial alopecia, fatigue, and skin reac-
tion. After irradiation neurocognitive tests were not 
performed, because pre-operative neurocognitive data 
were missing and the evaluation would be ineffective. 
However, no clinically obvious neurocognitive deterio-
ration was observed during their follow-up.

DISCUSSION

Surgery is the most important treatment option for CN 
and one of the prognostic factors.[12] GTR has a sta-
tistically significant improvement in OS and local con-
trol compared to STR.[4,5,13] However, Byun et al.[14] 
could not find any statistical significance for local con-
trol between STR and GTR. In our study, three patients 
with GTR treated by RT had no recurrence, whereas 
three out of nine patients who had GTR without RT 
recurred. Two patients with STR had progression: the 
one with cerebellar tumor underwent RT before pro-
gression and the other patient underwent RT after pro-
gression. In the light of the discussion above, GTR is 
an important prognostic factor; however, we did not 
find any statistical significance when compared to STR.

Another prognostic factor is being pathologically 
atypical-typical.[15] Having an atypical feature is a 
poor prognostic factor in local control and OS.[14] Be-
fore the WHO 2016, pathological differentiation into 
typical-atypical was made according to mitotic activity, 
vascular proliferation, and focal necrosis rates; howev-
er, the WHO 2016 guidelines are made based on Ki67 
levels.[3] After the re-evaluation of the pathology spec-
imen according to the WHO 2016 classification, 14 pa-
tients were classified as atypical neurocytomas. When 
the two groups were compared in terms of atypia, no 

Fig. 1. The treatment of the patients.
 *: This calculation is made between surgery time and death time. GTR: Gross total resection; STR: Subtotal resection; RT: Radiotherapy
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statistically significant difference was observed. In 
some studies, published before the WHO 2016 guide-
lines, a proliferation index such as Ki 67 or MIB L1 
was reported to be prognostic for CN. Ki67> 2% was 
associated with a worse prognosis.[8,14,16] Another 
study also showed that Ki 67>4% had a poor progno-
sis.[17,18] In the recent article, the main risk factors for 
recurrence have demonstrated the presence of residual 
disease and the Ki-67 index of over 5%.[19] However, 
in our study, no relationship was found between Ki67.

In the literature, it is stated that RT provides a sta-
tistically significant benefit in local control, yet its ef-
fectiveness has not been demonstrated in OS.[5,20,21] 
For the optimal dose of RT in typical neurocytomas, 
50 Gy after STR has been sufficient.[22] Again, in an-
other study by Rades et al.,[20] the benefit of RT over 
54 Gy could not be shown. In this context, 50 or 54 Gy 
is recommended as the optimum RT dose.[23] In these 
studies the treatment volume is planned by giving a 2 
cm margin to the operation site, such as a low-grade 

Fig. 2. Overall survival.
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Fig. 3. Progression-free survival.
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Fig. 4. Kaplan-Meier curves of each subgroup.
 GTR: Gross total resection; STR: Subtotal resection.
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Fig. 5. Kaplan-Meier curves of each histology.
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glial tumor.[23] However, recent data support 1 cm as 
a margin for low-grade glial tumor CTV. In our study, 
all lateral ventricles were considered as CTV. Since the 
study spans many year, multidisciplinary decisions 
have evolved into coverage of whole lateral ventricles, 
the tumor originates mainly from the lateral ventricle 
and there is a possibility of intraventricular relapse. For 
contouring post-operative tumor bed, CTV is delineat-
ed with a margin of 1–2 cm to the operation bed which 
generally covers whole lateral ventricules. Because 
these lesions are not encapsulated, the resectable tu-
mors cannot be removed totally with surgery. So that, a 
boost dose to the primary tumor was given.

In terms of tumor localization, extraventricular lo-
calization is rare in CNs, mostly located in the lateral 
ventricle. The other most common extraventricular 
sites for CN are 46% frontal, 23% parietal, 14% tem-
poral, and 11% occipital. In the retrospective evalua-
tion made by Brat et al.,[24] recurrences are seen only 
after STR, and the presence of atypical features was as-
sociated with poor prognosis. In our study, two recur-
rences were observed: The first was a typical cerebel-
lar CN with STR, and the other was an atypical frontal 
CN with GTR. Post-recurrence distant metastasis was 
observed in both cases. Bone and soft tissue metasta-
sis were detected in the patient with the frontal loca-
tion and, chemotherapy (CT) was administered after 
a second relapse. Soft tissue and bone metastases were 
detected during the interim evaluation after chemo-
therapy. Chemotherapy as adjuvant therapy is still con-
troversial in the literature.[1] A limited number of case 
reports have discussed adjuvant or salvage chemother-
apy. A variety of chemotherapeutics and regimens have 
been used, often based on a different initial diagnosis. 
In the literature, some series were treated with salvage 
chemotherapy because of the presence of metastases. 
These small sample size studies reported that chemo-
therapy reduced 25–60% of tumor volume.[10] As a re-
sult, chemotherapy was part of the treatment strategy. 
Craniospinal spread was observed in the patient with 
the cerebellar location. In a case report about cranio-
spinal seeding, chemotherapy has been used.[25] How-
ever, in literature the evidence level of chemotherapy 
is not strong, so that in our patient we administered 
craniospinal RT without chemotherapy.

When RT-related side effects were evaluated, ra-
dionecrosis due to RT was shown in two studies 
Alan,[26,27] yet no Grade 3 chronic side effects were 
observed in our study. The negative neurocognitive ef-
fects of brain irradiation are observed in patients who 
had whole-brain irradiation or prophylactic cranial ir-

radiation, which is used in brain metastases, medullo-
blastoma, and leukemias. The neurocognitive decline is 
the main reason for omitting or delaying radiotherapy 
in LGGs.[28] Besides RT, it was shown that also tumor 
progression harmed neurocognitive functions. Howev-
er, neurocognitive testing was not performed because of 
no baseline data on the patients’ neurocognitive status.

Limitations
In this study, which is limited to a small sample, com-
parisons of treatment methods cannot be made, and it 
is a retrospective study. Its strength is that it is a single-
center and the application of all treatment methods. 
Although the small number of patients seems to be a 
disadvantage in terms of statistical analysis, there is a 
reasonable number of patients in terms of CN cases.

CONCLUSION

All treatment modalities were applied in the study, but 
due to the small number of patients, the significance of 
any modality could not be demonstrated. Apart from 
this, two extraventricular neurocytomas were treated 
and followed in our study. Recurrence and metastasis 
were detected in two patients, and two patients died 
because of the disease.
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