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Abstract
Despite the relatively low-grade of most central neurocytomas (CN), evidence suggests an
existence of aggressive subset with a propensity for recurrence. Recent studies have found the
MIB-1 labeling index to be a prognostic indicator in CN. Here we review our experience with CN
to analyze the relationships between extent of resection, adjuvant therapy, tumor histology, and
clinical outcomes based on aggressive histology, as defined by MIB-1 labeling. A retrospective
review was performed on histologically proven CN surgically resected from 1993 to 2009 at The
University of California San Francisco. Recurrence rates were analyzed using Kaplan–Meier with
respect to MIB-1 labeling and extent of resection. All MIB-1 labeling indices were analyzed. A
total of 18 patients were identified with a mean age of 30 years (range 17–58 years) and median
follow-up of 40 months (5–173 months). The treatments were: gross total resection (GTR) alone
(17% of patients), subtotal resection (STR) alone (50% of patients), STR plus radiotherapy (XRT:
external beam or stereotactic radiosurgery: 28% of patients), or STR plus chemotherapy (5% of
patients). The extent of resection and a MIB-1 labeling index > 4% was predictive of recurrence
(p<0.01). In the 33% of patients in whom the tumor had recurred, 33% had STR with MIB-1
labeling > 4% with a median time to recurrence of 23.5 months. The 2-year and 4-year recurrence
rates in patients with MIB-1 labeling > 4% were 50% and 75% respectively. No patient with a
MIB-1 labeling index < 4% who received STR alone had a recurrence. Thus, in patients with CN
who were treated with STR, histology demonstrating a MIB-1 labeling index > 4% can be a
clinically useful prognostic indicator and can help guide adjuvant treatment.
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1 Introduction
Central neurocytoma (CN) is a rare brain tumor of the ventricular system that most
commonly occurs in young adults. Despite the relatively low-grade of most CN1, evidence
for a more aggressive subset with a propensity for recurrence and progression is
accumulating 2–8. As the mainstay of treatment for CN is surgery, the ability to predict
which tumors will be more likely to recur or progress despite initial treatment may help
direct adjuvant therapy.

Evidence to help guide appropriate treatment comes largely from case reports, small case
series, and a group of analyses performed on one aggregated data set by Rades and
colleagues 6,9–14. Without any clinical trials, a variety of treatment approaches have been
developed, but there is no authoritative data to guide treatment decisions. The literature
appears to support a treatment goal of gross total resection (GTR), with adjuvant
radiotherapy (XTR) added for patients who received subtotal resection (STR) to reduce
recurrence rates 9,15. Additionally, there is some evidence that MIB-1 labeling indices > 2–
3% and histologic atypia indicate a worse prognosis for patients 5,7,13,15,16, and may
necessitate a more aggressive primary treatment including XTR or chemotherapy regardless
of the extent of resection.

Here we review our institutional experience with CN to analyze the relationships between
extent of resection, adjuvant therapy, tumor histology, and clinical outcomes. We show that
histology that demonstrates a MIB-1 labeling index >4% in patients with CN who
underwent STR can be a clinically useful prognostic indicator.

2 Methods
2.1. Patient population

All patients undergoing neurosurgical intervention at the University of California San
Francisco (UCSF) are prospectively enrolled in a database. Using this database, we
identified all patients between 1993 and 2009 who underwent evaluation and initial
treatment for any neurocytoma at our institution. We then excluded all patients with any
other intracranial tumor history or those patients with extraventricular neurocytomas. From
this cohort, we evaluated all patients undergoing craniotomy for resection of a histologically
proven CN with operative, radiologic, and pathology data, which provided a total of 18
patients. This study was approved by the UCSF Committee on Human Research under the
approval CHR# H41955-34759-01.

2.2. Data collection
Clinical information was retrospectively reconstructed using patient medical records,
radiologic data and pathologic specimens from both UCSF and outside medical facilities.
All clinical assessments were performed by a neurosurgeon. Patient age was defined as the
age at the time of surgery. Both the pre-operative, post-contrast T1-weighted MRI and/or the
surgeon’s operative note were reviewed to confirm tumor location and site of attachment.
Tumors were classified as being intraventricular or extraventricular based on these MRI.
The pathologic data was reviewed centrally (by T.T.). Post-operative assessments and
imaging were examined for post-operative complications, evidence of recurrence, and
treatment for recurrence. No extraventricular or spinal neurocytomas were included in our
analysis.
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2.3. Statistical analysis
Kaplan–Meier estimates were used to generate survival curves. Differences in time to
recurrence or death from disease after initial treatment were analyzed by the log-rank test.
Statistical tests were considered significant for p < 0.05. Continuous variables are presented
with standard error (SE). All descriptive and statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS version 16.0; Chicago, IL, USA).

3 Results
3.1. Patient demographics and characteristics

A total of 18 patients underwent treatment for CN during the period reviewed. The mean age
at time of treatment was 30 years (SE ± 2.9, range 17–58 years) and 56% of patients were
male. Extent of resection and adjuvant therapy utilized was: STR (50%), GTR (17%), STR
plus XRT (external beam or stereotactic radiosugery) (28%), STR and adjuvant
chemotherapy (5%). Median time of follow-up was 40 months (range 5–173 months). The
patient demographics are listed in Table 1. Presenting symptoms were primarily
representative of increased intracranial pressure (Table 2). Treatments for recurrence
included repeated STR followed by temozolomide in one patient, two patients received
procarbazine, lomustine (CCNU), and vincristine (PCV) chemotherapy, and one patient
received external beam radiation (55 Gy).

3.2. Tumor Characteristics
The mean tumor volume in patients was 83 cm3 (24.5 cm) and the mean largest average
diameter was 4.9 cm (0.49 cm). A representative pre-operative MRI of a CN from our series
is shown in Figure 1 for a patient who had no recurrence. A pre-operative MRI and a post-
operative MRI demonstrating recurrence 4 years later in the same patient in our series is
shown in Figure 2. Anatomic localization was 31% in the left lateral ventricle, 31% in the
right lateral ventricle, and 38% arose from the midline and extended bilaterally. A total of
54% of the tumors extended beyond the lateral ventricles into the foramen of Monro, 39%
into the third ventricle, 15% into the aqueduct of Sylvius, and 8% into the fourth ventricle.
On MRI, tumors were generally partially enhancing with 77% of cases demonstrating
hydrocephalus and 46% demonstrating shift. Pathology demonstrated positive staining for
synaptophysin in 100% of instances, glial fibrillary acidic protein in 64%, and neurofilament
in 11%.

3.3. MIB-1 labeling index predicts recurrence in central neurocytoma
The MIB-1 labeling index was available for 10 patients. We found that the average MIB-1
labeling index was 5.4% (0.79%) for recurrent tumors and 1.5% (0.52%) for non-recurrent
tumors. The patient population size was not large enough to perform a Cox regression to
analyze for interactions between MIB-1 labeling index and extent of resection. A threshold
of 4% allowed for a clear prediction of recurrence in our patient group with no recurrences
in tumors with a MIB-1 labeling < 4%, and 100% recurrence in tumors with MIB-1 labeling
index > 4% (log rank, p < 0.01) (Fig 3). Further, all patients with tumors demonstrating
MIB-1 index < 4% who received a STR without adjuvant therapy remained recurrence-free
throughout follow-up. Inversely, all patients with STR alone and an MIB-1 index > 4% had
a recurrence.

3.4. Recurrence after treatment for central neurocytoma
Recurrence data were available for all patients: 33% of patients had a recurrence of CN after
primary treatment, with a median time to recurrence of 23.5 months (mean 26.7 months, 8.1
months). Two patients with recurrence were lost to follow-up after recurrence had been
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documented at 23 months and 24 months respectively post-primary treatment. No patients
had multiple recurrences. One patient with recurrence died of an unknown cause 112 months
after initial treatment. Median follow-up time after treatment for recurrence was 28 months
(range 12–110 months). Kaplan–Meier analysis demonstrated lower rates of recurrence at 4
years following GTR (0%) and STR with adjuvant XRT (20%) compared to STR alone
(48%) (Fig. 4). This difference was not significant, likely due to the low total number of
patients in each subgroup.

3.5. Morbidity after surgical resection of central neurocytoma
Five patients experienced post-operative neurological or medical complications. One patient
who had an extremely large tumor resected, developed pneumonia and pulmonary embolus
post-operatively and was treated accordingly. He also developed a permanent hemiparesis.
Another patient developed transient language difficulties, hemiparesis, and parasthesias, all
of which resolved. A third patient developed transient memory difficulties. A fourth patient
had transient memory loss and seizures that resolved and required only temporary medical
intervention. The last patient with post-operative complications developed chronic seizures
that were treated with levetiracetam. Six patients required ventriculoperitoneal shunting to
control their hydrocephalus post-operatively. One of these patients was able to have the
shunt removed within 1 year post-treatment. However, three more patients had to have a
shunt placed after 1 year or more post-resection. These three patients developed recurrences.

4 Discussion
Despite the classification of CN as a World Health Organization grade II tumor17, there is
clearly a tumor subset that has a high recurrence rate. Treatment approaches vary
considerably for CN, but generally include surgical resection with adjuvant XRT where
where STR only is achieved. In this study we evaluated for the existence of high grade CN.

Our results suggest that a MIB-1 labeling index > 4% is a strong predictor for recurrence
after primary treatment. Higher MIB-1 labeling indices are indicative of increased rates of
tumor cell proliferation. We found recurrence in all tumors with a MIB-1 labeling index >
4%, whereas tumors with this index < 4% did not recur. Several studies have found a MIB-1
labeling index to be a prognostic indicator with reported cutoffs generally at 2% to
3% 3–5,7,8,13,15,16,18,19; however, some studies have found no such correlation between
pathology and disease outcome, indicating that the cutoff of 2% to 3% may be too low19.
Soylemezoglu and colleagues 7 first demonstrated a CN histologic subtype with an elevated
MIB-1 index as an “atypical central neurocytoma”, portending higher rates of recurrence. It
is unclear as to the exact significance of high MIB-1 labeling index in relevance to the
underlying tumor biology and phenotype. Increased levels of proliferative markers seen in
histologic analysis may be a sign of a more rapidly growing or aggressive tumor, which can
be predictive for recurrence particularly following STR. However, the correlation between
an elevated MIB-1 index and atypia has yielded conflicting results across different
studies 7,18, and may not be indicative of malignant transformation.

The treatment approach for both primary and recurrent CN have varied tremendously across
the published literature 6,9,15,20–22. Our institution has favored surgical resection as initial
treatment for CN. Similar to the reported literature, we observed that patients receiving GTR
had no recurrences although the MIB-1 labeling index was not elevated in any of these
patients. Although some literature supports the use of adjuvant radiation therapy for residual
tumor post-STR 12,15,20, we pursued adjuvant treatment in 39% of patients post-STR. In
61% of the cases post-STR, patients received no adjuvant therapy, but instead had close
clinical and radiologic follow-up, with treatment intervention with recurrence. All
recurrence following STR alone occurred in tumors with an MIB-1 labeling index > 4%,
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whereas no tumor with lower MIB-1 index recurred post-STR. These data suggest that CN
with low MIB-1 labeling may receive STR with close follow-up, while those with high
MIB-1 indices should receive XRT post-operatively. Our findings differ from those found
by a systematic review that reported that adjuvant radiotherapy decreased recurrence rates at
early and late time points following STR for CN with MIB-1 indices < 3% 10. The
differences seen between our study and the systematic review may reflect the small size and
retrospective nature of our series. However, a single institution study has the advantage of
applying a consistent methodology in calculation of MIB-1 labeling. Regardless, we
observed that recurrences could be controlled by temolozomide or PCV chemotherapy,
XRT, or repeat resection with adjuvant XRT.

In conclusion, CN consist of at least two different prognostic groups varying by the degree
of proliferative activity as measured by MIB-1 labeling index. Patients should be advised of
their differential prognosis depending on tumor histology. GTR should be pursued during
initial resection, when possible, to decrease recurrence risk in patients where the tumor is
eventually determined to have an elevated MIB-1 labeling index. If STR is performed to
preserve function, histology demonstrating a MIB-1 labeling index > 4% should direct
patients towards adjuvant therapy. Where the MIB-1 indices < 4% are found following an
STR, adjuvant therapy may be pursued but close follow-up may be another reasonable
option given the morbidities associated with XRT23–25. In cases of recurrence,
chemotherapy, repeat resection, and XRT appear to be viable options alone or in
combination, with several regimens in addition to ours already proposed in the
literature2,22,26.
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Figure 1.
Pre-operative axial T1-weighted post-contrast MRI of a patient in this series who did not
have any recurrence after resection.
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Figure 2.
(A) Preoperative axial T1-weighted post-contrast MRI of a patient in this series and (B)
post-resection demonstration of recurrence in the same patient 4 years after initial treatment.
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Figure 3.
Kaplan–Meier analysis of progression free survival stratified by MIB-1 labeling index > or
< 4% demonstrating significant difference in recurrence rates between the two groups (log
rank, p < 0.05).
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Figure 4.
Kaplan–Meier graph of progression free survival by treatment modality including gross-total
resection (GTR), subtotal resection (STR), and subtotal resection with adjuvant radiotherapy
(STR + XRT) (either external beam or stereotactic radiosurgery) showing a tendency to
lower rates of recurrence at 4 years following GTR (0%) and STR with adjuvant XRT (20%)
compared to STR alone (48%).
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Table 1

Demographics, clinical characteristics and treatment of patients with central neurocytoma

Characteristic

Age (years) 30 ±2.9 (range 17–58)

Male/female (%) 56/44

Race (%)

 White 56

 Asian 11

 Black 11

 Hispanic 11

 Other 11

STR (%) 50

GTR (%) 17

STR + XRT (%) 28

STR + chemo (%) 5

Median follow-up (months) 40

Chemo = chemotherapy, GTR = gross total resection, STR = subtotal resection, XRT = radiotherapy (external beam or stereotactic radiosurgery).
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Table 2

Prevalence of various presenting symptoms in patients with central neurocytomas

Presenting symptom (n=18) Prevalence (%)

Headache 60

Vision abnormality 48

Nausea 36

Vertigo 18

Incidental 12

Balance 12

Weakness 12

Syncope 6

Altered mental status 6

Dyspraxia 6

Gait ataxia 6

Language 6

Hearing loss 6
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