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its aggressiveness and histopathological findings. Most previous 
studies have described the pathological features of CM precisely, 
but have lacked data on its clinical course or treatment outcomes. 
Furthermore, one recent study suggested that CM should be 
downgraded because of its relatively benign course25).

The purpose of this study was to verify the characteristics of 
CM. Thus, we analyzed the clinical features and treatment out-
comes of 16 patients with CM and reviewed the literature.

MATERIALS AND METHODS

Patients
We performed surgical removal for 2599 cases of initially di-

agnosed intracranial meningioma in our hospital between Janu-
ary 1999 and December 2012. We reviewed the pathology data of 
these patients and 16 patients with pathologically confirmed CM 
were identified. All cases were reevaluated to confirm the histo-

INTRODUCTION

Meningiomas are the second most common central nervous 
system neoplasm in adults and account for 15–20% of all prima-
ry brain tumors. Although most meningiomas are benign, –10% 
of meningiomas demonstrate more aggressive clinical behavior, 
as non-benign meningiomas. 

The term “chordoid meningiomas” was first coined by Kepes 
et al. as a histopathological classification of tumors removed in 
seven patients (aged 8–19 years) with Castleman’s syndrome12). In 
the 2007 revision of the WHO classification of tumors of the 
CNS, chordoid meningioma (CM) joined clear cell meningio-
ma and atypical meningioma in the grade II category, due to its 
high rate of recurrence, particularly following subtotal resec-
tion13).

Because of its rarity, there has been limited information about 
CM. There have also been some differences between studies about 
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pathological diagnoses and to classify the tumors according to 
the 2007 WHO classification. We included all 16 patients in this 
study and retrospectively evaluated their medical records, radio-
logical findings, and pathological findings.

Imaging studies, pathological review, radiation therapy, 
and follow up

All patients underwent preoperative computed tomography 
(CT) scans and magnetic resonance imaging (MRI). Tumor di-
ameter was measured as the longest diameter of the tumor on 
enhanced T1WI. The extent of peritumoral edema was obtained 
from T2WI. CT scans were reviewed to check for bony invasion, 
defined as the existence of a focal osteolytic area adjacent to the 
tumor.

The extent of resection was determined by the operation re-
cords and postoperative MRIs, and was graded according to 
Simpson’s classification22). Complete resection was defined as a 
Simpson Grade I resection. Incomplete resections were defined 
as Simpson Grade II, III, or IV resections.

In our treatment strategy, the first post-treatment MRI exam-
ination was done 3–6 months after the end of treatment and on 
an annual basis thereafter. Regardless of clinical symptoms, tu-
mor recurrence or progression were defined as any newly detect-
ed enhancement after total resection or as any increased area of 
the residual tumor after subtotal resection, respectively. All doc-
umented cases of local recurrence were diagnosed radiographi-
cally and follow-up periods were measured from the time of the 
primary surgery. 

To evaluate the proliferative capacity of individual tumors, the 
degree of Ki-67 labeling was determined using MIB-1 immu-
nostaining in selected sections of excised specimens. Paraffin 
wax-embedded tissue sections were immunostained with an an-
ti-MIB-1 antibody. The ratio of the MIB-1-positive cells to the to-
tal cell number was defined as the MIB-1 labeling index (%). There 
was no clear cut-off value that was defined as “high MIB-1 label-
ing index”; however, several previous studies have revealed that 
an MIB-1 labeling index score of >2–4% at initial surgery was as-
sociated with a high incidence of recurrence of meningiomas10,15-19). 
In the present study, a labeling index of ≥4% was deemed “high”.

As there was no consensus on adjuvant radiation therapy for 
WHO grade II meningiomas, adjuvant radiation therapy was 
performed according to the individual physician’s discretion for 
patients with incomplete resections. Patients with a complete 
resection were not considered as candidates for adjuvant radia-
tion therapy. The median dose of radiation was 56.5 Gy (range : 
54–60 Gy) in 27 to 35 fractions. 

Progression-free survival (PFS) was determined on the basis 
of the length of time from the date of surgery to the appearance 
of radiological evidence of recurrence on follow-up MRI. Statis-
tical analyses for PFS were performed by comparing computer-
generated curves estimated by the Kaplan-Meier method. To eval-
uate the risk factors for recurrence, we used the log-rank test and 
Fisher’s exact test. A p value <0.05 was considered to indicate sta-

tistical significance.
Follow-ups were conducted in the outpatient clinic, and the 

median follow-up period was 56.5 (range : 3–170) months. The 
median follow-up period of patients with recurrence was 55.5 
(range : 3–170) months and patients with no recurrence was 56.5 
(range : 14–89) months.

RESULTS

There were 6 men and 10 women (male-to-female ratio of 1 : 
1.7). The mean age at the time of diagnosis was 40 (range, 14–
74) years. The locations of tumors were as follows : convexity, 3; 
falx, 2; sphenoid ridge, 3; parasagittal, 1; intraventricular, 1; tu-
berculum sellae, 2; olfactory groove, 1; optic nerve sheath, 1; pi-
neal area, 1; and tentorium, 1. Based on the MRI findings, preop-
eratively, three patients were suspected to have Langerhans cell 
histiocytosis (n=1), malignant glioma (n=1), and subependymal 
giant cell astrocytoma (n=1). Four patients showed bony inva-
sion on CT scans. Of the 16 patients, 10 showed peritumoral ede-
ma to varying degrees. MIB-1 labeling index data were available 
for 12 patients and showed widely varying values (median : 
5.04%, range : 1–26.6). A high MIB-1 labeling index (>4%) was 
seen in 7 of 12 (58.3%) specimens. One pediatric patient showed 
clinical features of Castleman’s disease8) with a cerebellar CM and 
intestinal lymphangiectasia. Patient data, including initial symp-
toms and tumor size, are detailed in Table 1. Simpson grade I, II, 
and III resections were performed in four, nine, and three pa-
tients, respectively. No patient with a complete resection under-
went adjuvant treatment. One of the 4 patients with Simpson 
grade I resection showed recurrence. In contrast, 5 of the 12 pa-
tients with incompletely resected tumors showed recurrence 
during the follow-up period (odds ratio, 2.14). Adjuvant radia-
tion therapy was associated with longer PFS in the incompletely 
resected group. Among the 12 patients with incompletely resect-
ed tumors, eight underwent adjuvant radiation therapy. Patients 
who underwent surgery with adjuvant radiation therapy showed 
significantly longer PFS (121 months, 95% CI=82.1–159.9) than 
those who underwent surgery alone (40.5 months, 95% CI=9.6–
71.3) by the log-rank test (p=0.027) (Fig. 1). Among the patients 
with recurrence (n=6), four showed local recurrence around the 
primary site, one showed distant intracranial recurrence, and one 
showed distant intracranial recurrence with spinal leptomenin-
geal seeding. 

The average MIB-1 labeling index was 11.56% in cases with re-
currence and 5.95% cases without recurrence. Focusing on the 
incompletely resected cases, it was 14.82% and 5.57%. However, 
it failed to reach statistical significance (Mann-Whitney U-test, 
p=0.731, p=0.451)

The treatments for recurring CM wereas as follows : Gamma 
knife radiosurgery (GKS), 4; GKS+radiation therapy, 1; and En-
doscopic transnasal tumor resection, 1 (Table 1). One patient died 
after GKS and radiation therapy (Illustrated case). One patient 
showed tumor progression 11 months after GKS. Remaininr 4 
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patients showed no progression. The median follow-up period of 
these patients after recurrence was 23.5 months (range : 11–36).

In this series, we had two previous MRIs free of meningiomas, 
which were taken at 20 and 28 months before the CM diagnoses. 
In these patients, the estimated minimum growth rates were 1256 
and 221 mm3/month (Fig. 2).

Illustrated case
A 41-year-old male patient (Patient No. 2) (Table 1) visited the 

emergency department with severe headache and vomiting. The 
headache had developed a month ago and aggravated gradually. 
Axial T1-weighted contrast-enhanced MRI showed small enhanc-

Table 1. Clinical features of the patients

Patient
no. Age Sex Location Initial presenting 

symptoms
Size*
(mm)

MIB-1 
LI 

(%)

Extent of 
resection†

Adjuvant 
radiation 
therapy

Progression 
free survival

(mo.)
Recurrence

Treatment 
after 

recurrence

1 35 M Convexity Visual disturbance 35 1 1 No 89 None
2 41 M Pineal area Headache 12 26.6 3 No 3 Local and remote GKS+RT
3 14 M Falx Seizure 13 N/A 2 Yes 103 None
4 36 F Tuberculum sellae Visual disturbance 8 6.6 2 Yes 97 None
5 36 F Optic nerve Proptosis 18 1.5 2 No 66 Local GKS
6 47 F Tuberculum sellae Visual disturbance 15 N/A 2 Yes 59 None

7 45 F Olfactory groove Anosmia 69 N/A 2 No 40 Local Surgical 
  resection

8 15 M Falx Incidental finding 32 3 2 Yes 81 None
9 55 F Sphenoid ridge Proptosis 32 16.36 2 Yes 16 Local GKS

10 74 M Parasaggital Palpable scalp mass 47 8.21 2 Yes 54 None
11 70 F Convexity Dizziness 22.5 16.35 1 No 26 None
12 17 M Tentorium Incidental finding 40.5 5.15 2 No 38 None
13 51 F Sphenoid ridge Proptosis 11.4 4.92 2 Yes 30 None
14 18 F Lateral ventricle Headache, vomiting 40.7 1.78 1 No 10 Remote GKS
15 45 F Sphenoid ridge Headache 29.8 N/A 3 Yes 136 Local GKS
16 73 F Convexity Dysarthria 15.4 2.4 1 No 14 None

*Largest diameter, †Simpson’s classification. M : male, F : female, N/A : not available, mo : months, GKS : Gammaknife radio surgery, RT : Radiation therapy
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Fig. 1. Cumulative progression-free survival rate. Median PFS was 40.5 
months (95% CI=9.6–71.3) for surgery alone and 121 months (95% CI= 
82.1–159.9) for surgery with adjuvant radiation therapy (log-rank test, p< 
0.027).
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Fig. 2. Estimated growth rate based on MRIs, obtained before and after 
the diagnosis of meningioma. A and B : MRIs of patient no. 10. A was ob-
tained 28 months before the initial diagnosis of meningioma (B). Estimated 
minimum growth rate was 1256 mm3/month. C and B : MRIs of patient 
no. 11. C was 20 months before the initial diagnosis of meningioma (D). 
Estimated minimum growth rate was 221 mm3/month.
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ing mass at the pineal area with mild ventriculomegaly (Fig. 3A). 
The patient underwent endoscopic biopsy and third ventriculos-
tomy (ETV), and CM was confirmed pathologically. An MRI 
was conducted 3 weeks after surgery and it showed slightly de-
creased ventricular size (Fig. 3B). Four weeks after surgery, we 
performed Simpson grade III resection with an occipitotrans-
tentorial (OTT) approach. The post operative MRI showed no 
definite residual mass (Fig. 3C). CM was reconfirmed pathologi-
cally with an exceptionally high MIB-1 labeling index (26.60%). 
Three months after resection surgery, a contrast-enhanced CT 
was obtained for the follow up study, and it revealed the recur-
rencd of enhancing masses at the pineal area and right foramen 
of Monro (Fig. 3D). GKS (Rt. foramen of Monro : tumor volume 
1100 mm3, prescription dose 25 Gy/50%, pineal area : tumor vol-
ume 322 mm3, prescription dose : 25 Gy/50%) was performed for 
recurred lesion and followed by radiation therapy (intensity-
modulated radiation therapy, 40 Gy/20 fractions). Six months 
after resection surgery, intractable back pain developed, and con-
trast-enhanced spinal MRI showed multiple epidural enhancing 
masses at the thoracolumbar spine (Fig. 4). Radiation therapy 
was performed for spinal metastatic lesions. Fourteen months 
after resection surgery, the patient expired due to uncontrolled 
CNS metastasis of CM.

DISCUSSION

The first choice of treatment for CM is surgical excision. The 

ultimate goal of surgery is a complete resection to fully remove 
the tumor and the involved dura mater and skull.

However, the complete resection of a tumor is sometimes dif-
ficult because of its locatior. In this study, many CMs were locat-
ed in the skull base or deep-seated in the brain, which would make 
their complete removal difficult. Because of the insufficient num-
ber of cases, it is difficult to verify the meaning of a complete re-
section statistically except for the odds ratio. Interestingly, the pat-
tern of the resective procedure (i.e., en bloc vs. piecemeal resection) 
could be related with iatrogenic metastasis. Piecemeal resection 
was inevitable in a few cases depending on the location of the tu-
mor particularly for intra-ventricle tumors, or those deep-seated 
in the brain. In fact, the primary locations of the CM were intra-
ventricular and the pineal area in two cases of remote recurrence. 
Although there has been no previous literature about iatrogenic 
metastasis of WHO grade II meningiomas during surgery, few 
cases of iatrogenic metastasis during surgery have been reported. 
Lüdemann et al.14) reported a case of the iatrogenic seeding of ma-
lignant meningioma along a surgical trajectory, and Sadahira et 
al.20) reported on the implantation of malignant meningioma to 
the abdominal wall during resection surgery. The site of metasta-
sis was the abdominal donor site of an autologous fat graft. Fur-
ther clinical experience is required to clarify the importance of 
the pattern of the resective procedure in the case of WHO grade 
II meningiomas, including CM.

Radiation therapy in patients with meningiomas is controver-
sial. However, clinical benefits have been reported, especially for 
the treatment of residual tumors, recurrence, and both WHO 
grade I and III meningiomas2,4,6,7). However, theres have been no 
randomized or prospective studies. We performed adjuvant ra-
diation therapy fon eight patients with Simpson grade II and III 
resections, at the physician’s discretion. Because of its rarity, in 
patients with CM, clinical experience with adjuvant radiation 
therapy has not yet been accumulated. Recently, Wang et al.25) re-
ported on the benefits of adjuvant radiation therapy after incom-
plete CM resection. Our results support adjuvant radiation thera-
py in cases of incomplete resection. However, in cases of Simpson 
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Fig. 3. Brain MRI of the patient with CM at pineal area. (A) is axial T1-weight-
ed contrast-enhanced MRI at initial diagnosis of patient no. 2. it showed 
small enhancing mass at pineal area with mild ventriculomegaly. After en-
doscopic biopsy and third ventriculostomy, MRI shows slightly decreased 
ventricular size. After Simpson grade 1 resection with occipitotranstento-
rial approach, postoperative MRI (C) shows no definite residual mass. Three 
months after second surgery, enhanced CT (C) was obtained for follow up 
study and it revealed recurred enhancing masses at pineal area and the 
right-side foramen of Monro. CM : chordoid meningioma.

A

B

C
Fig. 4. Spine MRI of the patient with CM at pineal area. Spine MRI was ob-
tained 6 months after resection surgery due to intractable back pain. Sagittal 
T1-weighted contrast-enhanced MRI (A) showed multiple dural masses at 
the level of L3–4 (B) and L5–S1 (C). CM : chordoid meningioma.
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grade I resection, recurrence only occurred in only one of four 
patients and it was a remote-site recurrence. Based on this result, 
adjuvant radiation therapy after Simpson grade I resection for lo-
cal tumor control may not always be recommended.

The MIB-1 labeling index increases with WHO grade : 1.00–
1.35% for grade I, to 1.90–9.30% for grade II or atypical, and 
5.60–19.5% for grade III1,3,5,21). Moreover, a higher MIB-1 label-
ing index is related to meningioma recurrence5,21,24,26). However, 
other studies have refuted these relationships between MIB-1 la-
beling index and the clinical features of meningiomas11,23,25). In this 
series, the average MIB-1 labeling index in cases with recurrence 
was higher than cases without recurrence, but failed to reach sta-
tistical significance. Focusing on incompletely resected cases, the 
gap of MIB-1 labeling index between the groups with recurrence 
and without recurrence widened, but it also failed to reach statis-
tical significance. However, the only case with the development 
of leptomeningeal seeding after resection surgery was the case 
with the highest MIB-1 labeling index. Because of the small num-
ber of cases, it is hasty to conclude the clinical meaning of MIB-
1 labeling index in this study. Accumulation of more clinical ex-
perience is demanded to so that this issue can be clarified. 

The MIB-1 labeling index for CM in this series was quite vari-
able, at 1.0–26.6%. This indicates that biological nature may be 
diverse even within the single pathological disease entity of CM. 
As a result, the MIB-1 labeling index may provide more informa-
tion about biological features and the prognosis for each CM case.

Interestingly, two patients underwent brain MRIs at 20 and 28 
months before diagnosis. We made inferences from the MRIs and the 
minimum growth rates in these two patients were faster than the 
previously reported growth rates for benign or incidentally found 
meningiomas9,27). However, this inference was based on only two 
cases of CM. It seems to be wise to avoid hasty generalizations. 

Recently, some have suggested downgrading CM in the WHO 
classification unless poor prognostic factors are found. In our ex-
perience, this suggestion seems to result from the wide spectrum 
of biological characteristics within this single disease entity. How-
ever, regarding our series, with the high recurrence rate, especially 
in the non-adjuvant radiation therapy group, the possibility of lep-
tomeningeal seeding, the relatively high growth rate, and high 
MIB-1 labeling index in some cases, it is difficult to argue that CM 
is a benign meningioma.

There are some limitations to our study; the number of patients 
was not sufficient to determine biological or clinical characteris-
tics. Additionally, potential biases may exist, because of the col-
lected clinical data being reviewed retrospectively. Because of the 
rarity of CM, a multicenter prospective randomized study is re-
quired to clarify the various controversies that have been noted 
previously.

CONCLUSION

The CM is difficult to manage and has a high recurrence rate. 
In our series, complete total resection of the tumor was the key 

determinant for better outcomes. Adjuvant radiation therapy is 
recommended if Simpson grade I resection was not archived.
achieved.
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