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MIB-1 index of 1% in Case 5. No-correlation betweén size and tuimor
fluorescence was observed..
Representative cases:

Case 3: A 37-year-old woman presented with headache and mild
right hennparesxs MR imaging showed a large meningioma (maximim
diameter 59 mm)at the left parasagittal area; extending to the skull and
causing the skull to bulge (Figure 1A). After craniotomy, it was found
that the meningioma. invaded into the inrer layer of the skull and
Mluoresced charcoal-red (Figure 1B). The invasion of meningioma into
thee inner layer was drilled out watil the charcoal-red light dxsappeared
and the skull was returned at closure. The parasagﬂttal meningioma
fluoresced strongly and was removed totally, and the attachment to
the lateral wall- of the supetior sagittal sinus ‘was coagulated: (Flgures
1C and 1D). The patient had no ‘neurological deficit at:discharge: The

histopathological diagnosis was transitional meningioma with a MIB 1
index of 2%

Figure:1: Case 3 of a 37-year-old woman with parasagittal meningioma. A:
Preoperative T2-weighted MR image. showing the large tumor.with peritumoral
edema that reached the sup ior sagittal sinus, B: lmraoperahvefphatogfaph in

surface ofthe s tumor mass after opemngthe dura mater (C), andthe main
“turior mass showed bright fluorescence in the fluorescence mode (D).

Figure 2: Case 4 ofa 67—year oldwoman with left: sphenond ndge ‘meningioma.
Al Preoperatwe gadolmtum—enhanced T1- wagvted MR image showing-the
main tumor. with. peritumoral ;edema. B: Intraoperative photograph’ in the
fluorescence mode.of the resected tumor showing some flucrescences. € and
D: Intracperative photograph in fluorescence mods -of the: tumor-encased the
left. middie: cerebral artery.and invaded into the brain parenchyma showing
fluorescence.

Figure 3: right fabx ‘meningioma.. A:
Precperative: gadoliniurii-efihanced T1-wéighted MR imagé showing the main
tumior of right falx. B-and.C: Intracperative: photograph in fluorescence hiodé
of the tumor showing bright fluorescence. D: The resected tumior (right) ‘and
‘the. opposite: side of the attachment: of the resected faix (left) showed bright
‘fluorescence.. E and F: Intraoperative photograph in fluorescence mode of the
falx coagulated showing no fluorescence.

Case 4: A 67-year-old “woman- presented with diplopia and
headache. MR imaging showed a left sphencid ridge meningioma with
irtratumoral hemorrhage: and parenchymal edema adjacent to. the
tumor (maximum diameter 44 mm) (Figure 2A).. The tumor encased
the Teft:middle cerebral artery and invaded into the brain- parenchyma
with charcoal-red fludrescénce (Figures:2B and 2D). The tumor 'was

resected totally until no fluoréscence was observed. The patient had

o neurological deficitand no epﬂepnc seizures after operation: The
hlstopathologlcal diagnosis was meningothelial ‘meningioma with a

' MIB-1 index of 2%:

“Case 10:- A. 59-year-cld woman -presented -with. headache and
mild-weakness of the right lower extremity. MR imaging showed a

right falx meningioma (makimum diameter 30. mm) (Figure 3A):

The tumor showed strong charcoal-red fluorescence (Figure :3B-D).
'The fakk attached to the tamor was coagulated, and the fluotéscerice
disappeared: (Figures 3E and 3F). After the-attached falx-was resected,
the resected tumor and the opposite side of the falx to which theturor
was: attached :showed. strong charcoal-red. fluorescence. (Figure 3D),

showing that the meningioma invaded through the falx. The headache

and weakness of the lower extremity disappeared aftet total resection.
The }ustopathologlcal dla.gnos:s was transitional ' meningioma with a

MIB-1 index of 2%.

Discussion.

T this stiidy 5-ALA adrinistration resilted in bright and diffise
timor flusrescence in 15: (88%) of 17 cases, including the’cases in
which: pre-operative embolization had been performed (Table 1).

‘Protoporphyrin IX (PPIX) flucrescence was seen only in the main mass

and dreas of tumior invasion. Iri this series; the sensitivity and specificity
of PPIX fluorescence of the main tumor imass were 88% (15 of 17
cases) and 100%: (17 of 17 cases), respectively (Table 1). Fluorescence
guidance allowed us to-identify the extent of the tumor and helped us
avoid leaving fesidual iimor tissue that was difficult to identify in the
white-light miode: If we had fiot used fluorescence guidance, we might
riot have: noticed several small areas:of residual tumor showing 5-ALA
flucrescence under violet-blue light with an operative. microscope: in

J Neurol Neurophysiol
ISSN; 2155-9562 JNN, 'an open access joumnsl

199

Volume 4+ Issue 3 - 1000159



Citation: Moriuchi S, Yamada K, Dehara M, Teramoto Y, Soda T, et al. (2013) Use of 5-Aminolevulinic Acid to Detect Residual Meningioma and Ensure

Total Removal while Avoiding Neurological Deficits. J Neurol Neurophysiol 4: 159. doi:1¢.41 ¥ 2/2155-8882 1000188

Page 3 of 4

the operating room. In this study, numerous factors affected tumor
recurrence: the tumor’s soft consistency, lobular shape, encasement of
the artery, invasion into the brain parenchyma, and dural attachment
very close to the venous sinus, as well as bone invasion. Because of these
factors, the risk of recurrence was considered very high [4-7]. It is worth
noting that tumor remnants were identified by fluorescence in multiple
regions. deVries and Wakhloo [8] reported that recurrent tumor is
often found at multiple sites. Meningioma has a high risk of recurrence,
and during excision, meningioma tissue can be left at any attachment
to surrounding tissues, especially at attachments to the gliotic brain,
major sinuses, the anterior visual pathway [9], and marginal dura
mater. Aggressive excision of the dura and gliotic brain has been
recommended to reduce this risk [7,10], but the optimal extent of dural
resection has been controversial. Kinjyo et al. proposed a margin of 2
cm. Nakasu et al. reported that a 1-cm dural margin is insufficient to
prevent recurrence [11,7]. The most suitable margin for dural excision
will necessarily differ from case to case, because of differences in tumor
growth rates and invasiveness. In light of these factors, photodynamic
diagnosis may become a promising method of determining the extent
of dural resection.

Figure 4. Schematic drawing showing areas most likely to harbor tumor
remnants. A: Intradural invasion. B: Bone invasion. C: Dural extension. D:
Tumor tissue behind vessels in the sulcus or parenchymal invasion. The gray
zone shows the extent of the tumor. The texture close to the tumor shows the
extent of brain edema.

Ontheotherhand, indiscriminate excisioncanlead tocomplications
related to brain and vascular injury. Therefore, if a tumor is located close
to a major sinus, the skull base, or an eloquent area, then the excision
of dura mater and brain tissue should be restricted to safe areas, and
unresectable dura must be coagulated. Fluorescence guidance may help
avoid unnecessary excision. The reasons why tumor remnants may be
overlooked can be classified into three categories. 1) The tumor cells
invade surrounding tissue, attached dura mater, bone, and brain, after
which the invaded area is difficult to distinguish from the noninvaded
area (Figure 4). 2) The tumor remnants may be hidden behind large
vessels or the sinus, dural fold, or sulcus (Figure 4). 3) Daughter lesions
may develop apart from the main mass. All three reasons can make
tumor remnants difficult to identify with the naked eye or with the aid
of a surgical microscope. The use of 5-ALA-induced fluorescence can
help surgeons identify tumor remnants, because an area of strong red
fluorescence will appear if even a small part of a remnant is present at
the tissue surface. Fluorescence can make it easy to distinguish the one
from the other and determine the extent of a given tumor.

In the present study, tumor invasion into the skull was also
visualized by charcoal-red fluorescence. In most cases, hyperostosis in
association with meningioma is related to tumor invasion. However,
the extent of tumor invasion is difficult to judge from the appearance
alone. Although it is relatively easy to treat bone invasion in cases
of convexity meningioma, invasion at the skull base is hard to treat
because it involves the cranial nerves, major blood vessels, and air
sinuses. Therefore, the detection of bone invasion using photodynamic
diagnostic methods would seem to be valuable, especially in surgery for
skull-base meningiomas.

Many recent reports have described the usefulness of 5-ALA
to identify the margin of a malignant tumor or glioma for maximal
cytoreduction [6,12-16]. 5-ALA is an endogenous body metabolite
central to heme biosynthesis that is readily absorbed and metabolized
into porphyrins by malignant tumor cells (5). This phenomenon can
aid in tumor resection to identify the residual tumor in tumor margins,
when gross total resection is possible and desirable, with malignant
cells fluorescing, allowing discrimination between tumor and normal
functional brain tissue [6,12,13]. The side effects of 5-ALA are mild.
Skin irritation, nausea, and transient elevation in liver function test

Case No. Age, Sex Tumor Location Tumor Diameter(mm) Tumor Fluorescence Preoperative Embolization
1 62, F rt PO parasagittal 44x40x46 Strong No
2 62, F it F falx 76x49x67 Strong Yes
3 37, F It FP parasagittal 59x58x50 Strong Yes
4 67, F It sphenoid ridge 44x38x40 Weak No
5 45, F It petrociival 28x14x24 Weak No
6 65, M rt P convexity 25x19x26 Strong No
7 75, F tt sphenoid ridge 21x21x20 Strong No
8 65, F It sphenoid ridge 63x46x59 Strong Yes
9 74, F It P convexity 40x40x46 Strong No
10 89, F it P falx 30x25x21 Strong Yes
11 75, F planum sphenoidale 37x33x31 Strong No
12 81, F It F convexity 41x29x28 Strong No
13 60, F 1t petroclival 26x24x27 Strong No
14 48, F planum sphenoidale 22x19x20 Strong No
15 80, F t F convexity 26x18x23 Strong No
16 64, F rt sphenoid ridge 32x26x26 Strong No
17 48, F It FP parasagittal 42x32x26 Strong No

Table 1: Characteristics of patients with meningioma. Abbreviations used in this table: M, male; F, female; PO, parieto-occipital; F, frontal; FP, fronto-parietal; P, parietal;

rt, right; It, left.
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results have occurred in some adult patients given higher doses of
5-ALA [4,8,17,18]. Apart from transient nausea after dye ingestion, the
present patients had no side effects, and their liver function tests were
unchanged.

Accumulation in the normal central nervous system is restricted
except in the subependymal zone and choroid plexus [18,19]. Many
possible mechanisms have been posited to explain the selective
accumulation of PPIX in neoplasms: (1) enhanced penetration of
5-ALA through the blood-brain barrier; (2) reduced transporter
activity that drains PPIX outside of cells; and (3) reduced activity of
ferrochelatase, which converts PPIX to heme [20]. At least one of these
factors is probably involved in the strong 5-ALA-derived fluorescence
in meningiomas. In general, there is no strict correlation between cell
proliferationand PPIX accumulation. In meningiomas, the proliferation
rate is relatively low [12].

In conclusion, applying this method to meningiomas that have a
high risk of recurrence should be of value not only in ensuring that
tumor remnants are not overlooked during resection but also in helping
to avoid unnecessarily radical resection and the associated risk of
morbidity. To confirm the usefulness of fluorescence-guided surgery
for meningioma, further studies on its sensitivity, specificity, and effect
on recurrence rates are needed.

Disclaimer

The authors report no conflict of interest concerning the materials
or methods used in this study or the findings reported in this paper.
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Abstract

Objective  The recurrence rate of meningioma after sur-
gery is high, and progression is often observed. The risk
factors for recurrence and progression are not clear. We
evaluated the risk factors for recurrence and progression in
meningioma using ''C-methionine (MET) positron emis-
sion tomography (PET).

Methods Thirty-seven  patients (mean  follow-up,
80 months) with an intracranial meningioma were enrolled.
MET PET was performed before treatment between 1995
and 2010, and patients were followed up in an out-patient
clinic. Surgery was performed in 33 patients, and a wait-
and-see approach was taken in four patients. We evaluated
the extent of tumor resection, location, WHO grade, Ki-67
labeling index, and lesion to normal ratio (LN ratio) of
MET uptake.

Results  Six of the surgical cases had a recurrence, and
two of the observation-only patients had tumor progres-
sion. A high LN ratio of MET uptake was a significant risk
factor for recurrence and progression with univariate
analysis. The area under the curve of receiver operating
characteristic curve for the LN ratio of MET uptake was
0.754, and the optimal cutoff value was 3.18 (sensitivity
63 %, specificity 79 %). With multivariate analysis, a high
LN ratio of MET uptake, non-gross total resection, and a
high WHO grade were significant risk factors for pro-
gression and recurrence.

H. Ikeda (&) - N. Tsuyuguchi - N. Kunihiro - K. Ishibashi -
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Department of Neurosurgery, Osaka City University Graduate
School of Medicine, 1-4-3 Asahi-machi, Abeno-ku,
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Conclusion A high LN ratio of MET uptake was a risk
factor for tumor progression and recurrence. The advantage
of MET PET is that it is not invasive and can easily be used
to evaluate the whole tumor.

Keywords ''C-methionine PET - Meningioma -
Riskfactor of recurrence and progression - Multivariable
analysis - ROC analysis

Introduction

Meningioma is the most common primary brain tumor in
adults. The frequency of meningioma among all types of
brain tumors is 26.4 % in Japan [1] and 34.4 % in the
United States. Many histopathological subtypes exist. Most
meningiomas are benign, but World Health Organization
(WHO) grade IT and grade III meningiomas, which exhibit
aggressive clinical behavior, are found in 10 % of patients
with meningioma. We usually perform surgery for symp-
tomatic cases or cases with large tumors. For small and
asymptomatic cases, a wait-and-see approach is taken.
However, gross total resection (GTR) is difficult in some
surgical cases because of the tumor location and invasion
into the brain tissue and the venous sinus. The residual
tumor often recurs with malignancy, making the patient’s
prognosis poor. Meningiomas that are only observed
sometimes progress.and require surgical resection. In pre-
vious papers, the recurrence rate after surgery was high.
Even if the tumor is removed completely, the recurrence
rate is between 7 and 32 %. After subtotal resection, the
recurrence rate is between 19 and 50 % [2-4].

The risk factors for progression and recurrence in

meningioma are not clear, and clarification of these factors

is important for determining surgical indications and
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treatment strategies. We usually use the Ki-67 labeling
index (LI) to evaluate the proliferative activity, but surgery
is required to obtain a tissue specimen. Surgery is invasive
for the patient, and evaluating the risk of recurrence with
the Ki-67 LI is controversial because the tissue specimen
sometimes does not reflect the whole tumor.

In this study, we evaluated ¢ methionine (MET)
uptake of the whole tamor using MET positron emission
tomography (PET) to investigate the risk factors for
recurrence and progression.

Methods
Patients

From a database of patients who were examined with MET
PET, we retrospectively retrieved data for all 73 patients
who were diagnosed with intracranial meningioma
between 1995 and 2010. These cases were not a consecu-
tive series. We could not examine MET PET results for all
meningioma cases because the number of cases that could
be examined by MET PET per week in our facilities is
limited. Thirty-seven patients fulfilled the inclusion criteria
for this study: (1) patients were initially diagnosed with
meningioma; (2) MET PET was performed before surgery
or observation; (3) patients were followed at Osaka City
University Hospital or affiliated hospitals; (4) during the
follow-up period, no additional treatment was performed
other than the first surgery. Thirty-three patients were
excluded because of recurrence after surgery, and three
patients dropped out during the follow-up period. Thus,
37 cases (23 females and 14 males) were enrolled in this
study (Fig. 1). The mean age of the patients was
54.5 & 12.9 years. All study participants provided

73 patients examined
with MET PET for

meningioma
( 36 patients excluded -
33 post operative cases
3 dropped cut during the
N follow-up period
A4

37 patients enrolled

and analyzed
I

!

33 patients :
Surgical cases

}

4 patients :
Observed cases

Fig. 1 Analysis of meningioma cases with MET PET
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informed consent, and the study design was approved by an
ethics review board.

MET PET study

All patients underwent a MET PET scan with HEAD-
TOME-IV (BGO, Shimadzu, Japan) between 1995 and
2005, Eminence-B (BGO) since 2005, and Biograph-16
(LSO, Siemens, Germany) since 2010. Twenty-six patients
were examined with HEADTOME-IV. Axial and in-plane
resolutions of the PET images were each 4.5 mm (in full
width at half maximum), and the slice thickness was 4 mm.
Twenty minutes after MET injection (4 MBg/kg), an
emission scan of the brain was performed for 10 min. The
emission scan was reconstructed to a matrix of 128 x 128
(using an iterative algorithm), and attenuation and
scatter correction were done. The voxel size was 2 x 2 X
3.25 mm.

Ten patients were examined with Eminence-B. Axial
and transaxial resolutions of the PET were each 4.5 mm (in
full width at half maximum). The injection volume and
timing of the scan were the same as HEADTOME-IV. The
emission scan was reconstructed to a matrix of 128 x 128,
and attenuation and scatter correction were done. The
voxel size was 2 x 2 x 3.25 mm.

One patient was examined with Biograph-16. Axial and
transaxial resolutions of the PET were 5.5 and 5.9 mm (in
full width at half maximum), respectively. The injection
volume and timing of the scan were the same as HEAD-
TOME-IV. The emission scan was reconstructed to a
matrix of 336 x 336, and attenuation and scatter correction
were done. The voxel size was 1.02 x 1.02 x 2 mm.

All MET PET images were interpreted by an experi-
enced neurosurgeon. The MET uptake was calculated by
drawing a region of interest (ROI) using a freehand pro-
cedure. In all cases, MET uptake of the lesion was higher
than in normal gray matter. In cases with a multiple
meningioma, the lesion with the highest mass was evalu-
ated. From the tumor lesion and normal reference region
(frontal lobe of the normal side), the lesion to normal ratio
(LN ratio) of mean MET uptake was calculated.

Surgical resection, pathological findings, and clinical
follow-up

Thirty-three cases were treated with surgery, and four cases
were observed. In surgical cases, GTR (Simpson grade I or
IT) was performed in 18 cases (55 %), and subtotal resec-
tion (Simpson grade III or IV) was performed in 13 cases
(39 %). Partial resection (Simpson grade IV) was per-
formed in one case (3 %), and a biopsy (Simpson grade V)
was performed in one case (3 %). The pathological diag-
nosis and the WHO grade were determined by experienced

‘ﬁ_] Springer



774

Ann Nucl Med (2013) 27:772-780

pathologists according to the WHO classification updated
in 2007. The Ki-67 LI was also calculated. All patients
were followed up at our out-patient clinic without any
additional treatment for the tumor during the follow-up
period. For the surgical cases, gadolinium (Gd)-enhanced
magnetic resonance imaging (MRI) was performed every
3-6 months in the first 2 years after surgery, and then
every year during the follow-up period. For the observation
cases, Gd-enhanced MRI was performed more than once a
year. The mean follow-up period -was 80 £ 52 months
(range 4-180 months). In surgical cases, the lesion was
defined as a ‘recurrence’ when a lesion was found at the
same location or a residual lesion was obviously enlarged
in the radiological examinations. In non-surgical observa-
tion cases, the lesion was defined as a ‘progression” when
the tumor size was obviously enlarged in the radiological
examinations.

We evaluated the risk factors for recurrence and pro-
gression by age, gender, location (skull base or not), extent
of resection (GTR or not), Ki-67 LI, and LN ratio of MET
uptake.

Statistical analysis

We evaluated the risk factors for recurrence and progres-
sion using paired ¢ tests. When the data were not normally
distributed, Wilcoxon’s rank-sum test was used for con-
tinuous data. Fisher’s exact tests were used for categorical
data. Cox proportional hazards regression analysis was
used for the surgical cases to assess the predictors of
recurrence and progression with duration of the recurrence-
free period as the time variable. A receiver operating
characteristics (ROC) curve was assessed to confirm the
best cutoff value of the LN ratio for recurrence and pro-
gression. All statistical analysis was performed using JMP
9 software (SAS Institute Inc.).

Results
Characteristics and pathology

During the follow-up period, six surgical patients had a
recurrence, and two observation patients progressed. The
characteristics of the 37 cases are shown in Table 1.
Summaries of the recurrence group and the non-recurrence
group are shown in Table 2. The mean age of the recur-
rence group was 57.9 + 11.8 years, and that of the non-
recurrence group was 53.6 £ 13.2 years. We found no
significant difference in the numbers of males and females
in each group.

) Springer

The tumor location is shown in Table 1. We classified
the tumor location into two groups: skull base and non-
skull base. The recurrence rate was not significantly dif-
ferent between these two groups.

Two patients died during the clinical follow-up period.
One (case 20) died of thyroid cancer 51 months after PET
examination, and another (case 21) died due to tumor
progression 4 months after PET examination. The tumors
were classified by pathology as follows. Ten were men-
ingothelial (30 %), nine were fibrous (27 %), eight were
transitional (24 %), two were angiomatous (6 %), two
were chordoid (6 %), one was secretory (3 %), and one
was atypical (3 %). Thirty cases were WHO grade 1
meningiomas, and three cases were WHO grade 1T
meningiomas. The recurrence rate was not significantly
different between WHO grade I (17 %, 5/30 cases) and
grade II (33 %, 1/3 cases). The mean LN ratio of WHO
grade I meningiomas was 2.99 = 1.07, and the mean LN
ratio of WHO grade II meningiomas was 2.35 £ 0.36.
The LN ratio was not significantly different between
WHO grade I and grade II.

Extent of tumor resection and recurrence
Gross total resection was performed in 18 patients, and one

patient (case 35) had a recurrence during clinical follow-
up. In 15 patients, some tumor remained after the surgery.

‘In this non-GTR group, recurrence of meningioma was
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observed in five patients. The recurrence rate was not
significantly different between the non-GTR group and the
GTR group (p = 0.053).

LN ratio of MET PET and Ki-67 LI for progression
and recurrence

During the clinical follow-up, six cases of recurrence and
two cases of progression were found. The average LN ratio
of these eight cases was 3.67 + 1.15 [95 % confidence
interval (CI) 2.71-4.64] and that of the remaining 29 cases
was 2.65 1 0.86 (95 % CI 2.32-2.98). The average LN
ratio of the cases with recurrence and progression was
higher than that of the cases without recurrence or pro-
gression (p < 0.01, Fig. 2). The average Ki-67 LI of the
recurrent six cases was 1.81 £ 1.21 (95 % CI 0.54-3.09),
and that of the 27 cases without recurrence was
3.06 £ 3.84 (95 % CI 1.54-4.58). The Ki-67 LI was not
significantly different between the recurrence group and
the non-recurrence group (p = 0.44). No correlation was
found between the 1N ratio and the Ki-67 LI (Fig. 3). Risk
factors evaluated with univariate analysis are summarized
in Table 2. One illustrative case is shown in Fig. 4.
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Table 1 Characteristics of 37 patients with meningioma

No. Age Gender  Location Pathological WHO Ki-67 LN Surgery  Recurrence/ Follow-up
(years) diagnosis grade ratio progression (months  (months)
after pet exam)
1 48 F Parasagittal Transitional I 15.5 223 GIR No 176
2 67 F Parasagittal Transitional I 3 222 GTR No 45
3 49 F Sphenoid ridge Chordoid I 134 263 GIR No 157
4 57 F Petroclival Secretory I 14.4 3.00 GTR No 40
5 49 M Olfactory groove Transitional I 498 263 GIR No 180
6 39 M Pineal Chordoid II 303 195 GIR No 26
7 61 F Clival Fibrous I 4 510 STR Yes (9) 141
8 43 M Parasagittal Fibrous I 0.3 397 GIR No 159
S 58 F Parasagittal Fibrous I 145 310 GIR No 34
10 46 F Convexity Fibrous I 44% 373 GTR No 88
11 61 M Clinoidal Transitional I 112 294 STR No 152
12 79 M Convexity Meningothelial I 126 538 STR Yes (13) 56
13 57 F Parasagittal Angiomatous I 229 361 STR Yes (20) 147
14 37 F Convexity Meningothelial I 227 337 GTIR No 145
15 54 F Tentorial Fibrous I 055 332 STR No 142
16 71 M Parasagittal Meningothelial I 092 509 STR No 65
17 66 F C-P angle Transitional I 049 265 STIR No 138
18 22 F Convexity Meningothelial I 1.3 1.8 GTR No 130
19 60 M Sphenoid ridge Fibrous I 133 280 STR Yes (17) 71
20 74 M Tuberculum sellae ~ Meningothelial I 0.2 217 STR No 51
21 39 M Middle fossa - - 318 - Yes (4) 4
22 75 F C-P angle Fibrous 1 35 235 GTR No 54
23 52 F Tuberculum sellae  Angiomatous I 1 254 GTR No 110
24 50 F Sphenoid ridge Meningothelial I 126 165 STR No 29
25 4% F C-P angle - - - 153 - No 97
26 62 M Convexity Fibrous I 3 286 STR No 65
27 57 M Convexity Transitional I 295 120 GTIR No 48
28 44 F Foramen magnum  Meningothelial 1 5.6 2.64 GTIR No 43
29 48 F Intraventricular Fibrous I 6.5 303 GIR No 74
30 42 F Sphenoid ridge Transitional I 2 273 STR No 69
31 62 F Convexity Transitional I 0.1 1.68  Biopsy No 47
32 30 F Intraventricular - - - 249 - No 24
33 69 F Convexity Meningothelial I 0.3 127 GIR No 43
34 45 M Clivotentorial - - - 239 - Yes (43) 43
3 53 F Intraventricular Atypical II 15 248 GTR Yes (26) 26
36 65 M Clival Meningothelial I 0.5 435  Partial Yes (15) 25
37 72 M Tentorial Meningothelial I 1 386 STR No 23

C-P angle cerebello-pontine angle, GTR gross total resection, S7R subtotal resection

In our study, the LN ratio was a significant risk factor
for recurrence and progression with univariate analysis.
We also evalvated risk factors using multivariate analy-
sis. The results are summarized in Table 3. Multivariate
analysis showed that the LN ratio, the extent of resec-
tion, and the WHO grade were significant risk factors for
recurrence and progression. The hazard ratio of the LN
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ratio was 4.21. The LN ratio was the only factor
examined preoperatively.

ROC curve analysis

A ROC curve was generated, and the area under the curve
(AUC) was calculated to determine the best discriminating
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Table 2 Evaluation of risk for recurrence and progression using univariate analysis

Total cases Recurrence/progression Non-recurrence/progression p value
Cases 37 8 29
Age (years) 37 579 + 118 53.6 £ 13.2 0.41
Gender 37 Female 3 20
Male 5 9 0.22
Skull base 37 Yes 5 11
No 3 18 0.25
LN ratio 37 3.67 £ 1.15 2.65 £ 0.86 <0.01
Extent of resection 33 GTR 1 17
Non-GTR 5 10 0.053
WHO grade 33 Grade 1 5 25
Grade IT 1 2 0.46
Ki-67 LI 33 181 £ 1.21 306384 0.44
The LN ratio was a significant risk factor for recurrence and progression
LN lesion to normal, GTR gross total resection, LI labeling index
§
15~ v
14 -
4 ]
2 B
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& 1 2 3 4 5
LN ratio
Fig. 3 Comelation between the LN ratio of MET PET and the Ki-67
0 o LI. No correlation between the LN ratio and the Ki-67 LI was
Yes (n=8} ‘ No (n=28) observed. Asterisks cases with recurrence or progression
Recurrence / Progression

Fig. 2 LN ratio of MET PET and recurrence/progression. The LN
ratio in cases with recurrence and progression was significantly higher
than that in cases without recurrence and progression (p < 0.01)

level of the LN ratio for predicting recurrence and pro-
gression. ROC analysis confirmed 3.18 as the best pre-
dictive cutoff value of the LN ratio for recurrence and
progression. The AUC was 0.754. Using the best cutoff
value of 3.18, the sensitivity and specificity were 63 and
79 %, respectively (Fig. 5).

Discussion
The risk factors for recurrence and progression in meningi-

oma have been reported in many previous studies. They
include age [3, 6], gender [ 7], tumor size [8], calcification [7,

@ Springer
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91, brain invasion [10], location [11], vascular density [12],
Ki-67 LI [8, 13-15], extent of the resection [12, 16, 17], and
‘WHO grade [11]. In our study, age, gender, tumor location,
Ki-67 LI, and the LN ratio of MET PET were investigated. A
high LN ratio was significantly correlated with tumor
recurrence and progression. However, age, gender, tumor
location, and KI-67 LI were not significantly correlated with
tumor recurrence. These risk factors remain controversial.
Recently, the MET PET method has been used in glio-
mas and other intracranial tumors to evaluate the malig-
nancy of the tumor and the proliferative activity. In
previous studies of gliomas, MET uptake correlated with
the WHO grade, Ki-67 LI, and patient survival [18-21].
However, the role of MET PET in meningioma is not clear.
In a previous study using 18p_fluorodeoxyglucose (FDG)
PET, ®*F-FDG uptake was correlated with the Ki-67 LI but
not with recurrence of the meningioma [22, 23]. Using
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Fig. 4 ‘Case: '36. 4 Preoperative ‘Gadolinium’ (Gd)-enhanced: T1-
weighted image. The tumoris located-at the clivus. b C-methionine
was’ tak “up into. the tumor. The LN ratis was: 4.35. E d. Photoimi-
crograph ‘of a-sample of the lesion.. Hematoxylin :and eosm stained.:
‘section (c 00) and Ki-67 stammg (d'x200) of a menmgmma tissue

kinetic analysis with '*F-FDG PBT, Tsuyuguchi [24]
showed that the kinetic rate constant of glucose metabolism
s related to'the K1 67 L1 However, that analysis rcqulxes
frequent arterial blood samplings and. dynamic PET scan-
ning. The procedure is very" comphcated -and not.practical.
e. Moreover, the results of **F-FDG PET are
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influenced by bleed glucose. In patients with hypcrgly

specimen. The: diagnosis ‘based on pathology: was meningothelial

meningioma. The Ki-67 LI was 0.5. e Postoperative Gd-enhianced

Tliweighted image. In this case, the mmor was partially removed
using a. trang-sphenoidal .approach. f' Gd-enhanced Tl-weighted
‘imiage: 15 months afte

‘surgery: The tumor hiad begun to:grow again

mia, the results may lead to overestimation [25]. Tuchiet al.
[26] showed that MET uptake is significantly correlated
with the coimt -of nielear- organizer regmns which is a
hlstologlcal mdex of protem synthesis, the Ki-67 LI, and a

. In that stady;
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¥R FDG uptake showed no significant correlation with the
Ki-67 LI or clinical malignancy. The uptake of methionine
reflects amino acid transport and metabolism, but this does
not mean that methionine uptake is correlated with protein

Table 3 Evaluation of risk factors for recumrence using Cox pro-
portional hazards model

p value Risk ratio
Age (years) 0.28
Gender 043
Skull base 0.12
LN ratio 0.03 421
Extent of resection (non-GTR/GTR) 0.014
WHO grade (grade Il/grade I) 0.0074
Ki-67 LI 0.079

LN ratio, extent of resection, and WHO grade were significant risk
factors

LN lesion to normal, WHO World Health Organization, GTR gross
total resection, LI labeling index

1.0

04 0.6
1-Specificity
Fig. 5 ROC curve of the LN ratio. AUC of the LN ratio of MET PET

was 0.754. The optimal cutoff value was 3.18. The sensitivity and
specificity were 63 and 79 %, respectively

0.0 0.2 08 1.0

synthesis and proliferation [27]. Some previous studies
have shown that MET uptake correlates with microvessel
density in glioma cases [28, 28], but in meningioma cases,
MET uptake does not correlate with microvessel density
[30]. This observation may reflect the fact that meningioma
has multiple pathological subtypes and, thus, microvessel
density may be different in each subtype. To evaluate the
correlation between the LN ratio and microvessel density
in meningioma, many cases of each subtype would be
necessary.

Arita et al. [30] showed that the LN ratio of MET uptake
is not significantly correlated with tumor doubling time.
In this study, many asymptomatic patients were enrolled,
and the mean tumor doubling time was very long
(174 £ 270 months) despite a short follow-up period
(26.7 + 16.7 months). Thus, evaluation of recurrence and
progression in meningioma using tumor doubling time
appeared to be difficult because most meningiomas pro-
gress slowly.

Compared with **F-FDG PET, the contrast between a
meningioma lesion and normal brain tissue is clear in MET
PET and, thus, we can correctly define the ROI using MET
PET. Recently, we have evaluated MET uptake more
correctly by fusing PET images with computed tomogra-
phy or MR images.

In this study, we calculated the LN ratio using the mean
MET uptake of the lesion and the normal brain tissue. The
methionine uptake in the tumor depends not only on the
metabolic rate, but also on the vascular bed [31]. The
vascular bed of the meningioma is different within the
various pathological types of meningiomas [32], and the
vascular bed may be variable in the same specimen. Bio-
logical activity is heterogeneous in the same meningioma -
lesion [33, 34]. Thus, partially high MET uptake does not
always indicate a high metabolic rate of the whole tumor.
In this study, we used the mean MET uptake, not the
maximum MET uptake, to reduce the influence on the
heterogeneity of MET uptake.

Table 4 Evaluation of risk

factors for recurrence and Total cases Recurrence/progression  Non-recurrence/progression p value
progressioq excluding gross Cases 19 7 12
total resection cases
Age (years) 19 58.6 &£ 12.5 57.8 £ 13.2 0%
Gender 16 Female 2 7
Male 5 5 0.35
Skull base 19 Yes 5 6
(.)nl}.f the LN r.atio was No 2 6 0.63
significantly different between  y o g 19 384 4 1.13 274 £ 1.02 0.04
the recurrence/progression )
group and the non-recurrence/ Surgical cases 5 10
progression group WHO grade 15 Gradel 5 10
LN lesion to normal, WHO GradeII 0 0
World Health Organization, Ki-67 L1 15 1.87 + 135 1.06 + 0.87 0.18

LI labeling index
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In this study, tumor progression and recurrence were not
significantly different between the GTR and non-GTR
groups. However, in some cases with a high Ki-67 LI, GTR
was performed, and the recurrence rate was low. GTR was
a factor that strongly influenced the recurrence rate. We
evaluated the recurrence and progression in the non-GTR
group. The LN ratio in the group with recurrence and
progression was also significantly higher than that in the

group without recurrence and progression (p < 0.05). The -

Ki-67 LI was not significantly different (p = 0.18). Our
observations are summarized in Table 4.

In our study, the LN ratio was a significant risk factor
for recurrence and progression. The LN ratio of MET PET
may indicate the proliferative activity of meningioma.
Using ROC analysis, the AUC was 0.754, and the best
cutoff value was 3.18, resulting in a sensitivity and speci-
ficity of 63 and 79 %, respectively. The sensitivity and
specificity of the LN ratio were not less than those of the
Ki-67 LI, as described in a previous study [35, 36].

In our study, the Ki-67 LI was not significantly different
between the patients with recurrence and those without. We
also found no correlation between the LN ratio and the Ki-
67 LI. Some previous papers have reported that the cor-
relation between the Ki-67 LI and tumor recurrence is
controversial [4, 33, 37, 38]. Meningioma is characterized
by heterogeneous biological activity within the same tumor
tissue [33, 34]. It is doubtful that the Ki-67 LI obtained
from a small tumor specimen can adequately evaluate the
proliferative potential of the whole tumor. In fact, MET
uptake is heterogeneous in a large tumor and may reflect
the heterogeneity of the Ki-67 LI. The MET PET method is
useful for evaluating the whole tumor. The Ki-67 LI
overlaps within each grade of meningioma [39-41]. Eval-
uating the proliferative activity of the whole tumor and
providing an accurate prognosis may be difficult with only
one index.

The extent of resection was a significant risk factor as
shown in a previous study [12, 16, 17]. However, the
location of the tumor was not a significant risk factor in this
study. Sixteen cases of skull base meningioma were
included. In these cases, total resection without complica-
tions is difficult. A GTR of the tumor would reduce the risk
of recurrence. This result may indicate that additional
treatments are necessary for a residual tumor in which the
LN ratio is higher than 3.18.

The WHO grade of meningioma was also a significant
risk factor. In this study, we investigated preoperative cases
and, thus, most cases were WHO grade I; only three cases
were WHO grade 1. Cases with WHO grade I meningi-
oma are relatively infrequent at initial diagnosis. Almost all
cases of meningioma are pathologically benign. Thus, we
have to follow patients for a long time to investigate
malignant changes and the prognosis. We must investigate
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additional consecutive cases to evalnate the largest number
and the widest variety of cases.

Our study showed that the MET PET method has useful
sensitivity and specificity for evaluation of recurrence and
progression in meningioma. The most beneficial point is
that **C-methionine PET is not invasive, whereas analysis
of the Ki-67 LI requires surgery. Thus, without surgery, we
can evaluate the risk of progression and recurrence and
consider the treatment strategy. We can determine the risk
of progression and recurrence before deciding on obser-
vation or surgery. In asymptomatic cases, high LN ratio of
MET PET may be the decisive factor for determining
surgical treatment. We did not evaluate a large number of
cases, and thus continued collection of cases and evaluation
of the data are necessary.

Conclusion

The results of our study showed that MET uptake by the
meningioma was a significant prognostic factor. MET
uptake was significantly higher in cases with recurrence or
progression. The AUC of the LN ratio for recurrence or
progression was 0.754, and the best cutoff value was 3.18.
The greatest advantage associated with the MET PET
method is its non-invasive nature.
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ABSTRACT

We have developed a technique of fuorescence:guided. ‘surgery using high: .dose fluorescein.-sodium.

(20:mg/kg) with excitation and. barrier filters for glloblastoma multiforme surgery. This technique was:
used in 10 panents with. surgery proceeding as expected in all patients. There were no ccmphcatlons
of permanent sideeffects. This method uses filters to help dlsungmsh between the usually invisible
timor and the-brain siirface, as well as allowing & detailed assessment of the positional relationships with
tumor vessels:and the surrounding. normal vessels. As: sufﬁcxent yellow stammg Was present even with-
otit filters; delicate mxcrosurgery wasalso possible undera normal white-light mictoscope. Both'enviromn:

Glioblastoma multiforme-

ments could be used a§ necessary during surgery according ‘to the requirements ‘of resection, thereby

improving the-reliability and. safety of surgery.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Insurgical resection for glioblastoma multiforme (GBM) the ex-
‘tent of excision has:a significant-effect on prognosis. Lacroix et-al.!
‘reported a 3:2-month longer survival for »98% excision, and Stum-
‘mer et al.? reported 4.9-month Tonger survival for total excision:
According to these Tepoits; &98% excision.is more effective than
the 2:5-month longer survival -offered by temozolomide;? ‘which
emphasmes the im mportance: of the: exten of esection. For this rea-
'son; innpvative surgical approache mpted'v
aim. of i improving the resection. Juorescel ce—gulded surgery
is an important: surgical. techmque wrth S-ammolevuhmc acrd
£ 5-ALA) and: fluorescein sodium {FS a
ALA (Gliolan; Medac;. Hamburg, Germany) has been reported to
‘pOSSess. 100% tumor spec;ﬁcrty and 85% sensltmty for GBM and

Many 'problérrrswr\)hlch'neéd to be résolvéd 'hox)v'evér Vméludmﬂg
‘the nature of. ItS fluerescence, low sen31t1v1ty, and dxfferences m

Spec1ﬁc1ty thas 100%: serisithty Kurbfwa et al’ reported fluores-
cence- gulded surgery. for mahgnant ‘glioma using ‘the normal

‘quantity of FS {8 mg/kg) with excitation and barrier filters. Subse-
.quently. Shinoda; et al® reported that.observation vid a rortnal
microscope: under white. Ilght without usmg a specral filter ‘was

* Corresponding author. Tel:+81 72/366:0231x3547; fax: +81 72 365 6975,
E-mail address: okuda@neuiro-s.med kidai.acjp (T. Okuda).

0967-5868/8 - see front m:

©.2012 Elsevier Ltd. All rightsireserved:
‘hrtpi/fdx.deiorg/10. 1016jj

12011.12.034
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dlso. possible’ by intravenously injectinga “high-dose: (20 mg}kg)
durmg GBM surgery. Shinoda‘et al.’s: miethod® has the convenience
of not using:special filters, and it is. now dlso: widely. used ‘for
turnors other than GBM, such:as metastatic brain tumors.”® We.
have: developed a ifew technique of ﬂuorescence—gmded surgery.
for GBM surgery: using ‘high-dose 'E§ with excitation and. barrier
filters and report its effectiveness:

2. Materials and methods:

FS is-used extensively in ophthalmology; and its safety has been.
established. After induction of general anesthesia and opening of
the' dura; hlgh—dcse FS (20 mg/kg) was mjected ‘intravenously..
Tumor resection - was performed >15 minutes after injection. of
‘ sodiurm. Excrtatlon and 'bamer ﬁlters (Olympus

T ,‘

scope (OME~9000 Olympus) ’l'he excu:auon filter- wavelength'
Was 480 nimn, and the barrier filter wavelength was 520 nm. The. fil-
ters could be switched on and off easily using d microscope léver
durmg surgery. ‘During tumor resection, filters were first used to

nfirm Jocalization of the invisible tumor in relation to-the brain.
surface and to assess the positional relationships with the sur-
roundmg vessels:—a corticotomy could then be performed with
] 1 . Subsequently; most'tt 'or resectionl was
performed wit] erso  filters were used only for locatmg tuirior
tissue,.residual ‘tumor,:and the positional relationships with the:
surrounding vessels, All patients provided written infoimed
consent:
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Table 1
‘Characteristics of ten patients with glioblastoma: multiforme and.the results of fluorescence-guided surgery using fluorescein-sodium.
Patient no. Agefsex. Location ‘Elotdent area Extent of surgery Presence of fliorescence
With filter/withot filter
1 81/M FL (bilateral) None Biopsy: (expected) Present/Present
2 63/M FL (bilateral) None ‘Biopsy (expected) Present/Present:
3 37M TL (left) Speech ‘Biopsy-(expected Present/Présent:
4 69/M L (left) Motor :SR (expected) Present/Present:
5 60/M OL (right) None “SR.(expected) Present/Present
6 69/M TI(left) Speech GR (expected) Present{Present:
7 68/F TL (left) :Speech GR (expected} Present/Presenit
8§ 79)F EL (left) None -GR (expected) Present/Present:
9 67/M TL (right) ‘None “GR (expected) Bresent/Present
10 72[F FL (right) None GR {expected) Present/Present

F=female, FL = frontal lobe; GR= gross total resection, M = male, OL = occipital lobe, SR = subtotal resection, TL = temporal lobe,

Fig.1. Preoperative (a) axial and (b) coronal Fl-weighted gadolinium-enhanced MRI showing a glicblastoma multiforme in-the opercular region; and postopeérative (¢) axial
arid (d) coronal T1-weighted gadolinium-enhancéd. MR showing no residual tumor and complete resection. '
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Fig. 2. Intraoperative: photographs béfore tmor résection showing:

() the tumor cannot be differentiated from the'brain surface dnder a normal white-light' micréscope.

-after‘administration of flucrescein’ sodium; and (b)tise of éxcitation-and barrier filters allowing visualization of the tumor below the brain'surface: The Sylvian vein i§ also-

“fltiorescent’ providing a clear view of its relationship With the turnor..

‘Fig. 3. Intraoperative photographs unde
‘boundary between the yellow-stained tumy

:and the surmundmg brain.

3. Results

‘GBM surgery was performed using the injection of high-dose FS
-as:described in all 10 patients (Table:1). Effective tumorstaifting
and fluoréscence for excision was achieved inall cases, with surgery
vproceeded accordmg to ‘the - preoperatxve plan, Postoperauvely,
‘there was’ ation in neurological symptoins, nor did ‘any
‘other comphcatlon occur: The use of FSresultédin transient yellow-
singof the skin; mucosa, and urine, but this ‘spontaneously resolved
within 24:-Hours'in all’ patlents with-urinary excretion of the dye: No
‘pérmanent side effects'due to FSoccuired.

3:1: Mustrative'patient’

The patient- was a.7.2- :
frontal opercular region (Flg 1a b .‘The tumor wasnot exposed on
the brain surface; and even after FS'administration, tumor localiza-
tion: ceuld not be confirmed from the brain surface when the filters
were off . {Fig. 2a);"With the filters on; however; the fluoiéscent
nor could be ntified, and the surrounding vessels were also
clearly visualized, enabling assessment of the relationshipbetween
the tumor and the cortical veins: (Flg 2b). Dissection of the tumor
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a normal white-fight microscope: showing: {a) yellow.staining that: reveals:the-tumor surface in-the Sylvian fissure; and (b).the

the yellow-stamed tumor could be identified even under normal
mlcroscope whlte llgh' (Fig..3a,b). Gross ‘total. resectwn (G’I’R} of

mor was’ conﬁrmed with the:filters on (Plg 4b) Pbstoperatlve MRI

also confirmed GIR (Fig. 1¢, d)..

4. Discussion

In géneral, GTR in GBM surgery is deﬁned as total re. ectlon of
thearea that is contrast-enhaneed:on
the advantage: of tumor specificity, its:sensitivity is not all that:
high,.and fluorescence may appear beyond the contrast-enhanced
area on the mnage FS, however, has 0% tumor, specnﬁcxty butv
100% sensitivity, and from this principle, the locat {

cence represents ‘oinly- the' contrast-enhanced area. Excision of
areas other than the contrast-enhanced area on the image:cames
the:risk- of ‘worsening symptoms; and for. this reason, ES may be
better suited as a fluorescent: dye for GBM surgery than.5-ALA..

‘e use of exc1tatlon and bamer ﬁlters

This' techmque combmes-‘

surfaceand a detailed assessment of braln surface vasculature Thls:
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Fig. 4. Intracperative photographs: after tumor resection showing: (a) the -absence of yellow-stamed tissue in the resection cavity viewed -under’ a normal white- hght
microscope; and (b) the absence of yellow-staining residial tumer in the resection cawty viewed with excitation and barrier filters.

Table 2
The differences between high-dose fluorescein sodium (FS) and 5-aminoelevulinic acid
(5-ALA)

Differences High-dose ES 5-ALA

Intravenous Oral

BBB distuption Tumor tissue
Gd-enhanced area  >Gd-enhanced area
“Yellowish green Red

Route of administration.
Tissue: distribution
Fluorescence area

‘Color image with filter

Color image without filter Yellow Invisible
Specificity 0% 100%
Sensitivity 100% 85%
Fluorescein cerebral angiography: Very élearly Invisible

BBB = blood-brain barrier; Gd = gadolinium.

enables corticotomy and the treatment of surrounding normal ves-
sels to :be performed with greater accuracy. This method is also
[ ,cerebrovascular surgery, and its effectiveness in cerebral
aneurysm surgery. has been reported.'® ‘Since' sufficient yellow
staining can be observed under normal white-light microscopy, tu-
mor resection can be performed ‘while maintaining normal micro-
scope operation. When: ‘5-ALA is ‘used, however; fluorescence

cannot be detected ‘without the use of filters, :and surgery must.

‘be performed.in a'darkened room to accentuate the fluorescence;
makmg normal mlcrosurgery difficult: In addition, 5-ALA does
not produce fluorescence of tissue other than the tumor, making
assessment. of the surrounding vesséls difficult. Table 2 shows
the differences between. high:dose FS and. 5-ALA during tumor

 Side effects of FS reportédly include araphylactic shock brought

about by 20 mg/kg of FS!!, the same dose used in.our method. To
date, we have used high-dose FS during brain. tumor surgery in
‘over 143 patients with malignant brain tumors, but only transient.
yellowing of organs such as the skin and mucosa has been ob-
served, and no permaneit or serious-side effects have occurred.
We therefore regard the rate of side effects due to normal drug
allergy to be extrémely low; however, cattion is required.

-5 Conclusions

Fluorescence-guided surgery using high-dose FS-with excitation
arid barrier filters improved the reliability of resection during GBM
surgery, and because it enables detailed assessment of the tumor
itself, tumor vessels, and surrounding normal vessels, it was also
regarded as having improved safety. Both ‘environments; with
and without filters;.can be used, as npecessary; according to resec-
tion requirements, making this an innovative surgical technique
that can contribute.to.GBM surgery.
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Slower growth of skull base meningiomas compared
with non—skull base meningiomas based on volumetric
and biological studies
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Object. The precise natural history of incidentally discovered meningiomas (IDMs) remains unknown. It has
been reported that for symptomatic meningiomas, tumor location can be used to predict growth. As to whether the
same is true for IDMs has not been reported This study aims to answer this question and provide biological evidence
for this assumption by extending the study to involve symptomatic cases.

Methods. A total of 113 IDMs were analyzed by fine volumetry. A comparison of growth rates and patterns
between skull base and non-skull base [DMs was made. Subsequently, materials obtained from 210 patients with
symptomatic meningiomas who were treated in the authors” hospital during the same period were included for a bio-
Jogical comparison between skull base and non—skull base tumors using the MIB-1 index.

Results. The 110 patients with IDMs included 93 females and 17 males, with a mean follow-up period of 46.9
months. There were 38 skull base (34%) and 75 non-skull base (66%) meningiomas. Forty-two (37%) did not exhibit
growth of more than 15% of the volume, whereas 71 (63 %) showed growth. Only 15 (39.5%) of 38 skull base menin-
giomas showed growth, whereas 56 (74.7%) of 75 non-skull base meningiomas showed growth (p = 0.0004). In the
71 IDMs (15 skull base and 56 non—skull base), there was no statistical difference between the 2 groups in terms of
mean age, sex, follow-up period, or initial tumor volume. However, the percentage of growth (p = 0.002) was signifi-
cantly lower and the doubling time (p = 0.008) was significantly higher in the skull base than in the non-skull base
tumor group. In subsequently analyzed materials from 94 skull base and 116 non—skull base symptomatic meningio-
mas, the mean MIB-1 index for skull base tumors was markedly low (2.09%), compared with that for non—skull base
tumors (2.74%; p=0.013).

Conclusions. Skull base IDMs tend not to grow, which is different from non—skull base tumors. Even when
IDMs grow, the rate of growth is significantly lower than that of non-skull base tumors. The same conclusion with
regard to biclogical behavior was confirmed in symptomatic cases based on MIB-1 index analyses. The authors’ find-
ings may impact the understanding of the natural history of IDMs, as well as strategies for management and treatment
of IDMs and symptomatic meningiomas. (DOf: 103171/2011.11 JNS11999}

KEY WORDS  *
skull base .

incidentally discovered meningioma -«
MIB-1 index

volumetric analysis
management strategy ¢  oncology

ENINGIOMAS have increasingly been detected
Mincidentaﬂy due to advances in neuroimaging,

such as CT and MR imaging.® Neurological ex-
aminations and neuroradiological screening for indefinite
complaints also contribute to this increase in detection,
especially in advanced countries.'” Although most IDMs
can be cured surgically,*® the morbidity and mortality as-
sociated with surgery itself cannot be determined as these
tumors are generally considered asymptomatic and be-

Abbreviation used in this paper: IDM = incidentally discovered
memngioma.
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nmign.’ Therefore, determining the proper management
for these cases is critical. However, due to the lack of
knowledge regarding the exact natural history of these
tumors and their potential for growth, what to consider as
“appropriate” treatment remains controversial.'4

Several authors have investigated the natural history
of IDMs 34214162324 They have identified various factors
predictive of tumor growth; however, these factors differ
from study to study. Recently, we analyzed 70 IDMs using
a volumetric method with a relatively long follow-up pe-
riod. We concluded that most IDMs do not seem to grow
for a certain period of time, and that they do not always

J Neurosurg / Volume 116 / March 2012



Growth of skull base compared with non—skull base meningiomas

grow exponentially but rather exhibit complex patterns of
growth.® In addition, the presentation of calcification on
CT or MR imaging has a negative impact on its growth.

We further surveyed other factors predictive of ITDM
growth, and we identified tumor location, that is, non—
gkull base versus skull base, as a potentially useful clini-
coradiological predictor of the growth behavior of IDMs.
Here, we report our results and discuss biological evi-
dence to support these findings through expansion of the
theory involving symptomatic meningiomas.

Methods

A total of 110 patients with IDMs, who are being fol-
lowed up at our institution, were included in this study.
The tumor growth rate of individual IDMs was analyzed
using a manual volumetric method. Then, to confirm the
biological differences between skull base and non—skull
base tumors, 210 symptomatic patients with Grade I me-
ningiomas, based on the WHO 2007 classification, who
were treated in Osaka University Hospital, were also
included. This study was approved by the ethics review
board of the university.

Definition of Tumor Location

The location of the origin of the meningioma was
carefully determined on MR images by N.H. and at least
one of the coauthors, who are all experienced neurosur-
geons (MK, N.K,, Y.E, and T.Y.). For large tumors, for
which the origin is difficult to define, the most widely at-
tached portion of the tumor in the skull was considered.
In this study, we divided tumor location into 2 groups:
skull base and non—skull base. Skull base origins in-
cluded the olfactory groove, planum sphenoidale, cavern-
ous sinus, sphenoid wing, clinoidal portion, tuberculum
sellae, clivus, and petrous bone. Tentorial meningiomas
were considered non—skull base lesions.

Volumetric Analysis of Tumor Size and Evaluation of
Growth by Regression Analysis in IDMs

Between 1993 and 2009 at Osaka University Hospi-
tal, 121 patients (19 men and 102 women) were inciden-
tally diagnosed as harboring intracranial meningiomas
on the basis of MR imaging findings. We reviewed each
patient’s records and judged whether the tumors were to-
tally asymptomatic or if the patient had any symptoms
that could be attributed to the lesion. Meningiomas were
radiologically diagnosed by the presence of an extraaxial
mass, with broad-based attachment along the dura mater
or with attachment to the choroid plexus in the ventricles,
which were homogeneously and markedly enhanced with
contrast medium as previously described.?* Of the 121 pa-
tients, 110 who underwent MR imaging at least 3 times
over the course of more than 1 year were included in this
study. The results of serial MR imaging studies and clini-
cal characteristics such as sex, age, and length of follow-
up were reviewed.

Volumetric analysis and evaluation of the pattern of
growth with regression analysis were conducted as previ-
ously reported.® Briefly, the tumor size was evaluated by
volumetric assessment (volumetry) using Scion Image for
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Windows software (Scion Corp.). The enhanced area of
the tumor in each slice image was measured by manual
tracing of the tumor boundaries, and then the sum of the
enhanced areas was multiplied by the slice interval of the
MR imaging series. The absolute growth rate (cm®/year)
and relative growth rate (%/year) were calculated for each
tumor, according to the equation described elsewhere.
The percentage of growth (growth volume/initial tamor
volume) was calculated as well.

Inaccuracy of measurement from 2 sources of errors
(one caused by using an MR imaging series with thick
slice intervals and the other by manual tracing of the tu-
mor) were addressed. For the former, we described a pre-
liminary study with 10 cases and showed that volumetry
with an MR imaging series using 6.0-mm slice intervals
was estimated to show acceptable accuracy for evaluat-
ing tumor volume, compared with an MR imaging series
using 2.0-mm slice intervals in the same patients.’ This
preliminary study revealed that a change in tumor volume
{a percentage of growth or reduction in volume) less than
15% can be thought of as representing a measurement
error. To offset the second source of measurement error,
we evaluated 70 IDMs and measured them 3 times. We
found that the obtained values 2 standard deviations from
the calculated measurements corresponded to a change
of less than 15% in each tumor volume. Considering the
results from these validation studies, the cutoff for tumor
growth or reduction in volume was set to 15% in this
study.

The time-volume curves were plotted for each tumor,
and regression analysis was performed for the group with
growth. Growth curves were fitted to both exponential
growth and linear growth as previously reported.® Re-
gression coefficients were calculated for each regression
analysis and examined statistically for significance. If the
growth curve fit both exponential and linear curves statis-
tically, the tumor was categorized according to the curve
with the larger coefficient of determination (R?). In each
case in which the pattern of growth fit either exponen-
tial or linear growth, tumor doubling time was estimated
from each regression equation.

Biological Differences Between Skuil Base and Non-Skuil
Base Meningiomas

To evaluate biological differences between skull
base and non—skull base meningiomas, we subsequently
analyzed 210 consecutive meningioma specimens, which
were surgically obtained during the same period (1993—
2005). All meningiomas were histologically defined as
Grade I tumors based on the WHO 2007 classification.
Atypical (Grade II) and anaplastic (Grade III) tumors
were excluded. Magnetic resonance imaging studies
used to determine tumor location and clinicopathological
characteristics such as sex, age, and histological subtype
were reviewed. The MIB-1 indices were also obtained for
all 210 specimens as previously described.??

Statistical Analysis

Regression analysis and other types of statistical
analysis such as the Fisher exact test and Mann-Whitney
U-test for independence were performed using statistical
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software (version 5.0, Statview, SAS Institute, Inc.) with a
p value < 0.05 considered significant.

Results

Volumetric Comparison of Growth Rates and Patterns
Between Skull Base and Non—Skull Base Meningiomas

Demographic data are summarized in Table 1. A to-
tal of 113 IDMs from 110 patients were included in this
study; 2 patients had multiple tumors. There were 93
women and 17 men, and the mean age was 66.8 years
(range 37-91 years). The mean follow-up period for se-
quential MR images was 46.9 months, ranging from 12
to 121 months. Table 2 shows the distribution of the cases
based on location. Thirty-eight (34%) were located in the
skull base and 75 (66%) were not.

Of the 113 IDMs, 42 tumors (37%) showed no growth
during the follow-up period and 71 (63%) showed growth.
Interestingly, when all IDMs were divided into skull base
and non—skull base categories, only 15 (39.5%) of 38 skull
base meningiomas showed growth, whereas 56 (74.7%) of
75 non—skull base meningiomas showed growth (Fig. 1; p
=0.0004, Fisher exact test). Of the 38 skull base IDMs, 22
(57.9%) did not grow, and 1 reduced in volume.

As shown in Table 3, of the 71 IDMs that showed
growth, no statistically significant difference was noted
between the skull base and non—skull base groups in
terms of mean age, sex, follow-up period, or initial tu-
mor volume. However, the annual relative growth rate (p
= 0.009) and the percentage of growth (p = 0.002) were
much lower in the skull base group than in the non—skull
base group. Accordingly, with slower growth rate, the tu-
mor doubling time (p = 0.008) was much higher in the
skull base group.

To further exemplify the differential growth rate be-
tween the 2 groups, the case of a 67-year-old man with
multiple meningiomas, who underwent follow-up for 25
months, is presented. The patient had 1 cavernous and 2
convexity meningiomas (Fig. 2). The doubling time for
the skull base tumor was 261 months, whereas for the
2 convexity-located tumors, it was 162 and 116 months,
with the latter showing growth of more than 15%.

We also analyzed the growth pattern of these tu-
mors (Table 4). Unexpectedly, 60% of skull base IDMs
showed an exponential pattern of growth, whereas 32%
of non-skull base IDMs showed an exponential pattern.
Only 14% of non—skull base tumors showed no trend in
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growth pattern. In Fig. 2 (dotted lines), we can see that
the cavernous tumor fitted better to an exponential curve
and the 2 convexity tumors fitted better to a linear pattern
using regression analysis. However, it is immportant to note
that the R? for the 3 tumors statistically fit both linear
and exponential curves (Fig. 2B). But as described in the
methodology, in situations like this, the tumor will be cat-
egorized based on the pattern with a larger R2.

The number of patients who became symptomatic
and underwent treatment during the follow-up period
was also different between the 2 groups (Table 5). Only
1 2.6%) of 38 patients with skull base IDMs underwent
surgery, whereas 6 (8.0%) of 75 patients with non—skull
base IDMs needed surgery or radiotherapy.

Biological Differences in Skuil Base and Non-Skull Base
Meningiomas

To clarify the biological meaning of the volumetric
results, we went back to the surgical cases seen in the
same period. A summary of demographic data for the 210
consecutive symptomatic meningiomas is shown in Table
6. The mean age was 57.2 years (range 16—90 years). The
incidence of male sex (25.7%) seemed higher in this series
than in that of the IDMs, but it is comparable to the pre-
viously reported incidence.’® Histological subtypes were
also verified and consisted of meningothelial (44.3%),
transitional (21.0%), fibrous (19.0%), angiomatous (5.2%),
psammomatous (5.2%), and other (5.2%) subtypes. There
were 94 skull base and 116 non—skull base meningiomas.
No statistical difference was noted according to the age
or sex ratio. However, the mean MIB-1 index for skull
base tumors was markedly low (2.09%) compared with
that for non—skull base tumors (2.74%; p = 0.013; Table
6 and Fig. 3).

Because male sex is a well-known factor that affects
the biological behavior of meningiomas in general, the dif-
ference between female and male sex was also analyzed.
As expected, the highest mean MIB-1 index (3.16%) was
seen in males with non—skull base tumors, and the lowest
(1.82%) in females with skull base tumors. A statistically
significant difference was observed between all male and
all female cohorts (p = 0.045), as well as between male
and female cohorts with skull base tumors (p = 0.021;
Table 7).

Discussion

Several reports have been published regarding the

TABLE 1: Demographic data of 113 IDMs for volumetric analyses

Variable All Skull Base Non-Skull Base
no. of cases (%) 113 38 (34) 75 (66)
mean age in yrs {range} 66.8 (37-91) 66.8 (40-84) 66.8 (37-91)
sex ratio {F:M) 93:17 28:9 648

mean follow-up period in mos (range)
mean initial tumor volume in ecm? (range)
no. wio growth (%)

no. wf growth (%}

42(37)
71(63)

46.9 (12-121)
9.79 (0.32-86.62)

40.3 (12-100)
12.22 (0.56-86.62)

50,3 (12-121)
8.56 (0.32-74.69)
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TABLE 2: Distribution of all IDM cases based on location

Lecation Mo of Cases
convexity 30
Falx 17
petroclival 17
parasagttal 14-
sphencid wing 7
“cavemous 6
[intraventriculer 4
planurn-sphencidale 4
‘tentorium 4
offectory 3
other 2

p=0.0008

¥

% Growth
# No growth

Number of cases
P %

iy ossas

Skullbase fon-skult base

Fis. 1. Ingidence of meningiomas:showing.growth and no growth'in

skull base and non-skull base tumors. Fifteen (39.5%) of 38:skull base
{74.7%) of 75 non~skull base tu-

tumeors showed growth ‘wherea
mors showed growth {p-=0.0004, | Figh er-exact test).

natural history of IDMs using various-means. of growth.
measurenient, some using hnear (dlameter)“"’w21 23 “and
some using volumetric® e methods. According to
these studies, the natural history of IDMs can be sum-
marized in 3 points First, most IDMs (or at least a sub-
set of IDNs) may not grow- for a certain period of time.

Second, for tumors that grow, the rate of ‘growth seems’
slow. In out previous report; the mean tumor volume dou-
bhng time in growing IDMs was 93.6 months as years)

Finally, hyperintensity on T2-weighted i 1mag1ng is posi-
tively -correlated with growth, whereas the presence of
calcification is negatwely correlated with tumor growth.

As to-the impact of tumor location on gmwth ‘behavior,
probabiy because of the small number of patients, this has
yet to be reported. In this papet, we found that TDMs in
the skull base tended not to grow when compared with-
those in non-skull base locations Furthermore; even if.
these tumors. grow, the rate of growth was sxgmﬁcantly
lower in terms of the: percentage. growth ‘annual growth
rate, and rafes of experiencing symptoms and: undergoing
treatment.

TIn this report, we also found that there was a statisti-
cally significant difference in the MIB-1 index, which is
thought of ‘as a biological marker of cell prohferanon be-
tween skull base and non-skull base meningiomas. This
is in line with previous studies indicating the existence
of biological differences between the two. #0120 Kasuya-
etal® reported that male Se%; the absence of calcificas
tion. on imaging, and: non—skull base location .are inde-
pendent risk factors for a- htgh MIB-1 index by logxstlci
regression analysis amorg 342 consecutive sufgical cas-
es: More: recently, McGovern et al!! made an important
note that meningiomas with a non—skull base location are:
more likely to'have a higher MIB-1 index and recur with-
a higher grade than those within the skull base. Sade et

al*® found that‘_the incidence of Grade Il and IIT tumors is
slomﬁcantly -hwher»outsxde the: skull base 12, 1%) than in.
the skull base’ (3 5%) from the records of 794 conisecutive:
patients. Mahmood and. colleagues'® likewise noted that.
among their319 patients, 25 had Grade IL. and IIT tuniors,
of which, 7 (28%) were located at the skull base and 18

(72%) were outside the skull base. Inthe latest Study from.

“TABLE 3: Comparison between skull base and non-skull base lesions in 71-growing IDMs*

Veriable Skull Base (range) Non-Skull Base frange) pValue  Statistics Used

na: of cases B B B

mearage inyrs 695 (40-83 66.6 (37-91) 0:30 W

sex fatio [F:M) 4 486 0207 Fisher
-meen follow-up period inmos 49300100 531 (12-921) 0.485 A
mean initial tumorvolumeincm® 1471 (0.79-86.62) 811 032-7469) 0163 W
‘absolute growthi rate in cridlyr” 120002785 115 004-1133 0662 W
‘telative growth rate % iyr 6 84 (244 ’13..?8‘ ‘(244) 0.0091 M-
%ogrowth 556 43.2 0.002t M-y
 rmean tumor doubling time 1608 (39-3693) 1115(15_420) 0.008t MW

M- = M- Whitney.
f Stetistically significant.
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