
Abstract. Background: Grade I meningiomas are generally
benign and non-invasive whereas Grade II (atypical) and
Grade III (malignant) meningiomas tend to be invasive with
a high risk of recurrence. SPARC, secreted protein, acidic and
rich in cysteine, is a multifunctional glycoprotein which has
been proposed to be a potential diagnostic marker of invasive
meningiomas. There has been increased reporting of atypical
meningiomas since the current World Health Organization
(WHO) included brain invasion as a grading criterion for
classification of these particular meningiomas. Materials and
Methods: The aim of this study was to re-evaluate any
correlation between immunohistochemical expression of
SPARC in 34 meningiomas of various grades using the
current classification (2016). We had previously classified
these cases using the 2002 WHO criteria. Results: There is
no correlation between expression of SPARC and invasion in
different grades of meningioma. Conclusion: SPARC does not
appear to be a good predictor of invasion in meningiomas.

Meningiomas are the second most common brain tumours in
adults, arising from the arachnoid cells of the meninges. They
account for approximately one third of all primary intracranial
tumours. Meningiomas have a female predominance as they
are twice as common in women as in men. The incidence rises
with age and the tumors are most common in middle-aged or

elderly people. It is higher after the fifth decade and peaks in
the sixth and seventh decade. Indeed, a substantial portion
remain unnoticed or are detected at autopsy alone. Long-term
prognosis for cranial meningiomas is generally good as the
overall 5-year survival is reported to be over 80% (1-3). 

Grade I meningiomas are typically benign and non-
invasive, based on their histological characteristics. These
slow growing neoplasms are usually resected surgically. In
higher grades of meningiomas, if invasion of the adjacent
bone occurs, it is not always possible to remove it completely.
The probability of recurrence in Grade II (atypical) and III
(malignant) meningiomas is dependent on various factors
including invasion into the parenchyma of the brain. 

According to the previous World Health Organization
(WHO) classification, 2007, Grade I (benign) meningiomas
have a low risk of recurrence and aggressive growth with 22
subtypes. Grade II (atypical) meningiomas are more likely to
recur whilst Grade III (anaplastic) meningiomas have the
greatest likelihood of recurrence and/or are more aggressive
(4). However, the current WHO Classification (2016) has
included brain invasion as a grading criterion for atypical
meningiomas, Grade II (5). Moreover, atypical meningiomas
can also be diagnosed on the basis of 3 out of 5 additional
criteria of histological features: mitosis, spontaneous necrosis,
hypercellularity, small cell formation and sheeting architecture. 

Invasion is defined as penetration of the brain parenchyma
by nests of meningioma cells. As with gliomas, infiltrative
invasion into the contiguous brain is also considered to be a
vital step of tumour progression and indeed recurrence in
meningiomas. Extracellular matrix (ECM) proteins are
thought to play an important role in invasive meningiomas
and in progression to malignancy. We have previously
studied a battery of matrix metalloproteinases (MMPs) and
ADAMs (a disintegrin and metalloproteinase) in
meningiomas which are implicated as mediators of invasion
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(6). We suggested that elevated gene expression patterns of
these proteins may also indicate biological progression and
recurrence.

It is important to understand how cancer cells interact with
their microenvironment in order to elucidate pathways that
control tumour growth, invasion and progression (7-10). The
tumour microenvironment comprises tumour cells, ECM,
pericytes, fibroblasts, endothelial cells and resident
leukocytes (11). ECM is a remodelling network which not
only provides a structural framework for cells but also
regulates proliferation, migration, survival etc. In turn, it is
regulated by matricellular proteins (a functional family of
extracellular proteins). An example of the latter is secreted
protein, acidic and rich in cysteine (SPARC) which is a
multifunctional glycoprotein. It is also known as basement
membrane – 40 (MB-40) or osteonectin (12) and is secreted
by endothelial cells.

The role of SPARC in tumourigenesis is somewhat
paradoxical. It is reported to have a role in multiple biological
functions including proliferation, cell adhesion, migration,
invasion, angiogenesis and apoptosis. The differential
expression of SPARC in tumours and its surrounding stroma
in various cancers is well documented. It appears that in some
types of cancers, it functions as a tumour suppressor whilst in
others it is a tumour promoter. Low levels of SPARC
expression in neuroblastomas, leukaemia, ovarian, pancreatic
and colorectal cancers support the former whereas higher levels
seen in gliomas, breast cancers and melanomas support the
latter (13-16). 

Rempel and colleagues have extensively studied the
overexpression of SPARC in gliomas, particularly earlier
studies in the tumour/brain interface which implicated its
role in invasion (17) and delayed tumour growth (18). They
also investigated various signal pathways involved (19-21).
Furthermore, they first suggested that SPARC was a potential
diagnostic marker of invasive meningiomas as it was
expressed in the invading edge of infiltrating recurrent
meningiomas but lacking in non-invasive ones (22).
However, in comparison to gliomas, expression of SPARC
in meningiomas has not been that well studied.

With changes in WHO classification (2007 and 2016)
regarding atypical meningiomas and invasion, some Grade I
meningiomas which were seemingly benign with invasive
potential are now included in the Grade II category (5). It is of
interest to re-evaluate previous lack of SPARC expression with
benign meningiomas under the current WHO classification.

The aim of this study was to investigate if there is still a
correlation between the grade of meningiomas and
immunohistochemical expression of SPARC in a series of
meningiomas which were previously classified as Grade I or
Grade II, with and some without invasion. To further assess
any correlation with recurrence, some patients were followed-
up as long as possible, up to 14 years after diagnosis. 

Materials and Methods

Tissue specimens. Surgical samples from patients with meningiomas
of different grades were obtained from the neurosurgical staff of
King’s College Hospital, London. At the time of neurosurgery,
written informed consent was obtained from 34 patients. This study
was approved by the Ethical Committee of King’s College Hospital
(LREC no: 00-173). The specimens were selected from biopsies
collected between 1985 and 2001. 

Clinical and pathological features. All resected specimens were
fixed in formalin and embedded in paraffin for pathological
diagnosis. The tumour site of the samples included olfactory
groove, parasagittal, frontal, parietal, occipital as well as
sphenoid wing. The 34 samples used in this study were
diagnosed twice; initially according to the 2002 WHO criteria
(23) and then the revised 2007 WHO criteria (4) and then further
re-diagnosed using the 2016 criteria (5) by a neuropathologist
with respect to invasion in Grade II meningioma. The main
clinicopathological data are summarised in Table I. Of the 34
selected patients, there were 13 males and 21 females between
the ages of 21 and 84 with a mean age of 62. There were 7
patients diagnosed with Grade I (4 of which had the fibroblastic
subtype), 26 with Grade II, atypical and 1 with Grade III,
malignant meningioma. 

Immunohistochemistry (IHC). Paraffin-embedded sections (7 μm)
were stained with H&E (Haematoxylin and Eosin) for routine
histopathological evaluation. In addition, immunohistochemical
analysis for expression of SPARC was also carried out. Briefly,
formalin fixed, paraffin-embedded sections were subjected to
deparaffinisation followed by rehydration with xylene and ethanol,
respectively, at room temperature. The endogenous peroxidase
activity was blocked by immersing the slides in 3% hydrogen
peroxide in methanol for 10 min. The sections were then heated in
a microwave oven in a preheated citrate buffer pH6 and then cooled
for 20 min. Then they were rinsed in phosphate buffered saline
(PBS) solution and incubated with normal sheep serum (Sigma
Aldrich, Gillingham, Dorset, UK) for 20 min. 

The sections were incubated overnight at 4˚C with the primary
anti-SPARC antibody (Invitrogen, Camarillo, CA, USA) in a
1:1,000 dilution. After three washes with PBS buffer, they were
incubated with biotinylated anti-mouse secondary antibody (1:400)
for 45 min. Then the sections were finally developed with DAB (3,
3'-diaminobenzidine), rinsed and mounted. Negative control sections
were incubated with phosphate buffered saline (PBS) or with
irrelevant IgG monoclonal antibody. A neuropathologist blindly
reviewed each section and graded the staining intensity as negative
(-ve), weak positivity (+), moderate positivity (++) and strong
positivity (+++).

Later, when the proliferative maker, Ki67, was included for
routine histological diagnostics purposes in our laboratories, it was
possible to include only the latter 9 cases out of the 34 selected for
it. This immunohistochemistry analysis was used to check for any
correlation with recurrence of the tumour assessed clinically.
Although, all patients were usually followed-up, some of them for
had subsequently been transferred to other hospitals for various
reasons. So, for this study, only 11 out of 34 patients were followed-
up over a period of several years after diagnosis with respect to
recurrence.
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Results

Table I shows the clinical data, anatomical site and WHO
classification grades of the 34 meningioma patients in this study.
They underwent neurosurgery at King’s College Hospital,
London, between 1985 and 2001. According to the earlier WHO
criteria (2000), there were 17 patients with Grade I (benign, 9
non-invasive and 8 invasive), 15 with Grade II (atypical, 6 non-
invasive and 9 invasive) and 2 with Grade III (malignant, 1 non-
invasive and 1invasive). However, it was deemed necessary to
re-classify this cohort of patients as some of them were still
being followed-up after 2007. This time, the numbers of patients
in Grades I, II and III changed to 7, 26 and 1, respectively
(Table I) under the WHO 2007 classification which considers
all brain-invasive meningiomas as WHO Grade II.
Subsequently, there were no further changes in these groups
since the current WHO classification (2016) for meningiomas

did not undergo revision, apart from the introduction of brain
invasion as a stand-alone criterion for the diagnosis of WHO
Grade II, atypical meningioma. For comparison purposes, the
last column in Table I was included to reflect changes in 14 out
of 34 cases between current WHO classification and that of
2000 e.g. cases [S25-S32] were diagnosed as Grade I previously
but as Grade II in 2007 and 2016.

Table II show that these 34 cases were put into 5 categorises:
group 1 had 7 benign meningiomas, groups 2, 3 and 4 were all
atypical meningiomas with 10, 7 and 9 cases, respectively
whilst group 5 only had 1 malignant meningioma. Histological
criteria of invasion (H&E) for atypical meningiomas also used
in the past include the presence of 3 of 5 histological features:
macronuclei, spontaneous necrosis, hypercellularity, small cell
formation and sheeting architecture. In addition, the
neuropathologist’s diagnosis included cords or nests of tumour
cells invading brain parenchyma as a feature. 
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Table I. Clinical data, anatomical site and WHO classification of 34 meningioma cases studied. 

Case                 Age             Gender                      Anatomical site                    Histological subtype           Grade WHO 2016            Grade WHO 2000

[S01]                 54                    F                          Olfactory groove                          Meningioma                                I                                          
[S02]                 34                    F                               Parasagittal                               Fibroblastic                                 I                                          
[S03]                 38                    F                   R Cerebellopontine Angle                  Meningioma                                I                                          
[S04]                 69                    F                               Subfrontal                              Meningioma                                I                                          
[S05]                 51                    F                                  Frontal                                   Fibroblastic                                 I                                          
[S06]                 76                    F                                  Parietal                                  Fibroblastic                                 I                                          
[S07]                 21                   M                         Intracranial NOS                          Fibroblastic                                 I                                   Invasive
[S08]                 65                    F                          R Fronto-parietal                             Atypical                                   II                                        I 
[S09]                 66                   M                         Intracranial NOS                             Atypical                                   II                                         
[S10]                 68                    F                       R Parietal convexity                          Atypical                                   II                                         
[S11]                 74                   M                         R sphenoid wing                             Atypical                                   II                                         
[S12]                 53                   M                         L Fronto-parietal                             Atypical                                   II                                         
[S13]                 76                   M                            L Parasagittal                                Atypical                                   II                                         
[S14]                 52                   M                        R Parieto-occipital                            Atypical                                   II                                         
[S15]                 80                    F                                L Parietal                                   Atypical                                   II                                         
[S16]                 54                    F                                L Frontal                                   Atypical                                   II                                  Invasive
[S17]                 78                   M                         L Fronto-parietal                             Atypical                                   II                                  Invasive
[S18]                 70                    F                                R Frontal                                   Atypical                                   II                                         
[S19]                 73                   M                      L Frontal parasagittal                          Atypical                                   II                                         
[S20]                 82                    F                                R Frontal                                   Atypical                                   II                                         
[S21]                 73                   M                               R Frontal                                   Atypical                                   II                                         
[S22]                 52                    F                      R Parietal parasagittal                         Atypical                                   II                                         
[S23]                 79                   M                      L Frontal parasagittal                          Atypical                                   II                                         
[S24]                 78                    F                              Parasaggital                                 Atypical                                   II                                       III
[S25]                 62                    F                            Fronto-parietal                               Atypical                                   II                                        I
[S26]                 45                    F                          Olfactory groove                             Atypical                                   II                                I, invasive
[S27]                 60                   M                            R Parasagittal                                Atypical                                   II                                I, invasive
[S28]                 47                    F                               R Occipital                                  Atypical                                   II                                I, invasive
[S29]                 84                   M                        L Fronto-temporal                            Atypical                                   II                                I, invasive
[S30]                 61                   M                            R Parasagittal                                Atypical                                   II                                I, invasive
[S31]                 58                    F                                  Frontal                                     Atypical                                   II                                I, invasive
[S32]                 77                    F                                L Frontal                                    Atypical                                   II                                I, invasive
[S33]                 71                    F                                  Frontal                                     Atypical                                   II                                         
[S34]                 43                    F                          R Sphenoid wing                           Malignant                                 III                          III, Non-invasive

L: Left, R: right, NOS: not otherwise specified. The last column reflects previous WHO classification (2000) if different from current one (2016).



The immunohistochemistry results for SPARC staining in
Table II show that in group 1, of the 7 cases of Grade I
meningiomas (with no invasion), 1 had diffuse strong
positivity, 1 had focal strong positivity, especially at the edge

of the tumour, 2 had moderate and 3 had none in the tumour.
Case [S05] also had moderate positivity at the interface.

Of the 10 Grade II atypical meningiomas with no invasion
(H&E) in the second group, 3 had strong focal positivity, 1
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Table II. SPARC expression using immunohistochemistry in 5 groups of meningiomas studied.

Case no.        Diagnosis        Grade     Invasion     *Grade II defined                      Staining (SPARC)                            Ki67 expression      Follow-up
                                                               (H+E)         only by invasion
                                                                                                                            Tumour                       Margin

Group 1 
[S01]          Meningioma          I              No                                                    Focal +++ 
                                                                                                                     (especially edge)                                                                                        
[S02]           Fibroblastic          I              No                                                          -ve                                                                                                   
[S03            Meningioma          I              No                                                  Diffuse +++                                                                                            
[S04]          Meningioma          I              No                                                          -ve                                                                    Mod                        
[S05]           Fibroblastic          I              No                                                     Focal ++                 ++ (interface)                                                       
[S06]           Fibroblastic          I              No                                                          -ve                                                                                                   
[S07]           Fibroblastic          I              No                                               Focal ++ (edge)                                                                                         

Group 2                                                                                                                                                                                                                            
[S08]             Atypical            II             No                      N/A                             -ve                                                                                                   
[S09]             Atypical            II             No                      N/A                 +/– blood vessels                                                        Mod                        
[S10]             Atypical            II             No                      N/A                       Focal +++               +++(interface)                                                      
[S11]              Atypical            II             No                      N/A                       Focal +++ 
                                                                                                                     (especially edge)                                                                                        
[S12]              Atypical             II             No                      N/A                             -ve                                                                                          Recurrence
[S13]             Atypical            II             No                      N/A                         Focal +                                                                                                
[S14]             Atypical            II             No                      N/A                      Focal +/++                                                                                   Recurrence
[S15]             Atypical            II             No                      N/A                             -ve                                                                                                   
[S16]             Atypical            II             No                      N/A                       Focal +++                        +++                               13%               Recurrence
[S17]             Atypical            II             No                      N/A                             -ve                                                                                          Recurrence

Group 3                                                                                                                                                                                                                           
[S18]             Atypical            II             Yes                      No                          Focal +                                                                 7%                Recurrence
[S19]             Atypical            II             Yes                      No                        Focal +++        Invasive bulges ++/+++               10%               Recurrence
[S20]             Atypical            II             Yes                      No                          Focal +                       + (nests)                           focal                        
[S21]             Atypical            II             Yes                      No                          Focal +             +/– (invasive nests)           Mod but foci 
                                                                                                                                                                                                       of high 
                                                                                                                                                                                                       activity                      
[S22]             Atypical            II             Yes                      No                        Focal +++                 +/++ (nests)                        2-3%                       
[S23]             Atypical            II             Yes                      No                        Focal +++                 + (interface)                                              Recurrence
[S24]              Atypical             II             Yes                      No                        Focal +++                 +/++ (nests)                                                        

Group 4                                                                                                                                                                                                                            
[S25]             *Atypical            II             Yes                      Yes                        Focal +++               +++ (interface)                                                     
[S26]             *Atypical            II             Yes                      Yes                      Diffuse +++                      +++                                                     Recurrence
[S27]             *Atypical            II             Yes                      Yes                        Focal +++                  +++ (nests)                                                         
[S28]             *Atypical            II             Yes                      Yes                       Focal +/++                  + (bulges)                                                          
[S29]            *Atypical           II             Yes                      Yes                        Focal +++                  +++ (nests)                                                         
[S30]             *Atypical            II             Yes                      Yes                       Focal +/++                                                                                   Recurrence
[S31]             *Atypical            II             Yes                      Yes                         Focal++                                                                                               
[S32]             *Atypical            II             Yes                      Yes                              -ve                                                                                          Recurrence
[S33]             *Atypical            II             Yes                      Yes                        Focal +++          +++ (invasive nests)                                                 

Group 5                                                                                                                                                                                                                            
[S34]            Malignant           III             No                       No                        Focal +++                                                          20-30%           Recurrence
                                                                                                                     (especially edge)                                                    very high

*Refers to Atypical Grade II meningiomas which are put into this category solely because of the identification of brain invasion and not by other
histological criteria. Staining: -ve=negative, +=weak positivity, ++=moderate positivity, +++=strong positivity.



weak/moderate in the tumour, 2 weak positivity and 4 were
negative. Two of them ([S10] and [S16]) also had strong
positivity in the interface. Figure 1A illustrates this both in
the tumour and the interface for case [S10]. In group 3, of
the 7 Grade II cases with invasion demonstrated on H&E but
not seen on SPARC sections, 4 had strong positivity whereas
the other 3 had weak positivity in the tumour. All of them
showed positivity in the tumour margin as well. [S19] had
moderate to strong positivity bulges whilst others had either

weak or strong positivity in the nests for 4 cases: [S20],
[S21], [S22] and [S24] (Figure 1B). 

For this study patients in group 4 (*atypical meningiomas)
were put into this category solely because of the identification
of brain invasion and not by other histological criteria. The 9
cases in this group with invasion, demonstrated both on H&E
and SPARC sections had focal strong positivity in the tumour
in 4 of them, weak to moderate focal in 2 cases and no
positivity in one. Diffuse strong positivity was seen in 1 case.
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Figure 1. Representative SPARC expression by immunohistochemistry in 4 cases of Grade II atypical meningioma. (A) Case [S10] (Group 2), no
invasion seen but very strong focal SPARC staining in tumour and interface ×20 magnification. (B) Case [S24] (Group 3) meningioma with invasion,
very strong focal SPARC staining in tumour and strong staining (nests) at interface ×20 magnification. (C) Case [S26] (Group 4) meningioma with
invasion, very strong diffuse SPARC staining in tumour and margin ×20 magnification. (D) Case [S27] (Group 4) meningioma with invasion, very
strong staining at interface (nests) ×40 magnification.



In 3 cases ([S27], [S29] and [S33]), the invasive nests also
showed strong positivity. Figure 1C shows very strong diffuse
positivity for SPARC in case [S26] in the tumour and the
margin whereas Figure 1D illustrates very strong staining in
the nests at the interface. The last group comprised only 1
case (Grade III) with no invasion but strong focal positivity
in the tumour, especially at the edge.

Collectively, out of the 34 cases studied, 8 benign and 5
atypical meningiomas showed no expression of SPARC at
all. This suggests a lack of correlation between SPARC
expression and invasive potential of meningiomas.

The proliferative marker Ki67/MIB-1 which is associated
with risk of recurrence was only tested in 9 out of 34 cases
when introduced as routine histological diagnosis (Table II).
In group 1, Ki67 was moderately expressed in one benign
meningioma [S04]. One of 2 atypical meningiomas in group
2 [S09] had shown moderate expression of this marker whilst
the second case [S16] had 13% Ki67 expression which
correlated with recurrence 2 years after first diagnosis. In
this group, tumour recurrence was noted in 4 out of 10 cases,
at various times. In group 3, 5 out of 7 cases had
low/moderate expression of the proliferative marker. In cases
[S18] and [S19] expression of Ki67 at 7% and 10%
respectively correlated with recurrence seen 2 years after
diagnosis. In group 4, 3 out of 9 showed tumour recurrence.
In the last group, the malignant meningioma [S34] had the
highest Ki67 expression (20-30%) as well as recurrence.

Discussion

Although benign meningiomas (Grade I) grow slowly by
expansion, some of them have invasive potential and are
known to invade not only brain parenchyma but also bone.
This is due to their ability to extend into mesenchymal tissue.
Clinical considerations and impact on neuropathological
evaluation of brain invasion in meningiomas has been
reviewed by other workers (24). Histologically, the definition
of brain invasive growth previously was “the presence of
meningioma tissue within adjacent brain without a separating
connective tissue layer” (25). Brain invasion has also been
defined frequently according to the distinct infiltrative growth
pattern of “tongue- or finger-like protrusion of the tumour into
the adjacent brain tissue” (26-28). Others have reported diffuse
(single cell spreading) (29) or cluster-like invasion (clustered
“nests/islands of tumour cells” into the adjacent brain
parenchyma (30). 

Since the pioneering work of Perry and co-workers (25)
gave the first definition of invasive growth over 2 decades
ago, the stand-alone criterion for atypical meningiomas for
histopathological grading is brain invasion. In this study,
some of the cases which were considered according to WHO
classification to be benign meningiomas in 2000 (23) had
been re-classified subsequently as atypical (Grade II) in 2007

(4) with very little change for these neoplasms in 2016 (5).
Hence the meningiomas studied were predominantly
atypical. Obviously, the changes in the WHO criteria and re-
assigning of grades, has resulted in increased diagnosis of
atypical meningiomas. 

Trying to compare our results with data from retrospective
studies which used older WHO criteria may not be applicable
or appropriate. Additionally, sometimes results based on
different methods of analysis, groups of samples or tissue
type (e.g. paraffin sections or cultured cells etc.) are difficult
to compare as this may lead to contradictory conclusions. 

There is ample data on SPARC and other cancers (13-16)
as well as gliomas (16-21) in the literature but very few
studies have been reported its significance in invasive
and/or recurrent meningiomas. This study showed that
positive staining for SPARC to some degree was detected
in 4 out of 7 benign meningiomas in group 1 with no
invasion (H&E). In the 3 categories of Grade II
meningiomas, there was no expression of SPARC in 5 out
of 26 cases. The above mentioned contributing factors
(WHO reclassification and/or methodology) may explain
why our results from SPARC immunohistochemistry do not
agree with one of the earliest studies by Rempel et al. (22).
Unlike us, they compared 2 groups of meningiomas: non-
recurrent (9 Grade I, non-invasive) with recurrent (9 Grade
I, II and III, invasive). SPARC was expressed in the
invading edge of infiltrating meningiomas in the latter
group and they suggested this multifunctional protein was
a potential diagnostic marker of invasion. Moreover,
Rempel’s study of 29 cases (1999) was based not only on
the older WHO classification of 1993 but could have also
reflected a natural variation in population. The key factors
which differentiate their study from ours (based on the
latest WHO classification) is probably the activity of the
SPARC protein and that invasiveness might depend on
ECM. Indeed, if invasion is close to the leptomeninges or
further away from it, there is likely to be variability of
ECM proteins depending on its location. Additionally,
SPARC could be a transient marker related to cell cycle or
ECM proteins. Nonetheless, it is not known if invasion is
linked to any proteins. 

Later, another group, using the WHO classification criteria
of 2000 looked at patterns of SPARC expression at the
tumour-brain border in 51 brain-invasive meningiomas (31
Grade I, 11 Grade II and 9 Grade III) (31). It is likely that
under the current classification, some of the Grade I
meningiomas they studied were really Grade II. However,
our findings are consistent with theirs as SPARC expression
was found in tumour cells and not just restricted to the
tumour-brain border as well as non-invasive and invasive
meningiomas. However, they saw diffuse cytoplasmic
labelling of the tumour mass in contract to our results which
showed focal staining. In agreement with their suggestion,
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our findings do not support the notion that SPARC is a
prognostic or universal marker for distinguishing
meningiomas which are either brain-invasive or non-
invasive. Mawrin et al. (32) have shown that SPARC was
increased in aggressive meningiomas but they used different
techniques as well as cell lines (in vitro) and therefore not
entirely comparable to the present study. They have also
highlighted in a relatively more recent systematic review
(33) the impact of histological grading in the WHO
classification of meningiomas since 1979.

At the time of collection of the first samples for this study
in 1985, the proliferative marker, Ki67/MIB-1 was not
included routinely in our Neuropathology diagnostic
laboratories, but introduced much later. Subsequently, only 9
out of 34 cases were stained with Ki67 for histological
diagnosis. Another finding from our study, (albeit with limited
data) was that the expression of this proliferative marker
showed some correlation with recurrence. Other studies have
associated Ki67 expression with risk of recurrence. It has
become an important diagnostic and prognostic tool for the
identification of aggressive meningiomas (34, 35).

It is considered that the presence of brain invasion predicts
aggressive clinical behaviour and recurrence in
meningiomas. The recurrence rate, after complete resection
is approximately 10-32% within 10 years. In terms of
clinical outcome, it was possible to follow-up only some of
the patients in this study for various reasons (e.g. the patient
was transferred to another hospital). Recurrence was noted
(Table II) in approximately one third of patients (10 Grade
II and 1 Grade III). The first of these 11 patients in Group 2
(Table II) was a 53-year-old male [S12] who underwent a
left frontoparietal craniotomy and excision of meningioma
in 1998. Ten years later, some recurrence was seen on CT
scan and noted to be slow-growing. No further surgery was
recommended. The next patient was a 52 year old male [S14]
who previously had craniotomy for right parieto-occipital
meningioma in 1995. Fourteen years later, in 2009, a small
volume of residual/recurrence was seen on the follow-up
scans. Again, no surgery was done this time. The third
patient [S16] was a 54-year-old female whose first surgery
was in 1998 to excise a left frontal meningioma. She
underwent a second surgery 2 years later due to a large
recurrent bilateral parasagittal tumour which showed
widespread infiltration of dura in the biopsy report. The next
patient [S17] was a 78-year-old male who was diagnosed
with a left fronto-parietal meningioma in1998. Recurrence
was seen on CT scans 4 years later but no surgery or
radiotherapy was deemed necessary.

The fifth patient [S18] from group 3 (Table II) was a 70-
year-old male with a right frontal meningioma excised in
2000. There was a bilateral hemisphere involvement noticed
on follow-up scans, 4 years later, suggesting recurrence but
was considered to be inoperable. A 73-year-old male [S19]

had left frontal parasagittal meningioma resected in 2000.
Within 2 years, he had a large recurrence which extended to
the corpus callosum. The seventh patient was a 79-year-old
male [S23] who had debulking surgery for left frontal
parasagittal meningioma. Extensive tumour recurrence was
seen in the CT scans 2 years on.

In Group 4, a 45-year-old female [S26] had a total
resection for a large olfactory grove meningioma in 1985.
She had recurrence 10 years later which was excised again.
In 1997 (12 years on), there were small recurrences in 2
areas separated by infiltrated dura. This was not considered
to be malignant as it was classified as Grade I then. In 2003,
she underwent a third frontal craniotomy and survived
another 3 years. The ninth patient [S30] was a 61-year-old
male who had his first surgery in 1998 for excision of right
parasagittal meningioma. He had an elective resection for
recurrent meningioma in 2011. The tenth patient [S32] was
a 77-year-old female with a large frontal meningioma which
was excised but it recurred 3 years later. 

The eleventh patient from Group 5 [S34] was a 43-year-
old female who had surgical resection for right sphenoid wing
meningioma (Grade III) in 2000, followed by Gamma knife
in 2004, further resection for recurrence in 2012 and repeat
Gamma knife in 2014, fourteen years after first diagnosis.

It is noteworthy that no recurrence was seen in any of the
benign meningiomas (Grade I) as expected. Moreover, 3 of
the atypical meningiomas ([S12], [S17] and [S32]) which
showed recurrence did not express SPARC. It can be
concluded that SPARC does not appear to be a good predictor
of invasion in meningiomas in the histological sections
studied. The SPARC results did not differentiate between
grades. Further studies include evaluating other possible
diagnostic and prognostic factors, as well are associated with
invasion and recurrence in a larger cohort of patients.
Additionally, DNA methylation profiling for meningiomas
(36) has been proposed as a more powerful predictor of
clinical behaviour than the current WHO classification. It has
been suggested that this approach may identify patients who
could have benign tumours according to WHO criteria, but
who have a high risk of rapid recurrence. The relationship
between SPARC expression and methylation classes of
meningiomas merits further investigation.
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