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Abstract

Background The most common chromosomal
aberration found in meningiomas is monosomy 22.
Progression and recurrence of meningiomas are usually
associated with additional chromosome losses. Rarely,
however, meningiomas have strongly hyperdiploid
karyotypes with over 50 chromosomes; the objective of
this study was to explore the cytogenetic and histo-
pathologic patterns as well as the clinical significance of
hyperdiploidy in meningiomas.

Methods Within a series of 677 consecutive menin-
giomas, we identified a subgroup comprising 16 cases
that display a strikingly uniform pattern of hyperdi-
ploidy mostly without structural chromosome
rearrangements, as shown by banding techniques
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and, in the single structurally aberrant case, spectral
karyotyping.

Results These meningiomas each have between 50 and
56 chromosomes, with trisomy 12 (14/16 cases), trisomy
20 (13/16 cases), trisomy 5 (12/16 cases), and trisomy 17
(10/16 cases). Histomorphologically, hyperdiploid
meningiomas feature a heterogeneous phenotype.
However, they are associated with a higher histological
grade, and decreased expression of alkaline phosphatase
as compared to meningiomas with typical karyotype. In
two patients, recurrences were documented and three
patients died of disease during the period of observation,
indicating a worse prognosis of hyperdiploid than of
cytogenetically typical meningiomas.

Conclusion We  conclude that hyperdiploidy
constitutes a small but clinically relevant entity of
biologically aggressive meningiomas, which are cytoge-
netically distinguishable from the majority of common-
type meningiomas.

Keywords Meningioma - Cytogenetics -
Hyperdiploidy - Progression

Introduction

Meningiomas, which arise from the arachnoidal layer
of the brain coverings, account for about 20% of pri-
mary tumors of the central nervous system. Although
meningiomas are usually benign WHO grade I tumors,
about 10% of meningiomas are more aggressive
(grades II or III) and tend to recur [1]. The
most common primary cytogenetic feature of all grades
of meningioma is monosomy 22, whereas tumor
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progression and recurrence is associated with stronger
hypodiploidy, in particular monosomy of chromosomes
14 and/or 18, and loss of the short arm of a chromo-
some 1 [2-6]. Hyperdiploidy, on the other hand, has
long been known to be found in rare instances of
meningiomas [2, 7, 8]. Beyond these anecdotal reports
of karyotypes, hyperdiploidy in meningiomas has been
demonstrated so far mainly through FISH with probes
for single chromosomes, such as # 6, 7, 10, 17, 20, 22,
and X [9-11]. While gains of chromosome 22 have
been shown to be associated with aggressive clinical
features of meningiomas [12, 13], no conclusive data is
at hand so far on the overall pattern of chromosome
gains in hyperdiploid meningiomas.

We here present a series of 16 markedly hyperdi-
ploid meningiomas, taken from a long-term consecu-
tive study on 677 cytogenetically characterized
meningiomas, which display a non-random pattern of
trisomies and tetrasomies, along with absence of the
otherwise typical monosomy 22 in all but two cases.
The hyperdiploid karyotype of these tumors is shown
to be associated with a more aggressive behavior, thus
defining hyperdiploid meningiomas as a clinically
important cytogenetic tumor entity.

Materials and methods
Patients

This retrospective study was composed of 16 patients
[13 women (w) and 3 men (m)] with hyperdiploid
meningiomas who underwent surgery at the Depart-
ment of Neurosurgery, Saarland University, between
January 1973 and April 2005. The mean age + SD was
58.8 + 13.2 years. The mean age of the female patients
was 57.4 + 14.1 years and that of the male patients was
65 + 5.6 years. Written informed consent was obtained
from each patient participating in the study.

The group of these 16 hyperdiploid meningiomas
was compared with a control group of meningiomas
(n = 661) belonging to the following genetic progres-
sion score (GPS—see Sect. Statistical analysis’)
groups:

— meningiomas with normal chromosome set (GPS
group 0; n = 280),

— meningiomas with monosomy 22 as the sole cytoge-
netic aberration (GPS group 1; n = 241),

— markedly hypodiploid meningiomas with or without
1p-, i.e., deletions of the short arm of a chromosome
1 (GPS group 2; n = 140).
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The mean age in the comparison group was
57.3 years (SD =+ 12.8 years).

Clinical variables

The clinical variables included patient sex and age,
tumor location, and the completeness of tumor
extirpation.

According to Olivecrona [14], we defined the fol-
lowing eight groups with respect to the location of the
meningioma: convexity, parasagittal region, tubercu-
lum sellae, olfactory groove, sphenoid wing ridge,
posterior cranial fossa, tentorium, and spinal canal.
The classification was made on the basis of a review of
the preoperative CT and MR images.

Complete surgical extirpation of the tumor was
defined as Simpson grade I or II, corresponding to a
macroscopically determined complete tumor resection
with bipolar coagulation of the dural insertion [15].

Postoperatively, the patients were examined in our
neurosurgical outpatient department either at sched-
uled follow-up intervals or when neurological symp-
toms had appeared. Two patients with hyperdiploid
meningiomas were lost to follow-up after 1 month, one
of these died within 1 month after resection. The mean
period of observation of patients with hyperdiploid
meningiomas was 60.1 months and 40.3 months for the
control group, respectively.

Cytogenetic and histological analysis

Tissue specimens from tumors were obtained freshly
after surgery and processed according to previously
described methods [16]. The cell cultures were grown
in Dulbecco’s modified Eagle’s minimal essential
medium supplemented with 10% fetal calf serum and
antibiotics. Chromosome preparation from primary
cultures, GTG-banding, and karyotyping followed
standard procedures. Spectral karyotyping (SKY) of
metaphase spreads was performed using an ASI
SpectraCube (Applied Spectral Imaging) according to
standard protocols [17].

Formalin fixed and paraffin embedded sections of
15 meningiomas were used for histomorphological
analysis and immunohistochemical staining for Ki-67
(monoclonal antibody Ki-S5, DAKO Cytomation,
Denmark; 1:50, microwave). For case no. 2, no material
for histopathologic examination was available.
The following histological parameters indicating a
greater likelihood of recurrence and/or aggressive
behavior [18-20] were evaluated for each of the 15
tumors: loss of lobular structure, increased mitotic
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activity, prominent nucleoli, increased cellularity, small
cells with high nuclear/cytoplasmic ratio, foci of spon-
taneous necrosis, and brain invasion. In nine cases of
the hyperdiploid group, histochemical detection of
alkaline phosphatase was performed in cryostat sec-
tions with hexazotized triamino-tritolyl-methane-chlo-
ride (Neufuchsin; Merck, Germany) as described
previously [21]. The Ki-67 labeling index (LI)—defined
as the percentage of immunostained nuclei divided by
the total number of nuclei—was assessed for each of
those 15 hyperdiploid meningiomas by means of an
image analysis program based on ImageJ developed by
one of the authors [22]. Tumor grading was determined
for all hyperdiploid and control meningiomas accord-
ing to the criteria defined by the World Health Orga-
nization [18].

Statistical analysis
Oncogenetic tree models

Mixtures of oncogenetic trees were used to describe
the ordered accumulation of genetic aberrations during
tumor progression. In a single oncogenetic tree, verti-
ces represent genetic events and edges between verti-
ces represent transitions between the events. Each
edge is associated with the probability that the suc-
cessor event will occur, given the predecessor event has
already occurred. In the model genetic events are
assumed to be non-reversible, thus the disease process
can be fully described by the accumulation of genetic
aberrations. Every tumor is assigned to a specific tree
according to the relative likelihood that its genetic
pattern was generated by this tree. The mixture
weights associated with the single trees then represent
the sum over all tumors. The weight of the star-like
tree thus indicates the proportion of tumors whose
progression is not described by the other estimated
components. Oncogenetic trees mixture models can be
estimated from data consisting of genetic patterns with
an Expectation-Maximization algorithm introduced by
Beerenwinkel et al. [23, 24].

Genetic progression score

In oncogenetic tree models consecutive genetic aber-
rations are associated with corresponding conditional
transition probabilities. These probabilities can be
converted to average waiting times, by assuming
Poisson processes for the occurrence of aberrations,
see Rahnenfiihrer et al. [25] for details. The GPS of a
tumor then is defined as the average waiting time of its

pattern of genetic aberrations, given the underlying
tree mixture model. Tumors with few aberrations that
appear early in the tree model receive low GPS values,
whereas tumors with many late aberrations in the tree
model are associated with higher GPS values.

Results
Clinical findings

Among patients with hyperdiploid meningiomas,
female patients predominated over male patients, with
a sex ratio of 4.33:1. On average, male patients were
slightly but not significantly older than female patients.
Table 1 gives an overview of the clinical data of the
meningiomas and the karyotypes established from the
tumor samples.

Thirteen of the 16 hyperdiploid tumors were located
at the convexity and parasagittal region. Only three
were located at the skull base, and no tumor at the
spine. The preference of the convexity in the group of
hyperdiploid meningiomas was not significantly higher
than in the cytogenetically typical meningiomas
(p = 0.54).

We found two cases of recurrence after macro-
scopically total tumor removal according to Simpson
grade I. The two recurrent cases in this study represent
one male and one female patient. One case (no. 15)
recurred after 14 months, and the other (no. 10) after
74 months of follow-up. In case no. 9 after surgical
extirpation of the tumor, a radiation with 60 Gy to the
former tumor region was applied and no recurrence
arose after 16 years of follow-up. In our control group
recurrence was observed only in 6.2% of meningiomas
of GPS groups 0 and 1 but in 33.3% of tumors
belonging to the GPS group 2 (p = 2.1 x 10™°). In the
present investigation of the hyperdiploid meningiomas
12.5% of the cases showed recurrence. Compared to
our control group there was a tendency toward an
elevated recurrence rate but the difference was not
significant (p = 0.94).

Table 2 gives an overview of histomorphological
features of hyperdiploid meningiomas. The outstand-
ing features in all hyperdiploid meningiomas, except
cases no. 12 and 15, were patternless growth with loss
of lobular pattern or microcystic degeneration. In de-
tail, five tumors presented a predominantly microcystic
differentiation, eight tumors were classified as ‘‘syn-
cytial” subtype with patternless growth, including six
atypical meningiomas out of nine atypical meningio-
mas in the overall cohort. In two cases (no. 8 and 14) a
persistent epitheloid appearance of tumor cells with
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Table 1 Clinical and cytogenetic data of 16 hyperdiploid meningiomas

Case Sex/ Site Simpson Follow-up Course  Karyotype
no. age grade months of
disease

1 m/72 4 11 58 d 54, X, =Y, t(4:,5)(q35;q12), +5, +7, +9, +11, +12, +13,
+17, +18, +20[cp14]

2 /47 1 I 191 - 56, X, =X, +4, +5, 48, +12, +14, +15, +17, +18, +19, +20[cp18]

3 /70 4 11 35 - 54, XX, 43, +4, +5, +9, +12, +13, +15, +20[cp8]

4 /69 1 I 32 d 51, XX, 43, +5, +12, +13, +mar|cpl1]

5 m60 1 I 14 - 56, XY, +3, +4, -7, +10, +12, -13, +16, +19, +20, +20,
+4mar[cpl6]

6 /65 1 1 1 d 62, XX, +5, +5, +6, +7, +8, +9, +11, +13, +13, +16,
+17, +18, +18, +19, +20, +22[2]

7 /67 1 I 1 SD 51, XX, +12, +13, +16, +17, +20[8]

8 /65 1 I 36 - 54, XX, +3, 48, 49, +12, +13, +15, +20, +20[11]

9 /42 2 III 170 SD 50, XX, +4, +12, +17, +20[cp17]

10 f/61 1 I 14 r 52, XX, 45, +10, +12, +15, +17, +20[16]

11 1/56 1 1 35 - 59, XX, +4, +5, +5, +6, +7, +11, +12, +13, +16,
+17, +18, +19, +20[3]

12 /23 2 1 42 - 52, XX, 43, +5, +9, +10, +12, +17, -22[12]

13 773 1 1 24 - 53, XX, +3, +5, 48, 49, +12, +13, +20[cp5]

14 /54 1 1 24 - 53, XX, 45, +7, +10, +10, +12, +16, +17[15]

15 m64 2 1 89 r 50, XY, +3, +5, +12, +17, +20, —22[cp16]

16 /72 3 1 46 - 56, XXX, +3, +4, +5, +8, 49, +12, -13, 16,

+dic(13;16)(p13;p13), +17, +20, +20[cp10]

Site—I convexity, 2 parasagittal region, 3 olfactory groove, 4 sphenoid wing ridge; course of disease—r recurrence, d dead of disease,

SD stable disease

sharply marked cell borders was observed. Occasional
epitheloid patterns were also seen in cases no. 4, 7, and
11 (Fig. 1a). The microcystic meningiomas in particular
had numerous blood vessels. The vascular channels
were either thin-walled or had hyalinized, thickened
walls. All of the three meningiomas at the skull base

showed patternless growth without or only slight
microcystic degeneration. The cases no. 12 and 15
featured a persistent storiform growth pattern and
were classified as fibrous meningiomas (Fig. 1b). In the
cases no. 7 and 14, brain invasion was verifiable.
Necrosis in the absence of prior embolization were

Table 2 Histopathological features in 15 hyperdiploid meningiomas (except case no. 2, which was not available for evaluation)

Case WHO Patternless Microcystic Fibrous Prominent Mitotic Necrosis High Hyper- Brain AP Ki-67
no. grade growth pattern  nucleoli index® nuclear:  cellularity invasion activity LI (%)

cytoplasm

ratio
1 I + ++ - - 0 - - + - n.a. 3.5
3 II ++ + + 1 - - + - - 34
4 I ++ + - - 1 - ++ ++ - n.a 43
5 II + ++ + ++ 4 - - - - n.a. 45
6 I - ++ + - 0 - - - - n.a. 3
7 II ++ - - + 2 + ++ ++ ++ +/— 13.5
8 I ++ + - - 1 - - - - +/— 41
9 I + ++ - - 0 - - - - n.a. 32
10 I ++ + - - 1 - - - - n.a. 1.1
11 I + ++ - ++ 1 - - - - +/— 11.3
12 11 - - ++ + 2 ++ ++ + - - 11.9
13 II ++ + - + 4 - - + - - 4.5
14 11 ++ + - ++ 1 - + ++ ++ +/—- 8.2
15 II - - ++ ++ 0 + + - +/— 6.0
16 11 ++ - - - 2 + - - +/—- 33

[TEKL) I3}

represents absent, “‘+
phosphatase

n.a. not assessed
# Mitoses/10 high power fields

represents present, “‘++’
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Fig. 1 (a) Typical
histomorphology of a
hyperdiploid meningioma
with syncytial areas,
microcystic degeneration, and
epitheloid appearance;

(b) storiform growth pattern
(case no. 12); (¢) partial loss
of alkaline phosphatase
activity; (d) moderately
increased Ki-67 LI

(case no. 14)

found in three meningiomas (cases no. 7, 12, and 16).
Distribution of histopathological parameters, indicat-
ing a more aggressive biological behavior for each of
the cytogenetic subgroups are displayed in Table 3.
The likelihood for higher grade of malignancy, and loss
of expression of alkaline phosphatase were significantly
elevated for hyperdiploid meningiomas compared to
meningiomas with typical karyotype and were similar
to the findings in meningiomas with markedly hypo-
diploid karyotypes without loss of 1p. The overall
mean Ki-67 LI = SD of the investigated hyperdiploid
meningiomas was 5.7% =+ 3.6 and ranged from 1.1%
(case no. 10) to 13.5% in case no. 7 (Table 2).
Cytogenetically, the hyperdiploid meningiomas
comprise about 2.4% of all karyotyped meningiomas
within our collection. They are characterized by triso-
mies, rarely tetrasomies, of various autosomes, almost
uniformly in the absence of structural aberrations
(Fig. 2a, b). An apparent structural chromosome
rearrangement was encountered only in case no. 16;

SKY analysis confirms a dic(13;16)(p13;p13) to be the
only structural aberration among “pure” trisomies and
tetrasomy 20 (Fig. 3). Monosomy 22, the most frequent
chromosome aberration in meningiomas as a whole,
was rare among hyperdiploid tumors. The usual
cytogenetic markers of meningioma progression, i.e.,
further autosomal monosomies and monosomy 1p, did
not occur in this hyperdiploid series (Fig. 4).

Within the numerical aberrations among hyperdip-
loid meningiomas, a non-random although not uniform
pattern emerged. While chromosomes 1, 2, 21, and the
sex chromosomes were not involved, supernumerary
copies of chromosomes 5, 12, 17, and 20 were present
in more than half of the cases, among these trisomy 12
observed most frequently with 13/16 cases. In particu-
lar, combined trisomy 5-12-20 occurred in 8/16 cases,
and 5-12-17-20 in 6/16 cases.

The two fibrous meningiomas were the only speci-
mens with loss of chromosome 22. Furthermore, they
had gains of ( 3, 5, 12, and 17 in common.

Table 3 Comparison between cytogenetic subgroups regarding recurrence rate and clinical/histopathological features indicating an

aggressive behavior

Clinical feature

Cytogenetic subgroups broken down by GPS

GPS group 0

GPS group 1

GPS group 2 Hyperdiploid group

Recurrence
Tumor location at convexity
WHO grade II or III

27 (7.9%) (n = 343)
83 (24.2%) (n = 343)
73 (22.2%) (n = 328)

11 (4.0%) (n = 273)
92 (33.7%) (n = 273)
68 (24.9%) (n = 264)

15 (33.3%) (n = 45)
23 (51.1%) (n = 45)
29 (67.4%) (n = 43)

2 (12.5%) (n = 16)
10 (62.5%) (n = 16)
9 (60.0%) (n = 15)

GPS groups 0 and 1 refer to meningiomas without progression-associated chromosome changes, GPS group 2 refers to loss of 1p as the
most significant established progression-associated cytogenetic aberration
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Fig. 2 (a) Karyogram of case
no. §; karyotype 54, XX, +3,
+8, +9, +12, +13, +15, +20,
+20. (b) Karyogram of case

15; karyotype 46, XY, +3, +5,

+12, +17, +20, 22

Fig. 3 Spectral karyotype of
a hyperdiploid meningioma
(case no. 16). Note the
predominance of numerical
aberrations; the only
exception in this case is a
dic(13;16)(p13;p13)
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Fig. 4 Overview of numerical chromosome aberrations in 16
hyperdiploid meningiomas (X-axis—no. of chromosome;
Y-axis—no. of cases aberrant for the given chromosome). Note

the presence of trisomy 5, 12, 17, and 20 each in more than half of
the cases, with only two cases displaying monosomy 22

Discussion

Grading and prognostic assessment of meningiomas
have always been controversial. The biological behavior
of meningiomas can obviously not be accounted by
histologic parameters alone. In 1979, Ziilch stated that it
is not the histological grading which is most crucial for
the rate of recurrence of meningiomas, but primarily the
completeness of extirpation [26]. There is consensus in
the literature that radical surgical extirpation is strongly
correlated with a favorable prognosis [9, 27].

Over 80 years ago, Cushing [28] reported on the
frequency and behavior of meningiomas at different
intracranial locations. Cytogenetic aberrations of men-
ingiomas have later been shown to be significantly
associated with the tumor location as well. Nearly half
of the meningiomas of the cranial vault display pro-
gression-associated chromosome aberrations [4]. In
1980, Zankl and Zang showed that meningiomas of the
skull base typically present with 46 chromosomes,
whereas those of the convexity have significantly more
chromosome aberrations [29]. It was already striking at
that time that meningiomas which later recurred
showed significantly more chromosome aberrations and
a preferential localization at the convexity. These find-
ings also apply to this present study, with 81% of the
hyperdiploid tumors being located at the convexity, in
contrast to 37% of cytogenetically typical meningiomas.

Cytogenetic patterns of meningiomas also may
provide insight into their potential of recurrence.
Numerical and structural chromosome changes with
pronounced hypodiploidy, especially deletion of the

short arm of a chromosome 1, are associated with more
aggressive biological characteristics [30, 31].

In a previous study, we classified 198 consecutive
meningiomas into four groups according to their
karyotypes [4]. We found a very strong correlation
between the cytogenetic findings and the rates of
tumor recurrence.

Recurrences were found in 4.3% of tumors with
normal diploid chromosome set or monosomy 22 as the
sole cytogenetic aberration, 10.5% among markedly
hypodiploid meningiomas, and the highest rate of
recurrence was found in 30% of 40 tumors with dele-
tions of the short arm of a chromosome 1. These data
fit well with the findings in our control group (n = 661),
featuring a recurrence rate of 6.2% (normal or
monosomy 22), and 33.3% belonging to the GPS group
2. With recurrence in 2 of 16 hyperdiploid tumors
presented here, this rare cytogenetic entity exhibits a
higher recurrence rate than cytogenetically typical
meningiomas but significantly less than meningiomas
with deletion of one short arm of one chromosome 1.
Histomorphologically, all investigated hyperdiploid
meningiomas lack typical meningothelial differentia-
tion or specific morphological features. However, hy-
perdiploid meningiomas tend to histological
dedifferentiation and progression. According to Perry
et al. [20], brain invasion is not sufficient evidence for a
malignant meningioma, but brain invasive histologi-
cally benign meningiomas behave similarly to atypical
meningiomas in general, and it was stated as the
strongest predictor of unfavorable outcome after sur-
gically total resection. In Perry’s series of 581 menin-
giomas, 4% were brain invasive. Compared to the
hyperdiploid meningiomas described here, in 2/16
cases brain invasion was observed, thus the rate of
invasion seems to be higher than in cytogenetically
typical meningiomas. This feature, by itself, indicates a
higher risk of recurrence and worse outcome for this
cytogenetic meningioma subgroup.

Hyperdiploidy seems to be associated not only with
loss of structural differentiation and with microcystic
degeneration, but also with fibrous growth pattern:
only those two cases with loss of chromosome 22 show
a persistently fibrous and storiform growth pattern.
Mutations in the neurofibromatosis gene 2 (NF2) on
chromosome 22 occur significantly more frequently in
fibrous and transitional meningiomas than in other
subtypes, thus indicating a different molecular
pathogenesis of the different phenotype variants of
meningiomas [32].

Alkaline phosphatase (ALPL, liver/bone/kidney
type) is coded as a single copy gene on chromosome
1p36.1-p34 and is a marker enzyme for the progression-
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associated loss of a putative tumor suppressor gene on
chromosome 1p [21]. Thus, a focal or complete loss of
alkaline phosphatase activity indicates tumor progres-
sion. Recently, Bouvier et al. [33] demonstrated that
alteration of alkaline phosphatase is strongly associated
with recurrence in meningiomas. Within this series of
hyperdiploid meningiomas, in each tumor at least focal
loss of enzyme activity, in three cases even complete
loss was found. That is another point stressing the
higher biological aggressiveness of the hyperdiploid
meningiomas compared to the cytogenetically typical
meningiomas. Nevertheless, in cytogenetic analysis no
microscopically detectable disturbances of chromo-
some 1 could be recognized at all. We therefore suggest
that a submicroscopic chromosomal defect or inacti-
vation by methylation on (1p encompassing the region
of the alkaline phosphatase gene may result in the loss
of enzyme activity. Anyway, the reduced expression of
alkaline phosphatase in hyperdiploid meningiomas
supports the notion of increased growth potential of
this entity.

Accordingly, we conclude that hyperdiploid menin-
giomas, with their non-random pattern of chromosomal
trisomies and tetrasomies, constitute a cytogenetic entity
of meningiomas with clinical and biological features of
intermediate aggressiveness but without anaplasia. In
the absence of microscopically detectable structural
chromosome rearrangements, the increased growth po-
tential of these meningiomas may be conferred by gene
dosage imbalances rather than by fusion genes, dele-
tions, or amplifications. Consequently, unlike in tumors
with recurrent chromosomal breakpoints, no direct
molecular cytogenetic strategy is at hand to determine
the proliferation-enhancing gene or genes specifically
involved in hyperdiploid meningiomas. Anyway, pa-
tients in whom a hyperdiploid meningioma has been
recognized should be incorporated into an intensified
regime of long-term postoperative monitoring.
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