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Abstract. Meningiomas arise from the coverings of the brain or 
the spinal cord. They are mostly benign and can be surgically 
cured. However, in approximately 5% of the cases, they turn into 
malignant forms with aggressive clinical behavior and increased 
risk of tumor recurrence. Cytogenetically meningiomas are well 
characterized, with normal karyotype or monosomy of chromo-
some 22 in most tumors and clinically relevant secondary losses 
of other autosomes and sex chromosomes in a subset of anaplastic 
tumors. Statistical analyses were performed for 1064 karyotypes 
derived from 661 meningiomas with respect to progression, 
and recurrence of the tumor. The order of accumulating genetic 
aberrations has previously been biostatistically estimated with 
oncogenetic tree models, and a genetic progression score derived 
from these models was shown to be predictive for tumor recur-
rence. Although more homogeneous than other cancer types, 
meningiomas show considerable intratumoral cytogenetic 
heterogeneity, particularly in their anaplastic form. We observed 
different cytogenetic patterns in tumor cells of 224 out of 661 
(33.4%) meningiomas. The present study demonstrates that it 
is not sufficient to consider only the most frequent cytogenetic 
pattern observed in a sufficient set of cells derived from the same 
tumor. Even a single cell with more advanced genetic progression 
may start a clone and indicates also clinical progression. Cox 
regression analysis reveals that the clone with most advanced 

progression is a leading marker for recurrence in meningiomas. 
The aim of this study was the analysis of genetic heterogeneity 
on single cell basis. Further we investigated if there is a sub-
stantial correlation between the intratumoral heterogeneity of a 
given meningioma and its recurrence risk. We were able to show 
that the selection of single genetically advanced cells improves 
the prediction of clinical meningioma progression in a more 
precise manner.

Introduction

Meningiomas are almost always sporadic and rarely multiple 
tumors of the brain (1). In their sporadic form, they are typically 
benign and grow slowly. They appear mostly in the later decades 
of life. According to a study comprising 661 tumors (2), more 
than 75% of meningiomas belong to the common type (WHO 
grade I), ~20% belong to the atypical or intermediate type 
(WHO grade II) and only ~3% belong to the anaplastic type 
(WHO grade III). Anaplastic meningiomas and a minority of 
common and intermediate type meningiomas are characterized 
by aggressive clinical behavior with increased risk of tumor 
recurrence. However, meningiomas show an unexpectedly high 
recurrence rate (3-15).

Between 30 and 60% of meningiomas have a normal 
karyotype within the tumor cells. Loss of one chromosome 
22 is known to be a primary event, but it is difficult to provide 
evidence for the homozygous loss of a tumor suppressor gene 
on this chromosome. Approximately 25% of the meningiomas 
show monosomy 22 as the only aberration in the vast majority 
of cells. Hypodiploidy without monosomy 22 is very rare. 
Typically, the loss of chromosome 22 (17-19) is followed by 
the loss of additional complete chromosomes or parts of them, 
in particular loss of one chromosomes 6, 10, 14, 18, and 19, and 
partial or complete loss of the short arm of one chromosome 1 
(2,20-35). Increasing hypodiploidy is strongly correlated with 
increasing histological grade.

Cytogenetic models of clonal evolution in tumors have 
been estimated for various cancer types for which somatic 
chromosome alterations are known to accumulate over time. 
These models are important for understanding pathogenic 
routes on a molecular level. One of the first multi-step models 
of carcinogenesis has been presented in 1990 by Fearon and 
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Vogelstein for colorectal cancers (36). For meningiomas, the 
first empirical cytogenetic progression model was proposed in 
2001 by Zang (35).

Ketter et al (2) recently presented the application of a new 
mathematical model for tumorigenesis to a large set of 661 
cytogenetically characterized meningioma patients, including 
53 patients with tumor recurrence. In these models, cancer 
development is described by mixtures of oncogenetic tree 
models. Desper et al (37) first introduced single oncogenetic 
trees, together with an algorithm for estimating the best tree 
based on subsets of genetic events that correspond to tumor 
samples. Their single tree model generalizes simpler inflexible 
path models, allowing several events to happen independently at 
certain points in the process. In the mixture models estimated 
by Ketter et al (2), one tree component is restricted to have a 
star-like topology and represents independence between genetic 
events. As a consequence, the mixture model has two advan-
tages. First, every genetic pattern can be explained, whereas in 
the basic models many unexplained patterns must be assigned 
likelihood zero. Second, the probabilistic framework allows for 
converting probabilities to times and thus assigning a genetic 
progression score (GPS) to every tumor sample. All parameters 
of the mixture model can be estimated with an expectation-
maximization-type algorithm (37).

Ketter et al (2) showed that the GPS allows a better assess-
ment of the prognosis of meningiomas than traditional categorical 
cytogenetic markers. It is strongly predictive for tumor recur-
rence (p<10-6 in a Cox regression model) and even provides a 
further relevant discrimination of high risk and low risk groups 
within the same WHO grade. As expected, in general, higher 
GPS values are significantly correlated with higher WHO grades 
(p<10-10). Furthermore, GPS was shown to be siginificantly 
correlated with tumor location (p<10-8), see also Ketter et al (25).

Although more homogeneous than other cancer types, 
meniningiomas show not only intertumoral but also significant 
intratumoral heterogeneity. The present analysis of the 661 
meningiomas that were previously presented (2) focuses on the 
clinical relevance of intratumoral heterogeneity. For 221 out of 
661 patients (33.4%), more than one type of cytogenetic pattern 
was observed in all cells analyzed for the corresponding 
tumor. The maximum number of different patterns observed 
in one tumor was 10, showing considerable heterogeneity. For 
a tumor with different cytogenetic patterns found in different 
cells, typically the most frequent pattern is chosen as represen-
tative for the genetic state of the tumor. In the present study we 
demonstrate the benefit of a more detailed analysis in which 
the pattern associated with the most advanced progression is 
selected as a marker for tumor progression.

Patients and methods

Patient population. A retrospective study on 661 meningiomas 
of patients operated on at the Department of Neurosurgery, 
University of the Saarland, between January 1973 and April 
2005, was performed. Average patient age was 57.3 years 
(SD ± 12.8 years). Written informed consent was obtained 
from each patient participating in the study.

Tumor extirpation. Complete surgical extirpation of the tumor 
was defined as Simpson grades I and II (38). This corresponds 

to a macroscopically complete tumor resection with bipolar 
coagulation of the dura insertion.

Tumor histology. Meningioma grade was assessed by a combined 
histologic (39) and morphometric approach on routinely H&E 
and Ki-67/Feulgen stained formalin-fixed, paraffin-embedded 
tissue sections (29). The 661 meningiomas comprised 465 
tumors of WHO grade I, 156 tumors of WHO grade II, and 14 
tumors of WHO grade III.

Cell culture and cytogenetic studies. Cell cultures from biop-
sies and chromosome preparations with Giemsa banding were 
carried out according to standard procedures (40). More often 
than not, several changes are present simultaneously. The best 
approximation to biologic reality may be achieved by subdi-
viding the various clonal aberrations into those that are primary 
and those that are secondary. Primary aberrations are frequently 
found as the sole karyotypic abnormalities in cancer and are 
often specifically associated with particular tumor types. In case 
of meningiomas the typical primary aberration is the deletion of 
one chromosome 22 (45,XY,-22; 45,XX,-22)(35). On the other 
hand secondary aberrations are rarely or never found alone; as the 
name implies, they develop in cells already carrying a primary 
abnormality. Typical secondary alterations in meningiomas are 
deletions of one arm of one chromosome 1 (1p-) or deletions of 
chromosome 14 (17,18,35). In addition to this international clas-
sification we defined the most frequent and the most advanced 
clones. In our present study a minimum of 15 mitoses per tumor 
were evaluated in order to detect intratumoral heterogeneity of 
cytogenetic aberrations. If in one meningioma 13 metaphases 
with 45,XX-22 and two metaphases with 44,XX,-22,-1p, were 
found, we call the 13 metaphases (45,XX,-22) the most frequent 
clone and the two methaphases (44,XX,-22,-1p) the biologically 
most advanced clone.

Follow-up. The patients were investigated in the neurosurgical 
outpatient department of the University of the Saarland, either 
within routine follow-up or because of the appearance of neuro-
logical symptoms. A recurrence was evaluated as new evidence 
of tumor in CT or NMR after previous complete extirpation 
(Simpson grades 1 and 2). The Simpson grade 2 was established 
on the basis of the operation report and the postoperative CT or 
NMR investigation.

Oncogenetic progression models. Oncogenetic trees describe 
the ordered accumulation of genetic events, typically chromo-
somal aberrations, which are assumed to be non-reversible. 
In a single oncogenetic tree, vertices represent events and 
edges between vertices represent transitions between these 
events. Each edge is associated with the probability that the 
successor event will occur, given the predecessor event has 
already occurred. In mixtures of oncogenetic trees, several 
tree components with corresponding mixture weights are 
estimated (2). Every tree describes the accumulation for a 
subset of the tumors. The first tree is restricted to have star-like 
topology, which guarantees that every combination of events 
has positive likelihood in the mixture model. Every tumor is 
assigned to the different trees according to the relative likeli-
hood that its corresponding genetic pattern was generated by 
the trees. An expectation-maximization (EM) algorithm for 
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estimating mixtures for oncogenetic trees from a set of genetic 
patterns was introduced (41).

Genetic progression score (GPS) and corresponding tumor 
categorization. In oncogenetic trees, the transition prob-
abilities associated with edges can be converted to expected 
waiting times as shown by Rahnenführer et al (41) for details. 
Assuming Poisson processes for the occurrence of events, a 
transition probability p on a tree edge can be transformed to 
the waiting time (1-p)/p, multiplied with a scaling factor. The 
genetic progression score (GPS) of a tumor is then defined as 
the average waiting time of the corresponding combination 
of genetic events, given the underlying tree mixture model. A 
tumor with only early events in the progression model receives 
a low GPS, and a tumor that exhibits also late events receives a 
high GPS. The GPS was originally defined for a single genetic 
pattern associated with every tumor. In the present study, for 
221 out of 661 tumor samples, more than one genetic pattern 
was observed. For this case of multiple patterns, the estimation 
of mixture models is adapted in the following way. For every 
tumor, every observed genetic pattern enters the calculation 
with a weight according to its observed relative frequency in 
the analyzed cells. This guarantees that all single tumors have 
equal overall importance in the final estimated mixture model. 
The estimated mixture model assigns the standard genetic 
progression score (GPS) to every single genetic pattern (see 
Fig. 1). Thus, more than one progression score can be assigned 
to tumors with different genetic patterns observed in different 
clones (cells). For defining a unique GPS two alternatives are 
considered. The GPS associated with the most frequently 
observed genetic pattern is called GPS-frequent (Fig. 2) and 
the GPS associated with the most advanced genetic pattern 
is called GPS-advanced. In other words, GPS-advanced is the 
maximum of all standard GPS values assigned to all genetic 
patterns observed in a particular tumor.

In the estimated oncogenetic tree model for meningiomas, 
the first two decisive steps were loss of chromosome 22 followed 
by the loss of the short arm of one chromosome 1, corresponding 
to a GPS of 1.88 and 6.39, respectively (2). According to these 
findings, a cytogenetic categorization of meningiomas into three 
classes named GPS group 0 (GPS <1.88), GPS group 1 (1.88 
≤GPS <6.39), and GPS group 2 (GPS >6.39) was introduced (2).

Results

In 224 out of the 661 patients included in the retrospective 
study, different cytogenetic patterns were detected in the tumor 
samples emphasizing a considerable cytogenetic heterogeneity 
in meningiomas.

Of the 661 patients included in our study, 482 were female 
and 179 were men. The average age of the overall patient popu-
lation was 57.3 years (SD ± 12.8 years). The average age of the 

Figure 1. Oncogenetic tree mixture model for the development of menin-giomas. 
Only the non-trivial component with weight 0.80 is shown. Tree vertices cor-
respond to genetic loss in conventional cytogenetics. Edges are labelled with 
conditional probabilities. The first two critical steps in the progression model 
correspond to the GPS values 1.88 (monosomy 22), followed by loss of the short 
arm of chromosome 1 (GPS value 6.39). 
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Figure 2. Comparison of genetic progression score (GPS) values for the most 
frequent and for the most advanced cytogenetic pattern, respectively, observed 
in 661 meningioma tumors. (A) Histograms of GPS values in bins of width 1. 
(B) Plot of GPS values of most frequent patterns against GPS values of most 
advanced patterns. Sizes of circles indicate relative frequencies, black circles 
indicate the two most frequent combinations (0, 0) and (1.88, 1.88) and com-
binations with GPS <1.88 for most frequent and GPS >6.39 for most advanced 
pattern, see also Table II for a list of all observed cytogenetic patterns and 
corresponding frequencies.
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female patients was 57.6 years (SD ± 12.3 years); average age 
of the male patients was 56.7 years (SD ± 14.1 years). For the 
224 patients with intratumoral clonal heterogeneity, the average 
age was 55.6 years (SD ± 12.5 years), for the others 57.7 years 
(SD ± 12.8 years). The difference between the age distributions 
of the two subgroups was not statistically significant (Wilcoxon 
test, p=0.07).

The 661 cases investigated comprised 465 common type 
(WHO grade I), 156 intermediate-type (WHO grade II), and 
14 anaplastic meningiomas (WHO grade III). Recurrences 

were observed in 53 of the cases. This corresponds to a total 
rate of recurrence of 8.0% after total tumor extirpation.

Analyzing 661 meningioma biopsies, different karyotypes 
were detected in 224 of them. In total, 1068 clonal patterns were 
observed in the 661 tumors. A large number of the detected 
aberrations were rare mutations only present in a very small 
subset of the tumors. We thus restrict to the nine most relevant 
genetic aberrations that were detected in cells of >10 patients 
(incidence of 1.6%). These most frequent events are losses of 
chromosomes 6, 8, 10, 14, 18, 19, X, Y, and loss of the short 
arm of chromosome 1. Table I shows the frequencies of losses 
of these chromosomes for two cases. In the first row, only the 
most frequent pattern per tumor is considered, in the second 
row, the pattern with most advanced genetic progression is 
considered. Loss of chromosome 22 is by far most frequent, 
followed by loss of chromosomes 1p, 14, X, and Y (Fig. 3).

Taking into account only the reduced set of chromosomal 
aberrations, in total 1016 different clones were observed in the 
661 tumors. In 440 tumors (66.6%), only one consistent pattern 
was detected in all cells, in 140 tumors (21.2%) 2 patterns, in 
52 tumors (7.9%) 3 patterns, in 16 tumors (2.4%) 4 patterns, in 
7 tumors (1.1%) 5 patterns, in 4 tumors (0.6%) 6 patterns and in 
1 tumor (0.2%) 7 patterns and 10 patterns, respectively.

The number of patients belonging to the genetically progres-
sion-associated GPS group 2 increases from 37 to 45, when 
instead of GPS-frequent the single-cell based GPS-advanced is 
considered. Since the association of GPS group 2 with increased 
risk of tumor recurrence was already statistically highly signifi-
cant for the frequency-based GPS-frequent [Ketter et al (2); 
Fig. 4A], the following analysis is restricted to the 120 cases 

Table I. Frequencies of genetic aberrations with respect to chromosome losses, taking into account the most frequent cytogenetic 
pattern observed in every patient (row 1) and the cytogenetically most advanced pattern for every patient (row 2).a

Chromosomal aberration	 22-	 1p-	 14-	 Y-	 X-	 18-	 6-	 19-	 10-

Frequency (percentage) standard	 253 (38.3)	 50 (7.6)	 42 (6.4)	 27 (4.1)	 30 (4.5)	 23 (3.5)	 18 (2.7)	 13 (2.1)	 11 (1.8)
Frequency (percentage) advanced	 339 (51.3)	 60 (9.1)	 48 (7.3)	 39 (5.9)	 37 (5.6)	 28 (4.2)	 22 (3.3)	 19 (2.9)	 11 (1.8) 

aEvery cell contains the absolute frequency and in brackets the relative frequency (percentage) of the corresponding aberration.

Figure 3. Frequencies of genetic aberrations with respect to chromosome losses, 
taking into account the most frequent cytogenetic pattern observed in every 
patient (black) and the cytogenetically most advanced pattern for every patient 
(grey). 

Figure 4. Kaplan-Meier survival curves for time to recurrence of meningioma patients; patients are split into two subgroups according to genetic progression 
score (GPS ≤6.39 vs. GPS >6.39). (A) Only patients with one consistent cytogenetic pattern observed in all tumor cells are considered. (B) Only patients with 
intratumoral heterogeneity are considered.

  A   B
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Table II. Comprehensive list of all 58 cytogenetic patterns observed in 661 meningioma tumors, with corresponding frequencies 
according to most frequent and most advanced pattern and with corresponding genetic progression score (GPS).a

No.	 22-	 1p-	 14-	 Y-	 X-	 18-	 6-	 19-	 10-	 Frequency	 Frequency	 GPS
										          (standard)	 (advanced)

  1	 0	 0	 0	 0	 0	 0	 0	 0	 0	 386	 280	 0.00
  2	 1	 0	 0	 0	 0	 0	 0	 0	 0	 167	 241	 1.88
  3	 1	 1	 0	 0	 0	 0	 0	 0	 0	 11	 14	 6.40
  4	 0	 0	 0	 1	 0	 0	 0	 0	 0	 10	 20	 0.31
  5	 1	 0	 0	 0	 1	 0	 0	 0	 0	 10	 9	 1.04
  6	 1	 0	 1	 1	 0	 0	 0	 0	 0	 5	 5	 2.04
  7	 1	 0	 0	 1	 0	 0	 0	 0	 0	 5	 4	 1.05
  8	 0	 0	 0	 0	 1	 0	 0	 0	 0	 4	 9	 0.30
  9	 1	 0	 1	 0	 1	 0	 0	 0	 0	 4	 6	 2.05
10	 0	 1	 0	 0	 0	 0	 0	 0	 0	 4	 3	 0.31
11	 1	 1	 1	 0	 0	 0	 0	 0	 0	 3	 6	 6.85
12	 1	 1	 1	 0	 0	 0	 0	 0	 0	 3	 6	 6.85
13	 1	 1	 0	 0	 0	 0	 1	 0	 0	 3	 4	 6.75
14	 1	 0	 1	 0	 0	 0	 0	 0	 0	 3	 2	 1.04
15	 1	 0	 0	 0	 0	 1	 0	 0	 0	 3	 2	 1.05
16	 1	 0	 0	 0	 0	 0	 0	 1	 0	 2	 3	 1.03
17	 1	 1	 1	 0	 0	 1	 0	 0	 1	 2	 2	 7.84
18	 1	 1	 1	 0	 0	 1	 0	 0	 0	 2	 2	 7.31
19	 1	 1	 1	 0	 0	 0	 1	 0	 0	 2	 2	 7.29
20	 1	 1	 1	 0	 0	 0	 0	 1	 0	 2	 2	 7.28
21	 1	 0	 0	 0	 1	 1	 0	 0	 0	 2	 2	 2.02
22	 1	 0	 0	 0	 1	 0	 1	 0	 0	 2	 2	 2.01
23	 0	 0	 0	 0	 0	 0	 0	 1	 0	 1	 3	 0.31
24	 1	 1	 0	 0	 0	 1	 0	 0	 0	 1	 2	 1.96
25	 1	 0	 1	 0	 0	 1	 0	 0	 0	 1	 2	 1.98
26	 1	 1	 1	 1	 0	 1	 1	 1	 0	 1	 1	 9.19
27	 1	 1	 1	 1	 0	 1	 1	 0	 0	 1	 1	 8.29
28	 1	 1	 1	 1	 0	 1	 0	 1	 0	 1	 1	 8.34
29	 1	 1	 1	 1	 0	 1	 0	 0	 1	 1	 1	 8.37
30	 1	 1	 1	 1	 0	 1	 0	 0	 0	 1	 1	 7.60
31	 1	 1	 1	 0	 1	 1	 0	 1	 0	 1	 1	 8.16
32	 1	 1	 1	 0	 1	 1	 0	 0	 1	 1	 1	 8.30
33	 1	 1	 1	 0	 1	 1	 0	 0	 0	 1	 1	 7.35
34	 1	 1	 1	 0	 1	 0	 1	 0	 0	 1	 1	 4.93
35	 1	 1	 1	 0	 1	 0	 0	 1	 1	 1	 1	 6.54
36	 1	 1	 1	 0	 0	 0	 1	 1	 0	 1	 1	 7.82
37	 1	 1	 1	 0	 0	 0	 1	 0	 1	 1	 1	 7.82
38	 1	 1	 1	 0	 0	 0	 0	 1	 1	 1	 1	 7.86
39	 1	 1	 1	 0	 0	 0	 0	 0	 1	 1	 1	 7.32
40	 1	 1	 0	 1	 0	 0	 1	 0	 0	 1	 1	 3.20
41	 1	 1	 0	 0	 1	 1	 1	 0	 0	 1	 1	 4.80
42	 1	 1	 0	 0	 1	 0	 0	 0	 0	 1	 1	 2.03
43	 1	 1	 0	 0	 0	 1	 0	 1	 0	 1	 1	 3.01
44	 1	 1	 0	 0	 0	 1	 0	 0	 1	 1	 1	 2.84
45	 1	 0	 1	 1	 0	 0	 0	 0	 1	 1	 1	 3.12
46	 1	 0	 1	 0	 0	 1	 1	 0	 0	 1	 1	 3.02
47	 1	 0	 0	 0	 0	 0	 1	 1	 0	 1	 1	 1.93
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with clonal heterogeneity (97 with complete follow-up infor-
mation). For these tumors the assignment to GPS groups was as 
follows. For GPS-frequent 116 tumors belonged to group 0 and 
4 to group 1. For GPS-advanced 27 belonged to group 0, 85 to 
group 1, and 8 to group 2.

Cox regression analysis was performed in order to measure 
the influence of genetic progression on risk of tumor recurrence. 
In a binary model comparing GPS-advanced groups 0 and 1 
against GPS-advanced group 2 significant shorter time to 
recurrence for the genetically advanced patients was observed 
(p=0.041), see Fig. 4B for corresponding Kaplan-Meier plots. 
For GPS-advanced as a numerical covariable in the Cox model 
the respective significance value was p=0.054. For GPS-frequent, 
the corresponding p-value in the Cox model was 0.95.

Discussion

Tumor heterogeneity may be generally defined as variation in the 
tumor's genotype and/or phenotype (42). Heterogeneity in brain 
tumors has been identified by using histological description 
(26), variable expressions of growth factors and their receptors, 
and cytogenetics (35). Since 1967 cytogenetic analyses have 
been widely used to understand origin and course of the disease 
in meningiomas (17). Until now cytogenetic analyses show that 
numerical and structural chromosome changes with pronounced 
hypodiploidy, very rarely hyperdiploidy, and especially deletion 
of the short arm of a chromosome 1, are accompanied by more 
aggressive biological characteristics (2,20-35).

In 2004 Pfisterer et al (46) addressed genetic heterogeneity 
in meningiomas. They analyzed eight defined areas of each 
of 77 meningiomas by fluorescent in situ hybridization using 
probes localized to chromosome 1, 14 and 22. The authors 
observed for all three probes that the regional heterogeneity 
increased according to higher WHO grades. They were able 
to demonstrate that the detected heterogeneity is important for 
the biological behavior of meningiomas.

At the same time Sayagués and coworkers (31) investi-
gated the inter- and intratumoral cytogenetic heterogeneity of 

125 meningiomas by interphase fluorescence in situ hybridiza-
tion (iFISH) (31). They used 11 probes for the investigation of 
numerical chromosome abnormalities and revealed a hypo-
thetical model of an intratumoral aneuploidization pathway for 
the 11 chromo-somes analysed. At the conventional cytogenetic 
level Zang (35) proposed a model of clonal evolution in meningi-
omas. The pool of the cytogenetic findings of 394 meningiomas 
led to his empirical model of meningioma progression. Although 
both above mentioned handcrafted models describe very well 
the genetic findings in meningiomas they are not able to predict 
the genetic steps which are important for tumor progression and 
recurrence.

In our previous study we have established a mathematical 
model for estimating the most likely cytogenetic pathways in 
meningiomas, based on oncogenetic tree mixture models (2). 
According to the above-mentioned findings, we were able to 
define low-risk and high risk-patients according to their GPS 
group.

Although more homogeneous than other tumor types, menin-
giomas show considerable intratumoral cytogenetic heterogeneity, 
particularly in their anaplastic form (20,21,23,24,29,31,32,43-45). 
These findings raise the question which of the cytogenetic 
findings is responsible for the further clinical course and the 
biological behavior of the meningioma.

To clarify the question in the present study we compared 
the GPS associated with the most frequently observed genetic 
pattern (GPS-frequent) and the GPS associated with the most 
advanced genetic pattern (GPS-advanced) (Fig. 2).

It turns out that already single cells with advanced genetic 
progression indicate earlier recurrence in meningiomas. This 
underlines the need to analyze a significant number of single 
tumor cells and to select the cytogenetically most advanced 
clone for estimating genetic tumor progression.

We admit that it is difficult to introduce this kind of cyto-
genetic approach into clinical practice. However, it should be 
feasible to combine histological study and interphase FISH 
screening for clonal losses of the most frequent chromosome 
involved.

Table II. Continued.

No.	 22-	 1p-	 14-	 Y-	 X-	 18-	 6-	 19-	 10-	 Frequency	 Frequency	 GPS
										          (standard)	 (advanced)

48	 1	 0	 0	 0	 0	 0	 1	 0	 0	 1	 1	 1.04
49	 0	 1	 0	 0	 1	 0	 1	 1	 1	 1	 1	 1.36
50	 0	 0	 1	 0	 0	 0	 0	 0	 0	 1	 1	 0.30
51	 0	 0	 0	 0	 0	 1	 0	 0	 0	 0	 2	 0.30
52	 1	 1	 1	 0	 1	 0	 0	 0	 0	 0	 1	 3.38
53	 1	 0	 0	 1	 0	 1	 0	 1	 0	 0	 1	 3.16
54	 1	 0	 0	 1	 0	 0	 1	 0	 0	 0	 1	 2.00
55	 1	 0	 0	 1	 0	 0	 0	 1	 0	 0	 1	 2.01
56	 0	 1	 1	 0	 0	 0	 0	 0	 0	 0	 1	 0.64
57	 0	 1	 0	 0	 0	 0	 1	 0	 0	 0	 1	 0.65
58	 0	 0	 0	 0	 0	 1	 1	 0	 0	 0	 1	 0.63

aRows that are in bold letters indicate patterns with critcally advanced genetic progression of GPS>6.39.
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