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There are several currently employed classifica-
tion systems for diffuse gliomas that sort tumors
based on histological features. Contemporary
molecular techniques, however, offer the promise of
improved tumor classification and resultant patient
stratification for treatment and prognosis. In particu-
lar, gene expression profiling has shown exception-
al promise for providing an alternative and more
objective molecular approach to glioma classifica-
tion. In this study, we used cDNA array technology to
profile the gene expression of 30 primary human
glioma tissue samples comprising 4 different glioma
subtypes as defined by current World Health Orga-
nization (WHO 2000) criteria: glioblastoma (GM,
WHO grade IV), anaplastic astrocytoma (AA, WHO
grade III), anaplastic oligodendroglioma (AO, WHO
grade III), and oligodendroglioma (OL, WHO grade
II). Gene expression data alone were used to group
the tumors using multidimensional scaling, which is
an unsupervised statistical method. Results show
that impressive separation of the 4 glioma subtypes
can be achieved solely on the basis of molecular
data. In addition, a subcluster of 3 glioblastomas
was identified as distinct from other GMs and from
the oligodendroglial tumors. These 3 patients have
shown extended survival compared to other GMs in

the study. Survival analysis of the full data set
revealed a good correlation with the molecular clas-
sification. Results of this proof-of-principle study
demonstrate that molecular profiling alone can reca-
pitulate conventional histologic classification and
grading with high fidelity. In addition, results show
that the molecular approach to tumor classification
can generate clinically meaningful patient stratifica-
tion, and, more importantly, is an efficient class-dis-
covery tool for human gliomas, permitting the iden-
tification of previously unrecognized, clinically rele-
vant tumor subsets.
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Introduction
The current paradigm for brain tumor diagnosis and

classification, as exemplified by the recently revised
World Health Organization Classification of Tumours of
the Nervous System (17), is based primarily on mor-
phologic pattern recognition: the identification of simi-
larities between the phenotypic characteristics
expressed by tumor cells compared to those of normal
central nervous system constituents as assessed by light
microscopic examination of H&E-stained tissue sec-
tions, immunohistochemistry, and transmission electron
microscopy. Although the morphologic approach has
unquestionably been of considerable utility, there are
nevertheless a number of shortcomings. Using tradition-
al phenotypic criteria, for example, the identification
and classification of some tumor types, such as mixed
oligoastrocytomas, is highly subjective and overly
dependent upon the individual pathologist’s relative
weighting of various morphologic characteristics. Cur-
rently prevailing histology-based classification methods
also do not permit accurate prediction of clinical behav-
ior or response to specific therapeutic agents and regi-
mens for individual patients within a given histologic
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rubric, as, for example, is the case for anaplastic astro-
cytoma, in which individual patient response to treat-
ment and survival varies significantly. Another problem
is the failure of morphology-based classifications to
accurately predict individual patient sensitivity to the
toxic effects of various therapies, such as necrosis of
irradiated brain parenchyma.

Thus, there is a need on many levels for a more pre-
cise, effective, and objective approach to brain tumor
diagnosis, classification, grading, and prognostication.
Although a large corpus of information has been
amassed on the molecular characteristics of different
types of gliomas, such as the different alterations seen in
primary versus secondary glioblastomas, most of this
knowledge has not translated into tangible advance-
ments in either treatment or prognosis. The first signifi-
cant development in clinically-relevant molecular clas-
sification of brain tumors has been the recently recog-
nized association between the combined loss of het-
erozygosity (LOH) for chromosomes 1p and 19q and
therapeutic responsiveness of a subset of gliomas that
display oligodendroglial differentiation features (5, 25).
This significant discovery is undoubtedly only the
beginning of meaningful stratification of the diffuse
gliomas based on molecular characterization. 

To facilitate the molecular classification of tumors, a
number of contemporary technologies are available that
permit detailed, exhaustive characterization of the
tumor genome, transcriptome and proteome. Of these,
transcriptome profiling is currently the most widely
employed for molecular classification studies (1, 2, 6, 8,
9, 12-14, 16, 20, 21, 23, 27). There are several expres-
sion array methodologies in use, which differ in physi-
cal medium and number of genes analyzed. Based on
the relative density of arrayed sequences, and hence the
number of genes that can be analyzed in a single
hybridization experiment, expression arrays can be
roughly separated into 2 categories: low-density and
high-density. Low-density arrays, commonly nylon-
membrane-based, typically contain hundreds to a few
thousand genes, whereas high-density arrays, common-
ly glass slide-based, usually contain between a few
thousand and tens of thousands of genes arrayed on a
single microscopy slide. Although high-density arrays
may provide much more raw data on gene expression
levels compared to low-density arrays, this is not neces-
sarily a requirement, or even a desirable attribute, for
meaningful molecular classification and tumor stratifi-
cation studies. Even a few genes that exhibit highly-dif-
ferential expression patterns may serve as robust sepa-
rators for class distinction and class discovery experi-

ments. Glioma genomics research employing expres-
sion array profiling followed by tissue microarray
immunohistochemical confirmation has already identi-
fied one progression- and survival-associated marker,
insulin-like growth factor binding protein 2 (IGFBP2),
which is uniformly and differentially overexpressed
only in glioblastoma (13, 23).

In a proof-of-principle study, we carried out a gene
expression profiling experiment using low-density
arrays containing 588 genes with 30 primary glioma tis-
sue samples comprising 4 histologic phenotypes: low-
grade oligodendroglioma, O (7 tumors); anaplastic
oligodendroglioma, AO (6 tumors); anaplastic astrocy-
toma, AA (4 tumors); and glioblastoma, GM (13
tumors). For the purposes of this study, only tumors with
these 4 classical histologies were selected for inclusion
in the study in order to establish a baseline for molecu-
lar classification and to address the question of whether
the members of histologically-uniform tumor categories
share a common molecular basis. Gliomas diagnosed as
having mixed oligoastrocytic features were specifically
excluded from the study. In this study, we present the
results of a data mining algorithm analysis of the com-
plete gene expression data set performed to determine if
gene expression profiling can be used to generate a
molecular classification of diffuse gliomas that mean-
ingfully stratifies patients with respect to survival.

Methods

Primary glioma tissue samples. All primary glioma
tissues were acquired from the Brain Tumor Program
tissue bank of The University of Texas M. D. Anderson
Cancer Center. Tissue bank specimens were quick-
frozen shortly after surgical removal and stored at -80°C.
Although it is not known whether or to what extent the
time delay between tumor removal and tumor freezing
affects gene expression, all of the tumor tissue samples
used in this study experienced a similar length of delay.
Thus, the tumor harvesting procedure would affect all
samples in a similar and unbiased manner and would not
be expected to contribute to the difference in gene
expression patterns among samples. Hematoxylin-eosin
(H&E)-stained frozen tissue sections are routinely pre-
pared from all tissue bank specimens for screening pur-
poses. All tissue specimens for cDNA array analysis
were screened by a board-certified neuropathologist
(GNF) and the diagnoses were independently confirmed
by a second board-certified neuropathologist (JMB).
The glioma tissue blocks were specifically selected for
study based on dense tumor cellularity and relative puri-
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ty. There was minimal normal contamination and mini-
mal variation between samples in this regard. Glioma
classification and grading were performed according to
current World Health Organization criteria (WHO 2000)
(17). 

Isolation of total RNA and mRNA. Tissue samples
were ground to powder under frozen conditions and 0.3
to 1.5 g of tissue powder was lysed in the lysis buffer
TRI Reagent (Molecular Research Center, Cincinnati,
OH). RNA isolation was then performed as described in
detail previously (13). 

Hybridization to cDNA expression array blots. The
cDNA fragments representing 588 human genes with
known functions and known tight transcriptional con-
trols were immobilized in duplicate onto a nylon mem-
brane (Clontech Laboratories, Inc.). Microarray hy-
bridizations were performed as described previously
(13).

Statistical analysis. The statistical algorithms used
for our analyses are available as program libraries that
can be called from S-Plus (version 3.4), which is an
object-oriented, highly graphical statistical computing
environment (MathSoft, Seattle, Wash). S-Plus (26) is
running on a Digital AlphaServer 4100 Model 5/400
with Digital Unix Version 3.2. Prior to data analysis, the
values generated from the hybridized images were pre-
processed. The values were thresholded at one (ie, val-
ues less than 1 were set to 1), missing values were set to
the median values, values from a given array were nor-
malized to the overall median for that array (ie, values
were divided by the overall median), and base 10 loga-
rithms were computed for each value.

Multidimensional scaling. There are a number of sta-
tistical methods available for cluster analysis of large
multidimensional data sets (3, 10, 11, 15, 19, 24). Mul-
tidimensional scaling (MDS), also called principal coor-
dinate analysis, is similar to principal component analy-
sis (3, 15). MDS is an iterative process that shares with
principal component analysis the same goal of con-
structing a low-dimensional representation of high-
dimensional data. Multidimensional scaling attempts to
find configurations of the data in a lower dimensional
representation such that the relative distance between

objects is similar to that in the original, higher dimen-
sional representation. Having a lower dimensional rep-
resentation of the data facilitates visualization and
analysis of patterns in the data. MDS has an advantage
over hierarchical clustering in that multiple dimensions
are used to relate objects to one another (in an uncon-
strained manner). “Clusters” of objects can be identified
on an MDS plot by their relative proximity (ie, clusters
consist of relatively tightly bunched points that are sep-
arated from other points and other point clusters on the
MDS plot). Typically, 2 dimensions are adequate for
visualization. Several permutations of the MDS
approach are available. In the analysis presented here,
we used metric MDS with the complement of the corre-
lation coefficient as the distance metric.

Survival analysis. To assess the relationship between
the gene expression profiles and survival, we included
the first 3 principal coordinates in a Cox proportional
hazards regression model (with and without the standard
clinical variables). We report the likelihood ratio p-val-
ues for the estimated parameters. We also report likeli-
hood-based r-squared values that approximate the
amount of variation in survival time that is explained by
a particular model. We use graphs to visualize the asso-
ciation between survival and gene profile by plotting
survival time against the linear predictor from the Cox
model with the first 3 principal coordinates. We then add
a smooth curve to this plot that shows how the median
survival changes as a function of the linear predictor.
This smooth curve is generated by using a moving aver-
age technique that moves a window over the range of
the linear predictor. Within the window, the median sur-
vival time is computed with a weighted Kaplan-Meier
calculation such that points closer to the middle of the
window are given more weight.

Results
The 30 glioma tissue samples used for this study

were classified according to current WHO criteria and
subjected to gene expression profiling using cDNA
microarrays. The microarrays were quantified and a
spreadsheet was generated containing expression results
of all 588 genes analyzed for the 30 samples. Our goal
was to determine whether the gene expression data
alone were sufficient to stratify the tumors in a clinical-
ly meaningful manner.
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Figure 1. (Opposing page) Molecular classification of diffuse gliomas by multidimensional scaling analysis of gene expression pro-
files. A scatter plot is shown of the first two MDS principal coordinates with each point labeled with the tumor’s histologic subtype (A)
and sample identification (B). Unsupervised analysis of gene expression profiles produced clusters of samples largely corresponding
to recognized histologic categories. See text for discussion of clusters and “outlier” cases. Abbreviations: AA, anaplastic astrocytoma
(red ovals); AO, anaplastic oligodendroglioma (yellow ovals); GM, glioblastoma (dark blue, light blue and black ovals).
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Multidimensional scaling analysis. In the 2-dimen-
sional MDS graph (Figure 1A, B), OL tissues form a
fairly tight cluster in the upper left quadrant of the graph
(green ovals). The anaplastic gliomas (AOs and AAs)
form 2 distinct clusters in the middle of the graph (yel-
low and red ovals, respectively). The GMs, not surpris-
ingly, are least tightly clustered, with a large group on
the right-hand side of the graph centered roughly in the
lower right quadrant (dark blue ovals), a separate clus-
ter of 3 tumors in the left lower corner of the graph
(black ovals), and a single case located in the center of
the AA cluster (light blue oval). The impressive separa-
tion of the 4 diffuse glioma histologic subtypes, based
solely on the unsupervised analysis of gene expression
profiles, reflects a molecular basis for the morphologic
and immunophenotypic differentiation features that are
conventionally used to subclassify gliomas.

In addition to the separate cluster of 3 GMs (black
ovals in lower left quadrant), 3 “outliers” are seen in the
MDS plot (Figure 1A, B): case 28 (an AO clustering
with the OLs), case 23 (an OL clustering with the AOs),
and case 16 (a GM clustering with the AAs). In each of
these cases, retrospective review of the histologic slides
and clinical record was informative. For case 28 (Figure
1A, B), a review of all H&E-stained tissue sections
showed a densely cellular oligodendroglioma with clas-
sical morphologic features (regular round nuclei with
perinuclear halos). Although mild vascular prominence
was seen focally, true microvascular proliferation was
not present. A review of the MRI studies showed lack of
contrast enhancement, consistent with the histologic
absence of vascular proliferation. The MIB-1 (Ki-67
antigen) labeling index (LI) for this tumor was 5.1%.
This compares with a mean LI of 5.2% for the other OLs
evaluated in the study versus 11.1% for the AOs. Thus,
a review of the histology, proliferation indices and neu-
roimaging studies strongly suggest that this oligoden-
droglioma is most appropriately classified as a low-
grade oligodendroglioma (OL), rather than an AO as
originally diagnosed at the time of surgery.

For case 23 (Figure 1A, B), review of the histologic
slides revealed a glioma in which areas of classical
oligodendroglial differentiation were present. It was
upon these areas that the original diagnosis of OL was
based. In addition, however, in other regions of the
tumor, features suggestive of astrocytic differentiation
were present, including pleomorphic nuclei and
eosinophilic cytoplasm with multiple delicate cell
processes. These latter cells did not possess the typical
cytoplasmic configuration of either minigemistocytes or
gliofibrillary oligodendrocytes (which are 2 GFAP-pos-

itive neoplastic cell types whose presence is accepted in
“pure” oligodendrogliomas). Thus, although the original
diagnosis of oligodendroglioma was reasonable, in ret-
rospect the features taken as a whole suggest the possi-
bility of a mixed oligoastrocytoma, which may account
for the MDS sorting of this case to a position intermedi-
ate between the low-grade oligodendrogliomas (OL)
and the astrocytic tumors (AAs and GMs).

The MDS plot shows one GM that sorts to the center
of the AA cluster (case 16, light blue oval, in Figure 1A,
B). Review of the histology showed a high-grade astro-
cytic neoplasm that met all of the WHO 2000 criteria for
glioblastoma (WHO grade IV): pleomorphism, promi-
nent mitotic activity, florid microvascular proliferation,
and foci of necrosis with pseudopalisading. Review of
the clinical record, however, did reveal one major dif-
ference between this tumor and the rest of the GMs
included in the study: it was a secondary GM. The
patient is a 32-year-old man who originally presented 4
years earlier with a non-contrast enhancing lesion biop-
sied as low-grade astrocytoma (WHO grade II). Based
on the presence of newly developed contrast enhance-
ment, anaplastic progression was suspected clinically
and histologic evaluation of the subsequent surgical
resection specimen showed glioblastoma, which was
analyzed in this study. Current follow-up at the time of
this report shows the patient to have stable residual dis-
ease 3 years after resection. In contrast, the other GMs
included in the present study were primary GMs.

Not all of the subclusters within a given histologic
rubric in the MDS plot could be explained (or even a
tentative hypothesis derived) through re-examination of
the histology and clinical record. For example, there
appear to be 2 subclusters within the OL cluster, each
comprising 3 tumors (Figure 1). Review of the tissue
sections and clinical records, including MRI studies, for
these 6 cases did not reveal any obvious clues as to the
origin of this segregation. It is possible that the separa-
tion is an epiphenomenon. It is also possible that the
subclustering is based on relevant molecular differences
between the 2 groups that are not manifest at the routine
light microscopic, immunophenotypic, or neuroimaging
levels. Further molecular dissection of these associa-
tions, together with clinical follow-up, may prove fruit-
ful.

It is obvious from even a cursory examination of the
MDS plot that the tumors have sorted according to
grade in a roughly diagonal fashion, running from the
lowest grade gliomas located in the upper left quadrant
of the graph to the highest grade tumors in the lower
right quadrant. In this continuum, it proved informative
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to examine tumors located at the borders or intersections
between major clusters. For example, one AA was locat-
ed at the border between the main AA group and the GM
cluster (case 5 in Figure 1A, B). Review of the clinical
history for this case suggested an AA in progression to
GM; although no vascular proliferation was identified in
the surgically resected tissue, the MRI scan showed the
presence of a focus of contrast-enhancement. Radiolog-
ic-pathologic correlation studies have shown that the
radiologic presence of contrast-enhancement in a
glioma usually indicates the histologic presence of vas-
cular proliferation. Thus, although the resected tissue
was appropriately graded as AA based on the morpho-
logic features seen in the material available for exami-
nation, it is likely that vascular proliferation was present
in the unresected portion of the neoplasm, which if sam-
pled would have warranted upgrading to GM. 

Two AOs with foci of tumor necrosis, pseudopal-
isading and florid microvascular proliferation were
included among the cases analyzed in this study (tumors
12 and 17 in Figure 1A, B). It is notable that they both
sorted unequivocally with the other 3 AOs evaluated.
Thus, the present molecular classification based on
MDS analysis of expression profiles supports current
WHO classification of such tumors as AOs, rather than
as GMs as was often done in the past.

Perhaps the most striking “incongruency” or “dis-
crepancy” seen in the MDS plot is the separate cluster-
ing of a group of 3 GMs (black ovals in the lower left
quadrant of Figure 1A, B) away from the larger main
GM cluster. Review of the histologies of these 3 tumors
disclosed in each case a high-grade glioma meeting cur-
rent WHO criteria for glioblastoma, including the pres-
ence of foci of tumor necrosis with pseudopalisading
and florid microvascular proliferation. The 3 gliomas
shared a vague morphological similarity, with large
areas of dense vascularity. The histologic features were
not those of classical anaplastic oligodendroglioma and
these 3 tumors clustered remotely from the AOs as well
as the GMs (Figure 1). These 3 patients were all still
alive at last contact with follow-ups of 3, 21, and 26
months, compared to the median GM survival of 12
months, suggesting that they have better than average
prognoses as compared to other GMs. Further molecu-
lar genetic analysis of these tumors is in progress.

Survival analysis and glioma gene expression data.
Among the 30 glioma patients included in this study, we
observed 15 deaths during the follow-up period, with a
median follow-up of 34 months among the 15 patients
alive at last contact. Using Kaplan-Meier estimates, the

overall median survival was 27 months with 79% alive
at 1 year and 54% alive at 2 years. Among the 13 GM
patients, the median survival was 12 months (with 10
deaths), while among the 17 remaining patients the
median survival was not reached (with 5 deaths). A Cox
model with only the first principal coordinate had a like-
lihood ratio p-value of 0.0047 with a likelihood-based r-
squared value of 0.30. (The r- squared value approxi-
mates the amount of variation in survival time that is
explained by the model.) A Cox model with the first 3
principal coordinates had a likelihood ratio p-value of
0.0002 with an r-squared value of 0.48. In contrast, a
Cox model with the 4 standard clinical covariates (his-
tology [1=GM, 0=other], age, Karnofsky performance
status, and extent of resection [1 = gross total, 0 =
other]), had a likelihood ratio p-value of 0.0013 and an
r-squared value of 0.45. After adjusting for these clini-
cal covariates, the likelihood ratio p-value for the first 3
MDS principal coordinates was 0.0032 and the r-
squared value for the combined model was 0.65. These
results must of course be viewed with caution because
Cox regression is a large sample method and fitting a 7-
parameter model to data from 30 patients with 15 deaths
may be spreading the data thin. To visualize the associ-
ation between survival and gene profile we plotted sur-
vival time against the linear predictor from the Cox
model with the 3 principal coordinates. We added a
smooth curve to this plot that shows how the median
survival changes as a function of the linear predictor
(Figure 2). As seen in Figure 2, the median survival
declines from more than 250 weeks for patients with the
lowest values of the linear predictor to about 125 weeks
for patients with linear predictor values near the median.
The median survival continues to decline with increas-
ing values of the linear predictor to about 50 weeks for
patients with the highest values. These results, therefore,
show a close correlation between MDS clustering and
survival. As mentioned previously, the 3 GM patients
that clustered separately from the rest were all still alive
at last contact with follow-ups of 3, 21, and 26 months,
compared to the median GM survival of 12 months.

Discussion
Historically, tumor classification has often been more

of an art than a science. Varying morphologic criteria
have been used. Without objective parameters, tumor
grading and classification becomes significantly subjec-
tive and dependent on the individual diagnostician’s
personal biases. Classification systems for the diffuse
gliomas, in particular, have undergone a number of revi-
sions and permutations over the last 70 years. The 3 sys-
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tems currently in widespread use (WHO, St. Anne-
Mayo, modified Ringertz) are all based on an assess-
ment of morphologic features and pattern recognition
(4, 7, 17, 18, 22).

In this study, we used an unsupervised statistical
method, multidimensional scaling (MDS), to group 30
gliomas solely on the basis of their gene expression pro-
files. MDS-based analysis resulted in good separation of
the 4 classes of diffuse gliomas evaluated. The impres-
sive molecular subtyping included the clustering of 2
cases of anaplastic oligodendroglioma with florid
microvascular proliferation, necrosis and pseudopal-
isading (features shared with glioblastoma) with other
AOs rather than with GMs. Gene expression profiling
also separated low-grade oligodendrogliomas (OLs)
from anaplastic oligodendrogliomas (AOs), as has also
been reported by Watson et al (27). Gliomas with oligo-
dendroglial differentiation features were well separated

from those with astrocytic features. Most importantly,
molecular classification of the diffuse gliomas correlat-
ed well with survival.

Review of the morphologic features and clinical
records of the few “outliers” that clustered with tumors
of other histologic diagnoses was informative, with a
feature or association identified in every case that might
explain the discrepant MDS locus, and also provided a
stimulus and direction for further investigation. One of
the most significant observations of this molecular clas-
sification experiment was the identification of a clus-
tered subset of 3 GMs that had not been recognized on
standard histologic evaluation. The potential clinical rel-
evance of this molecular subgroup is indicated by longer
survivals at last follow-up compared to other GMs in the
study. This illustrates the “class discovery” function of
gene expression profiling, ie, expression-based MDS
analysis may serve to identify unique and potentially
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Figure 2. Survival analysis. A smoothed scatter plot is shown of follow-up time versus a prognostic index generated from the first
three MDS principal coordinates, with points labeled according to the patients’ vital status at last contact. The prognostic index sig-
nificantly correlates with survival (p=0.0002) even after adjustment for clinical prognostic factors (p=0.0032).



clinically important features of otherwise histologically
unremarkable members of a given tumor type.

MDS analysis reduces multidimensional data
sets (588 dimensions in the present case) to 2 dimen-
sions in which the clustered objects are graphically rep-
resented. The exact meaning of these 2 dimensions in
terms of genes is not clear. The identification of genes
that yield the maximum separation of the 4 groups eval-
uated in this study would require a supervised statistical
approach such as linear discriminant analysis. However,
use of supervised approaches is based on the assumption
that the groupings (histologic tumor diagnoses in this
case) are correct to begin with, and this may not be a
valid assumption. For example, the 3 GMs in the pres-
ent study that clustered away from the other GMs and
also away from the high-grade oligodendrogliomas like-
ly warrant separate recognition based on the patients’
increased survival. The morphology-based lumping of
these tumors with other GMs or with AOs would only
coarsen our nosologic resolution.

It is also evident from a perusal of the MDS plot that
the glioma patients form a continuum and there are
cases positioned in the boundary zones between adja-
cent groups. For example, one OL located approximate-
ly halfway between the central OL cluster and the AA
cluster upon histologic re-examination showed morpho-
logic features suggestive of possible astrocytic differen-
tiation (mixed oligoastrocytoma). Another example is
provided by an AA located at the boundary between the
AA cluster and the GM cluster, in which review of the
clinical record revealed the presence of focal contrast
enhancement on the MRI scan, suggesting the presence
of vascular proliferation which, had it been included in
the resected tissue, would have resulted in upgrading to
GM. This case was morphologically at the interface of
AA and GM, likely representing an AA in anaplastic
progression to GM, and the MDS plot might be reflect-
ing this fact. 

This proof of-principle study clearly demonstrated
that molecular classification of the gliomas based solely
on gene expression data is feasible and potentially
informative. The challenge is how to exploit this capa-
bility to derive more effective treatment strategies. It is
promising that MDS-based molecular subtyping of the
diffuse gliomas correlates with patient survival. Molec-
ular classification also offers an independent prognostic
assessment separate from that provided by traditional
histologic classification.

Summary
Gene expression profiling and other molecular stud-

ies performed in our laboratory and others provide gen-
eral support for the current morphology-based WHO
classification of the diffuse gliomas. Molecular classifi-
cation by MDS analysis of expression data, however,
provides information that is much more highly nuanced
and objective compared to that obtained by histologic
assessment. In addition, molecular classification studies
are likely to identify novel, clinically-relevant glioma
subsets that warrant additional detailed investigation. 
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