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Differentiation of Low-Grade
Oligodendrogliomas from Low-Grade
Astrocytomas by Using Quantitative Blood-
Volume Measurements Derived from Dynamic
Susceptibility Contrast-Enhanced MR Imaging

Soonmee Cha, Tarik Tihan, Forrest Crawford, Nancy J. Fischbein, Susan Chang, Andrew Bollen,
Sarah J. Nelson, Michael Prados, Mitchel S. Berger, and William P. Dillon

BACKGROUND AND PURPOSE: Histopathologic evaluation remains the reference standard
for diagnosis of glioma and classification of histologic subtypes, but is challenged by subjective
criteria, tissue sampling error, and lack of specific tumor markers. Anatomic imaging is
essential for surgical planning of gliomas but is limited by its nonspecificity and its inability to
depict beyond morphologic aberrations. The purpose of our study was to investigate dynamic
susceptibility contrast-enhanced (DSC) MR imaging characteristics of the two most common
subtypes of low-grade infiltrating glioma: astrocytoma and oligodendroglioma. We hypothesized
that tumor blood-volume measurements, derived from DSC MR imaging, would help differen-
tiate the two on the basis of differences in tumor vascularity.

METHODS: We studied 25 consecutive patients with treatment-naive, histopathologically
confirmed World Health Organization grade II astrocytoma (r = 11) or oligodendroglioma
(n = 14). All patients underwent anatomic and DSC MR imaging immediately before surgical
resection. Histologic confirmation was obtained in all patients. Anatomic MR images were
analyzed for morphologic features, and DSC MR data were processed to yield quantitative
cerebral blood volume (CBV) measurements.

RESULTS: The maximum relative CBV (rCBV,,,,) in tumor ranged from 0.48 to 1.34 (0.92 =
0.27, median *= SD) in astrocytomas and from 1.29 to 9.24 (3.68 = 2.39) in oligodendrogliomas.
The difference in median rCBV,,,, between the two tumor types was significant (P < .0001).

CONCLUSION: The tumor rCBV,,,, measurements derived from DSC MR imaging were
significantly higher in low-grade oligodendrogliomas than in astrocytomas. Our findings sug-
gest that tumor rCBV_,, derived from DSC MR imaging can be used to distinguish between the

two low-grade gliomas.

Low-grade infiltrating gliomas comprise a heteroge-
neous group of slow-growing tumors, and the two
most common histologic subtypes are astrocytoma
and oligodendroglioma (1). Although histopathologic
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evaluation remains the reference standard for the
diagnosis and histologic subtyping of low-grade glio-
mas, it is limited by issues such as subjective criteria,
tissue sampling error, and lack of any specific tumor
marker (2, 3).

Anatomy-based MR imaging with intravenous con-
trast material is the accepted standard for preopera-
tive localization and characterization of brain tumor.
Despite its exquisite sensitivity in tumor detection,
anatomic MR imaging is not sufficiently specific
enough to permit a confident differentiation between
various grades and subtypes of gliomas. Recent
progress in physiology-based dynamic MR imaging
methods, however, promises to improve specificity
and provide insight into the underlying biologic char-
acteristics of brain tumors (4).
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No longer simply a research tool, dynamic suscep-
tibility-weighted contrast-enhanced (DSC) MR imag-
ing is now used clinically to noninvasively assess tu-
mor vascularity. DSC MR imaging-derived relative
cerebral blood volume (rCBV) measurements have
been shown to correlate with glioma grade and con-
ventional angiographic vascularity, and indirectly with
tumor angiogenesis and biologic aggressiveness (5—
8). A recently published report by Lev et al (9) sug-
gests, however, that glioma grading based on rCBV
measurements can be affected by the inclusion of
oligodendrogliomas. The purpose of our study was to
investigate DSC MR imaging characteristics of the
two most common subtypes of low-grade infiltrating
glioma—astrocytoma and oligodendroglioma—to
test the hypothesis that tumor blood-volume mea-
surements derived from DSC MR imaging would dif-
ferentiate the two on the basis of differences in tumor
vascularity.

Methods

Subjects

From June 2002 to December 2003, we studied 25 consec-
utive patients with treatment-naive, histopathologically con-
firmed World Health Organization (WHO) grade II astrocyto-
mas (n = 11) or grade II oligodendrogliomas (n = 14). Of
those patients with grade II oligodendrogliomas, five were
women and nine were men (age range, 1965 years; mean, 44.5
years). Of those with grade II astrocytomas, six were women
and five were men (age range, 22— 68 years; mean, 27 years). All
patients were studied before receiving any treatment and imme-
diately before surgery. All patients had frameless head fiducials in
place for intraoperative localization and underwent MR imaging
with use of a 1.5-T magnet (Signa Horizon Lx Echospeed; GE
Medical Systems, Milwaukee, WI). Informed consent for partici-
pation in this study was obtained from each patient by using a
protocol approved by our institutional review board.

Histologic Analysis

All tissues obtained from surgical resections, including cav-
itron ultrasonic aspiration material, were subjected to routine
processing and histologic analysis with hematoxylin-eosin stain-
ing. The tumors were classified and graded according to the
current WHO criteria (10). High-grade tumors, as well as
low-grade mixed gliomas (tumors that contained classic bipha-
sic oligoastrocytomas), were excluded from the study. Two
neuropathologists (A.B., T.T.) separately reviewed all the
slides from each patient without knowledge of the imaging or
clinical data.

Immunohistochemistry

In all 25 patients, parallel sections from paraffin-embedded
tissue blocks were obtained for histochemical and immunohis-
tochemical analysis. Immunohistochemistry was performed by
using the standard streptavidin-biotin technique with appropri-
ate negative and positive controls. Monoclonal antibody MIB-1
antibody (dilution 1:150; Immunotech, Marseilles, France) was
used to determine the proliferation index. The proliferation
index was determined by counting approximately 1000 tumor
cells where the nuclear positivity was highest within the tumors.
CD31 antibody (monoclonal, dilution 1:100; DAKO, Carpin-
teria, CA) was used for qualitative assessment of microvascular
density for all tumor specimens. The microvascular density was
then evaluated against the vascular density of the normal brain
and then comparatively recorded as “high” or “low.”
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MR Imaging

All patients underwent the same preoperative MR imaging
protocol, which consisted of a three-plane localizer sequence
(8.5/1.6 ms [TR/TE]), an axial fluid-attenuated inversion-recov-
ery (FLAIR) sequence (10,000/148/2200 [TR/TE/TT]), an axial
fast spin-echo T2-weighted sequence (3000/102, echo train
length 16, matrix 256 X 196), axial diffusion-weighted imaging
(10,000/99, b = 1000 s/mm?), dynamic contrast-enhanced gra-
dient-echo echo-planar imaging (1250/54, flip angle 30°), and a
postcontrast 3D spoiled gradient-recalled acquisition in the
steady state ([SPGR] 34/8) T1-weighted sequence.

For dynamic echo-planar imaging, the location and size of
the tumor and the position of the superior and inferior margins
were determined from the T2-weighted and FLAIR images.
Seven to eight sections, 3-5 mm thick (gap, 0-2 mm), were
selected to contain the entire tumor volume. The first five
image sets were obtained before injection of the contrast agent
to establish a precontrast baseline. A standard dose of the
paramagnetic contrast agent gadopentetate dimeglumine (0.1
mmol/kg body weight; Omniscan; Amersham Health, Castro
Valley, CA) was injected intravenously with an MR-compatible
power injector at a rate of 4 or 5 mL/s through an antecubital
angiocatheter (18-21 gauge), followed immediately by a 20-mL
continuous saline flush. The multisection image set was ac-
quired at a rate of one image per section per second for a total
of 60 seconds.

Anatomic Image Analysis

Two neuroradiologists (N.J.F., W.P.D.) reviewed each tu-
mor for the following imaging characteristics: contrast en-
hancement, intratumoral cyst, tumor border, T2 signal intensity
characteristics of the tumor, and intratumoral susceptibility
(defined as hypointense signal abnormality) on precontrast
gradient-echo images. The two neuroradiologists were blinded
to the histopathologic diagnosis and grade. Based on the ana-
tomic MR imaging characteristics, the two readers were asked
to decide whether the tumor was an oligodendroglioma or an
astrocytoma and to determine the tumor grade based on the
WHO glioma grading classification. Each tumor was assessed
for presence or absence of contrast enhancement on TI1-
weighted images and, when present, the enhancing portion of
the tumor was estimated as a percentage of the nonenhancing
tumor volume.

Image Processing

Image postprocessing was performed by using software pro-
grams written in C, Fortran, MATLAB, and IDL programming
languages. During the first pass of the gadolinium-based con-
trast bolus, signal intensity decreases on T2*-weighted images.
Relative concentration of the contrast material can be calcu-
lated from signal intensity changes to obtain a plot of the
relative concentration of contrast material in tissue over time.
The area under this curve is proportional to the regional CBV.
Correction for contrast material recirculation and leakage
(which invalidates the CBV calculation) was performed by
subtracting a baseline T2* susceptibility signal intensity from
under the contrast agent bolus. The beginning and end of the
bolus passage were defined as the images at which the signal
intensity came within 1 SD of the mean pre- and post-bolus
signal intensities, respectively. The end of the first pass was
estimated by using gamma-variate fitting to eliminate arbitrary
criteria.

The raw T2*-weighted echo-planar data were transferred to
a UNIX workstation (Sunblade 100; Sun Computer, Mountain
View, CA) for off-line postprocessing. The dynamic T2*-
weighted image postprocessing was performed with a software
written in C programming language, yielding a gray-scale rtCBV
map by using the method described above. The postcontrast 3D
SPGR T1-weighted images, the rCBV maps, and the first time
point acquisition of the T2*-weighted echo-planar image were



Fic 1. T2*signal intensity time curves from normal cortical and
background ROls.

then imported into a volume file developed in-house for the
purpose of artifact elimination and resampling. Figure 1 dem-
onstrates T2* signal intensity time curves from the normal
cortical and the background regions of interest (ROIs).

For quantification of blood volume, tumor CBV was ex-
pressed as rCBV, where r indicates relative, meaning compared
with an internal reference, which in this study was the normal
contralateral white matter. To improve the signal-to-noise ratio
in the measurements, rCBV values were then calculated in
ROIs in the areas that showed the greatest values on gray-scale
maps. Each ROI measured 5 mm for all tumors. The ROIs
were chosen on the basis of automated analysis of T2* signal
intensity curve characteristics that showed maximum amplitude
of signal intensity decrease during the first pass and rCBV
maps generated pixel-by-pixel. In each tumor, four or five ROIs
were chosen in the contrast enhancing (if present) as well as the
nonenhancing portion of the tumor to obtain the maximum
rCBV (rCBV,,.,)-

Statistical Analyses

Because of the small patient sample and non-normal distri-
bution of continuous variables, nonparametric statistics were
used. The Fisher exact test was performed to determine the
difference in anatomic imaging variables (e.g., frontal lobe
location, intratumoral cyst, cortical involvement, tumor border,
and susceptibility) between low-grade oligodendrogliomas and
low-grade astrocytomas. The Wilcoxon rank sum test was used
for analysis of age, tumoral enhancement, rCBV_,. and
MIB-1 labeling index. The Spearman rank coefficient was ob-
tained to determine the correlation between age and rCBV,
and age and MIB-1 labeling index. Analysis of covariance
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(ANCOVA) was used to adjust for age and to determine
differences between the two tumor types. Least squares means
and 95% confidence intervals (CIs) were used to describe the
group differences in ANCOVA analysis. P values of ANCOVA
were determined by using ranks of the dependent variables in
the ANCOVA. A P value of .05 or less was considered to
indicate a statistically significant difference.

Results

Histopathologic Characteristics

Histologic confirmation was made from resected
tissue specimens in all 25 patients. None of the pa-
tients underwent biopsy only for histologic diagnosis.
Low-grade astrocytomas demonstrated typical diffuse
involvement by hyperchromatic and moderately pleo-
morphic tumor cells imperceptively admixed with the
underlying neural parenchyma without mitotic figures,
vascular proliferation, or necrosis. In some cases, focal
microcystic change was present. In none of these tumors
was an oligodendroglial component perceived.

Low-grade oligodendrogliomas were composed of
highly monotonous tumor cells and characteristically
displayed “chicken-wire” type of hypervascularity. Most
tumors involved the cortex, with typical satellitosis, nu-
clear chains, and subpial crowding. No appreciable as-
trocytic component was noted in any of these tumors.

The two neuropathologists who independently re-
viewed the histologic slides in all 25 patients con-
firmed that none of the tumors were classic mixed
oligoastrocytomas and none met the criteria for
WHO grade III anaplastic oligodendroglioma or
astrocytoma.

Immunohistochemical Analysis

Paraffin tissue blocks were available in all 25 tumor
specimens for immunohistochemical analysis. The
MIB-1 labeling index in the immunohistochemical
assessment of the proliferation index of tumor tissue
samples ranged as follows: 0.50-10.94% (mean = SD,
3.16 * 3.42%) for the 14 low-grade oligodendroglio-
mas and 1.11-8.34% (mean = SD, 3.75 = 2.82%) for
the 11 low-grade astrocytomas. The difference in the
mean MIB-1 labeling indexes between the two tumor
types was not statistically significant (P = .1015).
These data are displayed in Figure 2. Likewise, the
difference in the median MIB-1 labeling indexes be-
tween oligodendrogliomas and astrocytomas was not
significant (1.9% vs. 2.0%, respectively, P = .4933
Wilcoxon rank sum test).

Qualitative analysis of tumor vascularity by using
CD31 immunohistochemistry as well as routine stains
demonstrated an overall increase in vascularity
among the oligodendrogliomas compared with the
astrocytomas. The vascular density did not appear to
differ from normal brain vasculature for grade II
astrocytomas. However, a distinct increase was evi-
dent in the delicate capillary vessels in almost all
oligodendrogliomas, which was partly responsible for
the chicken-wire appearance of the tumor (Fig 3).
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Fic 2. Box plot of mitotic index labeling (MIB-1) for each tumor
shows similar mean values, indicated by the small squares for
both tumor types, with a larger SD for low-grade astrocytoma.
Horizontal line in box indicates median.

Anatomic MR Images

The anatomic MR imaging characteristics of the
two tumor types in our study were similar to what has
been published before. Except for cortical involve-
ment, no other anatomic imaging feature or combi-
nation of features would permit any confident differen-
tiation between the tumor types. Oligodendrogliomas
more commonly displayed enhancement, a frontal-lobe
location, cortical involvement, the presence of intratu-
moral cysts, and susceptibility. Representative images of
the oligodendroglioma and astrocytoma are shown in
Figures 4 and 5, respectively. In the blinded assessment
of anatomic imaging features, each of the two neurora-
diologists considered the presence of intratumoral cysts,
susceptibility, and cortical involvement to be the most
likely anatomic MR imaging features to be predictive of
oligodendroglioma. When using the anatomic criteria,
these readers correctly predicted the histologic tumor
type in nine (64%) of the 14 oligodendrogliomas and
eight (72%) of the 11 astrocytomas. Based on results of
the Fisher exact test, only cortical involvement of tumor
reached statistical significance (P = .0486), whereas all
other anatomic imaging features did not.

DSC MR Imaging

The rCBV,,,, of tumors ranged from 0.48 to 1.34
(median = SD, 0.92 = 0.27) for astrocytomas and
from 1.29 to 9.24 (median * SD, 3.68 = 2.39) in
oligodendrogliomas (Fig 6). The difference in median
rCBV, .« values between the two tumor types was
significant (P < .0001) by using the Wilcoxon rank
sum test and ANCOVA. The least squares mean for
rCBV,,.« after adjustment for age was 0.7357 (95%
CI: 0.4170-1.8884) in astrocytomas and 4.2841 (95%
CI: 3.2696-5.2985) in oligodendrogliomas. After ad-
justment for age, the difference in rCBV,,,, between
the two tumor types was still significant (P = .0001)
by using ANCOVA.

The rCBV measurements varied greatly

max
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try of endothelial cell marker (CD31) in low-grade gliomas (CD31
stain; original magnification, X400). Grade Il astrocytoma (A)
shows minimal reactivity with CD31 antibody compared with a
grade Il oligogdendroglioma (B), which demonstrates strong re-
activity as shown by the brown staining of the vasculature.

within each individual oligodendroglioma, whereas
the astrocytomas tended to have little, if any, vari-
ation in rCBV_,,, within each individual tumor. All
of the astrocytomas had rCBV,,,, values of less
than 1.5 when compared with the contralateral nor-
mal white matter, as opposed to only one of the 14
oligodendrogliomas.

Statistical Analysis

The Fisher exact test for each anatomic imaging
variable (e.g., frontal lobe location, intratumoral cyst,
cortical involvement) revealed no statistically signifi-
cant differences, except in cortical involvement. Wil-
coxon rank sum test for analysis of age, percentage of
tumoral enhancement, rCBV, ., and MIB-1 labeling
index also showed no statistically significant differences,
except in rCBV,,,,. Spearman rank coefficient showed
no correlation between age and rCBV,,,, or age and
MIB-1 labeling index. ANCOVA was used to adjust for
age, and there was still a significant difference in rCB-
Vmax Detween the two tumor types (P = .0001).
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Fic 4. Case of a 40-year-old man with a grade Il oligodendroglioma.

A and B, Axial contrast-enhanced T1-weighted (A) and FLAIR (B) MR images demonstrate a heterogeneously enhancing (black
arrows), infiltrative, cortically based mass (white arrows) in the left medial superior frontal lobe.

C, Relative CBV map of the tumor shows a large focus of increased blood volume (arrow) in the tumor.

Fic 5. Case of a 32-year-old man with a grade Il astrocytoma.

A and B, Axial contrast-enhanced T1-weighted (A) and FLAIR (B) MR images demonstrate a minimally enhancing (black arrows),
heterogeneous T2 hyperintense mass (white arrows) in the left deep frontal white matter.

C, Relative CBV map of the tumor shows minimally elevated blood volume in the tumor (arrow).

Discussion

Differentiating low-grade astrocytomas from low-
grade oligodendrogliomas preoperatively with use of
imaging is important for several reasons. First, these
two tumor types are well-defined, clinicopathologic
entities with distinct biologic and prognostic charac-
teristics for which distinction based on histopatho-
logic evaluation, the current reference standard, can
be difficult and not without error (2, 3, 11). The
histopathologic evaluation of low-grade glioma is
challenged by a mixed cellular component in a given
tumor that can lead to subjective criteria for deter-
mining the cell of origin, inherent sampling error
associated with a surgical tissue specimen, and lack of
specific tumor markers. Preoperative anatomic imag-
ing already plays a complementary role by providing
information on tumor location, surgical resectablity,
satellite focus of tumor, and reactive changes in the
adjacent brain—all of which are important factors
influencing treatment and outcome, but which cannot
be assessed directly from histopathologic evaluation.

Max rCBV

2- -L

0 T T
Oligodendroglioma Astrocytoma

Fic 6. Box plot of rCBV,,,, for each tumor shows a significant
difference in mean rCBV,,,, values (small squares) between
low-grade oligodendroglioma and low-grade astrocytoma, with
a larger SD for low-grade oligodendroglioma. Horizontal line in
box indicates median.
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Nevertheless, anatomic MR imaging suffers from
nonspecifity and the inability to depict beyond mor-
phologic aberration. With the addition of nonana-
tomic, physiology-based MR imaging methods such as
perfusion MR imaging, however, more sophisticated
tumor characterization that can provide insight into
the underlying biologic characteristics is now possible.
Thus, it is critical to define preoperatively the physi-
ologic MR imaging features of well-defined tumor
types, at their native state, to complete imaging char-
acterization. A great step forward would be if the
challenges presented by patients with glioma could
be more accurately predicted before the surgical
approach, thus directing tissue specimens for ap-
propriate histologic and molecular analysis, as well
as empowering the radiation and neuro-oncology
colleagues with better assessment of treatment
choices and prognosis.

Second, although not yet widely available, thera-
pies such as convection-enhanced drug delivery are
being developed for the purpose of preoperative or
intraoperative use in gliomas (12-14). Knowing the like-
lihood of tumor histologic subtype would be of critical
importance in planning such therapies. With the current
traditional therapy for gliomas being far from successful
(15) and with progress occurring in innovative but risky
targeted interventions, preoperative anatomic and phys-
iologic imaging of gliomas at their native state to assess
biologic subtypes, vascularity, and other physiologic pa-
rameters will be not only mandatory but also unavoid-
able in the near future.

Third, similar to the advances in imaging, impres-
sive developments have occurred in tumor genetics
that promise to unravel molecular and chromosomal
aberrations in gliomas (16-20), which could poten-
tially revolutionize how these tumors are diagnosed
and treated. Molecular biology of gliomas, however,
suffers from similar constraints as those of histopa-
thology in that the evaluation is limited to the tissue
at hand, and hence, the whole tumor cannot be eval-
uated. It also ignores other important prognostic fac-
tors such as biologic characteristics of residual tumor.
Furthermore, because of the limited availability and
high cost of the necessary elaborate laboratory sys-
tems, performing tumor genetics on a routine basis is
not yet a reality. Hence, if imaging can stratify pre-
operatively which tumor subtypes should undergo fur-
ther molecular and genetic analysis, such as 1p and
19q alleic chromosomal losses in oligodendroglioma
(21), this could potentially alter postoperative ther-
apy, help assess prognosis, and offer great benefit to
the patient.

In the current study, we evaluated perfusion MR
imaging characteristics in two well-defined clinico-
pathologic glioma subtypes and found that low-grade
astrocytomas and oligodendrogliomas have signifi-
cantly different tumor blood-volume measurements.
This is in keeping with numerous published reports
on the difference in histologic evidence of differential
vascularity between these two tumor types. The dif-
ference in MR imaging—derived tumor blood-volume
measurements between oligodendrogliomas and as-
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trocytomas may be due to a lack of neoangiogenesis
or vascular proliferation in astrocystomas and the
presence of capillary neovascularization in oligoden-
drogliomas. Alternatively, higher rCBV in oligoden-
drogliomas may, in part but not exclusively, be related
to their cortical location. Because the normal cortical
gray matter contains a greater number of blood ves-
sels compared with that of white matter, tumors in-
volving the gray matter may have higher vascular
density. Since the tumor rCBV,,,, was expressed as a
ratio to the contralateral white matter, the higher
blood volume of oligodendrogliomas may in part be
attributed to their higher likelihood of cortical in-
volvement. Mineura et al (22) reported on fluorode-
oxyglucose positron emission tomographic (PET) fea-
tures of five grade II oligodendrogliomas in which
they found a decrease in tumor blood volume and
flow. This apparent discrepancy in rCBV between
PET and DSC MR imaging may, in part, be explained
by the fact that they used contralateral gray matter as
the internal reference, whereas we used white matter.
Nevertheless, as shown in Figure 7, most of our cor-
tically based oligodendrogliomas had increased blood
volume even when compared with the contralateral
normal gray matter. Our histologic evaluation showed
clear evidence of neovascularization in oligodendro-
gliomas that was distinct from what one would expect
as a normal increase in gray matter vasculature, thus
suggesting that the rCBV derived from DSC MR
imaging better correlates with histopathologic find-
ings than does rCBV derived from PET.

Several studies have shown that oligodendroglio-
mas express powerful proangiogenic mitogens, such
as vascular endothelial growth factor (23-25) and
hypoxia-inducible factor-la (26), that contribute to
their neovascularization and vascular hyperplasia.
Schiffer et al (27, 28) also have described the unique
vascularity of oligodendrogliomas, in which increased
vascular density was seen in both low-grade and high-
grade oligodendrogliomas. That pattern was in con-
trast to the pattern in fibrillary astrocytomas, for
which microvascular proliferation was seen in only
the higher-grade tumors. Our findings indicate that
MR imaging -derived tumor blood-volume measure-
ments reflect the degree of tumor angiogenesis and
correlate with histologic differences in tumor vascu-
lature between low-grade oligodendrogliomas and
astrocytomas.

Our study results also suggest that low-grade oligo-
dendrogliomas are more vascular than astrocytomas
at both histologic evaluation and perfusion MR im-
aging. This finding corroborates with results of a re-
cent study published by Lev et al (9) that glioma
grading based on MR-derived rCBV measurements
may not be accurate if low-grade oligodendroglioma
is included in the sample.

Our findings that show relatively high tumor blood-
volume values associated with grade II oligodendro-
gliomas have an important implication in glioma
grading based on rCBV measurements. Several stud-
ies (5-7) reported a positive correlation between gli-
oma grade and rCBV values, wherein the glioma



Fic 7. Multiple voxels of T2* signal intensity time curves in a
left superior frontal oligodendroglioma (same patient as in Fig 4)
demonstrate more pronounced signal intensity decrease within
the tumor (lighter shaded area) when compared with the con-
tralateral gray matter (darker shaded area).

group consisted solely of astrocytomas (6) or the
glioma subtypes were not specified in the study (5, 7).
Our results suggest that rCBV-based grading of glio-
mas as a general class may not show a positive corre-
lation with histopathologic grading if low-grade oli-
godendrogliomas are included in the sample of
gliomas. On that basis, we suggest that glioma grading
based on MR imaging-derived rCBV measurements
be limited to fibrillary astrocytomas only.

Our study results further suggest that among the
well-established anatomic MR imaging features of
oligodendrogliomas and astrocytomas, only involve-
ment of the cortical gray matter was significantly
correlated with low-grade oligodendroglioma (P =
.0486). However, none of the individual anatomic
features observed alone or in combination with another
feature reached statistical significance. The imaging ev-
idence of cortical involvement in oligodendrogliomas
correlated well with our histopathologic findings of tu-
mors extending into the cortex with typical satellitosis,
nuclear chains, and subpial crowding.

The issue remains whether rCBV derived from
DSC MR imaging can distinguish indolent from
more malignant oligodendrogliomas. Correlative
histopathologic and long-term outcome studies
have reported conflicting results on the relation-
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ship between neovascularization and prognosis in
patients with oligodendrogliomas. Prognostic value
of histologic grading of oligodendroglial tumors
remains controversial, and interobserver reproduc-
ibility in grading of these tumors is unknown (24,
26, 28, 29). It is widely accepted, however, that the
neovascularization is commonly seen in low-grade
oligodendrogliomas and that, unlike astrocytic tu-
mors, endothelial hyperplasia alone is not a strong
independent factor of unfavorable prognosis (28,
29). In our study, we did not evaluate any high-
grade oligodendrogliomas simply because we did
not have a sufficient number of these cases to
include in the study. Since neovascularization is
known to be present in both low- and high-grade
oligodendrogliomas, and in and of itself is not es-
sential in determining the grade of an oligodendro-
glioma, it is doubtful that rCBV derived from DSC
MR imaging would be helpful in distinguishing dif-
ferent grades of this tumor type.

One of the major limitations of our study is the lack
of a direct correlation between MR imaging-derived
tumor blood volume and histologic correlate. We do
not fully understand exactly what is responsible for an
elevated blood volume in grade II oligodendroglio-
mas—whether it may be the distinct vascular pattern,
the presence of capillaries, dilated vessels within the
tumor, predominant cortical location, a combination
of these factors, or some other yet unknown factors.
Further investigations to directly correlate imaging
with histologic standards will strengthen the validity
of the MR imaging-derived blood-volume measure-
ment as a noninvasive imaging marker of tumor
angiogenesis.

As we move into an even more sophisticated clin-
ical setting with advances in stereotactic surgical pro-
cedures, tumor immunohistochemistry and genetics,
and noninvasive anatomic and physiologic imaging, it
becomes inevitable to think that a real-time correla-
tion among imaging, histopathologic, and molecular
biologic characteristics of brain tumors is not only
mandatory, but unavoidable. We believe that nonin-
vasive imaging will play a much more substantive role
in the preoperative diagnosis and management of
brain tumors as we move toward higher field strength
MR imaging and physiology-based imaging schemes,
as well as unconventional therapeutic interventions
before surgery.

Conclusion

The results of our study suggest that the measure-
ment of tumor blood volume derived from DSC MR
imaging yields information about the tumor vascula-
ture and is useful in improving the specificity of the
diagnosis of grade II oligodendrogliomas and grade 11
astrocytomas. Preoperative differentiation of oligo-
dendroglioma and astrocytoma with use of noninva-
sive anatomic and physiologic imaging is important
for establishing imaging as a second reference stan-
dard to histopathologic evaluation, empowering neu-
rosurgeons and neuro-oncologists to plan for poten-
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tial pre- or intraoperative therapy, and stratifying
tissue specimens for appropriate molecular and ge-
netic analyses that can guide therapy and help assess
prognosis.
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