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Purpose: To retrospectively determine whether relative cerebral blood
volume (CBV) measurements can be used to predict clinical
outcome in patients with high-grade gliomas (HGGs) and
low-grade gliomas (LGGs) and specifically whether patients
who have gliomas with a high initial relative CBV have more
rapid progression than those who have gliomas with a low
relative CBV.

Materials and
Methods:

Approval for this retrospective HIPAA-compliant study
was obtained from the Institutional Board of Research
Associates, with waiver of informed consent. One hundred
eighty-nine patients (122 male and 67 female patients;
median age, 43 years; range, 4–80 years) were examined
with dynamic susceptibility-weighted contrast material–
enhanced perfusion magnetic resonance (MR) imaging and
were followed up clinically with MR imaging (median fol-
low-up, 334 days). Log-rank tests were used to evaluate
the association between relative CBV and time to progres-
sion by using Kaplan-Meier curves. Binary logistic regres-
sion was used to determine whether age, sex, and relative
CBV were associated with an adverse event (progressive
disease or death).

Results: Values for the mean relative CBV for patients according
to each clinical response were as follows: 1.41 � 0.13
(standard deviation) for complete response (n � 4),
2.36 � 1.78 for stable disease (n � 41), 4.84 � 3.32 for
progressive disease (n � 130), and 3.82 � 1.93 for
death (n � 14). Kaplan-Meier estimates of median time
to progression in days indicated that patients with a
relative CBV of less than 1.75 had a median time to
progression of 3585 days, whereas patients with a rela-
tive CBV of more than 1.75 had a time to progression of
265 days. Age and relative CBV were also independent
predictors for clinical outcome.

Conclusion: Dynamic susceptibility-weighted contrast-enhanced perfu-
sion MR imaging can be used to predict median time to
progression in patients with gliomas, independent of
pathologic findings. Patients who have HGGs and LGGs
with a high relative CBV (�1.75) have a significantly more
rapid time to progression than do patients who have glio-
mas with a low relative CBV.
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The existence of multiple ap-
proaches to pathologic classifica-
tion of human glioma implies that

there is a lack of consensus among pa-
thology experts as to which is the single
best approach (1–5). These multiple
grading systems do, however, agree in
regard to the histologic parameters that
are important in the determination of
glioma biology, namely hypercellularity,
pleomorphism, vascular endothelial
proliferation, mitotic activity, and ne-
crosis. The difficulties in such grading
systems are that each classification all
too often rests on permissive criteria
(ie, histologic features that may or may
not be present in tumors in each diag-
nostic category) and not on rigorous
statements containing terms such as
“must be present” or “must not be
present” and also that some of these
criteria are subjectively defined or iden-
tified.

Without strictly specified histologic
features, diagnoses are often open to
subjective interpretations. This di-
lemma is further compounded by other
well-known limitations of neuropatho-
logic assessment of the central nervous
system as follows: (a) Only a few small
samples of tissue are examined, partic-
ularly when the samples are acquired by
using stereotactic biopsy, so that the
most malignant portion of a tumor may
not be sampled (sampling error) (6).
(b) A range of samples may be difficult
to obtain if the tumor is inaccessible to
the surgeon. (c) Interpathologist and in-
trapathologist variability may be
present (7,8). (d) Central nervous sys-
tem tumors have a dynamic nature,
with a substantial proportion of low-
grade gliomas (LGGs) progressing to
malignant high-grade gliomas (HGGs)
or secondary glioblastoma multiforme
(GBM); it is the belief of some neuro-

surgeons that, given time, all LGGs will
progress to HGGs (9). (e) Histologi-
cally, gliomas that are conferred the
same pathologic grade may not only
have different biologic behavior but also
respond differently to treatment, ac-
cording to recently discovered molecu-
lar (1p19q deletions) and genetic mark-
ers (10).

Dynamic susceptibility-weighted con-
trast material–enhanced perfusion mag-
netic resonance (MR) imaging is a tech-
nique that can provide physiologic infor-
mation about vascular endothelial
proliferation, vascular density, and an-
giogenesis (11–19). Since vascular pro-
liferation is an important factor in the
biology of astrocytomas (20), we hy-
pothesized that dynamic susceptibility-
weighted contrast-enhanced MR imag-
ing can provide a means of characteriz-
ing tumor biology. The purpose of our
study, therefore, was to retrospectively
determine whether relative cerebral
blood volume (CBV) measurements can
be used to predict clinical outcome in
patients with HGGs and LGGs and spe-
cifically whether patients who have gli-
omas with a high initial relative CBV
have more rapid progression than those
who have gliomas with a low relative
CBV.

Materials and Methods

Patients and Follow-up
Approval for this retrospective, Health
Insurance Portability and Accountability
Act–compliant study was obtained from
the Institutional Board of Research As-
sociates, with waiver of informed con-
sent. One hundred eighty-nine patients
with pathologically proved gliomas (World
Health Organization classification II–IV)
who met the inclusion criteria were de-
rived from our database. Inclusion crite-
ria included the following: (a) The can-

didate was male or female and was re-
ferred for preoperative assessment of
intracranial tumors. (b) No evidence of
systemic malignancy or immune status
compromise was present.

The study included 122 male pa-
tients and 67 female patients (median
age, 43 years; range, 4–80 years).
Within this group of 189 patients, 21
LGGs had been previously reported in
investigations of clinical response in
LGGs (21,22). Histopathologic evalua-
tion was independently performed by
two experienced neuropathologists (D.Z.
and D.C.M., with 17 and 25 years of
experience with brain disease, respec-
tively) and was based on the World
Health Organization four-tier classifica-
tion of gliomas (3): grade II, low-grade
fibrillary astrocytoma (LGA) (n � 28);
grade II, low-grade oligoastrocytoma
(LGOA) (n � 11); grade II, low-grade
oligodendroglioma (LGO) (n � 14);
grade III, anaplastic astrocytoma (AA)
(n � 72); grade III, anaplastic oligoas-
trocytoma (n � 12); and grade IV, GBM
(n � 52). Juvenile pilocytic astrocyto-
mas (grade I) were excluded from this
study, because they have been previ-
ously described as having elevated rela-
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Advance in Knowledge

� Relative cerebral blood volume
(CBV) measurements performed
by using perfusion MR imaging
can be used to predict glioma
grade, patient outcome, and time
to progression, independent of
pathologic findings.

Implication for Patient Care

� The relative CBV measurement
performed by using perfusion MR
imaging shows potential for use as
a prognostic marker for patients
with gliomas.
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tive CBV that may confound the utility
of relative CBV for the prediction of
glioma grade (23).

The patients were followed up, with
a median follow-up of 334 days (range,
30–3585 days). The patients were as-
sessed clinically, and they were exam-
ined with imaging, by using conven-
tional MR imaging, single-dimension
measurements of contrast-enhanced T1
enhancement and T2 signal hyperinten-
sity (for tumor size), as well as serial
relative CBV measurements. The maxi-
mal tumor dimension was determined
by using a single measurement of the
largest dimension as described for the
Response Evaluation Criteria in Solid
Tumors technique (24). Each patient
was assigned to a different clinical re-
sponse category on the basis of clinical
chart review and findings on MR images
(independently reviewed by N.P. and
M.L., who each had 8 years of experi-
ence reviewing brain MR images). The
four response categories were complete
response, stable disease, progressive
disease, and death. These categories
were based, in part, on the methodol-
ogy described by Levin et al (25). A
complete response was defined as no
visible tumor on an MR image and no
new neurologic deficit. Stable disease
was defined as no change in the pa-
tient’s neurologic examination results
and Karnofsky score and a less than
25% change in tumor size on MR im-
ages. Progressive disease was defined
as a decline in the neurologic status and
Karnofsky score or an increase in tumor
size of more than 25% on MR images.
The patients were assessed by their
neuro-oncologist at 3-month intervals,
at which time MR imaging also was per-
formed.

Conventional MR Imaging
Imaging was performed with 1.5-T sys-
tems (Avanto, Vision, or Symphony;
Siemens, Erlangen, Germany). A local-
izing sagittal T1-weighted MR image
was obtained, and then transverse non-
enhanced T1-weighted spin-echo MR
images (repetition time msec/echo time
msec, 600/14), transverse fluid-attenu-
ated inversion-recovery (FLAIR) MR
images (repetition time msec/echo time

msec/inversion time msec, 9000/110/
2500), and T2-weighted MR images
(3400/119) were obtained. Transverse
contrast-enhanced T1-weighted imag-
ing was performed after the acquisition
of the dynamic susceptibility-weighted
contrast-enhanced MR imaging data.
The section thickness was 5 mm, with a
matrix of either 256 � 256 or 512 � 512
by using a 240 � 240-mm field of view.
For a 256 � 256 matrix and a 240 �
240-mm field of view, the pixel dimen-
sion was 0.9 mm, and for a 512 � 512
matrix, the pixel dimension was 0.46
mm.

Dynamic Susceptibility-weighted
Contrast-enhanced MR Imaging
Dynamic susceptibility-weighted con-
trast-enhanced MR images were acquired
with a gradient-echo echo-planar imaging
sequence during the first pass of a stan-
dard-dose (0.1 mmol/kg) bolus of gado-
pentetate dimeglumine (Magnevist; Ber-
lex Laboratories, Wayne, NY). Seven to
10 sections were positioned to cover the
tumor, on the basis of findings on T2-
weighted and FLAIR MR images. Imaging
parameters were as follows: 1000/54;
field of view, 230 � 230 mm; section
thickness, 5 mm; matrix, 128 � 128; in-
plane voxel size, 1.8 � 1.8 mm; intersec-
tion gap, 0%–30%; flip angle, 30°; and
signal bandwidth, 1470 Hz/pixel. Con-
trast agent was injected at a rate of 5
mL/sec with a power injector (Medrad,
Warrendale, Pa), followed by administra-
tion of a 20-mL bolus of saline at 5 mL/
sec. The injection rate was 5 mL/sec in all
patients, except for the three patients in
the 0–9-year age group, in whom the in-
jection rate was reduced to 3 mL/sec. A
total of 60 images were acquired at 1-sec-
ond intervals, with the injection occurring
at the fifth image so that the bolus would
typically arrive at the 15th to 20th image.

Relative CBV Measurements
The procedure used to calculate relative
CBV from the dynamic susceptibility-
weighted contrast-enhanced MR image
data is based on standard algorithms
that have been previously described
(12,26,27). A summary of the analysis
is provided as follows: During the first
pass of the bolus of contrast agent, T2*

is reduced, and hence the signal inten-
sity on T2*-weighted images decreases.
The change in relaxation rate (�R2*)
(ie, the change in the reciprocal of T2*)
can be calculated from the signal inten-
sity with the following equation:
�R2*(t) � �ln[SI(t)/SI0]/TE, where
SI(t) is the signal intensity at time t, SI0
is the nonenhanced signal intensity, and
TE is the echo time. �R2* is propor-
tional to the concentration of contrast
agent in the tissue, and CBV is propor-
tional to the area under the curve of
�R2*(t), provided there is no recircula-
tion or leakage of contrast agent. In gen-
eral, these assumptions are violated,
but the effects can be reduced by fitting
a gamma-variate function to the mea-
sured �R2* curve. This function ap-
proximates the curve that would have
been obtained without recirculation or
leakage. CBV can then be estimated
from the area under the fitted curve
rather than from the original data. This
analysis does not give an absolute mea-
surement of CBV so that values have to
be expressed as a ratio relative to the
value measured in some standard tissue,
typically normal contralateral white or gray
matter, depending on tumor location.

Data processing was performed
with an operating system (Unix; Open
Software Foundation, Palo Alto, Calif)
and programs developed in house by
using the Interactive Data Language
programming language. Color overlay
maps of relative CBV were calculated,
but to improve signal-to-noise
ratio, relative CBV measurements
were calculated from regions of inter-
est that were placed in regions of high-
est perfusion seen on the relative CBV
color overlay maps. Four separate re-
gion-of-interest measurements were
made, and the maximum value was
recorded. Some investigators (28)
have demonstrated that this method
for the measurement of maximal ab-
normality provides the highest intra-
and interobserver reproducibility in
relative CBV measurements. To mini-
mize confounding factors in relative
CBV analysis, the size of the regions of
interest was kept constant (radius, 3.6
mm). Relative CBV measurements
were obtained by a neuroradiologist
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(R.J.Y.) with 8 years of experience in
perfusion data acquisition. The rela-
tive CBV measurements, the gathering
of the clinical follow-up and imaging
data, and the pathologic evaluation
were performed independently and in
a blinded fashion.

Statistical Analysis
Means, standard deviations, and medi-
ans of relative CBV measurements for
patients classified in each clinical re-
sponse category (complete response,
stable disease, progressive disease, death)
were obtained. The number of observa-
tions, the mean � standard deviation of
relative CBV, and the percentage of tu-
mors with a high relative CBV of more
than 1.75 stratified according to histo-
logic tumor type also were determined.

Log-rank tests were used to evalu-
ate the association of relative CBV with
time to progression, defined as the time
from the initial surgical diagnosis to the
time of tumor progression. Data for pa-
tients who died of disease included un-
censored times to progression, whereas
data for those patients with a complete
response and stable disease at the time
of the most recent follow-up were right
censored. The analysis was conducted
with and without inclusion of pathologic
status (AA, anaplastic oligodendrogli-
oma [AOA], GBM, LGA, LGO, LGOA)
as a stratification factor and examined
the association of time to progression
with a binary categorization of relative
CBV as high versus low. Patients were
classified in groups with low and high
relative CBV by using a CBV threshold
value of 1.75. This threshold value had
previously been found by Law et al (13)
to provide the optimal sensitivity and
specificity for differentiating LGGs from
HGGs in a logistic regression analysis of
120 HGGs and 40 LGGs. Kaplan-Meier
survival curves and the log-rank test
were used to characterize and compare
the groups with high and low relative
CBV, as well as groups with different
histologic subtypes, in terms of time to
progression.

Binary logistic regression was also
used to determine whether age, sex,
and relative CBV were associated with
an adverse event (progressive disease

Figure 1

Figure 1: Kaplan-Meier survival curves for progression-free survival in LGG group with low relative CBV
(�1.75) and LGG group with high relative CBV (�1.75) show significant difference in time to progression in
LGGs stratified according to relative CBV alone (P � .0001). When HGGs were compared, there was a signifi-
cant difference in progression in HGGs with high relative CBV versus low relative CBV (P � .0001). Among
subjects with low relative CBV, there was a significant difference between HGGs and LGGs with respect to
progression-free survival (P � .047). Among subjects with high relative CBV, time to progression was not
significantly different (P � .266) for LGGs and HGGs.

Table 1

Mean and Median Relative CBV for Patients with Each Clinical Response

Data Complete Response Stable Disease Progressive Disease Death

Mean relative CBV* 1.41 � 0.13 2.36 � 1.78 4.84 � 3.32 3.82 � 1.93
Median relative CBV 1.43 1.6 3.93 4.03
No. of patients 4 41 130 14

* Data are the mean � standard deviation.

Table 2

Number of Observations, Relative CBV, and Percentage of Tumors with High Relative
CBV Stratified according to Histologic Tumor Type

Tumor Type Relative CBV* Tumors with High Relative CBV (%)†

GBM 5.15 � 2.7 94 (49/52)
AA 5.14 � 3.6 94 (68/72)
AOA 3.57 � 2.2 75 (9/12)
LGA 2.09 � 1.7 36 (10/28)
LGO 2.03 � 0.8 50 (7/14)
LGOA 1.61 � 1.5 27 (3/11)
Glioma

HGG 5.00 � 3.2 93 (126/136)
LGG 1.97 � 1.4 38 (20/53)

* Data are the mean � standard deviation.
† High relative CBV is a relative CBV of more than 1.75. Numbers in parentheses were used to calculate the percentages. Total
number of observations (patients) was 189.
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or death). All statistical computations
were performed by using software (SAS
System for Windows, version 9.0, 2002;
SAS Institute, Cary, NC), and results
were declared significant at the two-
sided 5% comparisonwise significance
level (P � .05). Bonferroni adjustment
was performed.

Results

Mean relative CBV values for patients
with each clinical response were as
follows: 1.41 � 0.13 (standard devia-
tion) for complete response (n � 4),
2.36 � 1.78 for stable disease (n �

41), 4.84 � 3.32 for progressive dis-
ease (n � 130), and 3.82 � 1.93 for
death (n � 14) (Table 1). Table 2 pre-
sents the number of observations (pa-
tients) relative CBV values, and per-
centage of tumors with a high relative
CBV of more than 1.75 stratified ac-
cording to histologic tumor type.

Clinical Response: Kaplan-Meier Curves
and Log-Rank Tests
The Kaplan-Meier progression-free sur-
vival curves for HGGs and LGGs with
high and low relative CBV are shown in
Figure 1. Patients with a relative CBV of
less than 1.75 had a median time to

progression of 3585 days, whereas pa-
tients with a relative CBV of more than
1.75 had a time to progression of 265
days irrespective of histopathologic tu-
mor type. LGGs with relative CBV of
less than 1.75 had a significantly longer
time to progression than did LGGs with
a relative CBV of more than 1.75
(Fig 2). Similarly, HGGs with a relative
CBV of less than 1.75 also had signifi-
cantly longer time to progression than
did HGGs with a relative CBV of more
than 1.75 (Figs 1, 3). The Kaplan-Meier
progression-free survival curves for gli-
omas of different histologic tumor type
(Fig 4) indicate that the time to progres-

Figure 2

Figure 2: Pathologically proved low-grade astrocytoma in 22-year-old man. A–D, Transverse T1-weighted contrast-enhanced MR images (600/14) show subtle
contrast enhancement in left frontal lobe. Transverse, B, T2-weighted and, C, intermediate-weighted MR images (3400/19) show slight increased signal intensity involv-
ing left frontal lobe, consistent with LGG (arrow). D, Transverse gradient-echo dynamic susceptibility-weighted contrast-enhanced MR image (1000/54) with relative
CBV color overlay map shows lesion with high initial perfusion (relative CBV, 3.84), more consistent with HGG. E–G, MR images at 6-month follow-up. E, MR image
corresponding to A shows increase in contrast enhancement and progression of disease. F, MR image corresponding to B and, G, FLAIR MR image (9000/110/2500)
show increased tumor volume and mass effect behaving more like HGG than true LGG.
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sion is concordant with histologic tumor
type, with LGO having the longest time
to progression, followed by LGA,
LGOA, AOA, AA, and GBM. When the
Kaplan-Meier curves and log-rank tests
were used to evaluate the association of
relative CBV with overall survival, it
was found that the binary representa-
tion of relative CBV was not significantly
associated with survival (P � .63), irre-
spective of whether pathologic status
was adjusted and irrespective of
whether patients with LGO, LGOA, or
AOA were included in the analysis. Be-
cause much fewer than 50% of patients
died of disease, no valid estimates of

median overall survival could be gener-
ated.

The binary representation of rela-
tive CBV was significantly associated
with time to progression among all pa-
tients (P � .001 without adjustment for
pathologic status; P � .0002 with ad-
justment), among those patients with
AA, GBM, or LGA (P � .001 without
adjustment; P � .0033 with adjust-
ment), and among those patients with
LGO, LGOA, or AOA (P � .020 both
with and without adjustment); high rel-
ative CBV values were associated with a
shorter time to progression in each
group.

Age, Sex, and Relative CBV Associations
with an Adverse Event with Binary
Logistic Regression
P values from binary logistic regression
indicated that age (P � .001) and rela-
tive CBV (P � .001) were significant
predictors of disease progression and
death, whereas sex was not (P � .971).
The observed percentage of patients who
exhibited disease progression, stratified
according to age (classified as older than
or younger than the median age of 43
years) and relative CBV (Table 3), shows
that disease progression is associated
with both relative CBV and age. Sex was
not considered because it was not ob-

Figure 3

Figure 3: Pathologically proved left temporal AA in 65-year-old woman. A, Transverse T1-weighted contrast-enhanced MR image (600/14) shows enhancing lesion
(arrow) in left temporal region, consistent with HGG. Transverse, B, FLAIR MR image (9000/110/2500) and, C, T2-weighted MR image (3400/119) show lesion with
abnormal T2 signal intensity involving left temporal lobe. D, Transverse gradient-echo (1000/54) dynamic susceptibility-weighted contrast-enhanced MR image with
relative CBV color overlay map shows lesion with low perfusion (relative CBV, 1.2) on initial image. E–H, MR images at 9-month follow-up. E, MR image corresponding
to A shows dominant enhancing component to be slightly smaller. Disease remains stable, suggesting true low-grade lesion without malignant transformation or compo-
nents. F, FLAIR MR image corresponding to B and, G, MR image corresponding to C show that signal intensity abnormality within left temporal lobe has slightly de-
creased in size. Stable-appearing lesion is in concordance with low relative CBV at presentation. H, MR image corresponding to D shows lesion with stable perfusion
(relative CBV, 1.1).
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served to be associated with disease
progression.

Discussion

Theoretically, the extent of resection
and the dose and extent of radiation
should be determined according to the
pathologic tumor grade of the glioma, in
addition to prognostic factors such as
age, Karnofsky scores, et cetera. Unfor-
tunately, an innate and perhaps unavoid-
able limitation of the current tumor grad-
ing approaches lies in the vagueness of
the descriptions used to define each
grade. Our study findings indicate that
the relative CBV measurement can be
used to predict time to progression,
clinical outcome, and glioma biology so
that, with further optimization and im-
provements to automate postprocessing
and quantitation techniques, the rela-
tive CBV measurement may provide an
important imaging biomarker of glioma
malignancy that may affect therapeutic
choices and patient outcome.

In our study, patients with complete
response and stable disease had a lower
relative CBV than did patients with pro-
gressive disease and death. This sug-
gests that the baseline relative CBV
value can be used to predict whether a
patient is likely to have a poor progno-
sis. This finding is supported by our
finding that Kaplan-Meier estimates of
median time to progression indicated
that patients with a relative CBV of less
than 1.75 had a median time to progres-
sion of 3585 days, whereas patients
with a relative CBV of more than 1.75
had a time to progression of 265 days
irrespective of histopathologic tumor
type. When we reviewed both HGGs
and LGGs, we found that relative CBV
measurements can further aid in the
classification of the time to progression.
This observation has preoperative im-
plications for the neurosurgeon in that a
glioma with the imaging features of an
LGG but with a higher relative CBV
should perhaps be excised more aggres-
sively, as more extensive resection has
been shown to improve survival in gli-
oma patients (29,30). Similarly, after a
stereotactic biopsy, subtotal resection,
or even gross total resection, an HGG or

LGG with a high relative CBV may be
treated more aggressively with postop-
erative radiation therapy and chemo-
therapeutic regimens.

Researchers in a number of studies
have demonstrated the utility of relative
CBV in the prediction of patient out-
come. In a study of 73 patients with
glioma, Schmainda et al (31) were able
to correctly classify 96% of HGGs but
only 69% of LGGs by using dynamic
contrast-enhanced MR imaging. Simi-
larly, Law et al (21) found that relative
CBV can help to identify LGGs (with
high relative CBV) that will progress
more rapidly than will LGGs with low
relative CBV and that this subset of
LGGs has a propensity for malignant
transformation. In view of the findings
in these studies, it seems highly likely
that if the clinical end point rather than
histologic type is considered as the ref-
erence standard for tumor grading, rel-
ative CBV measurements would demon-
strate much greater specificity in the
prediction of tumor biology than histo-
logic type alone. That is, tumors that
were classified as LGG histologically but
as HGG by using dynamic susceptibility-
weighted contrast-enhanced MR imag-
ing were likely to be HGG at the time of
the study or had undergone malignant

transformation after the histologic as-
sessment was performed. This not only
has implications at the time of surgery
but, as Cao et al (32) showed recently,
early temporal changes during radiation
therapy in heterogeneous regions of
high and low perfusion in gliomas might
be used to predict different physiologic
responses to radiation therapy. This ob-
servation also may provide the opportu-
nity to identify tumor subvolumes that
are radioresistant and might benefit
from intensity-modulated radiation therapy
or dose painting.

Figure 4

Figure 4: Kaplan-Meier survival curves for progression-free survival for different histologic tumor types
show time to progression to be concordant with histologic tumor type. LGO has longest time to progression,
followed by LGA, LGOA, AOA, AA, and GBM.

Table 3

Observed Percentage of Patients
Exhibiting Disease Progression
Stratified according to Age and
Relative CBV

Age
Patients with
CBV � 1.75 (%)*

Patients with
CBV � 1.75 (%)*

� 43 y 8 (2/26) 80 (57/71)
� 43 y 53 (9/17) 91 (68/75)

Note.—Sex was not considered because it was not
observed to be associated with progression of disease.

* Numbers in parentheses were used to calculate the
percentages.
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A potential limitation in our study
was the possible effect of different treat-
ment protocols on the time to progres-
sion for HGGs and LGGs. We were not
able to control for the effects of radia-
tion dose and extent of radiation or a
combination of radiation therapy and
chemotherapy. Chemotherapy con-
sisted of temozolomide (Temodar;
Schering, Kenilworth, NJ), carboplatin
(Paraplatin; Bristol-Myers Squibb, New
York, NY), procarbazine hydrochloride
(Mutulane; Hoffmann-La Roche, Nut-
ley, NJ), irinotecan (Camptosar; Pfizer,
New York, NY), or a combination
thereof. Currently, there are also no
clear data that indicate that any partic-
ular treatment regimen produces radi-
cally better outcomes than any other, so
that even though we have not controlled
for it in this study, differences in the
treatment protocol should not result in
significant differences in patient out-
come. It is well known that some lesions
respond to certain therapies, whereas
other lesions respond to different ther-
apies and still other lesions respond to
no therapy at all, even though they are
classified as the same grade of tumor
(31).

A second potential limitation was
the possible subjectivity and reproduc-
ibility of a region-of-interest–based
technique of relative CBV measure-
ments. Although Wetzel et al (28) have
shown acceptable reproducibility with
this method, we and others have ex-
plored more objective and semiauto-
mated methods, such as histogram anal-
ysis, to further improve the inter- and
intraobserver reproducibility of relative
CBV measurements. A further con-
founding factor is the inclusion of glio-
mas with oligodendroglial components
in the analysis. Researchers (15) have
well described that oligodendrogliomas
generally have increased relative CBV,
and our observations also confirm this
finding; 50% of LGOs had a relative
CBV of more than 1.75 and 36% of
LGAs had a relative CBV of more than
1.75. We also analyzed gliomas with
and without oligodendroglial compo-
nents and found that gliomas with oligo-
dendroglial components (LGO, LGOA,
AOA) and a high relative CBV of more

than 1.75 had a longer time to progres-
sion than did gliomas without oligoden-
droglial components (LGA, AA, GBM)
irrespective of tumor grade.

Finally, the definition of progression
used in our study was based partly on
the use of imaging criteria. With the
assumption that some patients under-
went radiation therapy, the occurrence
of radiation necrosis, misinterpreted as
disease progression, may have biased
the results. Fortunately, at review of
our results, the number of patients that
may have biased the results is small, as
most patients with progression shown
at imaging also had clinical progression.

Current methods for determination
of glioma grade, such as the World
Health Organization classification, have
considerable limitations. A comparison
of the reproducibility of the World
Health Organization classification ver-
sus an automated method for relative
CBV measurement, as well as the use of
these two methods for the prediction of
outcome and survival in patients with
gliomas, is under way at our institution.
It is likely that improvements in the cur-
rent World Health Organization classifi-
cation and incorporation of molecular
markers, as well as imaging biomarkers
of outcome, in combination will provide
the optimal means of predicting glioma
biology and, in turn, of determining di-
rect therapy in the future. This is likely
to influence the extent of neurosurgical
resection, as well as the role of postop-
erative radiation therapy and chemo-
therapy, adding relative CBV to current
known prognostic factors: age, histo-
logic tumor type, Karnofsky score, and
extent of resection (22).
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