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Discrimination between Glioma Grades Il and Ill Using Dynamic
Susceptibility Perfusion MRI: A Meta-Analysis

ABSTRACT

Anna F. Delgado and “#Alberto F. Delgado

BACKGROUND: DSC perfusion has been evaluated in the discrimination between low-grade and high-grade glioma but the diagnostic
potential to discriminate beween glioma grades Il and Il remains unclear.

PURPOSE: Our aim was to evaluate the diagnostic accuracy of relative maximal CBV from DSC perfusion MR imaging to discriminate
glioma grades Il and IIl.

DATA SOURCES: A systematic literature search was performed in PubMed/MEDLINE, Embase, Web of Science, and ClinicalTrials.gov.

STUDY SELECTION: Eligible studies reported on patients evaluated with relative maximal CBV derived from DSC with a confirmed
neuropathologic diagnosis of glioma World Health Organization grades Il and Ill. Studies reporting on mean or individual patient data were
considered for inclusion.

DATA ANALYSIS: Data were analyzed by using inverse variance with the random-effects model and receiver operating characteristic curves
describing optimal cutoffs and areas under the curve. Bivariate diagnostic random-effects meta-analysis was used to calculate diagnostic accuracy.

DATA SYNTHESIS: Twenty-eight studies evaluating 727 individuals were included in the meta-analysis. Individual data were available from
10 studies comprising 190 individuals. The mean difference of relative maximal CBV between glioma grades Il and Ill (n = 727) was 1.76 (95%
Cl,1.27-2.24; P < .001). Individual patient data (n = 190) had an area under the curve of 0.77 for discriminating glioma grades Il and Ill at an
optimal cutoff of 2.02. When we analyzed astrocytomas separately, the area under the curve increased to 0.86 but decreased to 0.61 when
we analyzed oligodendrogliomas.

LIMITATIONS: A substantial heterogeneity was found among included studies.

CONCLUSIONS: Glioma grade Ill had higher relative maximal CBV compared with glioma grade II. A high diagnostic accuracy was found
for all patients and astrocytomas; however, the diagnostic accuracy was substantially reduced when discriminating oligodendroglioma
grades Il and III.

ABBREVIATIONS: QUADAS-2 = Quality Assessment of Diagnostic Accuracy Studies-2; rCBVmax = relative maximum cerebral blood volume; ROC = receiver

operating characteristic, WHO = World Health Organization

P erfusion MR imaging with dynamic susceptibility contrastisa
clinical method used to assess brain perfusion in several dis-
eases.> DSC has been studied with regard to perfusion in brain
tumors such as gliomas, and maximum relative cerebral blood
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volume (rCBVmax) has been correlated with World Health Or-
ganization (WHO) malignant grade’ to a higher extent than
contrast enhancement in morphologic MR imaging.®” A higher
rCBVmax has been associated with high-grade gliomas (WHO
grades III and IV) compared with low-grade gliomas (WHO
grades I and I1).”"* An optimal cutoff of 1.75 for rCBVmax has
been proposed and evaluated in previous studies.””'*'® However,
an optimal cutoff between glioma grades II and IIT has not been
assessed previously, to our knowledge.

The current standard criterion for diagnosing and grading
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glioma is through neuropathologic evaluation.'” However, not
all patients are suitable for surgical resection, and tumor bi-
opsy can lead to a false-negative diagnosis due to an unrepre-
sentative tissue specimen. There is a need for a noninvasive
adjunct in discriminating glioma grades at initial diagnosis and
at clinical follow-up.

Recently, a meta-analysis studying MR imaging perfusion in
low- and high-grade gliomas was published aggregating data on
rCBV from DSC imaging, indicating a potential for the clinical
use of the method in discrimination of low- and high-grade glio-
mas.'® However, no meta-analysis regarding the specific differ-
ences in rCBVmax from DSC imaging between glioma grades II
and IIT has been performed.

Grade II gliomas represent low-grade tumors with longer pa-
tient survival and treatment options different from those in high-
grade (III) gliomas, which show shorter patient survival and a
more dismal prognosis.'”'? Furthermore, grade III gliomas have
a greater propensity to spread outside their macroscopic mar-
gins and are thus harder to resect in total with surgery.”® The
interest in noninvasive differentiation between glioma grades
IT and IIT is attributed to discrepancies in prognosis and treat-
ment options. Noninvasive radiologic evaluation is important
in patients not suitable for primary surgery or for longitudinal
surveillance in a grade II glioma, with its intrinsic risk of ma-
lignant transformation; for treatment follow-up; and as an ad-
junct to neuropathology.

Several studies analyzing rCBVmax in specific glioma grades
have found conflicting results. A number of studies analyzing dif-
ferences in rCBVmax in glioma grades II and III have failed to
show any differences between these malignancy grades.®*' " Ra-
diologic analyses of differences between low- and high-grade glio-
mas depend mainly on the specific charactersistic of a glioma
grade IV (glioblastoma). The added value of physiologic perfu-
sion MR imaging such as DSC is therefore in the distinction be-
tween gliomas of lower grades than WHO grade IV, as in the
discrimination between glioma grades IT and III. The aim of this
meta-analysis was to evaluate differences in relative maximal CBV
from DSC perfusion MR imaging between glioma grades II and
IIT and to assess the diagnostic accuracy of rCBVmax to discrim-
inate glioma grades II and III.

MATERIALS AND METHODS

This meta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)?® statement and current recommended methods
for meta-analysis of diagnostic accuracy in imaging jour-
nals.””

Search Strategy and Information Sources
Relevant articles were searched from the date of inception to Oc-
tober 2016 in PubMed/MEDLINE, Embase, Web of Science, and
ClinicalTrials.gov independently, by the 2 authors (Anna F.D.,
Alberto F.D.).

PubMed/MEDLINE was searched with the following Medi-

» «

cal Subject Heading terms: “glioma perfusion,” “MR imaging,”

“astrocytoma,” and “oligodendroglioma.” Additional searches

» «

were performed with the following terms: “grade,” “grading,”

“DSC,” “oligoastrocytoma” (the full search strategy is in On-
line Table 1).

Selection Criteria

Study selection was based on the patient, intervention, compari-
son, and outcome criteria, in which eligible studies analyzed pa-
tients with glioma WHO grades II and III. The intervention was
defined as measurement of rCBVmax from DSC. The comparison
was defined as neuropathologic diagnosis after MR imaging of
either glioma grade II or III (astrocytoma, oligoastrocytoma, or
oligodendroglioma). Studies reporting on mean or individual pa-
tient data for grade II and III gliomas were considered for inclu-
sion. Studies reporting on DSC imaging with no restriction in
field strength, postprocessing, or ROI method were included.
Only English studies were considered. Both retrospective and
prospective studies were eligible. Exclusion criteria were the fol-
lowing: studies reporting on patients posttreatment, pediatric pa-
tients (younger than 18 years of age), case studies, reviews, ab-
stracts, technical reports, meta-analyses, duplicate or overlapping
cohorts, and longitudinal studies. Studies not classifying gliomas
according to WHO were excluded.

Data Extraction

Study characteristics and results were extracted into tables inde-
pendently by the 2 authors (Anna F.D., Alberto F.D.) with expe-
rience in meta-analysis. Data were sought for in the main docu-
ments and on-line material.

We extracted the following data: first author, year published,
study period, country, perfusion method and MR imaging se-
quence, MR imaging field strength (1.5T/3T), scanner type
(model and company), presaturation of tissue (yes/no), leakage-
correction method (yes/no), WHO classification, study design
(prospective/retrospective), number of patients with glioma
grades IT and III respectively, glioma subtypes (astrocytomas, oli-
goastrocytomas, oligodendrogliomas), ROI method (rCBVmax
or histogram parameter), and mean (SD) rCBVmax in glioma
grades IT and III, respectively, with associated information about
the discriminating potential among grades (yes/no) from the in-
dividual study.

Available individual patient data on rCBVmax and neuro-
pathologic diagnosis were extracted separately by the 2 authors,
initially blinded to each other’s data and subsequently checked for
consistency. Patients from overlapping study cohorts (same au-
thors, institution, overlapping years of patient recruitment) were
considered for inclusion once in the meta-analysis. Any disagree-
ments regarding data extraction were solved through discussion
until consensus.

Data Quality Assessment

The risk of bias and quality assessment of included studies were
independently assessed by the 2 authors (Anna F.D., Alberto F.D.)
through the Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2), evaluating patient selection, analysis of index/ref-
erence tests, and the flow/timing of the study.’® Any disagree-
ments were solved through discussion until consensus. Results
from QUADAS-2 were evaluated in sensitivity analysis.
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Statistical Analysis

Mean Study Data. Mean and SDs of rCBVmax from DSC imag-
ing for each glioma grade (WHO grades IT or III) were used for the
meta-analysis of mean differences. In studies reporting summary
estimates other than mean and SD, data were recalculated accord-
ing to the Cochrane handbook’" and Hozo et al.>”

Syntheses of results were evaluated with a forest plot of mean
difference with 95% CIs of the continuous variable rCBVmax
with inverse variance with random effects. The overall effect was
calculated with the zscore. To assess whether observed differences
in results were compatible with chance alone, we calculated the N
and its significance level. I was calculated to assess any inconsis-
tencies across studies with the estimation of the percentage of the
variability in effect estimate due to heterogeneity. The between-
study variance in a random-effects meta-analysis was described
by 7.

Additional analyses exploring sources of heterogeneity and the
risk of bias were prespecified, except exploratory sensitivity anal-
yses based on QUADAS-2. A funnel plot was calculated for the
assessment of publication bias as a scatterplot of included studies
with the mean difference in rCBVmax plotted on the horizontal
axis, and its standard error, on the vertical axis and visually as-
sessed for asymmetry.™’

Individual Patient Data. Individual patient data on rCBVmax and
neuropathologic diagnosis were analyzed stratified for grade II
and IIT gliomas and in subgroups of histopathologic subtypes (as-
trocytomas, oligoastrocytomas, and oligodendrogliomas).

To estimate the diagnostic potential of rCBVmax to discrimi-
nate glioma grades IT and III, we used data from studies including
individual patient data to construct receiver operating character-
istic (ROC) curves and calculated the area under the curve. From
ROC calculations, the number of patients with true-positive,
false-negative, false-positive, and true-negative counts was calcu-
lated with maximum accuracy set as the cutoff.

The true-positive, false-negative, false-positive, and true-neg-
ative counts were analyzed with the bivariate model of mada®* in
R, Version 3.3.1 (R statistical and computing software; http://
www.r-project.org).”® Descriptive forest plots of sensitivity and
specificity were constructed. After we assumed a binomial model
conditional on the true sensitivity and false-positive rates of the
primary studies and a bivariate normal model for the logit-trans-
formed pairs of sensitivities and false-positive rates, a linear mixed
model implemented in the Reitsma function of mada was used
(bivariate diagnostic random-effects meta-analysis with restricted
maximum likelihood estimation method).”*

Statistical analysis was performed by 1 author (Anna F.D.) with
the following statistical programs: RevMan 5.3,’° Statistica 12
(https://2ra5-downloads.phpnuke.org/en/c06229/statistica), and R
3.3.1.>"%° A continuity correction of 0.5 was used when applica-
ble, and P < .05 was considered statistically significant, except in
X for which the significance level was set at P < .10.

RESULTS

Literature Search

The searches yielded 1977 hits (1458 in PubMed, 172 in Embase,
283 in Web of Science, 64 in ClinicalTrials.gov) that were
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Records identified through
database searching
(n=1,977)

Records screened (n=1,977) ]_.[Records excluded (n=1,843)

Full-text articles excluded
with reason (n=106)

Meta-analysis or review
(n=2)

No separate data for grade Il
and Ill (n=59)

Incomplete data (n=3)
Longitudinal study (n=4)
rCBVmax not reported (n=2)
Non DSC technique (n=16)
Non WHO classification (n=6)
Overlapping cohort (n=8)

= P reatment (n=4
Full-text articles assessed DSELTaaEent! )

for eligibility (n=134)

Technical report (n=2)

Studies included in the
qualitative synthesis (n=28)

Studies included in the
quantitative synthesis
(meta-analysis) (n=28)

FIG 1. PRISMA flow chart of included and excluded studies.

screened for inclusion in the meta-analysis. Full-text evaluation of
134 articles was performed. Twenty-eight studies comprising 727
patients were included in the qualitative study assessment and
quantitative meta-analysis (On-line Table 2). Individual patient
data were available in 10 studies comprising 190 patients. A
PRISMA flow chart is presented in Fig 1, and the sample search
strategy, in On-line Table 1.

Quality Assessment

Quality assessment from QUADAS-2 is presented in On-line Ta-
ble 3. Included studies showed a general low risk of bias and a low
risk of applicability concerns. Biases included lack of information
regarding blinding of index and reference tests and lack of infor-
mation regarding the time between index and reference tests. Ap-
plicability concerns were the use of histogram measures as a sur-
rogate for rtCBVmax in 3 studies.

Data Analysis

Mean Study Data. Tabulated perfusion data and study character-
istics of included studies (n = 28) evaluating 727 patients are
presented in On-line Table 4. The mean (SD) rCBVmax in glioma
grade Il was 2.14 (1.04); and it was 3.85 (1.18) in grade IIT (Mann-
Whitney U test, P < .001).

Of the included studies (n = 28), 16 showed statistically signifi-
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Study or Subgroup

Grade Il

Mean

Grade Il

SD Total Mean

SD Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
1V, Random, 95% CI

Bisdas 2009 3.26 2.65 7 293 1.95 15 2.5%
Blasel 2010 4.39 2.45 12 4.24 2.67 12 2.7%
Boxerman 2006 2.84 1.43 9 1.39 0.86 9 4.2%
Catalaa 2006 1.8 0.94 9 1.81 0.6 8 4.7%
Caulo 2014 2.43 1.79 17 1.57 1 33 4.4%
Chaskis 2006 2.44 1.2 9 1.21 0.62 9 4.5%
Cuccarini 2016 1.6 0.9 19 16 15 40 4.9%
Falk 2014 291 1.79 7 1.67 0.78 18 3.7%
Fellah 2013 3.89 1.97 26 1.57 0.82 24 4.6%
Hakyemez 2005 5.46 1.85 4 1.51 0.37 8 3.0%
Hilario 2012 3.77 2.82 29 2.36 1.44 32 4.1%
Kapoor 2009 3.26 2.23 15 1.89 0.97 14 3.9%
Kim 2013 4.16 1.42 16 3.55 0.55 9 4.6%
Law 2007 5.03 3.47 30 1.51 0.64 31 3.9%
Lee 2001 3.97 0.56 9 1.75 1.51 4 3.5%
Maia 2005 3.48 0.35 7 139 0.74 14 5.0%
Nguyen 2015 5.04 7.38 11 2.38 11.3 9 0.3%
Preul 2003 3.97 1.23 13 1.27 0.76 3 4.2%
Sadeghi 2006 4.61 3.37 3 249 1.2 8 1.2%
Saito 2012 4.45 1.98 11 4.11 1.88 13 3.4%
Santarosa 2016 6.4 1.2 4 1.2 1.05 9 3.7%
Server 2011 5.46 2.17 14 2.42 1.17 18 3.9%
Sugahara 1998 4.61 1.33 14 1.26 0.55 4 4.5%
Svolos 2013 4.32 1.06 12 2.33 0.79 13 4.7%
Thomsen 2012 4.13 3.91 4 44 52 2 0.3%
Tietze 2015 4.48 2.22 5 4.06 3.09 3 1.1%
Wang 2014 4.01 2.2 11 1.27 0.44 18 3.8%
Weber 2006 1.7 0.9 11 0.8 0.5 9 4.8%
Total (95% CI) 338 389 100.0%

0.33 [-1.87, 2.53]
0.15 [-1.90, 2.20]
1.45[0.36, 2.54]
-0.01[-0.75, 0.73]
0.86 [-0.06, 1.78]
1.23[0.35, 2.11]
0.00 [-0.62, 0.62]
1.24 [-0.13, 2.61]
2.32[1.49, 3.15]
3.95[2.12,5.78]
1.41[0.27, 2.55]
1.37[0.13, 2.61]
0.61[-0.17, 1.39]
3.52 [2.26, 4.78]
2.22[0.70, 3.74]
2.09 [1.62, 2.56]
2.66 [-5.91, 11.23]
2.70[1.61, 3.79]
2.12 [-1.78, 6.02]
0.34 [-1.21, 1.89]
5.20 [3.84, 6.56]
3.04 [1.78, 4.30]
3.35[2.47, 4.23]
1.99 [1.25, 2.73]
-0.27 [-8.43, 7.89]
0.42 [-3.58, 4.42]
2.74 [1.42, 4.06]
0.90 [0.28, 1.52]

Heterogeneity: Tau? = 1.16; Chi? = 142.97, df = 27 (P < 0.00001); I> = 81%
Test for overall effect: Z = 7.12 (P < 0.00001)

1.76 [1.27, 2.24] L 2

-10 10

- 0
Lower mean difference Higher mean difference

FIG 2. Forest plot of mean differences between glioma grades Il and Ill with a random-effects model.
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FIG 3. Funnel plot of 28 included studies (n = 727 patients) illustrated by
open circles with the effect estimate mean difference (MD) of rCBVmax
plotted on the horizontal axis, the standard error (SE) of the MD plotted
on the vertical axis, and a triangular 95% confidence region. The study
distribution is symmetric without apparent publication bias.

cant differences between glioma grades IT and IIT and 12 stud-
ies did not (On-line Table 4). Meta-analytic evaluation of in-
cluded studies (n = 28) showed a mean difference in rCBVmax
between glioma grades II and III of 1.76 (95% CI, 1.27-2.24;
P < .001); I? = 81%j; Fig 2). Visual assessment of the funnel
plot revealed no evidence of the existence of publication bias
(Fig 3).

Heterogeneity between study results (x*), inconsistencies be-
tween studies (I*), and between-study variances (7°) are presented
in the Table. Three study characteristics increasing heterogeneity
(X?) across studies were significantly related to studies without
published individual patient data (n = 121, x> = 18, P = .07) and
ROI analysis (n = 25, X = 116, P < .001) and studies with a

blinded index test evaluation (n = 14, x> = 98, P < .001). Study
characteristics increasing inconsistencies across studies (I°)
were the following: prospective study design (n = 11, I* = 89),
optimal flow and timing assessed in QUADAS-2 (n = 7, I =
88), and blinded index test evaluation (n = 14, I* = 87). Study
characteristics with increasing x> were those with correction
for contrast agent leakage according to Boxerman et al' (n = 8,
7 = 2.58), those reporting on WHO 2007 classification (n =
11, 7 = 2.07), and those with a prospective study design (n =
11, 77 = 1.94).

Individual Patient Data. A total of 190 patients (105 with WHO
grade II, 85 with WHO grade III) from 10 studies reported on
individual patient data (On-line Table 5). ROC analysis showed
discriminatory potential between glioma grades ITand III (n =
190) with an area under curve of 0.77 with maximum accuracy
at an exploratory cutoff of 2.02 (Fig 4). Data were stratified for
tumor type: astrocytomas (n = 102), with an area under curve
of 0.86 and maximum accuracy at cutoff at 2.02, oligoastrocy-
tomas (n = 28) with an area under curve of 0.83 and maximum
accuracy at cutoff at 3.19, and oligodendrogliomas (n = 60)
with an area under curve of 0.61 and maximum accuracy at
cutoff at 6.23.

Data on true-positive, false-negative, false-positive, and true-
negative counts from each study are presented in On-line Table 6.
Univariate paired forest plots for individual patient data are pre-
sented in Fig 5A, -B.

A bivariate diagnostic random-effects meta-analysis model
with a restricted maximum likelihood estimation method de-
scribed the summary receiver operating characteristic curve in Fig
6 with a sensitivity of 0.71 (95% CI, 0.48—0.86) and a false-posi-
tive rate of 0.15 (95% CI, 0.09-0.25).
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Factors affecting heterogeneity

Mean Differences

Factor (No. of Studies) 7 X (P) 1 (%) (95 % Cl) Random

Studies without significant differences between grades Il and Il (n = 14) 0.00 6.5(.84) 0 0.35(0.01-0.69)
Oligodendroglial tumors (n = 3) 0.04 217 (.34) 8 1.95 (1.21-2.96)
Histogram rCBVmax (n = 3) 010 2.88(24) 31 0.45 (—0.17-1.08)
Published individual patient data (n = 10) 0.28 15.76 (<.001) 43 1.82(1.28-2.36)
Retrospective study design (n = 17) 0.70 52.34 (<.001) 69 142 (0.89-1.96)
Astrocytic tumors (n = 6) 1.57 20.69 (<.001) 76 2.28(0.96-3.60)
Studies with significant differences between grades Il and IIl (n = 16) 0.73 63.01(<.001) 76 2.37 (1.87-2.87)
Non-WHO 2007 classification (n = 17) 0.88 73.74 (<.001) 78 171(1.16-2.26)
No correction for contrast agent leakage according to Boxerman (n = 20) 0.88 86.07 (<.001) 78 175 (1.24-2.25)
ROI analysis (n = 25) 1.09 116.10 (<.001) 79 1.93 (1.43-2.44)
Studies published in 2010 or before (n = 14) 1.02 65.67 (<.001) 80 1.81(1.17-2.44)
No presaturation of tissue (n = 18) 1.05 84.70 (<.001) 80 1.85(1.27-2.43)
All studies (n = 28) 116 142.97 (<.001) 81 176 (1.27-2.24)
3T (n =10) 167 46.71(<.001) 8l 166 (0.69-2.64)
Presaturation of tissue (n = 10) 153 53.21(<.001) 83 160 (0.68-2.15)
Studies published after 2010 (n = 14) 1.50 75.04 (<.001) 83 1.70 (0.93-2.48)
15T (n = 16) 117 95.95 (<.001) 84 183 (1.22-2.45)
WHO 2007 classification (n = T1) 2.07 68.39 (<.001) 85 185 (0.85-2.86)
No published individual patient data (n = 18) 1.54 120.79 (.07) 86 175 (1.07-2.42)
Blinded reference test evaluation (n = 5) QUADAS-2 110 29.23(<.001) 86 1.30 (0.29-2.32)
Correction for leakage according to Boxerman (n = 8) 2.58 54.12 (<.001) 87 1.83 (0.49-3.16)
Blinded index test evaluation (n = 14) QUADAS-2 1.57 97.79 (<.001) 87 1.77 (1.03-2.51)
Optimal flow and timing (n = 7) QUADAS-2 1.57 49.31(<.001) 88 1.69 (0.57-2.80)
Prospective study design (n = 1) 1.94 89.9 (<.001) 89 2.27 (135-3.20)

Sensitivity (True Positive Rate)

ROC Curve individual data n = 190 (all subtypes)
WHO Grade vs. rCBVmax

00 LZ

0.0

0.2

0.4 0.6 0.8 1.0
1-Specificity (False Positive Rate)

Area Under Curve = 0.766
Gini Index = 0.533

Max distance from diagonal at
rCBVmax >=2.02

Max accuracy at
rCBVmax >=2.02

Higher values indicate:
WHO Grade = llI

FIG 4. ROC curve on individual patient data from 10 studies including all patients (n = 190).

DISCUSSION

This meta-analysis investigated the potential of DSC perfusion

MR imaging to distinguish glioma grades II and III. Our study

showed significant differences in rCBVmax between glioma
grades IT and III, with higher rCBVmax in WHO grade III com-
pared with grade II. Furthermore, we evaluated individual patient

data on rCBVmax to explore the diagnostic potential and the

optimal cutoff for rCBVmax between glioma grades II and III,

stratified for glial subtypes.
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The importance of this meta-analysis
is mainly that it describes the differences
in rCBVmax between glioma grades II
and III and that these differences can be
measured and applied in a clinical set-
ting. This evidence is based on data from
28 studies including 727 individual pa-
tients. This is an interesting finding in a
field with small conflicting studies. Non-
invasive glioma grade evaluation is an
important adjunct to neuropathologic
evaluation in patients deemed inopera-
ble or at longitudinal follow-up. It might
also be of value in patients with nonrep-
resentative biopsies that might lead to a
false-negative diagnosis. Furthermore,
the pooling of data across studies adds
precision to estimates and can guide fu-
ture work.

The quality and bias assessment of
included studies showed intermediate-
to-low risk of bias and an intermediate-
to-high study quality. However, minor
concerns about blinding of index and ref-
erence tests, flow and timing in the studies,

and the lack of prespecified cutoffs in ROC analysis could have

affected the results of the meta-analysis. Although no asymmetry

was detected in the funnel plot, evidence of greay literature was

searched in ClinicalTrials.gov.

Statistical heterogeneity between studies was substantial. Poten-

tial sources for heterogeneity were evaluated but did not alter the

main study finding of statistical differences in rCBVmax between

glioma grades IT and III, except for sensitivity analyses of 3 studies
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false-positive rates plotted together with a confidence region, with-
out extrapolation beyond the range of the original data (individual
patient data, n = 190).

with a histogram technique to identify rCBVmax, which showed
no statistically significant difference in rCBVmax between groups
of glioma grades 1T and IIL.'**"7

Analyzing specific subtypes of glioma grades II and III preop-
eratively is counterintuitive because subtype attribution is largely
unknown before neuropathologic evaluation. Knowledge of differ-
ences in rCBVmax between subtypes of gliomas relates to
discrepancies in biology, more than it adds to the diagnostic potential
ina preoperative clinical setting.”®*' However, while sensitivity anal-
ysis of studies analyzing oligodendroglial tumors (oligoastrocytomas
or oligodendrogliomas) showed differences in rCBVmax among tu-
mor grades similar to those in astrocytomas, the individual patient
data analysis stratifying oligodendroglial tumors into oligoastrocyto-
mas and oligodendrogliomas decreased the diagnostic potential
when analyzing oligodendrogliomas separately.

DSC might be of added value at the longitudinal follow-up in
specific glioma subtypes after initial neuropathologic diagnosis

curacy of DSC in this meta-analysis, we
used exploratory evaluations of optimal
cutoffs for discrimination between gli-
oma grades IT and III. This lack of eval-
uating diagnostic accuracy from a prespecified cutoff can increase
the diagnostic potential presented in the meta-analysis. A limita-
tion in DSC perfusion MR imaging is the nonlinear relationship
between gadolinium concentration and the relaxivity-time curve,
and nonexponential relaxation decay.*> Consequently, measured
rCBYV values, despite normalization to healthy white matter, are
dependent on TE, injection rate, and total dose and gadolinium
preloading and act as potential drivers for heterogeneity.*’

When discussing an optimal cutoff between glioma grades II
and III, we found maximum accuracy from ROC analysis at rCB-
Vmax = 2.02 (individual patient data, No. of patients = 190, No.
of studies = 10). This is a higher cutoff than previously suggested
for optimal discrimination between low- (WHO I and II) and
high-grade gliomas (WHO III and IV), which might be explained
by different compositions of specific grades and subtypes in the
groups of low- and high-grade gliomas in previously published
material. This cutoff needs to be validated in prospective studies
with standardized methodology, taking the differences in biology
between glioma subtypes into account.

On the basis of subgroup analyses, the new molecular ad-
vances and WHO 2016 classification are applicable to our results
regarding astrocytomas and oligodendrogliomas. The main dif-
ference pertains to molecular classification of oligoastrocytomas
as either astrocytomas or oligodendrogliomas, which are analyzed
separately in the individual patient data analysis.'”

CONCLUSIONS

This meta-analysis evaluates DSC MR imaging perfusion in pa-
tients with glioma grades IT and II1. A higher rCBVmax was found
in glioma grade III compared with grade II (n = 727). A high
diagnostic accuracy was found for all patients and when analyzing
astrocytomas separately; however, the diagnostic accuracy was
substantially reduced when discriminating grade II and III
oligodendrogliomas.
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