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Abstract

Isocitrate dehydrogenase mutational status defines distinct biologic behavior and clinical outcomes in low-grade gliomas. We sought
to determine magnetic resonance imaging characteristics associated with isocitrate dehydrogenase mutational status to evaluate the
predictive roles of magnetic resonance imaging features in isocitrate dehydrogenase mutational status and therefore their potential
impact on the determination of clinical target volume in radiotherapy. Forty-eight isocitrate dehydrogenase-mutant and 28 isocitrate
dehydrogenase—wild-type low-grade gliomas were studied. Isocitrate dehydrogenase mutation was related to more frequency of
cortical involvement compared to isocitrate dehydrogenase—wild-type group (34/46 vs 6/24, P = .0001). Peritumoral edema was less
frequent in isocitrate dehydrogenase—mutant tumors (32.6% vs 58.3% for isocitrate dehydrogenase—wild-type tumors, P = .0381).
Isocitrate dehydrogenase—wild-type tumors were more likely to have a nondefinable border, while isocitrate dehydrogenase-mutant
tumors had well-defined borders (66.7% vs 39.1%, P = .0287). Only 8 (17.4%) of 46 of the isocitrate dehydrogenase—mutant tumors
demonstrated marked enhancement, while this was 66.7% in isocitrate—wild-type tumors (P < .0001). Choline—creatinine ratio for
isocitrate dehydrogenase—wild-type tumors was significantly higher than that for isocitrate dehydrogenase-mutant tumors. In
conclusion, frontal location, well-defined border, cortical involvement, less peritumoral edema, lack of enhancement, and low
choline—creatinine ratio were predictive for the definition of isocitrate dehydrogenase-mutant low-grade gliomas. Magnetic reso-
nance imaging can provide an advantage in the detection of isocitrate dehydrogenase status indirectly and indicate the need to
explore new design for treatment planning in gliomas. Choline—creatinine ratio in magnetic resonance spectroscopy could be a
potential more reasonable reference for the new design of delineation of target volume in low-grade gliomas.
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Introduction

Low-grade gliomas (LGGs) are diffuse, slow-growing, primary
glial neoplasms that are classified as World Health Organization
(WHO) grade I tumors, histopathologically including astrocy-
tomas and oligodendrogliomas, with distinct biology behavior,
treatment response, and prognosis.! Recently, isocitrate dehy-
drogenase (IDH) 1/2 mutation status identification is essential
for the pathological diagnosis of gliomas. Isocitrate dehydrogen-
ase mutation signifies less aggressive biologic behavior and bet-
ter clinical outcomes, while the wild-type group behaves more
like higher grade gliomas.” Furthermore, tumor sensitivity
(SEN) to chemotherapy/radiation and patient prognosis could
be predicted by molecular markers.>* However, current technol-
ogy does not permit noninvasive detection of these molecular
markers; invasive tumor resection or biopsy is necessary.

Magnetic resonance imaging (MRI) is an essential modality
for pretreatment diagnosis of gliomas prior to surgical resection
or biopsy. Distinct image features on MRI could reflect vari-
able molecular markers status, which provide important infor-
mation for the diagnosis and prognosis of gliomas.”> Previous
studies have attempted to predict IDH1/2 mutation with differ-
ent MRI®® including conventional MRI (cMRI), advanced
MRI such as diffusion and perfusion imaging, and molecular
imaging using various nuclear medicine tracers.

Here, we devised a method for noninvasive molecular bio-
logical diagnosis of WHO IDH-mutant (MT)/ wild-type (WT)
gliomas using MRI. A retrospective single institution study was
performed on 78 patients with pathologically proven WHO
LGG with a presurgery MRI and molecular data on IDH to
evaluate the predictive roles of MRI features in IDH mutational
status and their potential impact on the determination of clin-
ical target volume in radiotherapy.

Methods

Patients

Patients with histopathologically diagnosed grade II gliomas
who underwent image-guided stereotactic biopsy or tumor resec-
tion at our institution from September 2016 to August 2018 were
included. An area of significant contrast enhancement was
oriented as biopsy targets if the tumor demonstrated contrast
enhancement; otherwise, tumor center or the solid part of tumor
was located, especially where the choline (Cho)/creatinine (Cr)

ratio in magnetic resonance spectroscopy (MRS) were highest.
At least 3 targets in noneloquent regions were determined.

The histopathologic diagnosis was made by experienced
neuropathologists according to the updated WHO classification
standards. All tissue samples were tested for IDH mutation, O°-
methylguanine-DNA methyltransferase (MGMT) promoter
methylation status, and 1p/19q deletions if possible. Patient
inclusion criteria were age >18 years, treatment-naive status,
and no prior diagnosis of brain tumor. Patients were divided
into 2 groups based on the presence of IDH mutation. This
retrospective study was approved by the ethical approval for
Scientific Research Projects under medical ethics committee,
Zhongnan Hospital of Wuhan University (approval no.
2017025). The ethics committee waived the need for consent
because the data came from anonymous archival data.

Conventional MRI and Spectroscopy

The MR examinations were performed in the routine clinical
workup using a 16-channel dedicated head matrix coil on a
3.0-Tesla MRI system (Siemens Healthcare, Erlangen, Ger-
many). The sequences of cMRI protocols were gradient-echo
T1-weighted imaging (T1WI, slice thickness of 5 mm), turbo
spin-echo T2-weighted imaging (slice thickness of 5 mm), fluid-
attenuated inversion recovery (FLAIR, slice thickness of 5 mm)
imaging, and gradient-echo contrast-enhanced T1WI (CE-
T1WI, slice thickness of 1 mm). Spectroscopic data were
obtained as described previously.” Data were achieved using the
multivoxel point resolved spectroscopy, TE/TR: 135/1500 ms,
15-mm section thickness, field of view 120 x 120 mm, and
nominal voxel size of 10 x 10 x 10 mm. Total examination
time, including setup, was approximately 30 minutes.

Image Analyses

The following characteristics were qualitatively evaluated:
(1) tumor location (defined as primary lobe of involvement;
frontal, parietal, temporal, occipital, insular, multilobar, or cer-
ebellar and other sites); (2) tumor borders: well-defined was
defined as where the border between tumor and normal appear-
ing white matter can be delineated; ill-defined was where the
border between tumor and normal appearing white matter is
hazy or cannot be delineated; (3) peritumoral edema (presence
vs absence) was defined as T2 hypersignal zone peritumoral;
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(4) cystic change (presence vs absence) was defined as circum-
scribed T2 hyperintense nonenhancing foci within the tumor;
(5) cortical involvement was defined as any expansile T2 signal
abnormality or contrast enhancement in the cerebral cortex;
and (6) contrast enhancement (classified to 2 patterns accord-
ing to the volume of contrast enhancement: <25% vs >25%).

Magnetic resonance spectroscopic data were analyzed by using
SagelDL processing software (GE Medical Systems, Milwaukee,
WI, USA). Gaussian curves were fitted to Cho and Cr peaks and
peak area ratios (Cho/Cr and Cho/N-acetyl-aspartate [NAA])
were calculated. Metabolic ratios were calculated in the multiple
locations: within the enhancing tumor, the peritumoral region,
and normal contralateral brain parenchyma.' The calculation was
made from the solid portion (defined on FLAIR images or CE-
T1WI), avoiding hemorrhagic, calcified, necrotic, and cystic
regions that might affect the measurements. Metabolite values
were calculated automatically from the area under each metabo-
lite peak by using the standard commercial software program
provided by the manufacturer. Peak integral values were normal-
ized to the internal Cr peak.

Molecular Studies

Isocitrate dehydrogenase 1/2 alterations in the hotspot codons
R132 and R172 were also simultaneously assessed using bidir-
ectional cycle sequencing of polymerase chain reaction—ampli-
fied fragments with the standard Sanger method.

The 1p/19q deletions were detected by fluorescence in situ
hybridization analysis on 5-pum-thick paraffin-embedded sec-
tions using Vysis 1p36/1q25 and 19q13/19p13 dual-color
probes according to the manufacturer’s instructions (Vysis Inc,
Illinois, USA). The methylation status of the MGMT promoter
was assessed by MSMLP Analysis (MRC Holland, Amster-
dam, Netherlands) as described elsewhere.'® Methylation anal-
yses were performed in duplicate or triplicate, and the average
ratios of each experiment and for each probe were calculated.

Telomerase reverse transcriptase (TERT) promoter mutations
were analyzed by direct DNA sequencing. Cycle sequencing was
carried out using the BigDye Terminator v3.1 cycle sequencing
kit (Applied Biosystems; Thermo Fisher Scientific, Inc., Wal-
tham, MA, USA) according to the manufacturer’s protocol."!

Anti-Ki-67 antibody (clone MIB1; Dako, Denmark) was
used as a primary antibody. The staining was carried out using
the Dako Cytomation Autostainer Universal System (Dako,
Denmark) and the Envision kit (Dako, Denmark) according
to the manufacturer’s instruction. The Ki-67 percentage score
is defined as the percentage of positively stained tumor cells
among the total number of tumor cells assessed.'?

Statistical Analyses

Differences in clinical and MRI features between IDH-mutant
(MT) and IDH-wild-type (WT) groups were analyzed using the
x* test for categorical variables and Mann-Whitney U test for
continuous variables. Receiver operating characteristic (ROC)
analysis and binary logistic regression were plotted to evaluate

Table 1. The Main Clinical and Pathological Features of Low-Grade
Gliomas (IDH-MT/WT).

Low-Grade Gliomas, N = 76

IDH-MT, n =48 IDH-WT, n = 28
Gender
Male 28 22
Female 20 6
Median age, years 38 39
Location
Frontal 22 2
Parietal 4 0
Temporal 6 2
Occipital 0 0
Insular 2 2
Fronto-temporo-insular 8 0
Fronto-insular 4 0
Brain stem 0 8
Hippocampus 2 4
Cerebellum 0 2
Lateral ventricles 0 4
Callosum 0 2
Sellar 0 2
Pathology
Oliogodendroglioma 20 0
Astrocytoma 28 28

Abbreviations: IDH-MT, isocitrate dehydrogenase—mutant; IDH-WT, isoci-
trate dehydrogenase—wild type.

diagnostic power including the areas under the curve (AUC).
Diagnostic power is displayed in terms of SEN, specificity
(SPE), positive predictive value (PPV), negative predictive
value (NPV), and accuracy (ACC). Statistical analysis was
conducted using SPSS (version 19.0.0; SPSS Inc, Chicago,
Illinois) and GraphPad (MedCalc Inc, Mariakerke, Belgium).
P values of <.05 were considered statistically significant.

Results

Patient Demographics

As demonstrated in Table 1, 76 cases (48 males and 28 females,
age 39 + 10.2 years) were diagnosed as LGG based on the
current WHO criteria. Isocitrate dehydrogenase mutation sta-
tue, MGMT promoter methylation status, and 1p/19q co-
deleted were based on the current WHO criteria. Magnetic
resonance spectroscopy combined with cMRI were performed,
and 72 of 76 patients evaluated MRS. Table 1 shows the sum-
mary of the main clinical and cMRI features between the
groups (IDH-MT/IDH-WT).

In all patients with LGG, tumors were distributed as follows
based on lobar anatomy: 24 frontal (26.3%), 8 temporo
(10.5%), 8 fronto-temporo-insular, 8 brain stem, 6 hippocam-
pus (7.9%), 4 parietal (5.3%), 4 fronto-insular, 4 insular,
4 lateral ventricles, 2 cerebellum, 2 callosum, and 2 sellar. Fron-
tal tumors were more frequently IDH-MT (22/48) while no pre-
ference of location was found in IDH-WT group. All 8 brain
stem tumors and 4 lateral ventricles tumors were IDH-WT.
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Table 2. Histological Characters of 2 Subgroups.®

Low-Grade Gliomas, N = 74

IDH-MT, n = 46 IDH-WT, n =28 P Value

MGMT methylation

Positive 32 8 .0006
Negative 14 20

TERT mutation
MT 16 6 2229
WT 30 22

Ki-67
Mean + SEM 5.227 + 0.5423  6.250 + 1.839 5454

Abbreviations: IDH-MT, isocitrate dehydrogenase—mutant; IDH-WT, isoci-
trate dehydrogenase—wild type; MGMT, O°-methylguanine-DNA methyltrans-
ferase; MT, mutant; TERT, telomerase reverse transcriptase; SEM standard
error of mean; WT, wild type.

“The methylation status of the MGMT promoter and the mutation of TERT
were not assessed in 4 patients.

Histologically, in IDH-MT group, 28 of 48 were astrocyto-
mas and 20 of 48 were oliogodendroglioma with 1p/19q
co-deleted. As shown in Table 2, we observed more MGMT
promoter methylation cases in IDH-MT tumors compared to
IDH-WT tumors (69.6% vs 28.6%, P = .0006). No significant
difference in TERT mutation was seen between the 2 groups
(P = .2229). Ki-67 value of tumors was also studied, and no
significant correlation was noted between the 2 groups
(P = .5454).

Representative MRIs of the 2 tumor groups are depicted in
Figure 1. Table 3 summarizes qualitative MRI findings. Isoci-
trate dehydrogenase mutation was related to more frequency of
cortical involvement compared to IDH-WT group (34/46 vs
6/24, P = .0001). It seemed that peritumoral edema was less
frequent in IDH-MT tumors (32.6% vs 58.3% for tumors with
IDH-WT tumors, P = .0381). Isocitrate dehydrogenase-WT
tumors were more likely to have a nondefinable border, while

Figure 1. Representative MRIs of IDH-MT (A-C) and IDH-WT (D-F) grade II DGs. Cortical involvement presence in IDH-mutant group (A)
and absence in IDH-WT group (D). Well-defined border (C) and ill-defined border (E). No enhancement (<25%; C) versus ring-like
enhancement (>25%; E). IDH-MT indicates isocitrate dehydrogenase—mutant; IDH-WT, isocitrate dehydrogenase—wild type; MRI, magnetic

resonance imaging.
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Table 3. MRI Characteristics in 2 Subgroups.®

Low-Grade Gliomas, N = 70

IDH-MT, n = 46 IDH-WT, n =24 P Value

Border
Well-defined 28 8 .0287
I11-defined 18 16

Edema
Presence 15 14 .0381
Absence 31 10

Enhancement
<25% 8 16 <.0001
>25% 38 8

Cystic change
Presence 14 8 .8042
Absence 32 16

Cortical involvement
Presence 34 6 .0001
Absence 12 18

MRS (Cho/Cr ratio)
Mean + SEM 2.163 + 0.2099 3.235 4+ 0.5676 .0364

Abbreviations: Cho, choline; Cr, creatine; IDH-MT, isocitrate dehydrogenase—
mutant; IDH-WT, isocitrate dehydrogenase—wild type; MRI, magnetic reso-
nance imaging; MRS, magnetic resonance spectroscopy; SEM standard error
of mean.
*MRI data were not applicable in 2 patients in IDH-MT and 4 in IDH-WT
Group.

IDH-MT tumors had well-defined borders (66.7% vs 39.1%).
There was significant difference in contrast enhancement
between the 2 groups (P < .0001). In fact, only 8 (17.4%) of
46 IDH-MT tumors in this study demonstrated marked
enhancement, while this was 66.7% in WT tumors. There was
a trend toward lower frequency of cystic change in IDH-WT
tumors that did not meet statistical significance (P = .8042).

Magnetic Resonance Imaging Characteristics

Quantitative MRS parameters are depicted graphically in Fig-
ure 2. Mean Cho/Cr ratio for IDH-WT tumors (3.235 +
0.5676) was significantly higher than that for IDH-MT tumors
(2.163 + 0.2099; P = .0364). Diagnostic power was evaluated
by ROC analysis as shown in Figure 3. The ROC analysis of
MRS revealed that the Cho/Cr ratio could differentiate between
IDH-MT and IDH-WT gliomas with a relatively high ACC of
79.3% (SEN 89.47%, SPE 60%, PPV 80.95%, and NPV 75%).
The optimal cutoff value was 2.79 (AUC 0.758, P = .025). As
for cMRI characteristics, the diagnostic performance para-
meters were listed in Table 4. The logistic regression demon-
strated the contrast enhancement and cortical involvement had
predictive role in the IDH status (Supplementary Table 1).

Discussion

Isocitrate dehydrogenase mutation is an early step in glioma-
genesis, which occurs in 70% to 90% of grade II gliomas."®
Isocitrate dehydrogenase mutation is regarded as predictive
markers of better SEN and prolonged survival. Besides, certain

locations such as brain stem do not allow maximum resection;
even if a biopsy could be applied, intertumoral heterogeneity is
a potential problem with possible exclusion of tumor cell sub-
populations.'* Practically, sometimes a sampling could not be
attempted owing to the abnegation of patients considering
related risks. In contrast, imaging features on the initial diag-
nostic MRI could provide predictive and prognostic informa-
tion. The prediction of IDH status prior to treatment may
influence clinical decisions concerning the strategy of surgical
resection and subsequent radiotherapy or chemotherapy.’ Thus,
discovering noninvasive imaging markers of IDH mutational
status is an attractive area of investigation. Magnetic resonance
imaging techniques, including Diffusion Weighted Imaging
(DWI) and Perfusion Weighted Imaging (PWI), have been
extensively studied in gliomas and shown to be associated with
tumor grade and survival.'>'® As these special MRI techniques
demand optimum settings for various parameters, which have
not been popularized, some researchers have focused on ana-
lyzing cMRI with different scales. Several studies have eval-
uated the relationship between MRI characteristics and IDH
status, and only a few have directly assessed LGGs.

Concordant with previous report, LGGs show preferential
locations, in particular within functional areas. Frontal tumors
are associated with a better prognosis.!” Several explanations
can be hypothesized. First, the location of frontal lobe permits
maximally a total surgical resection compared to other loca-
tions.'® The extent of resection is directly associated with out-
come.'? Second, frontal tumors are more likely to have an
oligodendroglial phenotype and thus a better prognosis.*

As previously reported, IDH mutation was strongly posi-
tively associated with MGMT methylation.?' Our study proved
this correlation, consistent with the results of Leu et al, which
demonstrated MGMT methylation was found in nearly 70% of
LGGs. When restricted to the IDH-MT population, 84% were
MGMT methylated. Isocitrate dehydrogenase mutation is
regarded as a founder biochemical event in tumorigenesis that
triggers methylation of genomic segments covering, among
others, the MGMT gene.*? During the course of gliomagenesis,
IDH mutation and MGMT methylation are considered to be
early events, followed by the acquisition of either TP53 muta-
tion or 1p19qloh.?* As IDH mutation/MGMT methylation
combined status showed a favorable impact on overall sur-
vival,>* further follow-up results need to be assessed.

The increased incidence of cystic change in the IDH-MT
cohort, accordant with the report of Villanueva-Meyer et al,'
may reflect the higher proportion of tumors with oligodendro-
glial histology seen in this group, as cystic change is frequently
noted in oligodendrogliomas,”> which signifies better prog-
nosis. Survival results would be necessary to identify.

Isocitrate dehydrogenase-MT tumors were more frequently
related with well-defined borders, while indistinct borders were
more likely found in IDH-WT tumors. This differentiating
FLAIR border adds to prior results of Metellus et al who found
that 100% of IDH-WT tumors in their cohort had indistinct
borders in contrast to only 45% of IDH-MT tumors. Given that
IDH-WT tumors are known to have a survival comparable with
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Figure 2. Representative examples of MRS quantitation in IDH-MT patient (above) and IDH-WT patient (below). IDH-MT indicates isocitrate
dehydrogenase—mutant; IDH-WT, isocitrate dehydrogenase—wild type; MRI, magnetic resonance imaging; MRS, magnetic resonance

spectroscopy.

primary glioblastomas and be suggested to behave similarly,>¢
it follows that these IDH-WT tumors show a more infiltrative
pattern on MRI, explaining their indistinct borders. Current
guidelines for the delineation of target volume for LGG do not
distinguish these 2 different types of biological behavior, but
with equal extended margin. Here, we could suppose a more
extensive margin specifically for the IDH-WT gliomas, which
seems to be more reasonable.

Peritumoral edema was determined based on its none-
nhancement on CE-T1WI and higher signal on T2 FLAIR as
an indicator of tumor cell infiltration. Peritumoral edemas in
IDH-WT patients are more frequently encountered in our
study, mainly attributed to the high frequency of cellular/vaso-
genic pathogenesis in IDH-WT tumors.?’ Investigators have
found that peritumoral edema is characterized by extensive
infiltration of tumor.”® Therefore, this preference of peritu-
moral edema in IDH-WT gliomas correspond with their higher
invasiveness. Thus, in clinical practice, most studies suggested

the clinical target volume (CTV) should be determined by
adding an additional 1- to 2-cm margin to the hypersignal area
on T2 FLAIR sequence. However, it has been demonstrated
that diffuse LGGs cells could extend beyond the visible T2/
FLAIR abnormality by up to 2 cm.*’ Consequently, current
delineation of CTV underestimates the actual spatial extent
of tumors, which suggest an extended margin in LGGs. Spe-
cifically, in the case of IDH-WT group with higher invasive-
ness, whether an expanded margin relative to IDH-MT group is
needed should be considered.

Nodular or ring-like enhancement is association with blood—
brain barrier breakdown and angiogenesis,® which is fre-
quently observed in high-grade glioma. As we know, tumor
formation demands excessive amount of tumor angiogenesis.
However, these tumor vessels are abnormal in almost all
aspects of their structure and function. The high permeability
of tumor vessels leads to the leakage of gadolinium to tumor
tissue around, which forms the enhancement in MRI.
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Figure 3. ROC curves for the identification of IDH status in grade II
gliomas. IDH indicates Isocitrate dehydrogenase; ROC, receiver
operating characteristic.

Table 4. Diagnostic Performance Parameters of Each C-MRI
Characteristic.

SEN SPE PPV NPV ACC
Border 60.87% 66.67% 77.78% 47.06% 62.9%
Edema 67.39% 5833% 75.61% 4827% 64.3%
Enhancement 82.61% 66.67% 82.61% 66.67% 77.1%
Cystic change 30.43% 66.67% 63.64% 33.33% 42.8%
Cortical involvement 73.91%  75% 85% 60% 77.1%
MRS 89.47% 60% 80.95% 75% 79.3%

Abbreviations: ACC, accuracy; cMRI, conventional magnetic resonance ima-
ging; MRS, magnetic resonance spectroscopy; NPV, negative-predictive value;
PPV, positive predictive value; SEN, sensitivity; SPE, specificity.

Significant concordance between the gadolinium enhancement
in MRI and IDH-WT was found in our study (16/24 vs 8/46,
P <.0001), consistent with previous finding®' but contradictory
to the theory that IDH1 mutation may facilitate angiogenesis by
inhibiting aKG-dependent dioxygenases.>* Previous study
demonstrated that nonenhanced diffuse astrocytoma with
IDH-WT was associated with rapid progression to ring-
enhancing GBM™ and correlated with decreased OS,** TTP,*
and PFS.*° Further follow-up of survival should be completed
in our study.

Magnetic resonance spectroscopy provides information
about metabolic tissue composition; 3 essential parameters
have been quantified to indicate physiology and pathology
status: Cho signifying membrane turnover and proliferation,
Cr as energy homoeostasis, and NAA representing intact glio-
neuronal structures. Results are expressed as ratios rather than

absolute concentrations. Magnetic resonance spectroscopy
allowed to increase diagnosis ACC by 15.4% compared to MRI
alone,®’ as it gauges mitosis and necrosis instead of vascular-
ization.’®? Assessment of single-voxel spectroscopy (SVS) is
relatively quick (3-5 minutes) and provides a global informa-
tion in the selected volume, normally plotted in the center or in
the solid part of tumor. Multivoxel spectroscopy (MVS)
requires longer acquisition time but provides metabolic data
from multiple areas within the tumor and surrounding area as
well as the spatial distribution of various components. Multi-
voxel spectroscopy was performed in our study on the basis of
the results of Steffen-Smith et al, which concluded that MVS
showed heterogeneous patterns of metabolic activity within
tumors and therefore was recommended for planning and mon-
itoring targeted therapies and evaluating tumor invasion to
surrounding area, while SVS is recommended for global
assessment of tumor metabolism before and after therapy.*
The high Cho/Cr ratio is thought to be a malignant feature and
useful in distinguishing histological grade of gliomas, which is
coherent with the higher invasiveness and malignancy of high-
grade gliomas.*'** Consistently, here we found that Cho/Cr
ratio was significantly lower for IDH-MT gliomas in compar-
ison with IDH-WT group. The Cho/Cr ratio allowed differen-
tiation of IDH status in grade II gliomas with relatively high
ACC with an optimal AUC cutoff value of 2.79 and a SEN of
nearly 90%, which indicated that Cho/Cr ratio might be a
potential imaging biomarker for noninvasive evaluation of the
IDH status of grade II gliomas.

Some research teams developed a new grading system using
the Cho/Cr or Cho/NAA ratio. Additionally, MRS has been
used to provide clinical benefits for target delineation in radio-
therapy of gliomas. Graves et al used the Cho/NAA ratio to
define CTV for regions with a Cho/NAA >2 and gross target
volume (GTV) for those with a Cho/NAA >3. The average
surface deviations and the volume overlap were reasonable and
acceptable compared to T2 abnormality area.*’ The team of
Narayana focused on Cho/Cr ratios and proposed a novel meth-
odology for delineation of target volume in gliomas. Concre-
tely, grade 0 was defined as Cho/Cr ratio <1, indicating no
tumor activity or normal brain tissue; grade 1 as Cho/Cr ratio
of 1 to 2, meaning some tumor activity, correlating with micro-
scopic disease or the CTV; grade 2 represented a Cho/Cr ratio
of 2-3, correlating with more aggressive anaplastic tumors; and
grade 3 for Cho/Cr ratio >3 referring the most aggressive area,
signifying the GTV (Table 5).***° Obviously, our results were
consistent with this grading: Mean Cho/Cr ratio was 3.235 in
IDH-WT group corresponding grade 3, indicating a more
aggressive feature, while mean Cho/Cr ratio in IDH-MT was
2.163 for grade 2, signifying less invasiveness. Therefore,
whether a distinct target delineation approach should be made
between these 2 groups of gliomas with different IDH status
would be an interesting project. Besides, they demonstrated
that current guideline of delineation with contrast T1 sequence
overestimated the GTV by 40% compared to MRS grading
system; the Cho/Cr ratio system defined CTV was 30% smaller
in contrast to T2 sequence-defined volume, indicating
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Table 5. The System Used to Grade the Cho/Cr for Each MRS Voxel.?

Grade Image Intensity CTV  Dose Painting
Cho/Cr<1 0 0
1 < Cho/Cr<2 1 85 CTV1 5400
2 < Cho/Cr<3 2 170 CTV2 5940
3 < Cho/Cr 3 255 CTV3 7020

Abbreviations: Cho, choline; Cr, creatine; CTV, clinical target volume; MRS,
magnetic resonance spectroscopy.

?The first column Lists the Cho/Cr ratio, which is mapped to a grade in the
second column. Columns 3, 4, and 5 show the corresponding image intensity,
CTV, and dose level for each CHO-Cr grade, respectively.*

overtreatment of normal brain tissue.*® Whether cMRI could
authentically represent the true extent of tumors as well as
accurately define target volume needs to be reassessed. The
Cho/Cr ratio assessment in relation to IDH mutation status
might influence the delineation of target volume in grade II
gliomas.

Recently,1 1C-MET and18F-FET PET were proved to allow
a better delineation of tumor margins and improve targeting of
biopsy and radiotherapy, suggesting the application of biologi-
cal tumor volume defined by SUV value in radiotherapy of
gliomas.*”*® However, a meta-analysis comparing the diagnos-
tic ACC of different imaging technique to delineate diffuse
gliomas reported that for LGGs, the area under the hsROC
curve was higher for MRS (0.781) than T2/FLAIR (0.774),
followed by PET-MET (0.668) and PET-FET (0.649). The
false-positive rate was lower in MRS (36.1%) than in PET-
FET (38.5%); the true-positive rate was highest for MRS
(87.3%), followed by T2/FLAIR (65.8%) and PET-FET
(60%). The diagnostic odds ratio was higher for MRS (15.7)
in comparison with PET-FET (2.57). Magnetic resonance spec-
troscopy demonstrated better diagnostic ACC compared with
PET in LGGs.*

Conclusion

Our study identified frontal location, well-defined border,
increased incidence of cystic change, less peritumoral edema,
lack of enhancement, and low Cho/Cr ratio as independent
predictors of IDH-MT grade II glioma. The capacity of ima-
ging to noninvasively predict the clinical behavior of grade II
gliomas would be highly impactful for patients with respect to
treatment planning and prognostic counseling, especially in
patients in which detailed molecular assay is not yet routinely
undertaken. The MRI can provide advantages in the detection
of genetic characteristics indirectly, serve as reliable and robust
biomarkers in the differential diagnosis prior to pathologic
diagnosis, may improve clinical risk stratification, and guide
personalized therapeutic strategy in patients with LGG. Owing
to the infiltrative nature of LGG and the potential for micro-
scopic invasion beyond the visible tumor boundary,?’
T2-defined volume either overestimates or underestimates
the microscopic or nonenhancing disease in a majority
of patients,’® indicating the need to explore new design of

treatment planning in gliomas based on the true extent of
tumors and not just with an empirical margin in T2
anatomical-based imaging, among which, Cho/Cr ratio in
MRS, based on diagnostic and therapeutic value, could be a
potential more reasonable reference. Individualized delineation
of target volume for LGG should be redefined based on differ-
ent IDH statue.

Limitation

There are some limitations in our study such as the retrospec-
tive nature and small sample in single center. Further prospec-
tive multicenter study is needed. Besides, more advanced MRI
techniques, including DWI and PWI, may provide more infor-
mation to increase the diagnostic ACC." Quantified ADC and
FA values, rCBV, and so on should be completed in following
step. Moreover, accumulated 2-hydroxyglutarate detected in
IDH-MT tumors by MRS is a promising new tool in the non-
invasive characterization of glioma.*' However, as this opti-
mized techniques was not typically available on clinical
scanners and was not routinely performed in our cohort, we
did not assess this in our study. In addition, all 4 brain stem
gliomas did not undergo histone H3K27M analysis; also, other
genetic alterations including ATRX and EGFR expression
were not assessed. Finally, considering the lack of survival
outcome, a long-term follow-up is under work for analysis of
patients’ prognosis.

Author Note

HD and YH contributed equally for the present study as first authors.
HD and YZ developed the study idea, concept, and the overall study
design. YH analyzed the data and generated the figures and tables. ZL
undertook the collection of data and supervised the study. SL per-
formed the analysis of MRS. QC realized the pathologic parts. HD
and YH edited the manuscript. CX contributed to the manuscript. YZ
supervised the study. All authors read and approved the final
manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: The Special
Funds for Basic Scientific Research of Central Universities of China
(No. 2042018kf0134), the Foundation of Health and Family Planning
Commission of Hubei Province of China (No. WJ2017H0014,
WI2019H072, WJ 2019H064), as well as the Innovation and Training
foundation of Zhongnan Hospital of Wuhan University (No.
cxpy20160082).

ORCID iD
Haixia Ding
Yahua Zhong

https://orcid.org/0000-0002-1397-2883
https://orcid.org/0000-0003-2573-1080


https://orcid.org/0000-0002-1397-2883
https://orcid.org/0000-0002-1397-2883
https://orcid.org/0000-0002-1397-2883
https://orcid.org/0000-0003-2573-1080
https://orcid.org/0000-0003-2573-1080
https://orcid.org/0000-0003-2573-1080

Ding et al

Supplemental Material

Supplemental material for this article is available online.

References

1.

10.

11.

12.

13.

Villanueva-Meyer JE, Wood MD, Choi BS, et al. MRI features
and IDH mutational status of grade II diffuse gliomas: impact on
diagnosis and prognosis. Am J Roentgenol. 2018;210(3):621-628.
doi:10.2214/AJR.17.18457.

. Houillier C, Wang X, Kaloshi G, et al. IDH1 or IDH2 mutations

predict longer survival and response to temozolomide in low-
grade gliomas. Neurology. 2010;75(17):1560-1566. doi:10.1212/
WNL.0b013e3181196282.

. Arita H, Kinoshita M, Kawaguchi A, et al. Lesion location imple-

mented magnetic resonance imaging radiomics for predicting
IDH and TERT promoter mutations in grade II/IIl gliomas. Sci
Rep. 2018;8(1):11773.d0i:10.1038/541598-018-30273-4.

. Cairncross G, Wang M, Shaw E, et al. Phase III trial of chemor-

adiotherapy for anaplastic oligodendroglioma: long-term results
of RTOG 9402. J Clin Oncol. 2013;31(3):337-343. do0i:10.1200/
JCO.2012.43.2674.

. Delfanti RL, Piccioni DE, Handwerker J, et al. Imaging correlates

for the 2016 update on WHO classification of grade II/III gliomas:
implications for IDH, 1p/19q and ATRX Status. J Neurooncol.
2017;135(3):601-609. doi:10.1007/s11060-017-2613-7.

. Kim H, Kim S, Lee HH, Heo H. In-vivo proton magnetic resonance

spectroscopy of 2-hydroxyglutarate in isocitrate dehydrogenase-
mutated gliomas: a technical review for neuroradiologists. Korean
J Radiol. 2016;17(5):620-632. doi:10.3348/ kjr. 2016.17.5.620.

. Biller A, Badde S, Nagel A, et al. Improved brain tumor classifi-

cation by sodium MR imaging: prediction of IDH mutation status
and tumor progression. AJNR Am J Neuroradiol. 2016;37(1):
66-73. doi: 10.3174/ajnr.A4493.

. LeuK, Ott GA, Lai A, et al. Perfusion and diffusion MRI signatures

in histologic and genetic subtypes of WHO grade II-1II diffuse
gliomas. J Neurooncol. 2017;134(1):177-188. doi: 10.1007/
s11060-017-2506-9.

. Guo J, Yao C, Chen H, et al. The relationship between Cho/NAA

and glioma metabolism: implementation for margin delineation of
cerebral gliomas. Acta Neurochir (Wien). 2012;154(8):
1361-1370. doi:10.1007/s00701 -012-1418-x.

Jeuken JW, Cornelissen SJ, Vriezen M, et al. An attractive alter-
native laboratory assay for robust, reliable, and semiquantitative
detection of MGMT promoter hypermethylation in gliomas. Lab
Invest. 2007;87(10):1055-1065. doi:10.1038/labinvest.3700664
Matsuse M, Yabuta T, Saenko V, et al. TERT promoter mutations
and Ki-67 labeling index as a prognostic marker of papillary
thyroid carcinomas: combination of two independent factors. Sci
Rep. 2017;7:41752. doi:10.1038/srep41752.

Liu J, Zhang X, Yan X, Sun M, Fan Y, Huang Y. Significance of
TERT and ATRX mutations in glioma. Oncol Lett. 2019;17(1):
95-102. doi:10.3892/01.2018.9634.

Darlix A, Deverdun J, Menjot de Champfleur N, et al. IDH muta-
tion and 1p19q codeletion distinguish two radiological patterns of
diffuse low-grade gliomas. J Neurooncol. 2017;133(1):37-45.
doi:10.1007/s11060-017-2421-0.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Suzuki H, Aoki K, Chiba K, et al. Mutational landscape and
clonal architecture in grade II and III gliomas. Nat Genet. 2015;
47(5):458-468. doi:10.1038/ng.3273.

Law M, Young RJ, Babb JS, et al. Predicting time to progression
or survival with cerebral blood volume measurements at dynamic
susceptibility-weighted contrast-enhanced perfusion MR ima-
ging. Radiology. 2008;247(2):490-498. doi:10.1148/radiol.
2472070898.

Zulfigar M, Yousem DM, Lai H. ADC values and prognosis of
malignant astrocytomas: does lower ADC predict a worse prog-
nosis independent of grade of tumor? — A meta-analysis. AJR Am
J Roentgenol. 2013;200(3):624-629. doi: 10.2214/AJR.12.8679.
Capelle L, Fontaine D, Mandonnet E, et al. French réseau d’étude
des gliomes. spontaneous and therapeutic prognostic factors in
adult hemispheric World Health Organization grade II gliomas:
a series of 1097 cases: clinical article. J Neurosurg. 2013;118(6):
1157-1168. doi:10.3171/2013.1.JNS121.

Ius T, Angelini E, Thiebaut de Schotten M, Mandonnet E, Duffau
H. Evidence for potentials and limitations of brain plasticity using
an atlas of functional resectability of WHO grade II gliomas:
towards a “minimal common brain”. Neuroimage. 2011;56(3):
992-1000. doi:10.1016/j.neuroimage.2011.03.022.

Jakola A, Myrmel KS, Kloster R, et al. Comparison of a strategy
favoring early surgical resection vs a strategy favoring watchful
waiting in low-grade gliomas. JAMA. 2012;308(18):1881-1888.
doi:10.1001/jama.2012.12807.

Ren X, Cui X, Lin S, et al. Co-deletion of chromosome 1p/19q
and IDH1/2 mutation in glioma subsets of brain tumors in Chinese
patients. Plos One. 2012;7(3):e32764. doi:10.1371/journal.pone.
0032764.

Sanson M, Marie Y, Paris S, et al. Isocitrate dehydrogenase 1
codon 132 mutation is an important prognostic biomarker in glio-
mas. J Clin Oncol. 2009;27(25):4150-4154. doi:10.1200/JCO.
2009.21.9832.

Noushmehr H, Weisenberger DJ, Diefes K, et al. Cancer genome
atlas research network. Identification of a CpG island methylator
phenotype that defines a distinct subgroup of glioma. Cancer
Cell. 2010;17(5):510-522. doi:10.1016/j.ccr.2010.03.017.
Watanabe T, Nobusawa S, Kleihues P, Ohgaki H. IDH1 mutations
are ecarly events in the development of astrocytomas and
oligodendrogliomas. A4m J Pathol. 2009;174(4):1149-1153.
doi:10.2353/ajpath.2009.080958.

Leu S, Von Felten S, Frank S, et al. IDH/MGMT-driven molecu-
lar classification of low-grade glioma is a strong predictor for
long-term survival. Neuro-Oncology. 2013;15(4):469-479. doi:
10.1093/neuonc/nos317.

Koeller KK, Rushing EJ. From the archives of the AFIP: oli-
godendroglioma and its variants: radiologic-pathologic corre-
lation. Radiographics. 2005;25(6):1669-1688. doi:10.1148/rg.
256055137

Metellus P, Coulibaly B, Colin C, et al. Absence of IDH mutation
identifies a novel radiologic and molecular subtype of WHO
grade II gliomas with dismal prognosis. Acta Neuropathol.
2010;120(6):719-729. doi:10.1007/s00401-010-0777-8.

Lin Y, Xing Z, She D, et al. IDH mutant and 1p/19q co-deleted
oligodendrogliomas: tumor grade stratification using diffusion-,



Technology in Cancer Research & Treatment

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

susceptibility-, and perfusion-weighted MRI. Neuroradiology.
2017;59(6):555-562. doi:10.1007/s00234-017-1839-6.

Stummer W. Mechanisms of tumor-related brain edema. Neuro-
surg Focus. 2007;22(5):ES.

Pallud J, Varlet P, Devaux B, et al. Diffuse low-grade oligoden-
drogliomas extend beyond MRI defined abnormalities. Neurol-
ogy. 2010;74(21):1724-1731. doi:10.1212/WNL. 0b013e3181
e04264

Barker FG, Chang SM, Huhn SL, et al. Age and the risk of
anaplasia in magnetic resonance-nonenhancing supratentorial
cerebral tumors. Cancer. 2015;80(5):936-941.

Xiong J, Tan W, Wen J, et al. Combination of diffusion tensor
imaging and conventional MRI correlates with isocitrate dehy-
drogenase 1/2 mutations but not 1p/19q genotyping in oligoden-
droglial tumours. Eur Radiol. 2016;26:1705-1715. doi:10.1007/
s00330-015-4025-4.

Xu W, Yang H, Liu Y, et al. Oncometabolite 2-hydroxyglutarate
is a competitive inhibitor of a-ketoglutarate dependent dioxy-
genases. Cancer Cell. 2011;19:17-30. doi:10.1016/j.ccr.2010.12.
014.

Olar A, Raghunathan A, Albarracin CT, et al. Absence of IDH1-
R132 H mutation predicts rapid progression of nonenhancing
diffuse glioma in older adults. Ann Diagn Pathol. 2012;16(3):
161-170. doi:10.1016/j.anndiagpath.2011.08.010.

Bauman G, Lote K, Larson D. Pretreatment factors predict overall
survival for patients with low-grade glioma: a recursive partition-
ing analysis. Int J Radiat Oncol Biol Phys. 1999;45(4):923-929.
Hattingen E, Raab P, Franz K, et al. Prognostic value of choline
and creatine in WHO grade II gliomas. Neuroradiology. 2008;
50(9):759-767. doi:10.1007/s00234-008-0409-3.

Dhermain F, Saliou G, Parker F, et al. Microvascular leakage and
contrast enhancement as prognostic factors for recurrence in unfa-
vorable low-grade gliomas. J Neurooncol. 2010;97(1):81-88. doi:
10.1007/s11060-009-9992-3.

Moller-Hartmann W, Herminghaus S, Krings T, et al. Clinical
application of proton magnetic resonance spectroscopy in the
diagnosis of intracranial mass lesions. Neuroradiology. 2002;
44(5):371-381. doi:10.1007/s00234-001-0760-0.

Usinskiene J, Ulyte A, Bjornerud A, et al. Optimal differentiation
of high- and low-grade glioma and metastasis: a meta-analysis of
perfusion, diffusion, and spectroscopy metrics. Neuroradiology.
2016;58(4):339-350. doi:10.1007/ s00234-016-1642-9.

Xu M, See SJ, Ng WH, et al. Comparison of magnetic resonance
spectroscopy and perfusion weighted imaging in presurgical grad-
ing of oligodendroglial tumors. Neurosurgery.2005;56(5):
919-926.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Steffen-Smith EA, Venzon DIJ, Bent RS, Hipp SJ, Warren KE.
Single and multi-voxel proton spectroscopy in pediatric patients
with diffuse intrinsic pontine glioma. Int J Radiat Oncol Biol
Phys. 2012;84:774-779. doi:10.1016/j.ijrobp.2012.01.032.

Xu Y], Cui Y, Li HX, et al. Noninvasive evaluation of radiation-
enhanced glioma cells invasiveness by ultra-high-field 1H-MRS
in vitro. Magn Reson Imaging. 2016;34:1121-1127. doi:10.1016/
j-mri.2016.05.009.

Li X, Jin H, Lu Y, Oh J, Chang S, Nelson SJ. Identification of
MRI and 1 H MRSI parameters that may predict survival for
patients with malignant gliomas. NMR Biomed. 2004;17(1):
10-20. doi:10.1002/nbm.858.

Graves E, Pirzkall A, Nelson SJ, Larson D, Verhey L. Registra-
tion of magnetic resonance spectroscopic imaging to computed
tomography for radiotherapy treatment planning. Med Phys.
2001;28(12):2489-2496. doi:10.1118/1.1420400.

Chang J, Thakur S, Perera G, et al. Image fusion of MR spectro-
scopic images for treatment planning of gliomas. Med Phys. 2006;
33(1):32-40. doi:10.1118/1.2128497.

Narayana A, Chang J, Thakur S, et al. Use of MR spectroscopy
and functional imaging in the treatment planning of gliomas. Br J
Radiol. 2007;80(953):347-354. doi:10.1259/bjr/65349468.
Chang J, Narayana A. Functional MRI for radiotherapy of glio-
mas. Technol Cancer Res Treat. 2010;9(4):347-358. doi:10.1177/
153303461000900405.

Unterraine M, Winkelmann I, Suchorska B, et al. Biological
tumour volumes of gliomas in early and standard 20-40 min
18F-FET PET images differ according to IDH mutation status.
Euro J Nuclear Med Mole Imag. 2017;45(7):1242-1249. doi:10.
1007/ s00259-018-3969-4.

Galldiks N, Law I, Pope WB, Arbizu J, Langen KJ. The use of
amino acid PET and conventional MRI for monitoring of brain
tumor therapy. Neuroimage Clin. 2017;13:386-394. doi:10.1016/
j-nicl.2016.12.020

Verburg N, Hoefnagels FWA, Barkhof XF, et al. Diagnostic accu-
racy of neuroimaging to delineate diffuse gliomas within the
brain: a meta-analysis. AJNR Am J Neuroradiol. 2017;38(10):
1884-1891. doi:10.3174/ajnr.A5368. Epub 2017 Sep 7.

Earnest F, 4th, Kelly PJ, Scheithauer BW, et al. Cerebral astro-
cytomas: histopathologic correlation of MR and CT-contrast
enhancement with stereotaxic biopsy. Radiology. 1998;166(3):
823-827. doi:10. 1148/radiology.166.3.2829270.

Patel SH, Poisson LM, Brat DJ, et al. T2-FLAIR mismatch, an
imaging biomarker for IDH and 1p/19q status in lower grade
gliomas: a TCGA/TCIA project. Clin Cancer Res. 2017;23(20):
6078-6085. doi:10.1158/1078-0432. CCR-17-0560.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


