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Abstract
Recent advance in molecular characterization of gliomas showed that patient prognosis and/or tumor chemosensitivity correlate
with certain molecular signatures; however, this information is available only after tumor resection. If molecular information is
available by routine radiological examinations, surgical strategy as well as overall treatment strategy could be designed
preoperatively.With the aim to establish an imaging scoring system for preoperative diagnosis of molecular status in lower-
grade gliomas (WHO grade 2 or 3, LrGGs), we investigated 8 imaging features available on routine CT and MRI in 45 LGGs
(discovery cohort) and compared them with the status of 1p/19q codeletion, IDH mutations, andMGMT promoter methylation.
The scoring systems were established based on the imaging features significantly associated with each molecular signature, and
were tested in the another 52 LrGGs (validation cohort).For prediction of 1p/19q codeletion, the scoring system is composed of
calcification, indistinct tumor border on T1, paramagnetic susceptibility effect on T1, and cystic component on FLAIR. For
prediction of MGMT promoter methylation, the scoring system is composed of indistinct tumor border, surface localization
(FLAIR), and cystic component. The scoring system for prediction of IDH status was not established. The 1p/19q score ≥ 3
showed PPVof 96.2% and specificity of 98.1%, and theMGMTmethylation score ≥ 2 showed PPVof 77.4% and specificity of
67.6% in the entire cohort.These scoring systems based on widely available imaging information may help to preoperatively
design personalized treatment in patients with LrGG.
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Introduction

Although there has been an enormous progress in molecular
characterization of gliomas, the initial maximal safe resection
is still the gold standard of surgery for diffuse gliomas based

on the evidence that more extensive surgical resection is as-
sociated with longer life expectancy for both low-grade and
high-grade gliomas [25, 28]. Indeed, molecular information
relevant to treatment strategy is informed only after surgical
resection. However, if the molecular signature of the tumor is
informed before initial surgery, such information could influ-
ence the overall treatment strategy as well as initial surgical
strategy; the tumor with molecular signature suggesting indo-
lent tumor growth or chemosensitivity could be subjected to
resection weighting the safety rather than radicality, and the
tumor with information suggesting aggressive behavior or in-
sensitivity to chemotherapy should perhaps be resected as
much as safely possible with the possible risk of functional
sequela. The initial biopsy may occasionally be indicated;
however, craniotomy is required even for biopsy in most
cases.

There have been many studies on the association between
imaging features and specific genetic alterations in gliomas,
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with clinically relevant results [1, 3, 5, 11, 18, 24, 29, 31, 35,
36]. For example, Zlatescu et al. demonstrated an association
between genetic signature and tumor location for the first time
[36], and Megyesi et al. reported that oligodendrogliomas
with 1p and 19q loss were more likely to have an indistinct
tumor border on T1-weighted MRI, possibly indicative of
invasiveness [18]. However, these findings are not utilized
in daily practice for therapeutic decision-making due to inter-
observer bias, insufficient specificity, or novel technique that
is not commonly available. Recently, we have demonstrated
that the combination of two simple imaging features, tumor
calcification and surface localization (SL) predicts the pres-
ence of 1p/19q codeletion with high positive predictive value
(PPV) and specificity [21]. To avoid ineffective chemothera-
py, prediction with low false-positive rate, i.e., high
specificity/PPV rather than high sensitivity, is favored; how-
ever, the sensitivity of the combination of calcification and SL
was not sufficient, leaving more than half of the codeleted
tumors out of the preoperative prediction. In the present paper,
we aimed to establish the scoring system composed of several
imaging characterisitics provided by routine CT and MRI to
preoperatively predict important molecular signature with suf-
ficient sensitivity as well as high specificity/PPV. Presence or
absence of 1p/19q codeletion, promoter methylation of the
O6-methylguanine-DNA methyltransferase (MGMT) gene,
and mutations in isocitrate dehydrogenase (IDH) genes were
compared with the imaging features suggested to correlate
with those molecular signatures in the literature, and the scor-
ing system was tested in the two independent cohorts.

Materials and methods

Clinical samples

Pathology records of brain tumors treated at the Department of
Neurosurgery, Keio University Hospital in 2006 or later were
reviewed, and the eligibility criteria included the following:
(a) newly diagnosed, untreated diffuse glioma of WHO grade
II or III; (b) preoperative CT and MRI (T1, T1 post-contrast,
fluid-attenuated inversion recovery (FLAIR)) images. As a
result, 45 tumors that fulfilled those criteria constituted the
discovery cohort. Similarly, the validation cohort was com-
posed of 52 newly diagnosed, diffuse gliomas of WHO grade
II or III resected at Fujita Health University Hospital between
2007 and 2015. The histopathological diagnosis was based on
local diagnosis at each institute according to WHO criteria
[13, 14, 16, 17, 37]. This study has been conducted as a part
of the collaborative translational research approved by the
Institutional Review Board at Keio University and Fujita
Health University. Written informed consent was obtained
from all patients included in the study.

Scoring of radiological characteristics

CT (plain) images and T1-weighted, T1-weighted with gado-
linium (Gd) administration, and FLAIR MRI images were
used for the scoring of imaging features, and all of the avail-
able sections of these images were taken into consideration for
the evaluation. Parameters of T1-weighted image of discovery
cohort in Keio University Hospital were repetition time (TR):
< 560 ms, echo time (TE): < 9 ms and flip angle: 90° at 1.5T
and TR: < 600 ms, TE: < 12 ms and flip angle: 90° at 3T, and
those of the validation cohort in Fujita Health University
Hospital were TR: < 645 ms, TE: < 13 ms and flip angle:
90° at 1.5T. The following imaging characteristics were se-
lected and evaluated based on the literature review [1, 3, 11,
18, 24, 29, 31, 36]: (a) calcification on CT, present versus
absent; (b) tumor border on T1-weighted images, distinct ver-
sus indistinct; (c) paramagnetic susceptibility effect on T1
(shortening on T1), present versus absent (present: presence
of higher signal intensity in tumor as compared with the con-
tralateral gray and white matter); (d) surface localization (SL)
defined by more than 50% of abnormal high intensity area on
FLAIR images being located within cortex, yes versus no; (e)
gray matter involvement defined by abnormal high intensity
involving the entire thickness of the cortex on FLAIR images,
yes versus no; (f) inhomogeneous tumor signal intensity de-
fined by presence of cystic component or similar findings on
FLAIR images, present versus absent, (g) contrast enhance-
ment on T1-weighted images with Gd administration, ring
enhancement on the majority of tumor signal versus other
contrast enhancement versus none; (h) temporal location de-
fined by main location of tumor being the temporal lobe on
FLAIR images, yes versus no (Fig. 1).

For the discovery cohort, imaging characteristics were
assessed independently by four of the authors including two
neurosurgeons (TK, HS) and two neuroradiologists (HF, HT)
blinded to molecular characteristics in the tumors. The final
judgment was made by consensus of three or four evaluators
for each imaging characteristics. After establishment of the
imaging scoring system for preoperative molecular diagnosis
using the discovery cohort, the system was applied for the
validation cohort. For the validation cohort, imaging charac-
teristics were assessed independently by three neurosurgeons
(TK, HS, YN) blinded to molecular characteristics in the tu-
mors. The final judgment was made by consensus of two or
three evaluators for each of the imaging characteristics includ-
ed in the scoring system.

Molecular genetic analyses

Tumor DNA was extracted from microdissected pieces of
formalin-fixed paraffin-embedded (FFPE) tissue as previ-
ously described [20, 27].
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1p/19q status was assessed by metaphase comparative ge-
nomic hybridization (CGH), as described previously [10, 19].
Briefly, crude tumor DNA from FFPE tissues was amplified by
degenerate oligonucleotide-primed polymerase chain reaction
(DOP-PCR) and was labeled with digoxigenin (DIG)-11-dUTP
(Roche, Mannheim, Germany) by another DOP-PCR.
Reference DNA was amplified from a 50-ng DNA obtained
from normal male or female and was labeled with biotin-
dUTP (Roche, Mannheim, Germany). Probe mixture was de-
natured and hybridized to normal metaphase spreads (Vysis,
Downers Grove, IL). Unhybridized probes were washed, and
the metaphase spread was incubated with a fluorescein
isothiocyanate-conjugated anti-DIG antibody (Roche,
Mannheim, Germany) and rhodamine-conjugated avidin
(Roche, Mannheim, Germany). The preparations were washed
andwere counterstainedwith 4,6-diamino-2-phenylindole in an
antifade solution. Red, green, and blue images were acquired,
and ratios of fluorescence intensities along the chromosomes

were determined using the CytoVision® Analysis System
(Applied Imaging, San Jose, CA).

IDH mutation status was assessed by direct sequencing
with polymerase chain reaction (PCR) of codon 132 in
IDH1 gene and codon 172 in IDH2 gene using the previously
described primer pairs [33]. The PCR thermal conditions
consisted of an initial denaturing step of 95 °C for 3 min,
followed by 40 cycles of 95 °C for 30 s, 56 °C for 30 s,
72 °C for 40 s, and finally, an extension step of 72 °C for
10 min. The resulting products were analyzed on 3% agarose
gel. After purifying the PCR products, DNA-sequencing re-
actions were performed using the BigDye Terminator version
3.1 Cycle Sequencing kit, and sequence data were analyzed
using the 3730xl DNA Analyzer (Applied Biosystems, Foster
City, CA, USA).

Methylation status of the promoter region of the MGMT
gene was analyzed by methylation-specific PCR using the EZ
DNA Methylation-Direct kit (Zymo Research Corp., Orange,
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Fig. 1 Assessment of radiological features. a, b T1-weighted (a) and
fluid-attenuated inversion recovery (FLAIR; b) MRI images of a 27-
year-old woman with left frontal tumor. This tumor was judged as the
followings: indistinct tumor border: yes, paramagnetic susceptibility ef-
fect (shortening on T1): yes, surface localization (SL): no, gray matter
involvement (GMI): yes, cystic component: yes, calcification: no (not
shown). 1p/19q score of this case is 3, and MGMT score is 2.
Histologial classification of the tumor was oligoastrocytoma, and patho-
logical diagnosis was oligodendroglioma, IDH-mutant and 1p/19q-

codeleted. Promoter region of the MGMT gene was unmethylated. c,
d.T1-weighted and FLAIR MRI images of a 32-year-old woman with
right frontal tumor. This tumor was judged as the followings: indistinct
tumor border: no, paramagnetic susceptibility effect: no, SL: yes, GMI:
yes, cystic component: no, calcification: no (not shown). 1p/19q score of
this case is 0, and MGMT score is 1. Histological classification of the
tumor was oligoastrocytoma, and pathological diagnosis was diffuse as-
trocytoma, IDH-mutant (1p/19q-non-codeleted). Promoter region of the
MGMT gene was unmethylated



CA, USA). PCR was performed with primers specific for
methylated or unmethylated DNAs (Sigma-Aldrich Japan,
Inc) [7] and Taq polymerase HotStart Version (Takara Taq
HotStart Version; Takara Bio, Inc., Shiga, Japan), and the
annealing temperature was decreased from 65 to 58 °C with
35 cycles in total. The PCR products were separated on a 4%
MetaPhor Agarose gel (Lonza, Rockland, ME, USA). Control
DNAs for the methylated, unmethylated, and wild-type se-
quence were obtained in the Chemicon CpG WIZ MGMT
Amplification kit (Temecula, CA, USA).

Statistical analysis and scoring system

The predictive values of each radiological feature including
sensitivity, specificity, PPV, and negative predictive value
(NPV) were calculated for each molecular signature. The sig-
nificance of associations between molecular signatures and
radiological features was assessed in univariate analysis using
the Fisher’s exact test and χ2 test. The significance level for
these statistical tests was set at 0.05. Data was analyzed with
the IBM SPSS Statistics 23.0 software. Multivariate analysis
was not applied considering the number of outcomes and var-
iables. The radiological features significantly associated with
each molecular signature on univariate analyses in the discov-
ery cohort were included in the scoring system. In therapeutic
decision-making, high PPV/specificity is important to avoid
ineffective chemotherapy, and the threshold of the scoring
system was placed based on PPV.

Results

Discovery cohort

The discovery cohort consisted of 45 diffuse gliomas of grade
II or III based on the original institutional diagnoses.
(Table S1) These tumors arose in 25 men and 20 women, with
a mean age of 46 years old at the time of surgery (range, 23–
81 years). The tumors included 32 grade II tumors (4 diffuse
astrocytomas, 21 oligodendrogliomas, 7 oligoastrocytomas),
and 13 grade III tumors (2 anaplastic astrocytomas, 9 anaplas-
tic oligodendrogliomas, 2 anaplastic oligoastrocytomas).
Total loss of chromosomes 1p and 19q were observed in 29
of 45 tumors, MGMT promoter methylation in 27 of 45 tu-
mors, and IDH mutations in 40 of 45 tumors.

Table 1 shows predictive values and p values of each im-
aging characteristics for 1p/19q codeletion. Twenty-two of the
45 patients were examined with 3T MRI, and the other 23
were with 1.5T. Calcification, indistinct tumor border on T1,
paramagnetic susceptibility effect on T1, presence of cystic
component, and temporal location were significantly associ-
ated with presence or absence of 1p/19q codeletion. On the
other hand, SL, indistinct tumor border, presence of cystic

component, and temporal location were significantly associ-
ated with presence or absence of MGMT promoter methyla-
tion (Table 2). For IDHmutations, non-temporal location was
the sole imaging feature that was significantly associated with
IDH status. However, PPV (62.5%) and specificity (57.1%)
were thought not to be sufficiently high to predict IDH muta-
tions solely by tumor location (not shown).

Scoring system

The imaging characteristics significantly associated with each
favorable molecular signature on univariate analyses were in-
cluded in the scoring system. For prediction of 1p/19q
codeletion, each of calcification, indistinct tumor border, para-
magnetic susceptibility, and cystic component counts one
point (full sore: 4). Temporal location was regarded as exclu-
sion criteria because of the low sensitivity noted in the discov-
ery cohort as well as the previous finding that tumors in the
temporal lobe was significantly less likely to harbor 1p/19q
codeletion [29, 36]. Similarly, a previous study reported that
the anaplastic oligodendrogliomas of histological diagnosis
with ring enhancement seldom responded to chemotherapy
[2]. Therefore, ring enhancement on the majority of tumor
burden, which was reminiscent of glioblastomas, was also
regarded as exclusion criteria based on the result of the present
study as well as the previous finding. We explored the rela-
tionship of the 1p/19q score and presence or absence of 1p/
19q codeletion, and, importantly, score above 2 (score 3 or 4)
predicted 1p/19q codeletion with PPV of 100%, and PPV
declined if the score is 2 or less (Table 3). The 1p/19q score
≥ 3 predicted 1p19q codeletion with higher sensitivity than
combination of calcification and SL (Table 4).

For prediction of MGMT promoter methylation, each of
indistinct tumor border, SL, and cystic component counts
one point (full sore: 3). Temporal location was regarded as
exclusion criteria. Importantly, score ≥ 2 (score 2 or 3) predict-
edMGMTmethylation with PPVof 82.6%, and PPV declined
if the score is 1 or less (Tables 5 and 6).

Validation cohort

The scoring systems for 1p/19q codeletion and MGMT pro-
moter methylation were applied to the validation cohort. The
validation cohort consisted of 52 diffuse gliomas of grade II or
III based on the original institutional diagnoses (Table S2).
The tumors included 31 grade II tumors (12 diffuse astrocy-
tomas, 4 oligodendrogliomas, 15 oligoastrocytomas), and 21
grade III tumors (13 anaplastic astrocytomas, 3 anaplastic
oligodendrogliomas, 5 anaplastic oligoastrocytomas). Total
loss of chromosomes 1p and 19q were observed in 15 of 52
tumors, and promoter methylation of the MGMT gene was
observed in 31 of 52 tumors.
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1p19q score ≥ 3 predicted 1p/19q codeletion with PPV of
90%, specificity of 97.2%, and sensitivity of 60% (Tables 4
and 7). MGMT score ≥ 2 predicted MGMT promoter methyl-
ation with PPVof 73.3%, specificity of 57.9%, and sensitivity
of 66.6% (Tables 6 and 8).

Discussion

To date, many studies have been reported to predict the im-
portant molecular signatures that are relevant to therapeutic
decision-making by simple, visual qualitative evaluation of
radiological images. However, the association of single imag-
ing feature with certain molecular signature was mostly found
in univariate analyses, and qualitative evaluation of each fea-
ture is prone to be subjected to interobserver variability.
Therefore, researchers recently exploit quantitative methods,

often with machine-learning algorithms; Brown et al. reported
that quantitative texture analysis on T2-weighted images pre-
dicted 1p/19q codeletion with more than 90% of sensitivity
and specificity in 55 oligodendrogliomas [1], and Zhou et al.
reported that texture model predicted IDH mutation and 1p/
19q codeletion with good to excellent area under receiver-
operating characteristic curve (AUC) [35]. Although these
quantitative, computerized approaches hold substantial prom-
ise to noninvasively predict molecular characteristics of glio-
ma, these novel techniques are not generally accessible for
now, and not ready for clinical use yet. In the present study,
we aimed to establish a model by combination of several
imaging features easily evaluable on routine, standard MRI
for the daily practice until such novel techniques become
widely available.

Imaging features reported to be associated with 1p/19q
codeletion include calcification (CT), frontal location,

Table 1 Predictive values for 1p/19q codeletion by imaging features in the discovery cohort

PPV (%) NPV (%) Sensitivity (%) Specificity (%) P value

Calcification 94.1 (16/17) 53.6 (15/28) 55.2 (16/29) 93.8 (15/16) 0.001

Surface localization 76.2 (16/21) 45.8 (11/24) 55.2 (16/29) 68.8 (11/16) 0.124

Gray matter involvement 62.5 (25/40) 20 (1/5) 86.2 (25/29) 6.3 (1/16) 0.408

Indistint tumor border 78.8 (26/33) 75 (9/12) 89.7 (26/29) 56.3 (9/16) 0.002

Paramagnetic susceptibility effect 88.2 (15/17) 50 (14/28) 51.7 (15/29) 87.5 (14/16) 0.009

Inhomogenous tumor contents 81.0 (17/21) 50 (12/24) 58.6 (17/29) 75 (12/16) 0.030

Contrast enhancement
(total n = 45)
Ring enhancement
n = 1
Other enhancement
n = 22
None
n = 22

69.6 (16/23) 40.9 (9/22) 55.2 (16/29) 56.3 (9/16) 0.463

Ring enhancement 0 (0/1) 34.1 (15/44) 0 (0/29) 93.8 (15/16) 0.715

Temporal location 12.5 (1/8) 24.3 (9/37) 3.4 (1/29) 56.3 (9/16) 0.001

PPV positive predictive value, NPV negative predictive value

Table 2 Predictive values for MGMT promoter methylation by imaging features in the discovery cohort

PPV (%) NPV (%) Sensitivity (%) Specificity (%) P value

Calcification 76.4 (13/17) 50 (14/28) 48.1 (13/27) 77.8 (14/18) 0.079

Surface localization 76.2 (16/21) 54.2 (13/24) 59.3 (16/27) 72.2 (13/18) 0.038

Gray matter involvement 57.5 (23/40) 20 (1/5) 85.2 (23/27) 5.6 (1/18) 0.325

Indistint tumor border 69.7 (23/33) 66.7 (8/12) 85.2 (23/27) 44.4 (8/18) 0.032

Paramagnetic susceptibility effect 70.6 (12/17) 46.4 (13/28) 44.4 (12/27) 72.2 (13/18) 0.259

Inhomogenous tumor contents 81.0 (17/21) 58.3 (14/24) 63.0 (17/27) 77.8 (14/18) 0.007

Contrast enhancement (ring or other) 60.9 (14/23) 40.9 (9/22) 51.9 (14/27) 50 (9/18) 0.903

Ring enhancement 0 (0/1) 38.6 (17/44) 0 (0/27) 94.4 (17/18) 0.651

Temporal location 25 (2/8) 32.4 (12/37) 7.4 (2/27) 66.7 (12/18) 0.034

PPV positive predictive value, NPV negative predictive value
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indistinct tumor border on T1-weighted image (MRI), para-
magnetic susceptibility effect (MRI), high relative cerebral
blood volume (dynamic susceptibility contrast MRI), high
uptake on 201Tl-single-photon emission computed tomogra-
phy (SPECT), and elevated metabolism on 11C-methionine
positron emission tomography (PET), etc. [11, 18, 21, 24,
31, 36]. Moreover, recent quantitative analyses suggested that
1p/19q-codeleted gliomas are distinguished from the other
lower-grade gliomas by tumor texture with high sensitivity
and specificity [1, 35]. In the present study, we investigated
all of the imaging features that were previously suggested to
be associated with 1p/19q codeletion and were available on
routine CT and MRI. Finally, our scoring system consisted of
four relevant features, i.e., calcification on CT, indistinct tu-
mor border on T1, paramagnetic susceptibility effect on T1,
and cystic component on FLAIR with exclusion of temporal
location and ring enhancement. The score will be less affected
by interobserver difference by combination of four features,
and the relevance of calcification, paramagnetic susceptibility
effect, and cystic component is likely to reflect the importance
of tumor texture. The 1p/19q score ≥ 3 predicted 1p/19q
codeletion with 56.8% of sensitivity and 98.1% of specificity
in the entire cohort of the present study. Although the sensi-
tivity may not be sufficiently high yet, about two thirds of the
1p/19q-codeleted gliomas is preoperatively predicted with
very low false-positive rate. Those tumors preoperatively pre-
dicted to have 1p/19q codeletion could be subjected to resec-
tion weighting the safety rather than radicality without the

possible risk of functional sequela, because the extent of re-
section might have less impact on patient survival with 1p/
19q-codeleted gliomas [9]. Moreover, the preoperative predic-
tion of chemosensitivity could segregate the candidates to be
treated with neoadjuvant strategy [26].

Prediction of methylation status of the MGMT gene by
imaging is more challenging. Except that ring enhance-
ment was suggested by some previous studies to be asso-
ciated with unmethylated MGMT promoter in glioblasto-
mas [4, 6], none of the other MRI features was reported to
be associated with MGMT methylation status by visual
assessment with consensus [8]. Ellingson et al. reported
that the methylated glioblastomas have less T2/FLAIR
high intensity volume than unmethylated tumors, and that
the methylated tumors are lateralized to left hemisphere
and the unmethylated tumors to right; these notions might
be worthy of further investigation [5]. A previous study
reported that quantitative texture analysis was not suffi-
cient to predict methylation status [4]; however, another
study reported that the texture analysis with machine-
learning algorithms on T2-weighted images yielded an
AUC of 0.85, suggesting the utility of such approach to
predict MGMT promoter status in glioblastomas [15]. All
of these attempts were performed in the cohorts with
high-grade glioma or glioblastoma, and, to our knowl-
edge, the present study may be the first to investigate
imaging features to predict MGMT methylation status in
lower-grade gliomas. Our scoring system consists of three

Table 4 Predictive values for 1p/
19q codeletion by combination of
imaging features in the discovery
cohort and validation cohort

PPV (%) NPV (%) Sensitivity (%) Specificity (%)

The discovery cohort

Calcification + surface localization 100(9/9) 44.4 (16/36) 31.0 (9/29) 100 (16/16)

1p/19q score (≥ 3) 100 (16/16) 55.2 (16/29) 55.2 (16/29) 100 (16/16)

The validation cohort

Calcification + surface localization 100 (7/7) 82.2 (37/45) 46.7 (7/15) 100 (37/37)

1p/19q score (≥ 3) 90 (9/10) 85.7 (36/42) 60 (9/15) 97.2 (36/37)

The entire cohort

1p/19q score (≥ 3) 96.2 (25/26) 73.2 (52/71) 56.8 (25/44) 98.1 (52/53)

PPV positive predictive value, NPV negative predictive value

Table 3 The relationship of the predictive score and 1p/19q codeletion
in the discovery cohort

1p/19q score 1p/19q codeleted 1p/19q non-codeleted PPV (%)

Score 0 1 6 14.3 (1/7)

Score 1 7 6 53.8 (7/13)

Score 2 5 4 55.6 (5/9)

Score 3 7 0 100 (7/7)

Score 4 9 0 100 (9/9)

PPV positive predictive value

Table 5 The relationship of the predictive score and MGMT promoter
methylation in the discovery cohort

MGMT score MGMT methylated MGMT unmethylated PPV (%)

Score 0 0 6 0 (0/6)

Score 1 8 8 50 (8/16)

Score 2 11 3 78.6 (11/14)

Score 3 8 1 88.9 (8/9)

PPV positive predictive value, MGMT O6-methylguanine-DNA
methyltransferase
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features, i.e., indistinct tumor border on T1, SL, and cys-
tic component on FLAIR with exclusion of temporal lo-
cation, and score ≥ 2 predicted MGMT promoter methyl-
ation with good PPV and moderate specificity (PPV:
77.4%, sensitivity: 68.3%, specificity: 67.6% in the entire
cohort). By coupling with 1p/19q scoring system, a con-
siderable portion of chemosensitive gliomas could be pre-
operatively segregated. Indeed, the interim analysis of the
phase III trial in anaplastic gliomas lacking 1p/19q
codeletion suggested that MGMT methylation is indepen-
dently associated with patient survival with those tumors
[30], and the preoperative prediction of MGMT methyla-
tion could have impact on the treatment and surgical strat-
egy for non-codeleted LrGGs [26].

The literature suggests that IDH-mutant gliomas might
be associated with frontal, temporal, and insular loca-
tions, lower maximal fractional anisotropy (FA)/greater
minimal apparent diffusion coefficient (ADC), sharp tu-
mor margin, and homogeneous intensity [23, 29, 32].
However, we were not successful to establish a scoring
system for IDH mutations in the present study. Indeed,
Zhou et al. reported lower AUC and sensitivity/
specificity for prediction of IDH mutations than 1p/19q
codeletion using quantitative texture analysis [35], and
IDH-mutant tumors may be less characterized by imag-
ing features in the cohorts of lower-grade gliomas.
Nonetheless, novel techniques, such as comprehensive
machine-learning classification and detection of 2-

hydroxyglutarate accumulated in IDH-mutated gliomas
by proton MR spectroscopy hold substantial promise
for clinical use in the future [3, 12, 22, 34].

Limitation of the present study

Although our scoring systems by combination of some
imaging features are likely to be less affected by inter-
observer difference as compared with the evaluation of
single imaging feature, the visual, qualitative analysis
would still suffer from subjective nature. Moreover,
judgment of each imaging feature could be affected by
MRI parameters, field strength, and systems of imaging.
Nonetheless, the preoperative assessment based on rou-
tine imaging information would be useful for therapeutic
decision-making until novel quantitative techniques be-
come widely accessible.

Most of the grade IV tumors are preoperatively distin-
guished from lower-grade gliomas typically by ring enhance-
ment and extensive perifocal edema. However, the present
cohorts did not include grade IV tumors, and it should be
noted that those tumors with atypical images might not be
distinguished from lower-grade gliomas by routine MRI.

Finally, our scoring system was established and validated
using two independent cohorts; however, the sample size was
relatively small. It is desirable to validate the scoring system in
the larger cohort prospectively.

Table 6 Predictive values for MGMT promoter methylation by a scoring system in the discovery cohort and validation cohort

PPV (%) NPV (%) Sensitivity (%) Specificity (%)

The discovery cohort

MGMT score (≥ 2) 82.6 (19/23) 63.6 (14/22) 70.3 (19/27) 77.8 (14/18)

The validation cohort

MGMT score (≥ 2) 73.3 (22/30) 50 (11/22) 66.6 (22/33) 57.9 (11/19)

The entire cohort

MGMT score (≥ 2) 77.4 (41/53) 56.8 (25/44) 68.3 (41/60) 67.6 (25/37)

PPV positive predictive value, NPV negative predictive value, MGMT O6-methylguanine-DNA methyltransferase

Table 8 The relationship of the predictive score and MGMT promoter
methylation in the validation cohort

MGMTscore MGMT
methylated

MGMT
unmethylated

PPV (%)

Score 0 0 2 0 (0/2)

Score 1 11 9 55 (11/20)

Score 2 16 7 69.6 (16/23)

Score 3 6 1 85.7 (6/7)

MGMTO6-methylguanine-DNAmethyltransferase, PPV positive predic-
tive value

Table 7 The relationship of the predictive score and 1p/19q codeletion
in the validation cohort

1p/19q score 1p/19q codeleted 1p/19q non-codeleted PPV (%)

Score 0 1 5 16.7 (1/6)

Score 1 3 14 17.6 (3/17)

Score 2 2 17 10.5 (2/19)

Score 3 5 1 83.3 (5/6)

Score 4 4 0 100 (4/4)

PPV positive predictive value
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Conclusions

In conclusion, we established the scoring systems for preop-
erative diagnosis for 1p/19q codeletion and MGMT promoter
methylation based on imaging features available on routine
CT and MRI. The predictive values including sensitivity and
specificity appear acceptable especially for 1p/19q codeletion,
and these scoring systems would help to design overall treat-
ment strategy and surgical strategy preoperatively.
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