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Background: Grading gliomas is essential for treatment decisions and patient
prognosis. In this study we evaluated the in-phase and out-of-phase sequences for
distinguishing high-grade (HGG) from low-grade glioma (LGG) and the correlation with
magnetic resonance spectroscopy (MRS) results.

Methods: This observational study comprised patients with brain tumors referred to
our center for brain MRS. The gold standard for diagnosis was based on the World
Health Organization (WHO) glioma classification. A standard tumor protocol was
accomplished using a 1.5-T MRS scanner. Before contrast medium administration, extra
in- and out-phase sequences were acquired. Three 20-30-mm? oval regions of interest
(ROIs) were placed in the solid component and the signal loss ratio (SLR) was calculated
with the following formula:

SLR tumor = (SI In phase — SI Opposed phase) /Sl In phase

Correlations and comparisons between groups were made using the Pearson, chi-
square and, independent samples t tests. Receiver operating characteristic (ROC) curve
analysis was performed to assess the diagnostic performance. Statistical significance
was set at p < 0.05.

Results: In total, 20 patients were included in the LGG and 13 were included in the
HGG group. The mean SLR in the HGG and LGG groups was 3.66 +2.12 and 1.63 + 1.86,
respectively (p=0.01). There was a statistically significant correlation between lipid
lactate (0.48, p = 0.004) and free lipid (0.44, p = 0.009) concentrations on MRS with SLR.
Conclusions: The SLR is a simple, rapid, and noninvasive marker for differentiating
between LGG and HGG. There is a significant correlation with both the concentration
and presence of free lipid and lipid-lactate peaks in MRS.
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~
® 54 patients with brain masses who were referred to our imaging center
for MRS underwent chemical shift GE IOP sequence(2020-2022)
J
~
¢ 11 non-glioma tumors (metastais and lymphoma)
¢ 10 poor quality image examination
J
N
* 33 patients with 33 gliomas
* (20 low grade and 13 high grade)
J

Fig. 1 A Flowchart of the selection process. GE gradient-echo sequence, /OP in-phase and opposed-

phase sequence

Background

The most common primary brain malig-
nancies are gliomas (approximately 80%)
[1]. The incidence and 5-year survival rate
are 1-4 per 100,000 and 4-40%, respec-
tively. The grade of the central nervous
system tumors, classified by the World
Health Organization (WHO), determines
the survival rate and management plan.
According to this classification, gliomas
are divided into four grades. Grades 1
and 2 are considered low-grade glioma
(LGG) and grades 3 and 4 are considered
high-grade glioma (HGG; [2, 3]). If LGGs
are resected at the time of diagnosis, the
5-year survival rate is 94% and 51.6% for
grades 1 and 2, respectively [4-6]. The
treatment and prognosis for high-grade
gliomas vary greatly. They usually require
radiation therapy and chemotherapy af-
ter surgery, and the 5-year survival rate is
only 25.2% and 8.9% for grades 3 and 4,
respectively. [5-7].

Although histological tests are the gold
standard for the diagnosis of glioma, they
have certain limitations such as high in-
vasiveness, bleeding and infection, and
likelihood of sampling errors, and they
are prone to inter- and intra-neuropathol-
ogist variability. Complications can arise
depending on the location and grade of
the tumors [8]. Imaging has the advan-
tage that histopathological tumor changes
can be visualized indirectly and non-inva-
sively. Magnetic resonance imaging (MRI)
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is the imaging method of choice for the
detailed characterization of brain tumors,
since it provides valuable information on
tumor composition, anatomical location,
edema, hemorrhage, adjacent brain tissue,
and mass effect [9]. Additionally, con-
trast enhancement indicates neovascular-
ization or disruption of the blood-brain
barrier, which is an important feature of
HGG. Despite these advantages, conven-
tional MRI has a limited role in grading
gliomas due to its high rate of false-posi-
tive results (tumor heterogeneity; [9, 10]).

Previous studies have shown that in-
creased levels of free (mobile) lipids are
associated with higher grades in brain
glioma. Magnetic resonance spectroscopy
(MRS) is a noninvasive test approved as
a noninvasive modality for assessing lipid
concentration and tumor grade [10, 11].
Chemical shift imaging is a gradient-echo
(GRE) MRItechnique in which in-phase and
opposed-phase (IOP) sequences are used
clinically to spot lipids in renal angiomy-
olipoma [12], adrenal adenoma [13], bone
marrow involvement[14], and whole-body
fat quantification [15]. It could also be
useful for detecting lipids in brain gliomas
[16]. Elevated levels of HGG lipids may in-
dicate greaterloss of signalin the opposed-
phase sequences [8, 17, 18]. The advan-
tages of chemical shift IOP sequences are
the shorter acquisition time, non-sensitiv-
ity to adjacent bone artifacts, wide appli-
cability in MRI devices, general evaluation
of the abundance of lipids, and no need

for high-priced software applications and
expertise [11, 19].

In the current study, we evaluated the
in-phase and opposed-phase sequences
for distinguishing HGG from LGG and their
correlation with MRS results.

Methods

Participants

This retrospective observational study of
prospectively collected preoperativeimag-
ing data was approved by the research
registrar of Mashhad University of Medi-
cal Sciences and was conducted between
September 2020 and October 2022 at
Ghaem Hospital in Mashhad, Iran. Written
consent was obtained from all partici-
pants. This study was conducted with
patients with brain tumors who were
referred to our Brain MRS Center. Inclu-
sion criteria were patient age> 18 years,
untreated brain tumor, and MRS images
of acceptable quality. The gold standard
for diagnosis was based on the World
Health Organization (WHO) classification
of gliomas [2]. Brain tumors were divided
into low-grade (WHO grades 1 and 2)
and high-grade (WHO grades 3 and 4)
groups [2, 3]. All histopathological exam-
inations were derived from the total or
partial resection. Once pathology results
were generated, patients with diagnoses
other than glioma were excluded from the
study. @ Figure 1 illustrates the selection
process.

Imaging and data acquisition

A standard tumor protocol included axial
FLAIR (TR, 9000ms; TE, 114ms; sec-
tion thickness, 5mm), T2-weighted (TR,
4000ms; TE, 90ms; section thickness,
5mm), and T1-weighted (TR, 500 ms; TE,
14ms; section thickness, 5mm) images;
coronal T1-and T2-weighted images; post-
contrast T1-weighted, diffusion weighted
imaging (DWI) with derived apparent
diffusion coefficient (ADC; TR, 3200 ms;
TE, 68 ms; section thickness, 5mm); and
single-voxel spectroscopy (SVS) images
(TR, 1500 msec; TE, 35 msec, and a VOI of
1% 1% 1cm3), which were acquired using
a 1.5-T MRI scanner (Ingenia®, Philips
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Fig. 2 A A 60-year-old man with high-grade glioma.a Magnetic resonance spectroscopy (MRS)
showed elevated choline and low N-acetylaspartate (NAA) levels with lactate peak.b Three regions
of interest were placed on each chemical shift sequence (right:opposed-phase, left: in-phase) to
calculate the mean signal intensities and corresponding signal loss ratio

[Amsterdam, the Netherlands]) that was
provided with a head coil.

Before administration of the contrast
agent, extra chemical shift GRE IOP se-
quences were acquired. Chemical shift
IOP parameters were as follows: repeti-
tion time of 160 ms; echo time of 2.4 ms for
the in-phase and 4.2 ms for the opposed-
phase; flip angle, 80°% section thickness,
5mm; number of averages=1; field of
view, 250250 mm? matrix size, 256 X
256. On SVS, free lipid concentration was
estimated based on the area under the
curve (AUC) at 0.9 and 1.3 ppm peaks. Con-

trast-enhanced series were obtained after
intravenous administration of gadoterate
meglumine (Dotarem®, Guerbet [Aulnay
sous Bois, France]) at a dose of 0.2mL/kg
and a flow rate of 2mL/s.

An expert radiologist examined the in-
phase and opposed-phase images. Three
20-30-mm? oval regions of interest (ROIs)
were placed manually in the solid compo-
nent in the in-phase and opposed-phase
images, and the average signal intensity
(SI) values were determined. The ROl was
taken from the same solid area from which
the MRS sequence was obtained. The solid

part of the tumor is defined as the part
of the tumor that is isointense on T1-
weighted (T1W) images and presents an
iso- to hyperintense signal on T2-weighted
(T2W) images. The same “solid compo-
nent” was used on both SVS and IOP imag-
ing analyses. Based on the presence of the
decreased Sl area in the opposed-phase
sequences by visual evaluation, we found
the most suitable location for the ROI. The
same ROIs were then used consistently
across both sequences (B Fig. 2).

Thesignal loss ratio (SLR) was calculated
using the following formula for estimating
intravoxel fat content:

SLRtumor = (Slln phase — SIOpposed phase)/

SIIn phase

Both quantitative (concentration: area
under the curve) and qualitative (peak
presence: yes/no) MRS measurements of
lipid-lactate and free lipid were extracted.
Demographic information such as age and
gender were extracted from the files.

Spectroscopic data quality was system-
atically evaluated across all examinations.
Consistency and reliability were ensured
by assessing factors such as noise levels,
calibration, and precision.

Data analysis

Based on previous work, a sample size
of 20 was estimated (a error: 0.05 and
power: 80%) [17]. Numerical variables are
expressed as mean + standard deviation
(SD). Qualitative variables are expressed as
numbers and percentages. The indepen-
dentsample t testand chi-square test were
used to compare parameters between the
two groups. The correlation between the
average SLR and the concentrations of dif-
ferent lipids was assessed with the Pearson
correlation test. Receiver operating char-
acteristic (ROC) curve analysis was per-
formed to find the optimal threshold for
the SLR and to assess its diagnostic per-
formance. The diagnostic power of the
test was graded as follows: 0.5-0.6, fail;
0.6-0.7, poor; 0.7-0.8, fair; 0.8-0.9, good,
0.9-1, excellent [20]. We used IBM SPSS
Statistics for Windows, Version 25.0 (IBM
Corp., Armonk, NY, USA) for the data anal-
ysis. Statistical significance was set at p <
0.05.
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Fig. 3 A Receiver operating characteristic (ROC) analysis of lipid lactate concentration, lipid concen-
tration, and signal loss ratio (SLR) for distinguishing between low-grade and high-grade gliomas. AUC

area under the curve
Results

Participants

This study was performed with 33 patients:
20 patients were included in the low-grade
and 13 in the high-grade group. The pa-
tient ages ranged from 18 to 75 years
(43.36 + 15.192). The study comprised 18
(54.5%) male patients and 15 (45.5%) fe-
male patients. The correlation between
SLR, age, and gender was not statistically
significant (p=0.051 and 0.382, respec-
tively).

Tumor characteristics

In order of frequency, the most com-
mon tumor location was frontal lobe
(39.4%), temporal lobe (33.3%), parietal
lobe (12.1%), pons (9.1%), and thalamus
(6.1%).

The mean lipid-lactate concentration in
HGG and LGG was 61.41+89.7 and 3.51+
7.49, respectively (p=0.007). The mean
free lipid concentration in HGG and LGG
was 22.13+18.6 and2.07 +2.76, respec-
tively (p < 0.001). Both showed statistically
significant differences.

Alipid-lactate peak was presentin 14 tu-
mors. The mean SLR of present and non-
present peaks was 3.73+2.2 and 147+
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1.63, respectively. Acomparisonofthe SLR
between the two groups of present and
non-present peaks showed a statistically
significant difference (p=0.004). A mo-
bile lipid peak was present in 12 tumors.
The mean SLR of the present and non-
present peaks was 3.64+2.3 and 1.74%
1.82, respectively. A comparison of the
SLR between the two groups of present
and non-present free lipid showed a sta-
tistically significant difference (p=0.024).

The mean SLR in the HGG and LGG
groupswas 3.66+2.12 and 1.63 + 1.86, re-
spectively. There was a significant differ-
enceintheSLR value of thetwo groups (p =
0.01). According to the results of a Pear-
son test, there was a statistically significant
correlation between lipid-lactate (0.48, p=
0.004) and free lipid (0.44, p =0.009) con-
centrations on MRS with SLR. Details of the
patient and tumor characteristics and the
comparison of the two groups are shown
in @Table 1.

Diagnostic performance

The ROC analysis of lipid-lactate concen-
tration showed an AUC of 0.96 and an
optimal cut-off of 7.74, leading to a sen-
sitivity of 100% and a specificity of 90%.
The AUC for lipid concentration was 0.97
and the optimal cut-off was 5.2, leading

to a sensitivity of 100% and a specificity
of 90%. The AUC for SLR was 0.75 and
the optimal cut-off was 2.88, leading to
a sensitivity of 69% and a specificity of
85% (B Table 2 and B Fig. 3).

Discussion

Our results suggest that SLR could be a use-
ful parameter for discriminating between
LGG and HGG. Using ROC analysis, we
found an optimal threshold (2.88) with
which to distinguish between HGG and
LGG. It also showed a statistically signifi-
cant correlation with the presence of free
lipids and lipid-lactate peaks in the MRS
sequences. We compared the SLR with
the estimated concentration of lipid-lac-
tate and lipid in MRS, a well-established
method for grading glioma over the past
two decades. The results showed a good
positive and statistically significant corre-
lation between these two modalities.

Energy production in the brain occurs
solely through the glucose mechanism,
and the presence of lactate is associated
with impaired normal brain mechanisms
[21]. In this case, the accumulation of lac-
tate in the brain is due to O, deficiency
(ischemic changes), increased glycolysis
[22], or necrosis [23], which is observed
in all tumor grades. Elevated lactate con-
centrations can be seen in both benign
and malignant tumors [23] but the com-
bined lipid-lactate peak is associated with
HGG [24]. While lipids are normally found
in cell membranes and myelin sheaths,
damage and necrosis in high-grade brain
tumors cause them to convert to mobile
lipids [25]. The distinct lipid peak in MRS
is associated with glioblastoma (grade 4;
[24]). The presence of these two peaks has
been suggested in several studies to dif-
ferentiate between low-grade and high-
grade brain gliomas. In our study, we
found a statistically significant difference
between SLR in tumors and the presence
of these two elements. In contrast to MRS,
the IOP can localize the abnormality and
receive signals from anatomically defined
regions. This is an important difference
in the brain because most brain abnor-
malities are focal and the layer of cranial
fat that surrounds the brain contains sig-
nificant amounts of the same compounds
found in the abnormalities.



Patient and tumor characteristics
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*Area under the curve, Magnetic resonance spectroscopy

*Independent t test, ** “hi-square test

A study by Norlisah Ramli et al. [8]
compared the use of chemical shift IOP
sequences in 3-T MRI with MRS for glioma
grading. Their study included 22 patients,
compared with 33 patients in our study;
there were nine cases of LGG (all of them
grade 2) and 13 of HGG. They showed
a strong correlation between lipid con-
centration and SLR, and they expressed
the SLR as median and interquartile range
(IQR) values. Also, they found a significant
SLR with advancing a grade. The opti-
mal cut-off for discriminating between the
two groups in their study was 0.064 versus
2.88 in our study, but they did not report
the sensitivity and specificity of this value.
The difference between these values in
the study by Norlisah Ramli et al. and
our study may be due to different mag-
netic fields, smaller sample size, and lack
of sufficient grade 1 and grade 3 gliomas
(only two patients). Pathological confir-
mation in their investigation derived from
biopsies and could be affected by glioma
heterogeneity and sampling error.

Another investigation conducted by
De Pardieu et al. [18] showed that an
SLR of >9% and an SLR of >20% could
discriminate between grades 2-3 and
grades 3-4, respectively. An AUC equal
to 1 demonstrated 100% sensitivity and
specificity for differentiating grade 2 and
3 gliomas in their study. Since the thera-
peutic approach is the same for grade 3
and 4 gliomas, we divided our patients
into two groups (LGG and HGG). So far,
our results could not be fully compared
with their study due to this grouping
approach, the SLR estimation formulas,
and the use of MRI scanners with different
magnetic fields. Furthermore, we also
compared the measured fat content (by
MRS) with the SLR and found a significant
correlation.

Today, 3-T MRIis routinely used for MRS.
Our sample size was relatively smalland we
also did not examine the reproducibility of
SLR measurements (interobserver agree-
ment). We attempted to reduce theimpact
of glioma heterogeneity on our measure-
ments by using three ROIs. These were
limitations in our study. We believe that
larger multicenter studies are needed to
confirm our results. Employing 3D tumor
segmentation in future studies for measur-
ing sequences across the entire 3D tumor
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Table 2 Diagnostic performance

Parameters AUC? (95% Cl) p Optimal cut-off® | Sensitivity (%)° Specificity (%)¢ Diagnostic power
Lipid lactate concentration 0.96(0.9-1) <0.001 | >7.74 100 90 Excellent

Lipid concentration 0.97(0.93-1) <0.001 | >5.2 100 90 Excellent

Signal loss ratio (SLR) 0.75(0.56-0.94) 0.01 >2.88 69 85 Fair

AUC area under the curve, CI confidence interval

°ROC analysis

*Youden index

“Percentages are rounded

volume may offer more reliable statistical
calculations with more data points, espe-
cially in calculations of in-phase opposed-
phase sequences.

Conclusion

The signal loss ratio is a simple, rapid, and
noninvasive marker for differentiating be-
tween low-grade and high-grade gliomas.
There is a significant correlation with both
the concentration and presence of free
lipid and lipid-lactate peaks in magnetic
resonance spectroscopy.
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Anwendung der Bildgebung mittels chemischer Verschiebung
(gleichphasig/gegenphasisch) zur Differenzierung zwischen
niedriggradigen und hochgradigen Gliomen und Vergleich mit der
Magnetresonanzspektroskopie

Hintergrund: Die Einstufung von Gliomen ist fiir Therapieentscheidungen und die
Patientenprognose essenziell. In der vorliegenden Studie wurden gleichphasige

und phasenverschobene Sequenzen zur Unterscheidung hochgradiger (HGG) von
niedriggradigen Gliomen (LGG) sowie die Korrelation mit den Ergebnissen der
Magnetresonanzspektroskopie (MRS) untersucht.

Methoden: Die vorliegende Beobachtungsstudie umfasste Patienten mit Hirntumoren,
die an die Klinik der Autoren zur Hirn-MRS {iberwiesen worden waren. Der
Goldstandard fiir die Diagnose basierte auf der Klassifikation der Gliome seitens der
Weltgesundheitsorganisation (WHO). Es wurde ein Standardtumorprotokoll unter
Einsatz eines 1,5-T-MRS-Gerdts durchgefiihrt. Vor Applikation des Kontrastmittels
wurden zusatzliche gleichphasige und phasenverschobenen Sequenzen akquiriert. In
die solide Komponente wurde 3 ovale Bereich von Interesse (,regions of interest’, ROI)
mit einer GroBe von 20-30-mm? gesetzt, und das Signal-Verlust-Verhaltnis (,signal loss
ratio”, SLR) wurde mittels der folgenden Formel berechnet:

SLR Tumor = (Sl Gleichphasig — S Gegenphasig) / S Gleichphasig

Korrelationen und Vergleiche zwischen den Gruppen wurden unter Verwendung des
Pearson-Tests, des Chi-Quadrat-Tests und des t-Tests fiir unabhéngige Stichproben
durchgefiihrt. Um die diagnostische Leistungsfahigkeit zu ermitteln, erfolgte eine
Receiver-Operating-Characteristic(ROC)-Kurvenanalyse. Die statistische Signifikanz
wurde bei p < 0,05 festgesetzt.

Ergebnisse: In die LGG-Gruppe wurden 20 und in die HGG-Gruppe 13 Patienten
eingeteilt. Der mittlere SLR in der HGG- und LGG-Gruppe betrug 3,66 + 2,12 bzw.
1,63+ 1,86 (p=0,01). Eine statistische signifikante Korrelation bestand zwischen den
Konzentrationen von Lipidlaktat (0,48; p=0,004) sowie freiem Lipid (0,44; p=0,009) in
der MRS und dem SLR.

Schlussfolgerung: Der SLR ist ein einfacher, schneller und nichtinvasiver Marker zur
Unterscheidung zwischen LGG und HGG. Es gibt eine signifikante Korrelation sowohl
mit der Konzentration als auch mit dem Vorliegen von Peaks von freiem Lipid und
Lipidlaktat in der MRS.

Schliisselworter
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