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ABSTRACT

OBJECTIVE: In this study, we analysed the results of magnetic resonance spectroscopy (MRS) in the
patients with gliomas, including the error rate, MRS parameters variability, correlations with gene mutations

and overall usefulness for clinical practice.

MATERIAL AND METHODS: Eighty patients with glial tumours were examined by multiparametric MRI
completed with single voxel MRS, as one group, then as two separate groups according to progression of the
disease after the initial surgery. The error rate between the groups, MRS parameters variability, hazard ratios
and correlations between metabolites, genetic markers and tumour grade were all analysed.

RESULTS: Variability in Cho/Cr(h) was significantly higher in the group with a disease progression (p =
0.044). In the patients with a stable disease, strong significant negative correlations between Cho/Cr and
Cho/NAA with p53 mutation (-0.945 and —0.812 respectively, p < 0.05) and between Cho/Cr and IDH1,

2 mutation (-0.796, p < 0.05) were found. In the patients with tumour progression, a significant positive
correlation of NAA/Cr with 1p19q codeletion (0.486, p < 0.05) and of Cho/Cr and Cho/NAA values with p53
mutation (0.477 and 0.416, p < 0.05) were identified. Tumour grade positively correlated with Cho/Cr values

(0.304, p = 0.02) in the whole patient group.

CONCLUSION: MRS brings an added value to multiparametric MRI evaluation of brain tumours in the patient
follow-up after an initial surgery, especially in ambiguous findings (Tab. 5, Fig. 2, Ref. 29). Text in PDF

www.elis.sk
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Introduction

Primary glial tumours of the central nervous system (CNS)
are a large and diverse group of tumours with a basic common
feature — origin in intracranial tissues. As with cancers of other
systems, CNS tumours have differing degrees of malignancy and
associated prognosis (1, 2).

Glial tumours represent the most common category of intra-
axial brain tumours. Individual tumour types differ in predilection
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for location and age, in their appearance in imaging and in his-
tological characteristics. Since 2016, the 4th WHO classification
significantly reflects the genetic/mutational analysis of individual
tumours (1, 3).

Data on the incidence of gliomas varies, with studies reporting
a proportion of about 3040 % of all the intracranial tumours. Ac-
cording to US studies, the incidence of gliomas is about 10 cases
per 100,000 population, with men predominating over women 6:4.
According to the National Cancer Registry of the Slovak Repub-
lic, between 1991 and 2011, the standardized incidence of brain
malignancies was approximately 4-8.3 cases per 100,000 popula-
tion in men, with values ranging between 3.5-5.5 per 100,000 in
women. In case of the Czech Republic, the incidence of CNS can-
cer in 2018 was 7.18 cases per 100,000 population with a gradual
increase from the year 1977. Newer data shows that CNS cancer
incidence increased globally by 17.3 % between 1990 and 2016.
330 000 new cases of CNS cancer were diagnosed in 2016 around
the world. The incidence of age-related gliomas peaks between
the ages of 40 and 65 (4, 5, 6, 28, 29).

Only a small fraction of gliomas can be considered hereditary
(about 1-5 %). Accidental occurrence with an unknown primary
cause predominates. A possible role of hormonal regulation for
glioma development is being studied as well. Due to the increas-
ing number of examinations using ionizing radiation during the
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lifetime of the patients, the only known risk factor comes to the
fore — ionizing radiation, for which the relative risk is reported to
be 22. Surgery, radio- and chemotherapy are the main treatment
options (4, 7, 8).

From a pathological point of view, the microscopic morpho-
logy of the tumour tissue has long dominated in the classification.
In 2016, the 4th WHO classification of CNS tumours was pub-
lished. This classification is based on a combination of the mor-
phological and genetic characteristics. Based on genetic parame-
ters, diffuse astrocytomas and oligodendrogliomas have been
included in one group, differing from other forms with a limited
growth mainly by prognosis. By examination of specific genetic
markers — ATRX loss, IDH1/2 mutation and 1p/19q codeletion —
a more accurate diagnosis and, mainly, a more accurate prognosis
of individual tumour types is possible. A group of diffuse midline
gliomas with a K27N mutation in the histone H3 gene was also
created (3, 9, 10).

Imaging methods, especially magnetic resonance imaging
(MRI), represent the golden standard in diagnostic examination
of the patients with brain tumour. In addition, MRI also represents
the basis for planning of further treatment, including biopsy or
surgery. The essential part is a standardized protocol created with
the regard to the needs of diagnostics or multidisciplinary team,
or clinical studies (11, 12).

In addition to standard anatomical native and post-contrast
magnetic resonance imaging, the importance of multiparametric
imaging with additional modalities comes to the fore. Regarding
the occurrence of low-grade gliomas, it offers significant possibili-
ties to capture the changes in nature in a more timely and accurate
manner in terms of tumour dedifferentiation to a more aggressive
grade or the possibility to correlate the finding of MR examination
with the genetic profile (mutation analysis) of the tumour. One of
the advanced modalities is MR spectroscopy (MRS), which allows,
at least to some degree, in-vivo monitoring of chemical changes
in tissue. Regarding the principle and possibilities of MRS, it is
necessary to verify the benefits and possibilities of MRS in our
practice (11, 13).

Aim of the study

The aim of the study was:

» To analyse the obtained spectroscopic data in the patients with
a confirmed brain tumour and correlate these data with the
clinical course of the disease and with histological grading, as
well as with the available data on the genetic profile of indi-
vidual tumours.

» To determine the degree of statistical significance of individual
correlations, the degree of variability in relation to the overall
clinical course of the disease, to analyse the degree of risk ratio
and their statistical significance.

 To evaluate the advantages of spectroscopic data in the follow-up
of the patients from the obtained data and to evaluate possible
influencing factors, as well as to specify which specific parame-
ters of MRS are the most beneficial in our practice.
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Patients and methods

The initial group of patients was a group of 162 patients with
verified brain tumour monitored by the brain tumours multidisci-
plinary team in the period from 2016 to 2020. The only inclusion
criterion was the diagnosis code C71 according to the 10th edition
of the International Classification of Diseases (ICD-10). After the
exclusion of the patients with insufficient clinical data (lost docu-
mentation) or unavailable or incomplete examinations (absence
of spectroscopic examinations), we obtained the final group of
80 patients. In 78 patients it was possible to evaluate the clinical
course and outcome of the disease. Out of these, 38 patients were
male (47.5 %) and 42 females (52.5 %). Patients aged from 16 to
68 years, with the median of 38 years.

Genetic factors

Within the histological parameters, we also monitored the
available findings within the genetic analysis. There was no uni-
form data set available throughout the whole group. We collected
the following sum of genetic parameters in individual patients:
IDH1,2, ATRX, 1p19q, p53, MGMT, BRAF, oligo2.

Imaging

As part of the follow-up, patients were examined by MRI with
3T magnetic induction device using the standard BGBT protocol,
which includes the standard anatomical evaluation in T1w and
T2w images, diffusion weighted imaging, post-contrast imaging,
and MR spectroscopic examination, perfusion.

A specific protocol consists of the following sequences:

» Localizer

* 3D sequence in T2 weighing with free fluid signal suppres-
sion (FLAIR)

» T2 weighted FLAIR sequence in the transverse plane

« T1 weighted sequence in the transverse plane

» T2 weighted sequence in the transverse plane

* T2 weighted sequence in the coronary plane

+ Diffusion-weighted imaging (DWI) with apparent diffusion
coefficient (ADC)

* Susceptibility weighted imaging

* Post-contrast T1 weighted 3D sequence

* MR spectroscopy

* Perfusion

Within MRS, the single voxel technique (SVS) 'H-spectrosco-
py (‘"H-MRS) using a PRESS sequence with a long TE time was
used. The position of the ROI was determined by the examiner
based on a multiplanar anatomical view.

The resulting spectral analysis of the obtained curve was per-
formed directly by dedicated software tool within the scanner,
while the monitored metabolites were N-acetyl aspartate (NAA),
choline (Cho) and creatine (Cr). The results were recorded as a di-
mensionless numerical value of the ratio of individual metabolites,
specifically: NAA/Cr, Cho/Cr. NAA/Cho, Cho/NAA.

For each of the ratios the values were calculated from the area
under the curve (AUC), as well as from the height of the individual
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peaks of the spectral curve — marked as “(h)”. For each patient,
we recorded separate individual metabolite ratio values along with
the date of each specific examination.

In terms of accuracy, we monitored the automatic evaluation
of the curve by scanner dedicated software, which automatically
indicates values with insufficient separation from noise.

For most of the patients, the results of PET examinations
performed parallel with MR examinations were also available.

Statistical analysis

Statistical analysis was performed using Microsoft Excel 2016
and StatsDirect 3.3.4 software and Statistica 13.1 software. Two-
sample t-test or alternatively Mann-Whitney test were used to test
the between-group differences. Categorical variables are presented
as counts and relative frequencies and differences between two
categorical variables were tested by chi-square or binomial tests.
Simple bivariate correlations (Pearson’s parametric or Spearman’s
nonparametric) for all pair-wise combinations of the variables
were computed to indicate the existence and degree of mutual
relationships. The estimated effect sizes in the form of hazard ra-
tios (HR) are presented along with the respective 95% confidence
intervals (95% CI).

Results:

In terms of MRS data, we compared three groups of the re-
sults in patients:

A group of patients with a stabilized disease

* A group of patients with disease progression during the study
follow-up period (2016-2020)

» A group of patients with disease progression already confirmed
before the study follow-up period

We monitored the number of measured values, which the dedi-
cated system evaluated as ambiguous or potentially skewed, out of
a total of 8 metabolic ratios (4 by AUC, 4 by height of the peaks).

In terms of one-way analysis of the variation between groups,
there was no significant difference in the mean rate of inaccurate
measurements among the groups (p = 0.996). The Bartlett’s chi-
square test did not reveal deviation from the assumption of equality
of variance, so we can assume that the error rate distribution was
similar in all the three groups.

To identify the predictive potential of MRS variables we have
used Cox regression to analyse their effect on the patient progres-

Tab. 1. Hazard ratio for individual metabolic ratios, with 95% CI
and p values.

Metabolites HR 95% CI p

NAA/Cr 0.797 0.478 to 1.328 =0.3839
NAA/Cr(h) 0.673 0.329 to 1.376 =0.2782
Cho/Cr 1.205 0.919 to 1.580 =0.1781
Cho/Cr(h) 1.194 0.777 to 1.836 =0.4193
NAA/Cho 0.688 0.353 to 1.342 =0.2724
NAA/Cho(h) 0.666 0.325to 1.367 =0.2676
Cho/NAA 0.932 0.793 to 1.096 =0.3951
Cho/NAA(h) 0.890 0.723 to 1.095 =0.2960
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Tab. 2. Mann—Whitney test p-values for metabolites ratios variability.

NAA/Cr 0.3146 NAA/Cho 0.5905
NAA/Cr(h) 0.5380 NAA/Cho(h) 0.9161
Cho/Cr 0.1691 Cho/NAA 0.1047
Cho/Cr(h) 0.0439 Cho/NAA(h) 0.2885

sion-free survival after adjusting for age and sex. Due to differ-
ences in follow-up patient scheduling and in the pattern of missed
or re-scheduled appointments that depended, among others, on the
availability of instrumentation, we included these variables as ag-
gregated patient characteristics (averaged over all examinations).
The results are presented in Table 1.

The results were not statistically significant at the level of sig-
nificance of 0.05, however, for the variable Cho/Cr the achieved
level of significance was less than 0.2, which allowed including
this variable into a model with multiple predictors. Both Cho/
Cr metabolic ratios showed an increased hazard of progression
with each unit of increase in the variable. On the contrary, other
metabolic ratios were associated with a statistically insignificant
reduction in hazard ratio.

To compare the between-group variability in the repeated mea-
surements of the MRS variables, we analysed the coefficients of
variation computed from individual data by Mann—Whitney test.
These results indicated that most of the metabolites studied did
not show a statistically significant difference in the variability be-
tween the groups of patients with progression and patients with a
stable disease. The exceptions were the values of the Cho/Cr(h)
ratio, which showed a statistically significant difference when
compared by the Mann-Whitney test, as well as by alternative
nonparametric tests (Flinger—Policell test and Brunner—Munzel
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Fig. 1. Variability of Cho/Cr(h) between the two groups of patients.
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Fig. 2. Variability of Cho/NAA between the two groups of patients.

test). In the case of Cho/NAA ratio, the values reached the border-
line value of statistical significance — in patients with progression
the variability could be higher, p values are almost identical for
Mann—Whitney test as well as Flinger—Policell test and Brunner—
Munzel test (0.1047 and 0.1039 and 0.1080, respectively). All p
values according to Mann—Whitney test are in Table 2. Box and
whiskers plots for variability of Cho/Cr(h) and Cho/NAA ratios
are presented in Figures 1 and 2.

In the matter of correlation, we performed an analysis between
the aggregate values of individual metabolic conditions and indi-
vidual available genetic markers, and we also analysed the grade
of tumours by calculation of Pearson correlation coefficient with
pairwise principle. The analysis was done for the whole group of
patients and for subgroups by progression.

We also made correlations between the two types of calculation
of metabolic ratios, according to the area under the curve versus
the height of the peaks. In the whole group of patients, we found
a significant correlation mainly in NAA/Cho and NAA/Cho(h):
0.905 and Cho/NAA and Cho/NAA(h): 0.821. The least significant
correlation was for the ratios Cho/Cr and Cho/Cr(h): 0.726. All
correlations were statistically significant (p < 0.05).

Regarding correlations between genetic markers and median
of the values of metabolites ratios, in case of the whole group of
patients we found the following results: In the case of the ATRX
mutation, we observed a slight positive correlation in the case of
NAA/Cr and NAA/Cr(h): 0.553 and 0.473 respectively, as well
as with NAA/Cho and NAA/Cho(h) ratios: 0.504 and 0.425 re-
spectively, but these did not reach statistical significance. How-
ever, we observed a significant negative correlation with the me-
tabolites ratio Cho/NAA, which reached a statistical significance:
-0.825, p < 0.05. In the case of the p53 mutation, we observed a
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slight negative correlation in the case of the ratios NAA/Cr, NAA/
Cr(h): -0.248 and -0.304 that did not reach statistical significance
as well as a moderate negative correlation with NAA/Cho and
NAAC/Cho(h), which reached a statistical significance: —0.380
and —0.419 (p <0.05)

In the group of patients with a stabilized disease status, we
found a strong significant correlation of IDH2 mutation with the
median value of Cho/Cr(h) ratio: —0,796, p < 0.05. In the case of the
p53 mutation, we observed the most significant correlations in this
group - there was a significant negative correlation with the ratios
Cho/Cr and Cho/Cr(h) including Cho/NAA(h), reaching statistical
significance: —0.945, —0.960 and —0.812 respectively, p < 0.05.

In the group of patients with progression of the disease we
found: In the case of ATRX, a statistically significant negative cor-
relation with Cho/NAA dominated: —0.822 (p < 0.05). In the case
of the 1p19q codeletion, a statistically significant correlation of
NAA/Crand NAA/Cr(h): 0.485 and 0.456 (p <0.05) was observed.
In the case of the pS3 mutation, there were statistically significant

Tab. 3. Pearson’s correlation index for metabolic ratios and individual
genetic markers in all 3 groups — marked correlations were statisti-
cally significant.

Metabolic ratio Correlation with Pear‘son. s p
correlation index
Whole group
NAA/Cr ATRX 0.553 >0.05
NAA/Cr(h) ATRX 0.473 >0.05
NAA/Cho ATRX 0.504 >0.05
NAA/Cho(h) ATRX 0.425 >0.05
Cho/NAA ATRX —0.825 <0.05
NAA/Cr p53 —0.248 >0.05
NAA/Cr(h) p53 -0.304 >0.05
NAA/Cho p53 —-0.380 <0.05
NAA/Cho(h) p53 -0.419 <0.05
Stabilized patients
Cho/Cr(h) IDH2 -0.796 <0.05
Cho/Cr p53 -0.945 <0.05
Cho/Cr(h) p53 -0.960 <0.05
Cho/NAA p53 -0.812 <0.05
Patients with progression
Cho/NAA ATRX -0.822 <0.05
NAA/Cr 1p19q codeletion 0.485 <0.05
NAA/Cr(h) 1p19q codeletion 0.456 <0.05
NAA/Cho p53 -0.479 <0.05
NAA/Cho(h) ps3 -0.486 <0.05
Cho/Cr(h) Ki-67 index 0.307 >0.05

Tab. 4. Spearman’s correlation index for metabolic ratios and indi-
vidual genetic markers in the group with disease progression — marked
correlations were statistically significant.

Metabolic ratio Correlation with Spear.'mar.l s p
correlation index

Patients with progression

NAA/Cr 1p19q codeletion 0.500 <0.05
NAA/Cr(h) 1p19q codeletion 0.539 <0.05
Cho/Cr p53 0.477 >0.05
Cho/NAA p53 0.416 >0.05
Cho/NAA(h) p53 0.416 >0.05
NAA/Cho(h) p53 -0.417 >0.05
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Tab. 5. Pearson’s correlation index for metabolic ratios and grade of
tumours in the whole group — marked correlations were statistically
significant.

Metabolic ratio Pearson’s correlation index p
Cho/Cr 0.304 0.02
Cho/Cr(h) 0.231 0.05

negative correlations with NAA/Cho and NAA/Cho(h): —0.479 and
—0.486 (p < 0.05). In the case of the Ki-67 index, the correlations
did not reach statistically significant values, the most positive cor-
relation was Cho/Cr(h): 0.307. The results are shown in Table 3.

In the case of Spearman’s correlation coefficient, there were
fewer statistically significant (p <0.05) correlations, but even with
this approach, the statistically significant positive correlation was
achieved in case of 1p19q codeletion and the median values of
NAA/Cr and NAA/Cr(h): 0.500 and 0.539. The p53 mutation and
Cho/Cr, Cho/NAA and Cho/NAA(h) ratios medians also achieved
a statistically significant positive correlation: 0.477 and 0.416 for
both Cho/NAA and Cho/NAA(h) respectively. Synchronously,
there was a statistically significant negative correlation with NAA/
Cho (h): —0.417. The results are shown in Table 4.

Regarding the tumour grade, we determined a statistical sig-
nificance with the median metabolite ratio in the whole patient
group, and thus a positive correlation of Cho/Cr and Cho/Cr(h):
0.304 and 0.231 (p = 0.02 and 0.05, respectively) (Tab. 5).

We also compared the correlations of metabolites ratios be-
tween each other at the time of progression between the two pa-
tient groups, we found that in the case of Spearman’s correlation
coefficient with the pairwise principle, more significant differences
were visible when comparing the individual groups, especially
in the case of Cho/Cr and Cho/Cr(h) with NAA/Cr and NAA/
Cr(h) correlations. In the group of patients with a stabilized state,
moderate negative correlations were present: —0.400-0.425 and
—0.461-0.427 respectively, which were statistically significant,
while in the patients with progression, the same correlations were
almost zero and were not statistically significant.

Discussion

MR spectroscopy has been intensively studied for several de-
cades — regarding the technological development and also in terms
of clinical application. From a general view of the metabolic tu-
mour changes, Garcia-Figueiras et al (14) considered as the most
significant the differences or increase of the choline level, whose
spectrum consists of 3 components — choline, phosphocholine and
glycerophosphocholine. The difference between healthy and tu-
morous tissue is usually manifested by an increase in the concentra-
tion of choline. MR spectroscopy was originally created primarily
for the assessment of brain tumours, but currently is also used in
the diagnosis of other tumours — e.g. breast tumours, where simi-
larly to the brain, MRS forms a part of multiparametric imaging,
thus enabling monitoring of the phenotypic variability and hetero-
geneity of the tumours. 'H-spectroscopy is not the only studied
application, other susceptible nuclei — like *'P-spectroscopy are
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studied as well. Application for other brain diseases, like attention
deficit and hyperactivity disorder is studied too (15, 16, 17, 18).

In our study, we determined the benefits of spectroscopic find-
ings for our practice as well as compared our findings with previ-
ously published literature on this topic.

A similar issue was addressed by Bulik et al (19), who stud-
ied the use of MRS in glioma grading. According to their results,
low grade gliomas are characterized by high N-acetylaspartate
concentrations, relatively low choline levels and by the absence
of lactate and lipids. The increase in creatine indicated an early
progression and a malignant transformation of the tumour. In
gliomas up to grade 111, a progression of the tumour grade — i.e.
dedifferentiation — is accompanied by a gradual decrease in the
concentration of N-acetylaspartate and myoinositol and synchro-
nously, by an increase in choline. Malignant transformation in the
tumour grade III is then also accompanied by the appearance of
lactate and lipids, while this is especially apparent in the grade
IV — i.e. glioblastoma. Changes in the N-acetylaspartate and
choline concentrations significantly correlate with the changes
in the Ki-67 proliferation index and therefore can be used in the
monitoring and determination of tumour areas with an aggres-
sive growth. In our study, we found a similar conclusion, where
in the group of patients with tumour progression, we observed a
higher HR in the ratio Cho/Cr and Cho/Cr(h) — 1.205 (95% CI:
0.915 to 1.580) and 1.194 (95% CI: 0.777 to 1.836), while in the
numerator metabolic ratios with NAA showed a HR less than 1.
The variability analysis confirmed a statistically significant and
marginally significant variability of Cho/Cr(h) and Cho/NAA
values, respectively. In our correlation study, we also observed
a slight positive correlation of the ratio Cho/Cr and Cho/Cr(h)
and tumour grade in the whole cohort (0.304 and 0.231, respec-
tively). These values proved to be statistically significant. Also,
in the group of patients with a disease progression, the ratio Cho/
Cr and Cho/Cr(h) and tumour grade (0.253 and 0.233, respec-
tively), were without a statistical significance. A similar conclu-
sion about metabolites in glioblastoma was found in the study of
Hnilicova et al (20]. In the case of the Ki-67 index, we observed
a slight positive correlation with Cho/Cr(h) ratio (0.307) in the
patients with progression, although the results were not statisti-
cally significant.

The correlation between choline level and Ki-67 proliferation
index was also a subject of interest of the study by Shimizu et al
(21). They performed a spectral analysis in 26 patients with glio-
mas before a surgical resection. The measurement was performed
as semi-quantitative, using a standardized reference control. Ki-67
values were evaluated from surgically removed tumours. The au-
thors also took into account the homogeneity of the voxel. As the
result, they found a strong linear correlation between choline and
Ki-67 values, but only for homogeneous voxels, while no correla-
tion was found for inhomogeneous voxels. Having a similar finding
in our study, it is of high probability, that the inhomogeneity of
individual voxels in SVS was the cause of insufficient correlation
of choline and Ki-67 in the patients with progression. In the case
of the Pearson correlation coefficient of the whole patient group,
we noted a statistical significance.



In the study by Law et al (22), they compared the sensiti-
vity, specificity and predictive values of MR perfusion examina-
tion and MR spectroscopy in comparison with conventional, i.e.
anatomical MR imaging. The differences in perfusion as well as
in the relative ratios of the metabolites Cho/Cr and Cho/NAA
between low grade gliomas and high grade gliomas were all sta-
tistically significant. In our study, we noted a statistically signifi-
cant and marginally significant increased variability in the Cho/
Cr ratios and the Cho/NAA ratio, respectively, as well as a sig-
nificant positive correlation of Cho/Cr and Cho/Cr(h) ratios and
the tumour grade.

Despite less pronounced results, a multiparametric imaging in
brain tumour imaging provides some added value. The study by
Fellah et al (23) stated that although in the case of oligodendroglial
tumours multiparametric examination itself provided only little
benefit for distinguishing the genotype of tumours in terms of the
presence of 1p19q deletion, it increases the overall accuracy of
tumour grading. In our study, we similarly observed a statistically
significant correlation of choline i.e. Cho/Cr and Cho/Cr(h) and
tumour grade, and a statistically significant correlations of NAA/
Cr and NAA/Cr(h) in the case of the 1p19q codeletion, as well.

The relationship of Cho/Cr metabolic ratio to tumour grading,
the relationship of maximal normalized Cho values and mean Cho
values to grading, as well as the sensitivity and specificity of ex-
aminations were documented by Senft et al (24). They similarly
pointed out the importance and usefulness of decision-making on
the therapeutic process. With regards to sensitivity and specifi-
city, monitoring of the Cho/Cr ratio proved to be the best choice.
In their meta-analysis, Chuang et al (25) also found an increased
accuracy in the differentiation of the tumour tissue from necrosis
by using MRS, namely using Cho/Cr and Cho/NAA values. In our
study, we applied monitoring of these parameters in two variants
(height / area under the curve), where we acquired a positive, sta-
tistically significant correlation of Cho/Cr with tumour grade in
the whole group of patients.

Similar results were observed by the study of Chen et al. They
also showed a positive correlation of Cho/Cr with a higher tumour
grade (26). Similarly, Bulakbasi and Paksoy noted a gradual in-
crease in Cho/Cr values that correlated well with tumour progres-
sion (27]. In our study, we proved a statistically significant differ-
ence in the negative correlation of Cho/Cr and NAA/Cr in both
calculations (height / area) in the group of stable patients, compared
to the group with progression, where no correlation was present.

Conclusion

Despite the limitation of the study design, we achieved several
conclusions for practice:

* MRS data, namely the values of the ratio Cho/Cr and Cho/Cr(h),
showed a correlation with tumour grading.

» These metabolic ratios have been significantly negatively cor-
related with NAA/Cr values and NAA/Cr(h) values respectively
in the group of patients with stable disease, while in the case of
patients with tumour progression the given parameters practi-
cally did not correlate.
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» We noted a correlation between the values of metabolites and
several genetic markers. The most significant was the correla-
tion of metabolites and 1p19q codeletion and p53 mutation.

* We observed a statistically significant and marginally signifi-

cant variability in Cho/Cr(h) and Cho / NAA ratios respectively

between groups of patients with stable disease and with tumour
progression.

In the analysis of the hazard ratios, the values of Cho/Cr and

Cho/Cr(h) have slightly higher HR, although with an insufficient

statistical significance.

* When comparing the degree of inaccuracy between the groups,
we did not notice any significant deviations.

e Overall, we also confirmed the dominant usefulness of choline
values and choline to creatine and NAA to choline ratio.

* Methods for calculating values by height and by area under the
curve correlated well.

Regarding the mentioned limitations, it is appropriate to con-
sider further standardization of tumour genetic profiling and that
of individual examination scheduling, as well as to reduce the de-
gree of variability of the sample voxel location, or to standardize
the location. Homogeneity analysis using multivoxel spectroscopy
could be beneficial.
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