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Abstract

Objectives Assessing a posterior fossa tumour in an adult can be challenging. Metastasis, haemangioblastoma, ependymal
tumours, and medulloblastoma are the most common diagnostic possibilities. Our aim was to evaluate the contribution of
magnetic resonance spectroscopy (MRS) in the diagnosis of these entities.

Methods We retrospectively evaluated 56 consecutive patients with a posterior fossa tumour and histological diagnosis of
ependymal tumour, medulloblastoma, haemangioblastoma, and metastasis in which good-quality spectra at short (TE 30 ms)
or/and intermediate (TE, 136 ms) TE were available. Spectra were compared using the Mann-Whitney U non-parametric test in
order to select the spectral datapoints and the intensity ratios that showed significant differences between groups of lesions.
Performance of these datapoints and their ratios were assessed with ROC curves.

Results The most characteristic signatures on spectroscopy were high choline (Cho) in medulloblastoma (p < 0.001), high
myoinositol (mlns) in ependymal tumours (p < 0.05), and high lipids (LIP) in haemangioblastoma (p <0.01) and metastasis
(p <0.01). Selected ratios between normalised intensity signals of resonances provided accuracy values between 79 and 95% for
pairwise comparisons. Intensity ratio NIz »ppm/3.55ppm Provided satisfactory discrimination between medulloblastoma and
ependymal tumours (accuracy, 92%), ratio NI j1ppm/1.10ppm discriminated ependymal tumours from haemangioblastoma (accu-
racy, 94%), ratio NIz 51 ppm/1.13ppm discriminated haemangioblastoma from medulloblastoma (accuracy, 95%), and ratio NI 555/
2.02pmm discriminated haemangioblastoma from metastasis (accuracy, 83%).

Conclusions MRS may improve the non-invasive diagnosis of posterior fossa tumours in adults.

Key Points

* High choline suggests a medulloblastoma in a posterior fossa tumour.

* High myoinositol suggests an ependymal lesion in a posterior fossa tumour.

* High lipids suggest a metastasis or a haemangioblastoma in a posterior fossa tumour.
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Abbreviation

Cho  Choline

Glx  Glutamine-glutamate

LIP  Lipids

MRS Magnetic resonance spectroscopy

mlns  Myoinositol

NI Normalised to unit length datapoint intensities
Introduction

Assessing a posterior fossa tumour represents a challenge for the
radiologist. A fast response must be given not only to raise
diagnostic suspicion but also to avoid complications derived
from a troublesome location. In this context, the role of the
radiologist in the multidisciplinary management of the patient
is highly relevant. Posterior fossa tumours are infrequent lesions
in adults [1]. Metastasis, haemangioblastoma, ependymal tu-
mours, and medulloblastoma are the most common possibilities
[2]. Discrimination among these entities has relevant implica-
tions in patient management. Thus, localising the primary tu-
mour and performing a precise staging are mandatory when a
solitary metastasis is suspected [3]. Ependymal lesions and me-
dulloblastoma are tumours with a tendency to CSF dissemina-
tion [4], and a whole spine exam must be performed before
planning further treatment. Moreover, haemangioblastoma is a
slow-growing tumour in which delayed treatment may even be
suggested depending on the clinical situation of the patient [5, 6].

Several previous studies have assessed MRS findings of
common brain tumours [7-9]. Posterior fossa common malig-
nancies have been reviewed in the pediatric population
[10-17]. Nevertheless, there is little in the literature about spec-
troscopic findings of posterior fossa tumours in adults [18].

The aim of this study was to evaluate the contribution of
magnetic resonance spectroscopy (MRS) in the diagnosis of
posterior fossa tumours in adults. We focused our attention on
the signatures of each particular tumour that might allow to
confident differentiation between them.

Methods
Patients

We retrospectively evaluated 74 consecutive patients with a
posterior fossa tumour and histological diagnosis of
ependymoma/subependymoma, medulloblastoma,
haemangioblastoma, or metastasis in whom spectroscopy
was performed between June 1997 and December 2017. All
tumours had a definitive histological diagnosis and were un-
treated. All metastases were solitary posterior fossa lesions.
This retrospective study was included in a research project that
had local ethics committee approval. Unspecific informed

consent to participate in research projects was obtained from
all patients. Waiver of a specific informed consent was pro-
vided by the Ethics Committee for this retrospective study.

MRI and MRS

MRI and single-voxel MRS were performed on a 1.5-T MR
imaging unit (Philips Healthcare). Single-voxel MRS was in-
corporated in the standard imaging study. The VOI was be-
tween 1.5 cmx 1.5 cm X 1.5 cm (3.4 cc) and 2 cm x 2 ¢cm X
2 c¢cm (8 cc). It was placed so as to position the largest possible
voxel within the solid tumour seen on MRI. The homogeneity
of the magnetic field in the VOI was optimised automatically.
Two spectra were obtained with a water-suppressed, single-
voxel, point-resolved spectroscopic sequence (PRESS) from
the same VOI: 1) short TE (TR/TE/averages, 2000/30/96—
192) and intermediate TE (2000/136/128-256). The standard
receiver head coil was used in all cases. The quality of the
spectra was evaluated by visual inspection. The visual analy-
sis was performed by two neuroradiologists blinded to patient
data with 22 and 9 years of experience in MRS (CM and PM).
A spectrum was considered to be of poor quality when large
peak linewidth (water linewidth > 8 Hz), poor signal intensity-
to-noise ratio (SNR < 10), or obvious artifacts (high scalp
lipids, poor phasing, large baseline artifacts, or metabolite
peaks of suspected origin evaluated by expert spectroscopist)
precluded precise evaluation of some regions of the spectrum.

Poor-quality spectra were excluded from the study; these
corresponded to three spectra at short TE (two medulloblasto-
ma and one metastasis) and nine spectra at both TE (two me-
dulloblastoma, three haemangioblastoma, and four metastases).

Spectrum analysis was performed off-line with the use of the
JMRUI software [19]. All spectra were processed by CM and
PM. The signal intensities of data points in the spectrum between
0 and 4.00 ppm (total, 130 data points) were selected and used as
input for the normalisation and statistical analysis. Each
datapoint intensity in the spectrum was normalised to the unit
(NI xxppm) [20]. Chemical shifts in the frequency domain were
internally referenced to Cr 3.03 ppm and/or Cho 3.21 ppm.
Average spectra were constructed for each tumour type and TE
with the normalised spectra. Several ratios between the intensity
signals of the points (NI yxppm/x xxppm) Were calculated.

Statistics

Spectra were evaluated as a series of numbers drawing the graphic
shown as spectra. Each point in the spectrum was considered a
variable for the statistical analysis. Lesions were compared using
the Mann-Whitney U non-parametric test. The test was used to
assess differences between pairs of tumours types. Then we con-
structed some concrete ratios based on the performance of the
points with significant differences. Because multiple variables
were considered for every test, we corrected the obtained p values
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using the Hochberg method (p*) [21]. Only datapoints with sig-
nificance level better than p* < 0.05 were considered relevant
resonances to differentiate each tumour type. To improve the
consistency of the results, we used only those points having two
neighboring points with significant differences. ROC curves were
constructed to identify the points that provided the best relation-
ship between sensitivity and specificity. Those points were used
as cut-off points for the classifiers. Values of sensitivity, specific-
ity, and accuracy were calculated to provide an estimate of the
expected performance when applied in clinical practice.

All statistical computations were performed using SPSS
14.0 software (SPSS Inc.).

Results
Patients

We retrieved from our archives 6 ependymoma, 4
subependymoma, 22 medulloblastoma, 12 haemangioblastoma,
and 30 metastasis cases. Ependymoma and subependymoma are
uncommon tumours in adulthood and have been reported to
show similar findings [22]. These tumours were combined in
our study into a single group, namely “ependymal tumours,” to
perform bilateral comparisons with other groups. In 9 patients,
the spectroscopic raw data could not be retrieved and analysed
(one subependymoma, one haemangioblastoma, three medullo-
blastomas, and four metastases). These patients were excluded
from the study. A qualitative assessment of the spectra was per-
formed in the remaining 65 patients and poor-quality spectra
were also excluded (9 cases at both TE and 3 more cases at short
TE only). The final dataset included 56 patients (ependymal
tumours, 9 patients; medulloblastoma, 17 patients;
haemangioblastoma, 8§ patients; solitary metastasis, 22 patients).
Demographic characteristics of patients finally included in the
dataset are shown in Table 1.

Spectroscopic signatures

Mean spectra for each tumour type are shown in Fig. 1. Visual
analysis of mean spectra at short and intermediate TE showed

particular signatures for each tumour type. Large resonances
of mIns at NIj ssppm at short TE were found in ependymal
tumours. Low resonances at NI ss,,m were found in metasta-
sis and haemangioblastoma, and intermediate values were
found in medulloblastoma. Medulloblastoma was
characterised by large resonances of Cho at NI >5ppm at short
TE. This signature remained, although less prominent, at in-
termediate TE. Metastasis was characterised by the presence
of broad resonances centred at NI »sp,m at intermediate TE.
Haemangioblastoma showed intermediate amounts of LIP,
with a narrow resonance at NI goppm.

Tumour classification

Bilateral comparisons between pairs of tumour types were made
to orientate the differential diagnosis. These comparisons worked
better at short TE for all bilateral comparison procedures, except
for the comparison between metastasis and haemangioblastoma.
A high resonance centred at NI3 ;ppm Was the most prominent
finding of medulloblastoma in pairwise comparisons, showing
significant differences with all tumour types (p* <.001 with
haemangioblastoma and metastasis at both TE; p* <.001 at short
TE and p* < .01 at intermediate TE with ependymal tumours).
Broad resonances in the NI »s,pm region were a characteristic
finding of metastasis, with significant differences with medullo-
blastoma (p* <.001), ependymal tumours (p* <.001), and
haemangioblastoma (p* <.01) at short TE. Ependymal tu-
mours showed some differences in the Nl ssppm at short
TE with all tumour types (p* < .01 with metastasis and p*
<.05 with medulloblastoma and haemangioblastoma).
Additional differences between tumour types can be found
in Table 2 as well as the level of significance in each case
(p*). These characteristics may be further observed in
Figs. 2, 3, 4, and 5.

Classifiers were constructed on the basis of these findings.
We constructed ratios between the resonances that we felt
might provide better discrimination between tumour types.
The suggested ratios, jointly with the cut-off points for classifica-
tion and the accuracy obtained in our dataset, are shown in Table 3.
The ratio Cho/mlns discriminated medulloblastoma from
ependymal tumours with satisfactory accuracy (NI321ppmy

Table 1 Patient demographics
Tumour type Original dataset Final dataset

Subjects Subjects Short TE Intermediate TE Females Mean age (range) Mean size (range
Ependymal tumours* 10 9 9 9 6 45 (25-48) 35.8 (43.5-19.4)
Medulloblastoma 22 17 15 17 6 30 (17-44) 39.3 (52.7-24.9)
Haemangioblastoma 12 8 8 8 5 58 (38-67) 35.3 (47-28.6)
Metastasis 30 22 21 22 7 60 (45-82) 32.3 (48-20.3)

*“Ependymal tumours” group includes ependymoma and subependymoma histology
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Fig. 1 Average spectra of ependymal lesions, medulloblastoma, haemangioblastoma, and metastasis calculated with all the cases included in the study
for short TE (a) and intermediate TE (b)
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Table2  Results of Mann-Whitney U non-parametric test comparisons

p*<.05 p*<.01 p*<.001
Medulloblastoma vs. ependymal tumours
Short TE 3.55 3.79 3.21
3.43
Intermediate TE 2.05 3.49
3.21
3.03
Medulloblastoma vs. haemangioblastoma
Short TE 1.13 3.21
2.11
Intermediate TE 3.55 3.21
Medulloblastoma vs. metastasis
Short TE 0.9 3.03 1.25,1.28
3.46 3.36 2.05,2,11, 3.55
3.21
Intermediate TE 0.92,1.25,1.28
2.14
3.21
Ependymal tumours vs. haemangioblastoma
Short TE 3.55 2.11 1.10
3.30
Intermediate TE 321
346
3.55
Ependymal tumours vs. metastasis
Short TE 0.9 3.55 1.25,1.28
2.02 2.11, 3.03, 3.36
3.21 3.43,3.79
Intermediate TE 3.49 0.98, 1.25, 1.28
3.03
3.55
Metastasis vs. haemangioblastoma
Short TE 1.25
1.28

Intermediate TE 0.9

NI resonances with statistically significant differences between tumour
groups shown in short and intermediate TE

*Differences of p corrected values < .05 were considered to be statistical-
ly significant

3.55ppm; accuracy, 92% at both TE). Medulloblastoma could be
satisfactorily discriminated from metastasis on the basis of the
Cho/LIP ratio (NI 2 1ppmy1 28ppm; accuracy, 89% at short TE and
82% at intermediate TE). The ratio between Cho and LIP also
allowed good discrimination between medulloblastoma and
haemangioblastoma (short TE, NI 5ppm/1.13ppm; accuracy,
95%; intermediate TE, NI3 21 ppnyi 22ppm; accuracy, 87%). The
ratio GIx/LIP discriminated ependymal tumours from
haemangioblastoma with satisfactory accuracy (short TE,
NI 11ppm/1.10ppm: accuracy, 94%). Ependymal tumours were

@ Springer

satisfactorily discriminated from metastasis on the basis of the
LIP/mlIns ratio (NI 2gppm/3.55ppms; accuracy, 90% at both TE).
The ratio between LIP and N-acetyl-containing compounds
allowed good discrimination between metastasis and
haemangioblastoma (short TE, NI »gppm/2.02ppm: @ccuracy,
79%; intermediate TE, NI 25 ppm/2.02ppm; accuracy, 83%).

Discussion

The most common tumours in the posterior fossa in adulthood
include metastasis, haemangioblastoma, ependymal tumours,
and medulloblastoma [1]. The gold standard for the diagnosis
of these tumours remains histological analysis. Nevertheless,
clinical management is largely influenced by the suspected
pre-surgical diagnosis.

MRI findings may provide a first diagnostic approach in
posterior fossa tumours. Haemangioblastoma usually corre-
sponds to a cystic lesion located in the cerebellar vermis with
a solid mural enhancing nodule. Nevertheless, in 40% of
cases, it appears as a solid lesion without any cystic compo-
nent, and in 85% of cases, it can be located in the cerebellar
hemisphere [23]. In adults, medulloblastomas usually are lo-
cated in cerebellar hemispheres [18], and cyst formation or
necrosis degeneration is frequent [24]. In 10-20% of cases,
they show intralesional calcifications [24, 25]. Ependymoma
can also be found as heterogeneous intraparenchymal lesions
with solid or cystic components, calcifications, and hemor-
rhage, or as predominantly cystic lesions with a mural nodule
[26]. On the basis of these imaging features, the differential
diagnosis between haemangioblastoma, medulloblastoma,
and ependymal tumours can be challenging. What’s more,
metastases are the most common diagnosis in this location
in middle-aged and older patients [1] and their imaging ap-
pearance could overlap with primary posterior fossa tumours.

MRS has been proven to be useful in diagnosing the most
common brain tumours [7-9]. Less prevalent tumours, such as
posterior fossa tumours in adults, have received little attention,
and the clinical application of spectroscopy in these cases has
not been assessed in depth. MRS provides biochemical infor-
mation through the resonances or individual data points in the
spectrum that can be correlated with the contribution of par-
ticular metabolites. In children, medulloblastoma has been
suggested as showing increased taurine with high Cho and
low NAA [11-17], while ependymoma has been described
as displaying high mlns levels at short TE, in association with
high Cho and low NAA [10, 13, 14]. Meanwhile, there is little
information about the spectroscopic signatures of
haemangioblastoma [27].

A possible approach to the application of spectroscopy in a
clinically real situation is by defining some signatures that
could be considered as “biochemical markers” of the tumours.
In our study, medulloblastomas showed very high levels of
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Table 3
ratios

Accuracy values obtained using ROC curves for the selected

AUC?  Cut-off Accuracy (%)

point®

1
le.xx/le.xx

Medulloblastoma vs ependymal lesions

Short TE 3.21/3.55 0926 0.82 92

Intermediate TE ~ 3.21/3.55 0.837 4.18 92
Medulloblastoma vs haemangioblastoma

Short TE 3.21/1.13 0971  0.63 95

Intermediate TE ~ 3.21/1.22 0.748  2.82 87
Medulloblastoma vs metastasis

Short TE 3.22/1.28 0952 039 89

Intermediate TE ~ 3.22/1.28 0.695  3.19 82
Ependymal lesions vs haemangioblastoma

Short TE 2.11/1.10 0984 132 94

Intermediate TE ~ 3.21/1.22 0.714 440 81
Ependymal lesions vs metastasis

Short TE 1.28/3.55 0894 272 90

Intermediate TE ~ 1.28/3.55 0.864 131 90
Metastasis vs haemangioblastoma

Short TE 1.28/2.02 0.714 349 79

Intermediate TE ~ 1.28/2.02 0.656 1.88 83

! NIx.xx/NIx.xx: ratio between intensity signals of points
2 Area under the curve

3 Cut-off points of normalised intensity (NI) values on ROC curves

choline-containing compound at N3 55,,m. Cho is a salient
component of the Kennedy pathway involved in the genesis
of phospholipid of the cell membrane. The presence of choline
peaks in MRS spectra reflects increased cell membrane synthe-
sis and thus increased cellularity [28]. An increased Cho has
been found in several kinds of tumours, including meningioma,
astrocytoma, and lymphoma. The levels that we have found in
medulloblastoma seem even higher than those found in other
kinds of tumours. This finding was previously reported by
Majos et al [18] and may be related to high cellular density.

Myoinositol is a sugar. According to the results in our
study, it could be considered a biochemical marker on
ependymal tumours. It is believed to be an osmolyte involved
in osmoregulation and volume regulation that has been found
increased in other gliomas too [29]. Increased levels of mins
are believed to reflect increased numbers of glial cells.
Nevertheless, the levels of mIns that we have found in
ependymal tumours are significantly higher than those report-
ed in the literature in astrocytomas and in oligodendrogliomas
[30]. The significance of these high levels of mlns is
unknown and should be explored in further work.
Ependymal tumours and medulloblastoma also showed
resonances at NI, gappm, corresponding to broad reso-
nances between NIy oo and 2.50ppm. partially inverted at
intermediate TE, attributable to Glx [31].

We have found that intermediate values of LIP jointly with
a narrow resonance of N-acetyl-containing compounds at
NI; ¢2ppm are the most relevant characteristic of
haemangioblastoma. On the other hand, very high values of
mobile LIP centred at NI, »sp,m Were the most relevant signa-
ture of metastasis. Lipids have been related to necrosis and
have been mainly found in metastasis and glioblastoma. The
lipid peaks detected in most of these processes are predomi-
nantly saturated lipids believed to arise from increased num-
ber of cytoplasmic vesicles, especially in tissues demonstrat-
ing necrosis and inflammation [29]. Nevertheless, we have
found that it may be employed to satisfactorily differentiate
the spectroscopic pattern of haemangioblastomas and metas-
tasis to those of ependymal lesions and medulloblastomas.

Based on our results, some resonances in the spectrum may
be used as markers for particular tumour histologies in poste-
rior fossa tumours. High Cho at NI 5,,,m may be considered a
signature of medulloblastoma, mainly at short TE, high mIns
at NI3 ssppm at short TE is characteristic of ependymal tu-
mours, and high mobile LIP centred at NI, »spm is character-
istic of metastasis. Haemangioblastoma does not show a
prominent marker in our study, but is suggested when inter-
mediate values of LIPs are found jointly with a narrow reso-
nance of N-acetyl-containing compounds at NI, goppm. These
visual and statistical differences may be quantitatively applied
with satisfactory accuracy by means of ratios among Cho,
mlIns, LIP, and NAA and may be used to discriminate among
these posterior fossa lesions.

Several limitations can be seen in our study. First, there is
the low number of tumours evaluated in each group. This is
the reason why we could not discriminate between histolog-
ical subtypes of medulloblastoma and the reason why we
combined ependymoma and subependymoma into a single
group. There is an inherent limitation of uncommon tu-
mours that precludes a more precise pre-surgical character-
isation by spectroscopy. Another limitation related to the
low number of cases is that we could not save a cohort of
patients to be used as an independent test set cohort. We felt
that reducing the number of cases used to construct the clas-
sifier would have produced a worse classifier. The present
absence of a subgroup of patients to be used as a test cohort
may affect the reproducibility of the results of our work. A
larger multicentre study could partially solve the limitation,
but including cases acquired with different MR equipment
and software may require still larger numbers of patients to
reduce the effects of instrumental variability in the recorded
data. Another limiting condition is that large susceptibility
artifacts may affect spectroscopy in the posterior fossa;
however, they can be reduced by carefully selecting the
voxel position and by excluding low-quality spectra from
analysis. This should be taken into account because the ap-
plication of our findings to low-quality spectra could pro-
duce results not supported by our work.
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In summary, we believe that MRS may play a role in the
non-invasive assessment of posterior fossa tumours in adults by
limiting the differential diagnosis and improving the clinical
management of these patients. We found that medulloblastoma
displays high Cho at short and intermediate TE, ependymal
lesions share high mlns values at short TE, metastasis presents
high LIP resonances, and haemangioblastoma shows interme-
diate LIP with a narrow resonance of N-acetyl-containing com-
pounds, as their most relevant metabolic signatures.
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