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Abstract

Purpose: To inspect the potential diagnostic role of in vivo 'H MRS lipid methylene CH, to methyl CH; signal ratio
in differentiation of recurrent brain tumor from radiation injury.

Methods: Two patients — one with documented recurrence and the other without recurrence — were monitored by
means of 'H MRS before and during two years after radiation therapy. The comparative group consisted of 20
patients with glial tumor recurrence diagnosed 2 years after the radiotherapy.

Results: In case of tumor recurrence, an increase of the lipid CH,/CH; value is observed. In contrast, for the patient
with no tumor recurrence and within the brain areas distant from the tumor the CH,/CHj; ratio reveals a negative
correlation vs. time after irradiation. The Lip trend to increase on radiotherapy both at the tumor bed and within the
non-involved areas lessens the value of Lip as a marker of tumor recurrence.

Conclusion: The analysis of the lipid CH,/CH; ratio may be useful in differentiation of the tumor recurrence from
radiation response.

The Lip signals observed in normally appearing brain tissue after radiotherapy could originate from the change of
metabolism of irradiated cells.
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Introduction

Radiation therapy plays a central role in the
treatment of malignant gliomas, and is considered
to be the most effective adjuvant therapy following
surgery. Although the recent advances of the
irradiation techniques have made the irradiation

more safe for the tissues that are distant from the
tumor, the radiation exposure of the healthy brain
cannot be completely eliminated. That provides a
unique opportunity to study the effect of radiation
on normal brain tissue by means of 'H MRS in vivo.

On the other hand, in the target area treatment
related brain necrosis is a dose-limiting factor for
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either conventional or stereotactic radiotherapy.
Morphologic changes seen in computed tomogra-
phic and magnetic resonance images are, however,
insufficient to discriminate radiation-induced
changes from tumor recurrence [31]. Complementary
methods, such as 'H MR spectroscopy (MRS) or 'H
MRS imaging (MRSI), seem to give an opportunity for
a better insight into an altered brain metabolism
following treatment. However, as revealed from the
'H MRS studies, when basing upon the cholines to
N-acetylaspartate ratio (Cho/NAA) and that of the
cholines to the total creatine (Cho/Cr), the sensitivity
of tumor differentiation from necrosis is less than
80% [26]. The use of MRS imaging improves the
accuracy, but also in the case of '™ MRSI it was
noticed that in the subacute stage of radiation
necrosis Cho levels may be elevated and thus leading

Table I. Characteristics of patients

to misdiagnosis [9]. Thus, monitoring of the main
signal intensities, like NAA, choline, creatine, etc.
seems to be insufficient for differentiation of cerebral
necrosis from recurrent/residual tumor, which means
that an additional parameter is required to improve
the sensitivity.

Methods

Two patients were treated with radiotherapy in the
Center of Oncology Maria Sktodowska-Curie Memorial
Institute Branch in Gliwice (patient 1 received treat-
ment comprising brachytherapy and fractionated
external-beam radiotherapy whereas patient 2 received
fractionated external-beam radiotherapy) and were
followed using MRI and 'H MRS scans before and
during 24 months after irradiation.

Patient No. Age Sex Histologic diagnosis Lesion location
1 26 M Astrocytoma left frontal lobe
2 50 M Astrocytoma left occipital lobe
3 28 M Astrocytoma right temporal lobe
4 50 M Astrocytoma left frontal lobe
5 55 M Astrocytoma left frontal lobe
6 43 M Astrocytoma left occipital lobe
7 46 F Astrocytoma left occipital lobe
8 48 M Astrocytoma anaplasticum right occipital lobe
9 37 M Astrocytoma anaplasticum left temporal lobe
10 52 F Astrocytoma anaplasticum right frontal lobe
11 38 M Astrocytoma anaplasticum left occipital lobe
12 38 M Astrocytoma anaplasticum left occipital lobe
13 38 F Oligoastrocytoma anaplasticum left frontal lobe
14 64 F Oligoastrocytoma anaplasticum left frontal lobe
15 55 M Gliobastoma multiforme left temporal lobe
16 53 M Gliobastoma multiforme right parietal lobe
17 47 M Gliobastoma multiforme left temporal lobe
18 50 F Gliobastoma multiforme left temporal lobe
19 57 Gliobastoma multiforme right occipital lobe
20 32 Gliobastoma multiforme left temporal lobe
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The comparative group (COM group) comprises
20 patients (mean age 45+19). The inclusion criterion
was the local recurrence of the tumor up to two
years after radiotherapy. The patients’ characteristics
are collected in Table |.

The whole-body 2T MRI/MRS system (Elscint 2T
Prestige) equipped with a standard head coil and
operating at a proton resonance frequency of 813
MHz was used.

'H MR spectra were acquired using a single voxel
double-spin echo PRESS sequence with the parame-
ters: TR 1500 ms, TE 35 ms, 50 acquisitions, and a 1.5 x
15 x 1.5 cm’ for the voxel volume. The acquisition was
preceded by the global and local shimming procedure.
Water suppression was achieved using the chemical
shift selective saturation (CHESS) technique.

The MRS examinations were performed successi-
vely during several months after the radiotherapy
completion. The end of radiotherapy is denoted here
as the “0” day of the MRS observation.

Localized spectra were acquired from two volumes
of interest (VOIs) — always the same during the whole
study. The first VOI was located at the tumor bed and
the second one within an unaffected tissue in the con-
tralateral side of the brain, as showed in Figures 1-2.

Similarly, in the case of the COM group the spectra
were obtained from the tumor lobe and contralaterally.

The spectra were normalized to 1 in the range of 0-
4.2 ppm and then post-processed with the automatic
fitting in the frequency domain using the residuals
method offered by PeakFit 4.0 (SPSS Inc., Chicago,
USA). The set of fitted signals was the same for all the
spectra under study. The details of the procedure are
given in reference [27].

The mobile lipids were analyzed using two inde-
pendent methods. In the first approach the ratio of the
methylene group lipid signal at 1.30 ppm to that due
to the methyl groups at 0.92 ppm (CH,/CHs), the most
representative lipid signals, was analyzed.

In the second approach the contribution of the
mobile lipids signals (Lip) into the NMR spectrum was
estimated by a calculation of an integral intensity of
the whole lipid band in the range 0.7-1.39 ppm (the
lactate doublet at 1.26 and 1.35 ppm as well as that
due to alanine (1.44 and 150 ppm) were excluded
from the calculation).

Resonances originating from macromolecules,
such as cytosolic proteins, and other membrane-
-bound and/or partially immobilized compounds
were not involved in calculations.
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The statistical comparisons were done using the
Mann-Whitney U test and the Wicoxon Matched Pairs
test.

Case reports and results
Patient 1

A 26-year-old man who suffered from a progressive
weakness of the right limbs, dysphasia and recent
memory disturbance for 6 months. Magnetic resonan-
ce (MR) brain scan revealed a 3.5 cm expansive lesion
in the left frontal lobe. The tumor was non-operable.
The patient underwent stereotactic tumor biopsy and
the implantation of the catheters was performed. The
histological diagnosis was anaplastic astrocytoma
grade 3. Over three days a radiation dose of 15 Gy was
delivered at a depth of 5 mm from catheters surface.
After brachytherapy the patient received a total dose
of 50 Gy in 25 fractions to the tumor volume with a
margin of 3 cm. MRI scanning revealed tumor
progression 9 months after the treatment completion.
The patient was operated palliatively 10 months after
RT. His follow-up is 2 years (on months 2, 6, 14, 18 and
24 after irradiation).

Patient 2

A 18-year-old woman, the first disease symptoms
were epileptic seizure and loss of consciousness. MR
imaging showed a 3 cm tumor in the right parietal
lobe. The operation was radical. The final diagnosis was
confirmed by a histopathological examination as oligo-
dendroglioma grade 2. The preoperative tumor volume
with a margin of 2 cm was irradiated to a total dose of
54 Gy in 30 fractions. No recurrence features were
found in the MRI examinations. The patient follow-up
is 2 years (on months 6, 12, 18 and 24 after irradiation).
She is in a good general state.

Although the patients being compared suffer from
different histological types of the tumors, present
results of genetic studies indicate that similarity may
exist between oligodendrogliomas and astrocytomas
[12]. Moreover, the NMR characteristics as well as
tumor cellularity are the same in both histologic
glioma types [30].

Figures 1 and 2 show the MR images, treatment
plans as well the stack spectra acquired from the
tumor lobe during the 2-year follow-up of both the
patients included in this report.
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Since the standard analysis of the spectra
involving the calculation of main metabolite ratios,
such as N-acetylaspartate to total creatine (tCr),
cholines to tCr, myolnositol to tCr, glutamine and
glutamate to tCr and lipids to tCr ratios provided
equivocal results and revealed to be useless for the
differential diagnosis, we decided to include

additional parameters, such as lipid methylene (at 1.3
ppm) CH, to lipid methyl (0.9 ppm) CH; ratio.

In case of patient 1, the decrease of the CH,/CHs
ratio vs. time is preserved only for the voxel located

chemical shift [ppm]
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contralaterally to the tumor bed (Fig. 1A and 3A). In
the vicinity of the tumor bed the CH,/CHj; ratio vs.
time is found to increase continuously attaining after
6 months the value being about 3 times higher than
at the “0” day (Fig. 3A and Fig. 1B). It is worth noting
that for patient 1 the recurrence was diagnosed 9
months after treatment on the basis of MRI and the
histopathological analysis. Thus, the spectroscopic
observation of the CH,/CH; ratio increase at the
tumor bed precedes the MRI indications of the tumor
recurrence in over two months. Interestingly, after the

Fig. 1. A) T2-weighted MR image and
CT scan with therapy plan showing
isodose curves for patient 1: Voxel 1,
located contralaterally to the tumor
bed, received dose 419 Gy (mean
value within voxel volume); Voxel 2,
located at the tumor bed, received
dose 52.2 Gy (mean value within voxel
volume); B) Set of spectra obtained
from voxel 2 at -1, 6, 14, 18, 24 months
after radiotherapy
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operation the CH,/CH; lipid ratio is found to reduce
down to the value close to that for the unaffected
contralateral brain. For the tumor bed voxel the varia-
tions in the CH,/CH; ratio vs. time are accompanied
by the variations in the integral intensity of the band
due to mobile visible lipids (Fig. 3B; patient 1). The
behavior of the CH,/CHj; ratio and Lip, as observed at
the tumor bed, seems to correlate with the patient 1
disease history. For both the patients under study the
Lip integrated intensities measured in the contralate-
ral VOIs increase vs. time almost linearly (Fig. 3B).
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For the patient with no recurrence (patient 2), a
linear negative correlation of the lipid CH,/CH; ratio
vs. time after irradiation is seen for both the brain
areas under study (Fig. 2 and 3A).

The CH,/CH; ratios collected for the COM group
consisting of 20 recurrent patients reveal similar
trends (Fig. 4A). The individual CH,/CH; tumor lobe
values are higher than those obtained for the con-
tralateral regions, and the mean CH,/CH; lobe
value, 2.67+1.10 (mean+SD), is significantly higher
than the contralateral one, 0.99+0.51 (p<0.005). In

Fig. 2. A) T2-weighted MR image and
CT scan with therapy plan showing
isodose curves for patient 2: Voxel 1,
located at the tumor bed, received
dose 53.8 Gy (mean value within voxel
volume); Voxel 2, located contralateral-
ly to the tumor bed, received dose 29.5
Gy (mean value within voxel volume);
B) Set of spectra obtained from voxel 1
at -1, 6, 12, 18, 24 months after radio-
therapy
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contrast, there are no such clear relations between
Lip values calculated for the both analyzed brain
regions (Fig. 4B). The mean Lip lobe value,

Discussion

Metabolic changes induced by radiation are not

19.15+8.77,
15.0349.13 (p>0.1).

is close to the contralateral

one, Vvery different from those induced by tumor recurrence

or progression. Thus, a problem of differentiation of
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radiation damage from tumor induced changes by
means of MRS is not trivial in case of patients irradia-
ted after brain surgery. While monitoring main NMR
signals, like NAA, choline and creatine, some radiation
effects may be misinterpreted as tumor — as for
instance increased Cho levels in the subacute stage of
radiation necrosis [9,16], whereas those due to tumor
may be taken as a radiation necrosis [4,26].

If the metabolite ratios are equivocal, MR spectro-
scopy may still help in the differential diagnosis based
on the analysis of the lipid band. In normal spectra, the
lipid signals are usually difficult to detect because of
signal broadening resulting from restricted mobility of
Lip molecules involved in cell membrane formation.
Severe damage of cell membranes — due to irradiation
and/or tumor development — may release more
mobile lipid macromolecules so the Lip signals may be
resolved [14]. The mobile lipids have been associated
directly to transformed cells and often have been
considered as markers of the tumor state itself [15,19].

Recently, it was confirmed that the lipids signals
not only increase progressively with tumor grade but
that there is also a correlation between the fraction of
microscopic necrosis and their integral intensity, as
observed ex vivo using 'H MRS [21]. The large concen-
trations of lipid in tumors mean that rapid MRS inve-
stigations could contribute to the grading, prognosis
and assessment of treatment response [20].

In order to inspect changes occurring within
several months of study in the aliphatic region of
NMR spectra corresponding to the visible lipid, two
complementary approaches of the lipid signals
analysis have been compared: using the CH,/CH;
ratio (Fig. 3A) and the Lip integral intensity (Fig. 3B).
Numerous studies have described the presence of
the resonances at about 0.9 and 1.3 ppm in the
proton NMR spectra obtained from tumor tissue.
These resonances, not detected in the proton
spectra of normal brain, arise from terminal methyl|,
-CHs, and methylene, (-CH,-)n, groups of fatty acyl
chains of the two neutral lipids triglyceride and
cholestery!l ester, and have commonly been associa-
ted with ongoing cell death processes [1,6,18,24,28].
The integral intensity of the (-CH,-)n signal is
claimed to depend on the increment of the plasma
membrane lipids mobility and/or lipid droplets
forming as a result of cell destruction processes.

Hakumaki et al. [10] reported an increase in the
methylene peak at 1.3 ppm and also in that due to
the methyl groups at 0.9 ppm in treated tumors in
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animal model in vivo (rat brain glioma). In case of
high grade human gliomas both signals are found to
be higher than in lower grade gliomas, but the
CH,/CH5 ratio is reduced with respect to those in
lipomas or subcutaneous fat, which indicates a much
shorter hydrocarbon chain length [8].

In vitro 'H MRS studies indicate that dynamic
and/or compositional change of the plasma mem-
brane appears to account for the increase in the
CH,/CH; ratio and its value correlates with the
fraction of apoptotic cells [2]. Although it is difficult
to compare directly the in vitro spectral data with
that obtained in vivo, however the similarity of the
time courses of spectral changes observed by
Blankenberg et. al within lipids chemical shifts range
and those seen by us for the recurrent patient 1 (Fig. 1B)
seem to be intriguing [2].

As revealed from our data, early delayed injury,
which manifests itself by transient demyelination and
occurs from 1to 6 months after irradiation [32], seems
to strongly influence the CH,/CHj; ratio — its almost
linear decrease in the non-neoplastic peritumoral
brain (Fig. 3A; patient 2) and in the contralateral
regions (Fig. 3A; patient 1 and 2) is presumably due to
the post-radiation effects. In case of a recurrent tumor
(Fig. 3A; patient 1) the length of lipid chain sequences
represented by the CH,/CHj ratio is found to increase
markedly, which may reflect a glioma transformation
[7,13,17,20].

The data collected for the COM group including
20 recurrent patients seems to validate the results
obtained for patients 1 and 2 — in case of all the
recurrences the CH,/CHj; ratios calculated from the
spectra acquired at the tumor lobe are significantly
higher that those obtained contralaterally, where
mainly the radiation induced changes take place (the
mean values +SD are 2.67+1.10 and 0.99+0.51,
respectively; p<0.005) (Fig. 4A). That lipid CH,/CH,
value obtained by us for the tumor voxels is close to
that obtained by Opstad et al. for glioblastomas
(2.620.6) [23].

Although, the majority of authors confine the ana-
lysis of the spectra to the main metabolites, such as
NAA, Cho Cr and ml [3,4,7,29] there are an increasing
number of studies addressing the lipid component
[5,11,17,21,22]. Our earlier study performed on a large
group of irradiated patients showed the lipid levels to
increase markedly on irradiation both at the tumor
bed and in the noninvolved brain lobe [25]. The
present data collected during the long-lasting follow-
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up of the irradiated patients confirm these observa-
tions. The Lip level increases during several months
after radiotherapy completion, both at the tumor bed
as well as in the contralateral regions, where the
recurrent tumor is highly improbable (Fig. 3B; patients
1 and 2; Fig. 4B). The Lip values at the recurrent area
and for the other VOIs are similar — in case of the
COM group (Fig. 4B) the mean values at the tumor
lobe and contralaterally are 19.15+8.77 and
15.0349.13, respectively (p>0.1), which lessens the
value of Lip as a marker of tumor recurrence.
Moreover, it follows from the Lip behavior in non-
tumor regions that the change of metabolism of
irradiated cells could be a probable explanation of the
origin of the Lip band observed in normally appearing
brain tissue after radiotherapy.

Conclusion

The current study indicates that the analysis of
the lipid CH,/CH; ratio may be potentially useful in
differentiation of the tumor recurrence from radiation
response and incorporation of this parameter into the
standard MRS protocol is recommended.

The Lip trend to increase on radiotherapy both at
the tumor bed and within the non-involved areas
lessens the value of Lip as a marker of tumor recurren-
ce. The Lip signals observed in normally appearing
brain tissue after radiotherapy could originate from
the change of metabolism of irradiated cells.
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