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Abstract

The aim of the stucly was to find differences in magnetic resonance spectroscopy (MRS) which might facilitate differential

diagnosis between tumour regrowth and a remnant tumour with present postradiation changes or postradiation
necrosis in the vicinity of the postoperative bed, based on the assessment of the dynamics between two MRS, ie.
preoperative and postoperative scanning, performed at 6 months after surgery. Therefore, in 9 patients with high-grade
gliomas, MRS spectra were obtained. Subsequently, a partial tumour resection was done in 5 patients, and 4 subjects
underwent a gross total resection. On the second MRS the voxel was placed on an observed contrast enhancement
area. The tumour regrowth onset was established by comparing the results of control MRI with postoperative CT scans,
and also on the basis of changes in clinical condition as well as a further follow-up, including MRI studies. In patients
with tumour regrowth Cho/NAA and Lac/Cr ratios increased and the NAA/Cr ratio decreased between the two MRS
studies; in the patients without regrowth, the ratio changes were inverse. In both groups, a decrease in Cho/Cr ratio
was observed. In a univariate analysis the presence of tumour regrowth and an increase in Cho/NAA ratio between the
two MRS were correlated with a shorter further survival time; a tendency to shorter further survival time was noted
with decrease in NAA/Cr ratio. In conclusion, MRS is a diagnostic tool which, on the basis of direction of changes in the
value of metabolite ratios, helps additionally confirm the diagnosis of glioma regrowth. In the case of a visible contrast
enhancement area on the postoperative MRI with observed concomitant increase in Cho/NAA ratio and decrease
in NAA/Cr ratio between pre- and postoperative MRS examinations, preliminary suspicion should be that of glioma
regrowth rather than of remnant tumour after surgery or postradiation lesions.
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and death is caused by tumour regrowth. Cases of

Introduction . .
glioma metastases, observed mainly to the lungs,

Treatment failure in the majority of neoplastic
diseases is due to cancer dissemination and the pa-
tient’s death resulting from metastases. High-grade
brain gliomas exhibit a totally different behaviour,

are highly sporadic [15]. Therefore, a crucial issue in
the complex management of patients with high-gra-
de gliomas is that of a visible contrast area enhan-
cement on a control postoperative MRI study; the
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question is whether the enhancement is consistent
with tumour regrowth, or with postradiation necro-
sis in the remnant tumour or with cerebral necrosis
in the irradiation field [3,5,12,17,18]. To approach the-
se questions magnetic resonance spectroscopy may
be useful, as its clinical significance at the onset of
the disease, when aid in differentiating brain glio-
mas from other pathological conditions has already
been proved [1,9].

To find the MRS studies helpful also on suspicion
of glioma regrowth, it seems crucial to determine
the direction of changes of metabolite ratios betwe-
en preoperative and postoperative MRS studies, and
correlate these changes with the clinical information
about the disease course. Maybe, due to that, spec-
troscopy will be, in the future, a reliable tool used
to differentiate between tumour regrowth and other
conditions not requiring reoperation or other treat-
ment regimens [3,12,17,18].

In order to find differences in behaviour of meta-
bolite ratios between glioma regrowth and a stable
postoperative remnant tumour with postradiation
necrosis or cerebral necrosis in the irradiation field,
we performed two spectroscopic investigations in
our patients: one prior to surgery, and the other at
six months following the operation; observed alte-
rations between two MRS were correlated with cli-
nical data with respect to the presence of tumour
regrowth, and also those resulting from further follo-
w-up assessment, including imaging studies.

Material and Methods

Over the years 2002-2003, in nine patients (seven
men, two women; aged 23-67 years) MRS studies
were performed before and at six months after surge-
ry by means of a one-dimensional voxel spectroscopy
with a Philips 1.5 T Gyroscan ACS-NT scanner, equip-
ped with a head coil with a quadrate signal detection.
PRESS sequences were used (TE=136 ms, TR=2000
ms, acquisition number 128; single scan time —4 min.
20 sec., voxel size was lesion dependent, not exce-
eding 20 mm x 20 mm x 20 mm). Analysis of the
obtained spectra was done using standard software.
After surgery, all the patients underwent early control
biphasic computed tomography (CT), which helped
provide objective assessment of the extent of resec-
tion, and localize a presumed remnant tumour. All the
patients underwent postoperative radiation therapy.
On a subsequent MRI study, at six months after sur-
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gery, the voxel was obtained from visible pathological
contrast enhancement at the tumour resection site.
The patients were followed up monthly at the Out-
patient Clinic; a planned control MRI study was done
every three months, and routinely at the onset of new
symptoms. January, 2007 was the date of the last fol-
low-up examination. The results were analysed using
standard descriptive statistical methods and survival
analysis (Kaplan-Meier curves, F-Cox test).

Results

The patients were treated surgically; in five sub-
jects resection was partial (>80%) with a residual
tumour infiltrating towards the midline structures;
four patients underwent a gross total resection. The
extent of resection was based on recognition of the
operating surgeon and a control postoperative CT
imaging study. Histopathology showed four anapla-
stic astrocytomas, two glioblastomas multiforme,
two gliosarcomas, and one anaplastic oligodendro-
glioma. At six months following the surgery, MRI with
MRS was performed. In all the patients pathological
contrast enhancement was noted at the resection
site, or the adjacent area. Based on comparison of
these MR images with the preoperative MRI scans
and with postoperative CT images and based on cli-
nical assessment as well as further follow-up of pa-
tients, including subsequent MRI studies, five cases
of tumour regrowth were noted (two cases of WHO
grade lll gliomas and three cases of WHO grade IV
gliomas); there was no regrowth in four patients. In
view of the tumour regrowth infiltrating towards the
midline structures, the patients were not reopera-
ted on except for one person with a regrowth in the
surgical bed, who underwent a gross total resection
again and in whom histopathological diagnosis was
the same, i.e. glioblastoma multiforme (case 4). The
group of patients without glioma regrowth included
those with stable residual tumour, with likely postra-
diation changes, and one patient after a gross total
resection, which was confirmed on postoperative CT,
and the further follow-up showed that at that time
the diagnosis of an absence of tumour regrowth
was correct. Therefore, it may be concluded that the
contrast enhancement visible in that patient (case
7) was most probably consistent with postradiation
necrosis (Table I).

The majority of patients with recognised tumour
regrowth died within a short period of time; cases
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Table I. Patient data: age, sex, histopathology, WHO grade, extent of surgical resection, presence of tumour

regrowth after six months

Case Age Sex Histopathology WHO grade EOR* Regrowth after 6 m.
1. 42 M Anaplastic astrocytoma 1l >80% absent
2. 27 M Gliosarcoma \% GTR present
3. 62 M Anaplastic astrocytoma I >80% present
4. 67 W Glioblastoma multiforme Y GTR present
5. 66 M Gliosarcoma Y >80% absent
6. 23 W Anaplastic oligodendroglioma i >80% absent
7. 32 M Anaplastic astrocytoma 1 GTR absent
8. 42 M Glioblastoma multiforme \Y GTR present
9. 48 M Anaplastic astrocytoma 1 >80% present

* EOR — extent of resection (extent of surgical resection).

2 and 3 (massive tumour regrowth) one month la-
ter; case 8 — after eight months; case 9 (additionally
chemotherapy was given — 3 temozolomide courses)
— after 11 months. A female patient (case 4) who was
reoperated on, and to whom subsequently 2 courses
of temozolomide were given, died 9.5 months later.

Patients without tumour regrowth at six months
after surgery ultimately developed a regrowth. One
of them was reoperated on (case 1); histopathologi-
cal findings were the same, i.e. anaplastic astrocy-
toma; the patient received in addition six courses
of temozolomide, and died eight months after the
reoperation (24.5 months after a postoperative MRS
examination). Another patient (case 5) with gliosar-
coma was not reoperated on because of tumour re-
growth penetrating towards the midline structures;
there was no additional therapy; the patient died at
12 months after surgery (6 months after a postopera-
tive MRS study). In the female patient with anaplastic
oligodendroglioma regrowth was found at 26 months
after surgery; she was not reoperated on because of
multifocal tumour regrowth; chemotherapy courses
were given according to the PCV protocol, followed
later by temozolomide; the patient died ten months
later (29.5 months after a postoperative MRS). The
last patient with tumour regrowth after 22.5 months
post operation was alive on completion of follow-up,
which was continued for 41 months from the date
of the operation. He had not been reoperated on for
tumour regrowth but chemotherapy had been given
(CCNU, next temozolomide).

Changes in metabolite ratio values between two
MRS examinations, i.e. prior to and at six months
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following surgery, were compared. Comparison sho-
wed differences between the group with tumour
regrowth and that without tumour regrowth (stable
remnant tumour with presumed postradiation chan-
ges or postradiation necrosis around site of tumour
removal) (Table Il). The Cho/NAA ratio increased in
patients with recognized tumour regrowth and de-
creased in patients without regrowth. The Cho/Cr
ratio decreased in both groups; however, in terms of
percentage, its decrease was higher in patients wi-
thout tumour regrowth (52% vs. 42%). The NAA/Cr
ratio fell in patients with tumour regrowth and rose
in patients without tumour regrowth. In the group of
five patients with tumour regrowth, increase in Lac/
Cr ratio was observed in three cases; in one patient
Lac/Cr ratio decreased; and in one patient lactates,
which were not observed in the preoperative MRS
study, appeared in the postoperative MRS examina-
tion. In two out of four patients without tumour re-
growth, who had exhibited lactates on the preopera-
tive MRS, the Lac/Cr ratio decreased from 5.28 to 0.5
in one case and from 0.27 to 0.03 in the other case;
but in one patient lactates, which were absent on
the initial MRS study, were found on a subsequent
one performed at six months following the surgery.
Further survival time assessed using the Kaplan-
Meier curves was significantly different between
patients with glioma regrowth and those without
regrowth (F-Cox test, p=0.026) (Figure 1). Evaluation
was also done to see if the direction of alterations in
the metabolite ratio values between the two investi-
gations might exert any effect on prognosis. It was
found that the further survival time differed betwe-
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Table Il. Mean metabolite ratios in patients with and without tumour regrowth on two MRS examinations, i.e.

prior to and at six months following surgery

Mean # Standard Error of Mean
Cho/Cr Cho/Cr Cho/NAA Cho/NAA
Before operation 6 months after oper. Before operation 6 months after oper.
Regrowth of tumour 5.23+1.55 3.02+0.9 449 +12 22.35+19.42
Without regrowth 4.25+0.99 2.04 £0.15 18.81+5.78 4.28 £1.37
NAA/Cr NAA/Cr Lac/Cr Lac/Cr
Before operation 6 months after oper. Before operation 6 months after oper.
Regrowth of tumour 0.92£0.38 0.56 + 0.51 6:42 £ 4.91 2612+ 23.87
n = 4 cases n =5 cases
Without regrowth 0.38 +0.15 0.57+0.18 277 % 2.5 0-3+0.26
n = 2 cases n = 3 cases

en the patients in whom the Cho/NAA ratio had in-
creased or decreased between the two MRS imaging
studies, indicating its significance for patient pro-
gnosis (F-Cox test, p=0.042) (Figure 2). The Cho/NAA
ratio had increased in three patients with tumour re-
growth, and in none without tumour regrowth; whe-
reas it had decreased in two patients with regrowth
and in all patients without regrowth. Increase in the
NAA/Cr ratio between MRS studies tended to show
a longer further survival time (F-Cox test, p=0.082).
Alterations in the Cho/Cr and Lac/Cr ratios had no
correlation with the further survival time.
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Fig. 1. Further survival time in patients with and
without glioma regrowth
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Discussion

Contrast enhancement area found on control
magnetic resonance imaging studies after glioma
operation raises two questions. Firstly, do we deal
with tumour regrowth? And secondly, is the visible
regrowth highly malignant, with a high proliferati-
ve rate? Contrast enhancement may also be due to
remnant tumour, left during the operation, with po-
stradiation changes at this moment, or may be due
to cerebral necrosis in the irradiation field around
the postoperative bed. The need to find a method of
high sensitivity and specificity, discriminating betwe-
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Fig. 2. Further survival time in relation to direc-
tion of changes in Cho/NAA ratio
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en glioma regrowth and other conditions producing
contrast enhancement, requires an urgent solution
at the time of increasingly growing possibilities of
using chemotherapy in the complex management
of these tumours. The most appropriate approach to
solve the issue would be to use a widely available,
cheap technique, which might be additionally used
during the control imaging studies. A solution to the
problem may be to employ proton magnetic reso-
nance spectroscopy [3,5,11,12,17,18].

Our goal was to find differences on MR spectro-
scopy which might allow discrimination between
tumour regrowth and other conditions producing
contrast enhancement on control MRI, i.e. residual
tumour with postradiation changes or postradiation
cerebral necrosis in the vicinity of the postsurgical
bed. Hence, we compared values of metabolite ratios
between two examinations: prior to and following
surgery, on which contrast enhancement was visi-
ble. Changes in the metabolite ratios were compared
in two groups of patients: with and without tumour
regrowth. This management, including not absolute
ratio values on control examination but the direction
of changes in ratio values between the two MRS
studies, seems to be the most appropriate regarding
substantial differences in ratio values among tumo-
urs on preoperative MRS study [3,17,18].

In our material, tumour regrowth was found in
five patients; in four cases there was no regrowth.
In the group without glioma regrowth three patients
had stable, residual tumour, with present postradia-
tion changes, and one patient had necrotic postra-
diation lesions in the vicinity of the postsurgical bed,
which was confirmed by a further follow-up.

An increased Cho level has been observed in cell
proliferation and also may result from cell membra-
ne remodelling [2,16-20]. Hence, increased metabo-
lite ratio values for Cho/NAA and Cho/Cr have been
found in cases of tumour recurrence or further pro-
gression of malignancy [3,5,13,18]. It has been shown
that the Cho/NAA and Cho/Cr ratio values are signi-
ficantly correlated with grades of malignancy asses-
sed according to the proliferation activity index, i.e.
with the percentage of cells at the division phase,
identified by means of antibodies against Ki-67 (ca-
riokinetic spindle antigen) [14,16]. In our material,
Cho/NAA showed a substantial rise in patients with
tumour regrowth, most likely due to cell proliferation
on the one hand, and an NAA signal reduction on
the other hand (resulting from decreased number of
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neurons inside the tumour) [3,8,13,19,20]. In nume-
rous reports, the Cho/NAA ratio is the main metabo-
lite ratio associated with tumour malignancy [8,19],
correlated with the survival time [17,20]. Graves et
al. [3] also reported an increase in Cho/NAA ratio in
the vicinity of the postsurgical bed, preceding at that
site the presence of contrast enhancement and tu-
mour regrowth, visible later on subsequent control
MRI studies.

In the case of stable remnant tumour, we found
a reverse reaction, i.e. a decrease in Cho/NAA ratio,
which is consistent with reports on the good respon-
se of tumour tissue to radiation therapy [3,6,19].
Many authors [6,12,13] emphasize the significance
of the Cho/Cr ratio for the patient prognosis. In our
study the ratio showed an unexpected fall in both
groups of patients, with and without regrowth. It
may be explained by the following: in patients wi-
thout tumour regrowth, reduction in the Cho/Cr ra-
tio may result from a decreased Cho level since that
group of patients also showed a decrease in Cho/
NAA ratio; while in the group of patients with glio-
ma regrowth, a decrease in Cho/Cr ratio might have
rather been caused by a higher increase in Cr value
due to increased metabolism than an increase in Cho
level resulting from cell membrane remodelling. The
increase in Cho value in cases of tumour regrowths
may be relatively low because of focal necrosis found
in high-grade gliomas [3].

Increase in Cho/Cr ratio and decrease in NAA/Cr
ratio are typical of tumour regrowth [5,6,13]. Rock et
al. [13] showed that NAA/Cr was significantly lower
in the regrowth group as compared with the controls
(a healthy cerebral hemisphere in patients with new-
ly diagnosed gliomas) and also significantly lower
in relation to the tumour part where histopathology
had revealed necrosis and the tumour cells did not
exceed more than 20%. In our study the NAA/Cr ratio
has decreased in patients with tumour regrowth and
has increased in cases without regrowth, which was
also confirmed by other authors [16].

Helpful in distinguishing tumour regrowth from
postradiation lesions may be the Lac/Cr ratio, whose
rise, with a simultaneous decrease in Cho/Cr ratio,
was found in postradiation necrosis [4].

An answer to the question of how metabolite
ratios change in patients with tumour regrowth in
relation to other conditions (postsurgical remnant
tumour, postradiation cerebral necrosis) may help
to monitor the efficacy of glioma response to the
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treatment offered, e.g. radiation therapy, or chemo-
therapy [6,17]. Assessment of changes in metabo-
lite ratios in tumours which have regrown perhaps
will give us some more information. MRS may also
provide prompts to determine whether the residual
tumour visible on MRI scans after radiation therapy
is active, with a high proliferative ratio, and therefo-
re requiring aggressive, adjuvant treatment, or it is
a remnant tumour with a low ratio of cell divisions
[13,17]. The treatment method of the residual tumour
is not neutral for the patient’s health and his quality
of life, particularly when a decision has to be made
about the necessity to administer further courses of
chemotherapy, and its resulting toxic effects, or in
the case when the decision is to reoperate [10,21].

Further survival time in our study after the sub-
sequent MRI examination was significantly correla-
ted, fairly obviously, not only with the fact of reco-
gnizing tumour regrowth as compared to a stable
residual tumour or postradiation cerebral necrosis,
but also with the direction of changes in the value of
the Cho/NAA ratio between two MRS examinations.
An increase in Cho/NAA ratio was correlated with a
shorter further survival time [7]. It should also be no-
ted that the increase in Cho/NAA occurred only in
patients with tumour regrowth, and its decrease was
found mainly in cases of residual tumour or postra-
diation cerebral necrosis [3,5,6,12,18,19]. There was
a statistical trend towards a longer further survival
time when the NAA/Cr ratio increased [7]. In all the
cases without tumour regrowth an increase in NAA/
Cr ratio was found between both MRS examinations,
while in patients with regrowths decreases in NAA/
Cr ratios were predominant [5,6,13,16].

Assessment of the two above-mentioned meta-
bolite ratios may be particularly crucial when there
is no early postoperative imaging control and the-
refore there is no objective assessment of the com-
pleteness of the resection and a long-term follow-up
imaging study visualizes a contrast enhancement.
Assessment of the Cho/NAA and NAA/Cr alterations
in those cases may allow clinicians to manage the
patients as well as determine their prognosis [3,5,7].

Conclusions

Magnetic resonance spectroscopy is a diagnostic
method which, from the direction of changes in the
value of metabolite ratios, may additionally help con-
firm the diagnosis of glioma regrowth. In the case
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of a visible contrast enhancement area on a control
MRI as well as an increase in Cho/NAA ratio and de-
crease in NAA/Cr ratio, the initial diagnosis should
favour glioma regrowth rather than residual tumour
post surgery or postradiation cerebral necrosis.
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