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CLINICAL INVESTIGATION Central Nervous System

1H-MRS IN VIVO PREDICTS THE EARLY TREATMENT OUTCOME OF
POSTOPERATIVE RADIOTHERAPY FOR MALIGNANT GLIOMAS
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Purpose: To analyze prospectively the prognostic significance of 1H magnetic resonance spectroscopy (MRS) in
vivo recorded from the tumor bed of patients after surgery for malignant glioma.
Methods and Materials: Fifty-one patients aged 20–68 years were examined using a MRI/MRS system (Elscint
2T Prestige). Of the 51 patients, 33 had Grade 3 gliomas and 18 had glioblastomas. MRI-localized 1HMR spectra
were acquired using a single-voxel, double-spin-echo sequence. Relative intensities of the signals (choline, creatine
[Cr] N-acetyl aspartate [NAA], myo-inositol, lactate, and lipids) were obtained by numeric integration of fitted
signals. Two voxels were examined, one located at the tumor bed and the second distant to the tumor bed. All
patients were irradiated to 60 Gy using three-dimensional conformal noncoplanar techniques to 60 Gy.
Results: MRS in vivo in patients after brain tumor surgery revealed a statistically significant decrease in the
NAA/Cr ratio and increases in the choline/creatine (Cr), choline/NAA, and myo-inosytol/Cr ratios. The intensive
signals of lactate and lipids appeared in spectrum. Survival correlated strongly with tumor grade and patient age
but the strongest prognostic factor was the lactate/NAA ratio. For lactate/NAA values >2.0 (intensive lactate
signal) the 1-year survival rate was 20%, and for lactate/NAA values <2.0, the 1-year survival rate was 85%.
Conclusion: A new diagnostic tool demonstrated ability to distinguish between patients with a favorable
prognosis and those who will die within 1 year. © 2002 Elsevier Science Inc.

NMR spectroscopy, Brain tumors, Prognostic factors, Hypoxia.

INTRODUCTION

Primary brain tumors are a very diverse group of diseases.
Despite many clinical trials conducted during the past de-
cades, no improvement has occurred in the treatment out-
come (1–3). Both clinical and basic research have shown
that the main reason for the poor prognosis is the biologic
heterogeneity of brain tumors. This heterogeneity, together
with radioresistance and questionable surgical macroscopic
or microscopic margins, is the reason most anaplastic tu-
mors are incurable with conventional multidisciplinary
treatment. An improvement in patient survival might be
achieved by the identification of molecular or metabolic
prognostic factors and treatment individualization. Because
brain tumors are inaccessible for clinical examination, im-
aging of the central nervous system with MRI is irreplace-
able in the diagnostic workup. Postoperative disruption of
the blood–brain barrier limits the value of both CT and MRI
in the early differentiation of neoplastic tissue remnants and
postoperative changes (4).

Nuclear magnetic resonance (NMR) spectroscopy (MRS)
in vivo allows for insight in the tissue metabolic profiles by
analysis of the NMR spectrum. The pattern of metabolic
changes may potentially be helpful in basic and applied
research.

The aim of this work was to evaluate MRS findingsin vivo
as predictive or prognostic factors for postoperative radiother-
apy (RT) for malignant gliomas. The studies of the prognostic
importance of MRS are sparse and fragmentary. Most research
has been applied to spectroscopy of brain tumors before sur-
gery. In the case of multidisciplinary treatment, an analysis of
the tumor bed might be more informative, because the macro-
scopic or microscopic remnants of tumor might be present and
detected. Localized MRS enables studies of the tumor bed
regions that are most suspected of active malignancy.

METHODS AND MATERIALS

The study group consisted of 51 patients (35 men and 16
women, age range 20–68 years, mean 47) treated with
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postoperative RT at the Center of Oncology Maria
Sklodowska-Curie Memorial Institute Branch in Gliwice.
All patients had good neurologic status and qualified for
radical postoperative RT. Twenty-nine patients underwent
total resection and 22 partial resection. Of the 51 tumors, 33
were anaplastic glial tumors and 18 were glioblastomas.
Patients were treated with conformal three-dimensional
techniques using 6–20 MV photons. The dose per fraction
was 2 Gy, and the total dose was 60 Gy for all patients.
Patients did not receive adjuvant chemotherapy. All con-
secutive patients with high-grade gliomas and good perfor-
mance status who had been referred by neurosurgeons for
RT were included in this study. MRI and MRS of the tumor
bed were performed before RT. The first control group (C1)
consisted of spectroscopic measurements from the unin-
volved opposite brain lobe and the second control group
(C2) consisted of 30 healthy volunteers (5). The interval
between surgery and MRI was 23–63 days (mean 41).
Patients were followed using MRI scans 1, 4, and 9 months
after treatment. After 9 months of follow-up, MRI was
scheduled every 6 months.

The spectra were registered from a region of altered MR
signal on pilot imaging sequences, avoiding fluid spaces.
MRI-localized 1HMR spectra (using Elscint 2T Prestige
operating at the field strength of 2T) were acquired using a
single-voxel, double-spin-echo PRESS sequence with the
parameters: TR � 1500 ms, TE � 35 ms, 200 acquisitions,
for a voxel volume of 1.5 � 1.5 � 1.5 cm3. The spectra
recording was preceded by the global and local shimming
procedure. For each patient, the spectra were obtained from
at least two regions of interest. The first was located at the
tumor site and was placed at the operation field edge or at
the region of altered MRI appearance suggestive of tumor
remnants. The other control voxel was placed at the oppo-
site uninvolved lobe. The spectra were postprocessed with
the automatic fitting in the frequency domain. The relative
intensities of the signals caused by N-acetyl aspartate
(NAA), choline-based compounds (Cho), myo-inositol
(mI), lactate (Lac), and lipids (Lip) were obtained by nu-
meric integration of the fitted signals.

Statistical analysis
The statistical difference between the means was calculated

using the Mann–Whitney U test. The statistical significance

between survival curves was calculated using the modified
Peto test. Patient survival was scored as the time after the end
of RT. Cutoff levels for the metabolite ratios used in the
survival analysis were calculated using the maximum-likeli-
hood estimation and logistic model. Cox regression analysis
was used for multivariate survival analysis.

RESULTS

All spectrum parameters registered from the tumor bed
were statistically significantly different from those obtained
from the control uninvolved lobe (control group C1) and
from the spectrum of healthy volunteers (control group C2)
(Table 1). The NAA/Cr ratio was lower compared with the
control values, and the Cho/Cr, Cho/NAA, and mI/Cr ratios
were higher. In contrast to the spectra of healthy brain tissue
(control group C2), the spectra recorded from the tumor bed
reveal strong signals of Lac and Lip, reflected in the high
values of the Lac/NAA and Lip/NAA ratios. Interestingly,
the NAA/Cr ratio from the uninvolved lobe (control group
C1) was also significantly lower than the normal value.

MRI was scored as positive if the contrast enhancement
had been registered in the tumor bed (MRI�). For the entire
partial resection group, contrast enhancement was observed,
but in the total resection group, only 9 patients had MRI
scans without contrast enhancement in the tumor bed
(MRI�). It should be noted, however, that differentiation
between postoperative enhancement and tumor is frequently
difficult and may have led to an overestimation of the
MRI� group.

The correlation between the MRS parameters from the
tumor bed with tumor grade and contrast enhancement on
MRI is shown in Table 2. Lac/NAA and Lip/NAA ratios
were significantly increased for Grade 4 tumors and for the
patients from the MRI� group, but the values were widely
scattered. No correlation was found between the MRS pa-
rameters and the time from surgery.

Patient survival correlated with tumor grade (Fig. 1) and
patient age (Fig. 2). However, the extent of resection did not
correlate with patient survival (Fig. 3), although it did
correlate with the MRI results (Fig. 4).

Table 1. Averaged relative concentration of metabolites for tumor bed and controls

NAA/Cr Cho/Cr mI/Cr Cho/NAA Lac/NAA Lip/NAA

Tumor bed 0.92 � 0.29* 1.64 � 0.64* 0.92 � 0.40† 1.75 � 0.89* 4.6 � 5.1* 3.33 � 3.79*
Control (C1) 1.35 � 0.21* 0.99 � 0.17‡ 0.75 � 0.19‡ 0.77 � 0.15† 0.44 � 0.88 0.73 � 0.85
Control (C2) 1.56 � 0.18 0.95 � 0.18 0.74 � 0.15 0.66 � 0.17 0 0

Abbreviations: NAA � N-acetyl aspartate; Cr � creatine; Cho � choline; mI � myo-inositol; Lac � lactate; Lip � lipid; (C1) � control
group, spectroscopic measurement from the uninvolved opposite brain lobe; C2 � control group of 30 healthy volunteers.

* Highly significant.
† Significant.
‡ Not significant.
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The cutoff levels used for survival analysis were calcu-
lated using logistic regression analysis. It was found that a
Lac/NAA ratio of 2 and a Lip/NAA ratio of 2 were the
cutoff levels with the best predictive value. Patient survival
correlated significantly with the Lac/NAA (Fig. 5) and
Lip/NAA (Fig. 6) ratios. To exclude the confounding influ-
ence of tumor grade, survival was calculated for Grade 3
tumors and the Lac/NAA ratio (Fig. 7).

The forward stepwise multivariate Cox regression anal-
ysis involving all the parameters of the MRS spectrum and
the known prognostic factors such as age, grade, and extent
of surgery, resulted in finding the Lac/NAA ratio and patient
age as the two most important predictors of treatment out-
come (Table 3). The other parameters were excluded by
stepwise procedure.

DISCUSSION

Patients with malignant gliomas have an extremely bad
prognosis. The diffusely infiltrative tumor growth and the
site of primary tumor close to important centers of the
central nervous system generally preclude radical excision
(1). Patient survival depends on both the aggressiveness of

the disease and the ability of postoperative treatment to
sterilize the tumor. We chose to study the prognostic im-
portance of MRS after surgical tumor excision. Although
postoperative changes may potentially change the results of
MRS, we did not observe any correlation between the time
after surgery and the results of MRS. In this case, MRS may
reflect the metabolism of tumor remnants. After a partial
resection of tumor, MRS reflects the metabolism of the
tumor, and after total resection, it reflects the metabolism of
the surgical margins.

MRS in vivo for patients after surgery because of brain
tumor revealed statistically significant decreases in the
NAA/Cr ratio and increases in the Cho/Cr, Cho/NAA, and
mI/Cr ratios. The intensive signals of Lac and Lip appeared
in the spectrum.

The Lac/NAA ratio was found to be the strongest inde-
pendent prognostic and predictive factor for patient sur-
vival. For values of Lac/NAA �2.0 (intensive Lac signal),
the 1-year survival rate was 30%, and none of those patients
were alive 2 years after treatment. For the values of Lac/
NAA �2.0, the 2-year survival rate was close to 80%.
Although the Lac/NAA ratio correlated strongly with the

Fig. 1. Overall survival correlated significantly with tumor grade
Solid line, Grade 3; dotted line, glioblastoma.

Fig. 2. Overall survival correlated with patient age. Solid line, age
�40 years; dashed line, age �40 and �55 years; and dotted/no
line, age �55 years.

Table 2. Correlation between MRS parameters from tumor bed with tumor grade and contrast enhancement in MRI

Tumor bed NAA/Cr Cho/Cr mI/Cr Cho/NAA Lac/NAA Lip/NAA

Anaplastic
astrocytomas 0.94 � 0.24 1.61 � 0.72 1.66 � 0.83 0.95 � 0.54 3.22 � 3.93 2.72 � 3.37

glioblastoma 0.89 � 0.36* 1.71 � 0.45* 1.94 � 0.98* 0.87 � 0.31* 7.13 � 6.07† 4.46 � 4.33‡

MRI� 0.92 � 0.31 1.53 � 0.51 1.53 � 0.40 0.79 � 0.34 1.65 � 1.49 1.63 � 1.03
MRI� 0.93 � 0.29* 1.67 � 0.67* 1.81 � 0.96* 0.95 � 0.50* 5.24 � 5.38‡ 3.70 � 4.07‡

Abbreviations as in Table 1.
* Not significant.
† Highly significant.
‡ Significant.
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histologic findings and MRI, its prognostic importance was
high in the subgroup of patients with Grade 3 tumors and
the group of patients with contrast enhancement on MRI.
The forward stepwise multivariate analysis found the Lac/
NAA ratio and patient age to be the most important predic-
tors of treatment outcome.

Although the latest MRI techniques are able to provide an
excellent depiction of abnormalities in soft tissue morphol-
ogy, they are frequently unable to distinguish treatment-
induced changes from recurrent or residual tumor. For an
assessment of the response to therapy, it is therefore impor-
tant to use functional imaging modalities such as positron
emission tomography and MRS (4).

Large randomized trials have established the clinical
prognostic factors influencing the survival of patients with
malignant gliomas (6–8). The most important factors are

age, neurologic performance status, extent of resection, and
the presence of enhancement on CT or MRI. Unfortunately,
these factors are not sufficient for individualization of treat-
ment. More importantly, functional imaging such as local-
ized MRS may be helpful in delineation of a “boost” region.

Because postoperative MRS studies of the brain are
sparse (9, 10), we can only discuss our findings with regard
to the preoperative parameters.

1H-MRS of the brain consists of several signals that may
be resolved and quantified. The NAA signal derives from
the COOCH3 group of N-acetyl aspartate, the amino acid

Fig. 3. Extent of operation (total [solid line] vs. partial [dotted line]
resection) did not correlate with patient survival.

Fig. 4. Patients with contrast enhancement (dotted line) on MRI
had significantly shorter survival times compared with those with-
out contrast enhancement (solid line).

Fig. 5. Survival curves for the patients with different intensities of
Lac signal. A Lac/NAA cutoff level of 2 was calculated using
logistic regression analysis. Patient survival correlated highly with
Lac signal intensity. Solid line, Lac/NAA �2; dotted line, Lac/
NAA �2.

Fig. 6. Survival curves for the patients with different intensities of
Lip signal. A Lip/NAA cutoff level of 2 was calculated using
logistic regression analysis. Patient survival correlated highly with
Lip signal intensity. Solid line, Lip/NAA �2; dotted line, Lip/
NAA �2.
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that is present primarily in neurons. A decrease in the NAA
level is usually interpreted as due to a reduction in the
number of neurons (11). Novel studies have revealed, how-
ever, that a decreased intensity of the COOCH3 group
signal may reflect lower functional activity of neurons in
response to stress or injury (12). On the other hand, the
elevation of the Cho/Cr, Cho/NAA, and mI/Cr ratios is
explained by the proliferation of glial cells (13). Both Cho
and mI are thought to be products of myelin degradation
(14). Lac and Lip are not present in normal spectrum;
however, the presence of both metabolites in pathologic
tissue has been frequently highlighted by many authors
(15–19). The Lac signal rises whenever the Lac-producing
anaerobic glycolytic pathway exceeds the capacity of the
Lac-catabolizing respiratory pathways or when the cellular
capacity for exporting Lac to the bloodstream is impaired.
Another reason for Lac presence is an impairment of mito-
chondrial function due to hypoxia. Lac is also thought to be
found frequently in malignant gliomas. Similarly, mobile

Lip are more likely to be present in higher grade tumors
than in lower grade ones (15).

Lip signals are not seen in normal spectrum because of
severe broadening resulting from restricted mobility of Lip
molecules involved in cell membrane formation. When cell
membranes become disrupted—for any reason—mobile lip-
ids signals may be resolved in spectrum. Recently, it was
confirmed that the Lip signals not only increase progres-
sively with tumor grade (16, 17) but that there is also a
correlation between the fraction of microscopic necrosis and
their integral intensity, as observed ex vivo using 1H-MRS
(18). Similarly, it has been shown that Lac signals are
present in high-grade astrocytomas and absent in most low-
grade gliomas (19). The close correlation of the Lac and Lip
concentrations suggests that the mechanisms of their in-
crease are similar.

In summary, we have found an unexpectedly high corre-
lation between patient survival and Lac signal intensity. It is
possible that postoperative MRS reflects the metabolism of
the postoperative site. Factors such as hypoxia, blood–brain
barrier disruption, edema, demyelinization, and inflamma-
tory responses may change brain metabolic function, result-
ing in changes in the MRS signals (5). The poor outcome of
patients with strong Lac signals may be explained by the
decreased radiosensitivity in the presence of hypoxia.

Clearly, additional review with a large population will
improve the multivariate analysis, important in not only
dissecting out the influence of histologic grade and age, but
also in the degree of residual tumor seen on MRI.
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