


Abstract
Ribom, D. 2002. In search of  prognostic factors in grade 2 gliomas. Acta Universitatis 
Upsaliensis. Comprehensive Summaries of  Uppsala Dissertations from the Faculty of  Medicine 1194. 
39 pp. Uppsala. ISBN 91-554-5435-6.

Grade 2 gliomas are malignant brain tumours affecting otherwise healthy adults. Although 
the long-term prognosis is poor, many patients are well and may have a high quality of  life for 
several years. There is, however, a large variability in the natural course of  the disease which 
makes it essential to identify patients who might benefit from early surgery or radiotherapy. 
The aim of  the present thesis was to define new and clinically useful prognostic markers that 
may assist in the initial treatment decision and in patient follow-up.

A retrospective study of  189 patients with gliomas WHO grade 2 showed no advantage in 
survival of  early tumour resection or radiotherapy, and confirmed that histological subtype and 
patient age are the most important predictors of  survival (I). In 89 patients, the pre-treatment 
uptake of  11C-methionine (MET) measured with positron emission tomography (PET) was 
identified as a prognostic marker for survival (II). At the time of  tumour progression, irradi-
ated tumours demonstrated signs of  a residual radiotherapeutic effect that correlated with the 
pre-treatment uptake of  MET (III). Pre-treatment uptake of  MET may, therefore, be important 
both in predicting the natural course of  the disease and the response after treatment. Immuno-
histochemical staining of  40 tumour samples showed an inverse association between the 
number of  tumour cells expressing platelet-derived growth factor alpha receptor (PDGFRα) 
and survival (IV). Also, a reduction was observed in the number of  receptor-positive cells after 
malignant transformation, supporting the prognostic value of  PDGFRα.

Lumbar puncture was performed in eight patients with newly diagnosed low-grade gliomas 
to identify three important growth factors in tumour development. Neither PDGF nor vas-
cular endothelial growth factor (VEGF) were detected in the cerebrospinal fluid (CSF), and 
fibroblast growth factor 2 (FGF-2) was measurable at extremely low concentrations in two of  
the patients (V). A proteome screening of  the CSF, using two-dimensional gel electrophoresis 
and mass spectrometry, detected alpha 2-HS glycoprotein at significantly higher concentra-
tions than in a control group (VI). This glycoprotein emerges as a novel substance in glioma 
research and may be of  great interest because of  its suggested involvement in the embryonic 
development of  the neocortex.
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Abbreviations
bFGF basic fibroblast growth factor
CSF cerebrospinal fluid
CT computerised tomography
EGF epithelial growth factor
EGFR epithelial growth factor receptor
ELISA enzyme-linked immunosorbant assay
EORTC European Organisation for Research and Treatment of  Cancer
FDG 18F-fluorodeoxyglucose
FGF–2 fibroblast growth factor 2 (formerly bFGF)
G2G grade 2 glioma
GBM glioblastoma multiforme (grade 4 glioma)
Gy Grey
KPS Karnofsky performance status
LOH loss of  heterozygosity
MALDI matrix-assisted laser desorption/ionisation
MS mass spectrometry
MET 11C-methionine (carbon-11 methionine)
MRI magnetic resonance imaging
NCCTG North Central Cancer Treatment Group
PDGF platelet-derived growth factor
PDGFRα platelet-derived growth factor alpha receptor 
PET positron emission tomography
TOF time of  flight
VEGF vascular endothelial growth factor
WHO World Health Organisation
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Background
The present thesis focuses on the three most fre-
quent forms of  grade 2 gliomas in adults: diffuse 
astrocytomas, oligodendrogliomas and oligoastro-
cytomas, and these will be referred to as grade 
2 gliomas (G2G). In some of  the articles of  the 
thesis the term “low-grade glioma” is used defin-
ing the same group of  tumours. 

G2G are malignant brain tumours affect-
ing otherwise healthy relatively young people. 
The average age at the time of  diagnosis is 
approximately 40 years (Figure 1).1 The disease 
is rare, having an annual incidence of  1.5-1.8 per 
100 000 inhabitants.2,3 There is a slight predomi-
nance in males, constituting approximately 60% 
of  cases.4 The aetiology of  gliomas is basically 
unknown. High-dose ionising radiation exposure 
is, however, an accepted risk factor for brain 
tumours including gliomas.5 Studies of  radiofre-
quency exposures, such as by mobile phones, are 
ongoing and the largest study performed so far 
found no association.6-8 The evidence for the role 
of  other risk factors, e.g. occupational exposures, 
exposure to tobacco, diet, trauma, and infections, 
is insufficient.5 

Outcome among patients with G2G varies 
considerably. The median rate of  survival in most 
studies is 5-8 years and five year survival rate is 
50-80 percent.9,10 In some patients, the disease 
has an indolent course for many years, whereas 
others experience a rapid tumour progression 
from the start and die within months from the 
diagnosis. Most tumours dedifferentiate to a more 
malignant form at some point but some patients 
die from grade 2 tumours.9 The optimal manage-
ment of  patients with G2G is controversial. Few 
controlled prospective trials have been performed 
and the therapeutic decisions have therefore been 
based on retrospective reports. To date, there is no 
evidence that surgery or radiotherapy result in a 
prolonged survival.

Histological classifi cation 
The histological classification of  brain tumours is 
complex. The classification serves into divide the 
tumours in histological subgroups based on the 
predominant cell type, and uses a grading system 
to estimate malignancy.3,11 Since 1993 the World 
Health Organization (WHO) classification of  brain 
tumours has been the leading system. It divides 
brain tumours into many subtypes and into four 
malignancy grades (1-4).11 Grade 1 astrocytomas 
(pilocytic astrocytomas) are more common in 
children and are considered benign, having a much 
more favourable prognosis.12 Grade 2 gliomas are 
well-differentiated tumours with increased cellular-
ity and some cellular and nuclear polymorphism. 
Apart from diffuse astrocytomas, oligodendrog-
liomas and oligoastrocytomas, the more uncom-
mon forms of  grade 2 gliomas (pleomorphic xan-
thoastrocytomas, ependymomas and subependy-
momomas etc.) will not be discussed further. The 
presence of  mitotic activity characterises grade 3 
gliomas (anaplastic gliomas), and endothelial cell 
proliferation and necrosis are signs of  the most 
malignant form, grade 4 gliomas (glioblastoma 
multiforme [GBM]).13 

Astrocytomas
Diffuse grade 2 astrocytomas are the most 
common subtype of  G2G.3 Microscopically, the 
tumours are well differentiated, poorly defined, 
infiltrating and typically occur during the third 
or fourth decade of  life. Based on morphological 
characteristics, the tumours can be divided into 
three variants: fibrillary, protoplasmic and gemis-
tocytic. This subclassification has prognostic impli-
cations since gemistocytic astrocytomas have a 
higher tendency to undergo early malignant trans-
formation and the patients have a worse progno-
sis.12 Glial fibrillary acidic protein (GFAP) is com-
monly expressed by the tumour cells but GFAP is 
also expressed by reactive astrocytes.14 The five-
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year survival rate for the group of  astrocytomas as 
a whole has been estimated at around 50%.12 

Oligodendrogliomas
Oligodendrogliomas are less common than diffuse 
astrocytomas. The tumours are well-differentiated, 
diffusely infiltrating and are typically located in 
the cerebral hemispheres. Morphologically the 
cells resemble oligodendroglia, but the WHO 
definition avoids establishing the histogenesis. 
The histological criteria distinguishing between 
well-differentiated (grade 2) and anaplastic (grade 
3) oligodendrogliomas are less clear than for other 
gliomas. Aggressive forms may be pathologically 
well differentiated but clinically rapidly progres-
sive and, conversely, features such as microvas-
cular proliferation or pseudopalisading necrosis 
in an oligodendroglial tumour does not always 
indicate transition to GBM.11 Microscopically, 
neoplastic oligodendrocytes are recognized by the 
characteristic perinuclear haloes around the naked 
nuclei of  the cells and by the absence of  immunos-
taining for GFAP. Allelic loss of  chromosome 1p, 
or combined 1p and 19q loss, is present in 50-
70% of  oligodendrogliomas and has emerged in 
recent years as an marker for good chemotherapy 
response and long surivival.15-18 Thus, oligoden-
droglial tumours are the first brain tumours for 
which a molecular genetic analysis may become a 
routine diagnostic procedure for guiding therapy 
and predicting outcome.11

Oligoastrocytomas
Oligoastrocytomas show a mixture of  neoplastic 
cell types resembling the tumour cells in oligo-

dendrogliomas and diffuse astrocytomas.11 The 
histological classification of  oligoastrocytomas 
is difficult and controversial, and the distinction 
from other G2G is not improved by radiological 
methods. No specific molecular genetic alterations 
separate oligoastrocytomas from diffuse astrocyto-
mas and oligodendrogliomas. Recently, diagnostic 
immunohistochemical markers for neoplastic 
oligodendrocytes have become available and 
might facilitate the classification in the future.11,19,20 
Clinically the tumours are slightly less malignant 
than diffuse astrocytomas but have a higher risk 
of  malignant transformation and worse prognosis 
than pure oligodendrogliomas.21 

Clinical and radiological 
characteristics 
Symptoms
The most frequent presenting symptom of  G2G is 
seizures. In most studies, 65-90% of  patients expe-
rience seizures or epilepsy.22 Sometimes epilepsy is 
the only symptom for months or years in the non-
progressive phase of  the disease. Other symptoms 
are cognitive dysfunction, which more often is a 
later symptom, and headache, which is probably 
overrated as an isolated symptom.23 

Radiological appearance 
G2G most commonly develop supratentorially in 
the cerebral hemispheres. The tumours are most 
frequently located in the frontal lobe, followed 
by the temporal lobe.24 The typical radiographic 
appearance is a diffuse non-enhancing hypodensity 
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Figure 1 (κ)  Histogram showing the 
age distribution in the patient sample 
in paper I. Median age of patients with 
grade 2 gliomas is in most studies 
about 40 years, which is 15 years 
lower than for high grade gliomas 
(grades 3 and 4).
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on computed tomography (CT) with little or no 
oedema. On magnetic resonance imaging (MRI), 
the lesion typically presents as a low-density area 
on T1-weighted images and hyperintense on T2-
weighted images (Figure 2).4 In about half  of  all 
oligodendrogliomas calcifications are found show-
ing a rather typical radiological picture on CT or 
MRI.25 In some studies 27-43 % of  G2G have been 
contrast enhancing.26,27 The typical radiographic 
diagnosis is uncertain as 18-50% of  suspected G2G 
on CT or MRI are anaplastic gliomas after histo-
logical evaluation or have another aetiology.28,29 
Preliminary reports show that low-grade gliomas 
grow at a possible linear rate from the start and 
after surgery, as sole treatment, continue to grow at 
approximately the same rate.30

Clinical course
Irrespective of  therapeutic management, a consider-
able number of  patients experience an indolent start 
of  the disease. Often the patients have a normal 
performance status and medically only require anti-
convulsive treatment. After some time, the disease 
becomes progressive and new symptoms develop. 
Several studies have reported a high frequency of  
malignant transformation from low-grade to ana-
plastic glioma or GBM during the course of  the dis-
ease (Figure 2).31-33 Also, a shift of  the predominant 
cell type may occur from low-grade oligodendrog-
lioma into anaplastic oligoastrocytomas, anaplastic 
astrocytomas or GBM. When dedifferentiation 
occurs, the remaining survival time is usually as 
poor as for primary high-grade gliomas.

A B C

D E F

Figure 2 (κ)  Magnetic resonance images of a grade 2 oligoastrocytoma in the right hemisphere at the time of diagnosis (A-C) and after 
malignant transformation to glioblastoma multiforme (grade 4) three years later (D-F). Axial and sagittal T1-weighted postcontrast images show 
slight enhancement at the time of diagnosis (A, B) and massive contrast leakage and growth through corpus callosum to the left hemisphere 
after progression (D, E). Coronal T2-weighted images (C, F) demonstrate tumour enlargement and oedema after progression (F).  
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Prognostic factors
Clinical and radiological factors
Histological subtype and patient age are the two 
most important prognostic factors for patients with 
G2G.9 Patients with oligodendrogliomas have a 
more favourable prognosis compared to the other 
two subgroups and their five-year survival rate is 
70-80%.25 Sporadic cases have been described of  
patients surviving for 3 or 4 decades.

Several investigators have found that patient age 
is inversely related to survival.27,32,34-36 A linear func-
tional relationship between age and prognosis has 
been found by some.34,37 A strong inverse relation-
ship between patient age and the interval to malig-
nant transformation in low-grade astrocytomas has 
also been demonstrated.38 Other studies have shown 
that younger patients with grade 3 gliomas may have 
a better outcome than older patients with G2G.39 

The three large randomised trials recently 
published have confirmed the prognostic factors 
suggested by many retrospective studies.40-42 Apart 
from patient age and histologic subtype, large 
tumour size, poor clinical status, and tumours 
crossing the midline were independent prognostic 
factors for short survival.37,40 These factors were 
also important for the length of  time to progres-
sion.40 The data from two trials by the European 
Organisation for Research and Treatment of  
Cancer (EORTC) were used in constructing and 
validating these prognostic factors, yielding a low 
risk group of  patients with 0-2 factors and a high 
risk group of  patients with 3-5 factors. The relative 
hazard ratio for death between the groups was 1.83 
(95% confidence interval: 1.48 to 2.26).37 

Other prognostic factors that have been impor-
tant in previous retrospective studies were found 
to be associated with one of  the five most signi-
ficant survival predictors discussed above. For 
example, a negative association was demonstrated 
between the presence of  epilepsy as an only symp-
tom, an important factor in recent retrospective 
studies,27 and neurological deficit measured with 
Karnofsky performance status (KPS). Presence 
of  contrast enhancement may reflect endothelial 
proliferation with leaking blood vessels suggestive 
of  anaplastic features, and has been found to be a 
negative prognostic indicator in retrospective stud-
ies.34,43,44 Information on contrast enhancement 
was missing in the EORTC trials.

A recursive partitioning analysis on retrospec-
tive data has been performed to determine which 
constellation of  prognostic factors best predicts the 
overall survival of  patients with G2G. In this study 
of  401 patients from three databases, combinations 
of  the variables KPS, age and contrast enhance-
ment divided the patients into four prognostic 
subgroups. It is interesting to note that tumour his-
tology was not statistically significant for survival 
in the study and was not entered into the recursive 
partitioning analysis.26

Molecular genetic factors
Some of  the genetic alterations that occur in the 
stepwise development of  glial tumours appear to 
be of  prognostic value.45 Over 50% of  oligoden-
droglial tumours are characterised by loss of  one 
copy of  chromosome 1p, or combined 1p and19q 
loss.15,16,46 An important feature of  tumours with 
these chromosomal changes is that they are more 
chemosensitive than other gliomas, discussed 
below.18 Mutations of  p53, found in up to 67% of  
all diffuse grade 2 astrocytomas, are among the 
earliest mutations that occur in low-grade astro-
cytomas and are thought to be of  importance for 
malignant progression of  the tumour.47 It is not 
clear whether p53 mutations are independent pre-
dictors of  survival. The p53 mutation is considered 
as a marker for the astrocytic origin of  the tumour. 
In mixed gliomas at least two different genotypes 
are found, one with astrocytic alterations (p53 
mutations) and one with oligodendrocytic altera-
tions (1p and 19q), of  which the latter has a more 
favourable prognosis.48 In a large series of  gliomas 
including both high grade and low-grade astrocy-
tomas, mutations of  PTEN, a recently identified 
tumour suppressor gene, were strong, independent 
predictors for short survival.49

Other prognostic factors
Over the last decade many retrospective studies 
have been undertaken to identify prognostic fac-
tors in G2G. Many of  these studies are difficult to 
interpret because patients from diverse prognostic 
subgroups have been included. Different methods 
have been used to estimate proliferative activity 
but there have been reports of  limited reproduc-
ibility and high interobserver variablility.9,50,51 
Some of  the more recent studies have recognized 
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this problem and have focused on more homo-
geneous patient groups. In a retrospective study 
of  74 fibrillary low-grade astrocytomas levels of  
the angiogenic factor vascular endothelial growth 
factor (VEGF) were shown to be independent 
prognostic markers of  survival.52

Therapy
Surgery
Tumour resection to relieve symptoms is consid-
ered justified in patients with increased intracranial 
pressure, neurological deficits related to mass effect, 

Table 1 (κ)  Retrospective studies on survival effects by surgery and radiotherapy
 
      Survival analysis  Survival analysis

     Extent of  Univariate Multivar.  Univariate Multivar.
Author Year N Histology surgery  P-valuea P-valuea Radiation P-valuea P-valuea

 
Laws et al.32 1984 461 A, PA gtr/rstr vs. 0.0001b/0.1c <0.05b ≥40 vs. 0.05b/0.01c NS
     pr/px          <40 Gy
Piepmeier et al.44 1987 60 A, OA gtr vs. 0.616 -– yes vs. 0.061d –
     str/px   no
Shaw et al.36  1989 126 A, OA  gtr/rstr vs. 0.82 0.48 ≥53 vs. 0.039 0.077e/
     pr/px   <53 Gy  0.048f

Soffietti el al.62 1989 81 A gtr vs.str 0.0009 <0.01 ≥40 vs. <40 NS –
     vs. px   vs. none
North et al.55 1990 77 A, OA, PA gtr/str  0.013 0.002 ≤40 vs. 45-59 0.87 –
     vs. px   vs. >60
Whitton et al.63 1990 88 A, OA, O gtr/str vs. NS – ≤55 vs. NS –
     pr/px   >55 Gy
Philippon et al.58 1993 179 A gtr vs. <0.001 <0.05 yes vs. 0.43 NS
     str/px   no 
Westergaard et al.57  1993 218 A radical vs. <0.05 0.058 yes vs. – 0.35
     not radical   no
Shibamoto et al.56 1993 101 A, OA  extensive vs. 0.30 0.24 ≤55 vs. 0.77 0.95
     not extensive   <55 Gy
Janny et al.59 1994 58 A, OA  gtr/rstr vs. 0.03 NS ≥60 vs. 0.60 –
     pr/px   <60 Gy
Rajan et al.64 1994 81  A, OA, O gtr vs. str vs. <0.05 NS – – –
     pr vs. px
Piepmeier et al.33 1996  55 A  gtr vs. 0.001 <0.05 early vs. NS –
     str/px   late 
Bahary et al.60 1996 63 A, OA gtr/str vs. 0.002 <0.05 yes vs.  NS –
     px   no
Scerrati et al.65 1996 131 A, OA, O gtr vs. str 0.0005 0.001 yes vs. 0.005d NS
     vs. pr   no
Leighton et al.35 1997 167 A, OA ≥90% vs. 0.008 0.006 early vs. 0.003d NS
     <90%   late 
Lote et al.34 1997 375 A, OA, O  gtr/str vs. 0.70 – ≥56 vs. 51-55 0.20 –
     px   vs. ≤50 Gy
van Veelen et al.27 1998 90 A, OA, O  gtr vs. 0.002 0.04 – – –
     str/px
Abdulrauf et al.52 1998 74 A  gtr vs. 0.026 0.017 yes vs. 0.526 –
     str/px   no
Bauman et al.26 1999 401 A, OA, O  ≥90% vs. 0.601 – early vs. 0.066d –
     <90%   late
Olson et al.61 2000 106 OA,O  gtr vs. NS – yes vs. NS –
     str/px   no
 
A: astrocytoma; OA: mixed oligoastrocytoma; O: oligodendroglioma; PA: pilocytic astrocytoma; gtr: grosstotal resection, str: subtotal 
resection; rstr: radical subtotal resection; pr: partial removal; px: biopsy; vs.: versus; NS: not significant; –: not analysed
asignificant or nearly significant p-values favouring early and/or aggressive treatment if not otherwise stated; bsurvivors to 5 years; 
csurvivors to 15 years; din favour of late or no radiotherapy ; efull model; f “best” model
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and medically uncontrolled seizures.53 The effect 
of  surgery on the overall survival of  patients is less 
certain since there is no controlled trial addressing 
the issue.54 Table 1 shows the major retrospective 
studies in the CT era addressing the effect of  resec-
tion on patient survival.26,27,32-36,44,52,55-65 In the three 
randomised trials on the effect on radiotherapy, the 
EORTC trial showed an association between extent 
of  surgery and survival, whereas the relationship in 
the large trial by the North Central Cancer Treat-
ment Group (NCCTG) was less clear.40,42 In the 
EORTC trial, however, extensive surgery was con-
founded by both tumour crossing the midline and 
largest diameter, and the positive effect of  surgery 
was reduced, but still statistically significant at the 
5% level in the multivariate analysis.37 Berger et al 
found lower frequencies of  recurrences and malig-
nant transformations in patients with small residual 
tumour bulk.66 The effects on survival were, how-
ever, not analysed.

From a retrospective review, Vecht et al. con-
cluded that the treatment should be more aggres-
sive in older patients, setting the limit for operation 
above the age of  35 years. Based on the assump-
tion that surgery is of  value in more aggressive 
tumours, surgical removal is probably a good strat-
egy in these cases.54 The benefit from this regimen 
has not been demonstrated in prospective studies. 

There is a statistical bias in the method of  
determining the effect of  surgery on patient sur-

vival. This is sometimes referred to as Will Rogers´ 
phenomenon*.67 Since the histology of  gliomas is 
heterogeneous, different parts of  the tumour may 
show different malignancy grades. Therefore, 
there is always a risk of  including tumours with a 
higher grade in a group in which the histology is 
based on a small resection or biopsy only. Using a 
more sensitive diagnostic method, in this case large 
resection, more tumours will be classified as grade 
3. Changing the method paradoxically increases 
the average survival of  both groups (Figure 3). 

Radiotherapy
Three controlled prospective trials have investi-
gated the effect of  radiotherapy in patients with 
low-grade gliomas (Table 2).40-42 Trial 2284442 by 
the EORTC and the recently published trial by the 
NCCTG40 have compared high-dose to low-dose 
adjuvant radiotherapy and have failed to show a 
radiotherapeutic dose-response. Quality of  life was 
reduced after the high-dose radiotherapy (59.4 grey 
[Gy]) compared the low-dose group (45 Gy) in the 
EORTC trial.68 The third study, the EORTC trial 
22845, showed no difference in overall survival for 
patients who received adjuvant radiotherapy com-
pared to patients receiving radiotherapy at tumour 
progression.41 In this study, a prolonged time 
to progression was reported for the group with 
adjuvant radiotherapy. However, this statistical 
difference was only demonstrated in the univariate 
analysis of  the “intent to treat” patient sample 
(n=290) including at least 52 patients with anaplas-
tic tumours. In gliomas WHO grade 2, there may 
be no positive effect of  radiotherapy at all since 
no formal statistical evaluation was performed on 
these data.
In the clinical setting, radiotherapy of  G2G is 
usually applied post-operatively (“adjuvant”) or 
at the time of  tumour progression. For patients 
who receive radiotherapy, a decision must be made 
about the appropriate treatment field as well as the 
dose. The studies analysing the pattern of  failure 
after radiotherapy in supratentorial G2G have 
shown that the tumours recur within the irradiated 
treatment volume and almost always at the site of  
the primary tumour.69-71 The NCCTG trial found 
92% of  failures within the field, 3% just adjacent 
to the field and 5% more than two cm beyond it.40 
Similar failure patterns were recently demonstrated 
in high grade gliomas after very high doses of  90 

Diagnostic method
(biopsy)

More sensitive 
method

(resection)

III

IV

II II

III

IV

Effect on survival

Improved

Improved

Improved

Figure 3 (κ)  Will Rogers’ phenomenon. The change to a more 
sensitive diagnostic method results in a paradoxical improvement in 
outcome in all subgroups by transferring the relatively worst cases 
to another prognostic subgroup.
II: grade 2; III: grade 3; IV: grade 4

*The paradox is named after a quote from the humorist Will Rogers: 
“When the Okies left California and went to Oklahoma, they raised 
the average intelligence in both states”.
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Gy.72 Most centres therefore use partial-brain treat-
ment fields as opposed to whole-brain radiation. 
Treatment is often given in fractions of  1.8 to 2 Gy 
in a total dose of  50-60 Gy. Figure 4 shows a local-
ised radiation field. 

A spectrum of  radiation-induced toxicities may 
occur in patients receiving therapeutic brain irra-
diation. The NCCTG trial found grade 3 (severe), 
grade 4 (life-threatening), or grade 5 (fatal) toxicity 
in 13% of  study objects (13% after 50.4 Gy and 
14% after 64.8 Gy).40 Three recent studies have 
focused on the long-term adverse effects of  radio-
therapy in adult patients with low-grade gliomas 

and have found an increased rate of  cognitive 
impairment, leukoencephalopathy and radiation 
necrosis among irradiated patients.61,73,74 The risk 
for cognitive dysfunction and radiographic changes 
is most likely reduced if  moderate doses and 
restricted fields are used.75

Chemotherapy
Chemotherapy in patients with G2G has mainly 
been evaluated in the salvage setting of  post-
radiotherapy progression. The reports published 
describing chemotherapeutic intervention are small 
and filled with a number of  methodological limita-
tions. Most importantly, the malignance grade of  
patients with G2G treated with chemotherapy at 
the time of  clinical or radiographic progression is 
seldom confirmed by a new biopsy. Therefore a 
high number of  patients with anaplastic tumours is 
probably included in these trials. Only one prospec-
tive randomised trial has been completed, compar-
ing radiotherapy alone and radiotherapy in combi-
nation with 1-(2-chloroethyl)-3-cyclohexyl-1-nitro-
sourea (CCNU) (N=54). In this study, including 
gemistocytic astrocytomas, pilocytic astrocytomas, 
“mildly anaplastic” astrocytmas, oligodendrog-
liomas, mixed oligoastrocytomas, and gangliog-
liomas, there was no difference in response or 
survival rate between the two treatment arms.76 An 
ongoing study by the Radiation Therapy Oncology 
Group (RTOG) is testing the value of  adjuvant 
PCV (procarbazine, lomustine [CCNU] and vin-
cristine) in incompletely resected G2G, and two 
studies are currently performed in North America 
and Europe to test the use of  adjuvant PCV in 

Table 2 (κ)  Randomised trials on radiotherapy in low-grade gliomas

      5 year  Log- 5 year  Log-
     Treatment PFS rank OS rank
Study N Age Duration Histology arms (%) P-value (%) P-value

EORTC 2284442 343 16–65 1986–97 A, OA, O, irPA 45 Gy 47 0.94 58 0.73
     59.4 Gy 50  59

NCCTG40 203 18– 1986–95 A, OA, O 50.4 Gy 55 0.65 72 0.48
     64.8 Gy 52  65

EORTC 2284541 290 16–65 1986–97 A, OA, O, irPA Early RT (54 Gy) 44 0.02 63 0.49
     Delayed/no RT 37  66
 
PFS: progression-free survival; OS: overall survival; A: astrocytoma; OA: oligoastrocytoma; O: oligodendroglioma; irPA: incompletely resected 
pilocytic astrocytoma; Gy: Grey; RT: radiotherapy

Figure 4 (κ)  Radiation treatment plan of an astrocytoma in the right 
hemisphere showing the directions of x-rays from the planned frontal 
(1) and dorsolateral sources (2) making an oblique wedge field. 
T: tumour; M: 2-cm margin; 95%: the 95% isodose curve 
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newly diagnosed, operated, and irradiated patients 
with anaplastic oligodendrogliomas.53

The new alkylating agent temozolomide has 
an anti-tumoural effect on high-grade gliomas and 
has shown to be effective in relapsed oligoden-
droglioma after nitrosurea chemotherapy.77,78 
Temozolomide can be administered orally and is 
relatively well tolerated with grade 3 and 4 throm-
bocytopenia and neutropenia occurring in less 
than 10 % of  patients.78 These characteristics of  
temozolomide have resulted in a higher quality of  
life for patients with high-grade gliomas. Promising 
preliminary results have been reported after com-
bined radiotherapy and temozolomide treatment 
of  GBM.79 In G2G, some small studies are ongo-
ing of  which two have reported partial response or 
stable disease.80,81

In general, oligodendroglial tumours are more 
chemosensitive than astrocytic tumours and the 
chemosensitivity of  anaplastic oligodendrogliomas 
is associated with the allelic loss of  chromosome 
arms 1p and 19q.18,82 The evidence for a prolonged 
survival after chemotherapy has been disputable 
both in low-grade and high-grade gliomas. A recent 
meta-analysis, however, has shown a small advan-
tage in survival time for patients with high-grade 
gliomas receiving chemotherapy.83 

The administration of  chemotherapy prior to 
radiotherapy (neoadjuvant) is under investigation 
in gliomas.84 This sequence of  administration 
could allow a more accurate assessment of  the 
treatment response. Theoretically, the absence of  
radiation-induced changes in the tumour blood 
vessels could result in more efficient delivery of  
chemotherapy.  

Positron emission tomography 
in neuro-oncology
Positron emission tomography (PET) has been 
used in oncology for two decades to image cancer 
metabolism. The most prominent example in this 
field is probably the use of  18F-fluorodeoxyglu-
cose (FDG) to stage cancer and to differentiate 
between malignant and benign lesions.85 Another 
interesting target for metabolic tumour imaging is 
the increased protein metabolism in cancer cells 
compared to normal cells assessed by radiolabelled 
amino acids. The most frequently used amino 

acid, 11C-methionine (MET), has a half  life of  20 
minutes and is regarded as especially suitable for 
imaging brain tumours.86 In contrast to FDG, back-
ground uptake of  MET in normal brain tissue is 
low, providing good contrast with tumour uptake. 
The uptake of  MET in normal brain tissue and 
gliomas is mainly determined by a specific carrier-
mediated mechanism,87 although in areas with a 
damaged blood-brain barrier, the MET uptake may 
result from passive diffusion.88 The uptake over the 
cell membrane is mediated through a L-transport 
system.87 The tracer is injected intravenously and 
the PET-images are acquired within the first 40-45 
min after administration. Patients are studied while 
they are fasting, because extracellular amino acid 
concentrations have been found to influence trans-
port in vitro.89 The basis for the detection of  the 
radioactivity is demonstrated in figure 5.

Gliomas, being diffusely infiltrating tumours, 
are difficult to delineate by radiographic methods. 
Many studies have shown that the tumour margins, 
as assessed by MET uptake, are frequently wider 
and more accurate than the boundaries determined 
on MRI or CT.90,91 Also, in comparison with FDG 
PET, a superior tumour delineation has been 
reported for MET.92 The heterogeneous nature of  
glial tumours causes difficulties in finding most 

e+
e-

Figure 5 (κ)  A positron (e+), the positive equivalent to an 
electron, is emitted from the disintegrating nuclide and collides 
with an electron (e-) in the immediate surroundings. Two anti-
parallel photons are emitted from the patient and are detected 
by PET camera. The high number of detectors in the camera 
and the frequent radioactive decay makes a three-dimensional 
determination of the source of the photons possible.
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malignant part of  the tumour. Tumour localisa-
tion based on either MET or FDG PET has been 
demonstrated to be more successful than biopsy 
trajectories based on CT only.93 Figure 6 shows 
progression visualised with PET MET from low-
grade to high-grade glioma.

Two studies have demonstrated a correlation 
between MET uptake and the proliferative activity 
of  glioma cells.94,95 Although some overlap exists, it 
has been possible to roughly discriminate between 
low-grade and high-grade gliomas.92,96 A correla-
tion has been demonstrated between MET uptake 
and the survival of  patients with gliomas grade 
2-4.92,97 PET MET has also been used to differenti-
ate tumours from non-tumour lesions. Herholz et 
al. found 79% accuracy in distinguishing glioma 
from non-neoplastic lesions in 196 patients with a 
suspected brain tumour.98 

Radiological detection of  recurrent or residual 
viable tumour by CT or MRI can be challenging in 
resected and irradiated brain tumours. MET PET 
is considered suitable for following up the effects 
of  such treatment.99,100 For example, Wurker et 
al.100 showed a dose-dependent reduction in uptake 
in low-grade gliomas up to one year after brachy-
therapy, whereas FDG uptake was unchanged. 
Sonoda et al.101 found no MET uptake in six of  
seven cases of  radionecrosis that were difficult to 
establish using CT or MRI. 

Summarising, there is a high clinical potential 
of  PET in neuro-oncology. The general usefulness 

of  PET has, to date, been supplementary to the 
clinical, laboratory and radiographic methods of  
diagnostics and evaluation after treatment. The 
PET method cannot yet replace or significantly 
change the current practice of  surgery, radio-
therapy, or chemotherapy. Nor has the use of  PET 
resulted in a more successful treatment or pro-
longed survival of  patients with gliomas.86 

Developmental aspects 
The cell of  origin of  glial tumours is unknown. 
According to the Nowell’s theory of  clonal evolu-
tion, tumours of  clonal origin arise from a single 
normal cell that has acquired growth advances 
by mutations.102 Two hypotheses of  the origin of  
gliomas exist: a) The dedifferentiation hypothesis pro-
poses that the first cancer cell stems from a normal 
glia cell that acquires genetic changes promoting 
cell growth. Such a tumour cell would appear 
morphologically differentiated but have increased 
growth potential (grade 2). Additional mutations 
would cause a less differentiated appearance (grade 
3) and finally only minimal resemblance to the 
differentiated cell of  origin (grade 4). b) The misdif-
ferentiation hypothesis states that progenitor cells in 
the brain develop into cancer cells by inappropri-
ate stimuli. There is evidence for the existence 
of  multipotential progenitor cells in the human 
adult brain,103 and these cells are multipotent in a 

Figure 6 (κ)  Tumour progression illustrated by 
repeated PET scans in a patient with a grade 2 
glioma. Subtotal resection was performed shortly 
after the first PET scan and histology showed an 
astrocytoma WHO grade 2. After three months, 
the patient had a slight radiographic progression 
that was confirmed by PET. A second operation 
was performed which verified dedifferentiation 
to a grade 3 astrocytoma. Radiotherapy was 
administered but the patient deteriorated and 
died a few months after the third PET scan.



In search of  prognostic factors in grade 2 gliomas

18

strict sense and may generate a broad variety of  
cell types depending on environmental circum-
stances.104 A mutation in such a cell would cause 
misdifferentiation leading to a cell with limited 
differentiation but an ability of  uncontrolled cell 
proliferation.105 The morphology of  such a tumour 
would reflect the stage at which development was 
halted, resulting in tumours of  varying grades and 
histological features (oligodendroglioma, astrocy-
toma etc). 

Regardless of  the mechanism by which these 
tumours arise, they are all characterised by the 
acquirement of  mutations that lead to uncon-
trolled cell growth. This gain of  genetic alterations 
provides an imbalance between growth stimulat-
ing and growth inhibitory signals and a genetic 
instability, leading to further mutations and more 
advanced cancer growth.102 Mutations that involve 
growth-promoting genes (such as proto-oncogenes) 

may lead to an overexpression of  that gene result-
ing in a surplus of  protein (for example platelet-
derived growth factor [PDGF] or PDGF receptor). 
Mutations in growth-inhibiting genes (tumour 
suppressor genes) may result in an inactive protein 
or no protein at all (for example p53).105

There is now strong evidence that distinct 
genetic pathways can produce subsets of  GBM 
(Figure 7). Tumours that are high-grade gliomas 
at the first histology after a short interval of  clini-
cal symptoms (“de novo” or “primary” GBM) 
often overexpress epithelial growth factor receptor 
(EGFR) and rarely have alterations in p53.106 From 
a clinical standpoint, these patients are typically 
older adults. Conversely, high-grade astrocytomas 
developing from a known grade 2 astrocytoma 
(“secondary” GBM) tend to occur in younger 
patients and the tumours frequently have p53 
mutations and loss of  heterozygosity (LOH) on 
chromosome 17p, but rarely overexpress EGFR.

Platelet-derived growth factor 
PDGF is a potent mitogen for connective tissue 
and glial cells and is involved in pathological dis-
orders such as inflammation, atherosclerosis and 
cancer.107 The PDGF family currently consists of  
at least four gene products, PDGF-A, PDGF-B, 
PDGF-C and PDGF-D, which selectively signal 
through two PDGF receptors (PDGFRα and ß 
receptor) to regulate diverse cellular functions.108-111 
Growth stimulation by PDGF is associated with 
the pathway of  secondary GBM, and the overex-
pression of  the PDGF alpha-receptor (PDGFRα) 
is probably an early event in tumour progression of  
low-grade gliomas.112-115 

The overexpression of  the PDGF A- and B-
chains is considered to be a later phenomenon 
in the malignant development from low-grade to 
high-grade tumour.113 The expression of  PDGF 
A- and B-chains has been absent or low in tumour 
samples from gliomas of  grade 2, whereas the 
levels of  expression in anaplastic gliomas and 
glioblastomas have been high.112 Consequently, a 
basis for paracrine and autocrine loops exists in 
malignant gliomas but not necessarily in low-grade 
gliomas. High concentrations of  PDGF have also 
been measured in fluid from malignant astrocy-
toma cysts. In most cases, the concentrations have 
been considerably higher than the levels required 
for maximal PDGF effect on cells in vitro.116
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Figure 7 (κ)  Common genetic alterations in primary or “de novo” 
glioblastoma multiforme (GBM), and in grade 2 astrocytomas and 
oligodendrogliomas developing into a “secondary” GBM.
N: normal cell; A2: astrocytoma grade 2; AA: anaplastic astrocy-
toma (grade 3); O2: oligodendroglioma grade 2; AO: anaplastic oli-
godendroglioma (grade 3); EGFR: epithelial growth factor receptor; 
LOH: loss of heterozygosity; PDGF: platelet-derived growth factor; 
9p: short arm of chromosome 9; 19q: long arm of chromosome 19
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Although the genetic pathway of  oligodendro-
gliomas is different from astrocytomas, expres-
sion of  PDGFRα has also been demonstrated on 
oligodendrocyte precursor cells (O-2A) and on 
oligodendroglioma cells.117,118 In a recent study of  a 
larger sample of  malignant gliomas, amplification 
of  the PDGFRα gene was only observed in highly 
anaplastic tumours with oligodendroglial differ-
entiation, and not in malignant astrocytomas.119 
Thus, PDGFRα expression is an important feature 
of  tumours of  oligodendroglial lineage as well. 

Angiogenesis
It has become well accepted that solid tumours 
must create a vascular system for nutrient delivery 
and waste removal in order to grow appreciably. 
This process, angiogenesis, is critical to the pro-
gression of  gliomas with vascular changes accom-
panying the advancement of  these tumours.120 The 
role of  VEGF and fibroblast growth factor-2 (FGF-
2, formerly basic FGF or bFGF) in glioma angio-
genesis has been convincingly demonstrated.120,121 
VEGF induces endothelial cell proliferation and 
vascular hyperpermeability,122 and appears to be 
the most potent of  the angiogenic growth factors to 
date.121 It is thought that FGF-2 may participate in 
angiogenesis in two primary ways: by modulating 
endothelial cell activity and by regulating VEGF 
expression in tumour cells.120 VEGF has been 
detected in supernatants of  cultured glioblastoma 
multiforme cells and in cyst fluid derived from 
glioblastoma multiforme122 and FGF-2 has been 
detected in the cerebrospinal fluid (CSF) of  62% of  
children and young adults with brain tumours.123

Proteomics 
Proteomics is the large-scale study of  proteins usu-
ally by biochemical methods. The word proteomics 
has been associated traditionally with displaying 
a large number of  proteins from a given cell line 
or organism on two-dimensional polyacrylamide 
gels.124 Information at the level of  the proteome is 
critical for understanding the function of  specific 
cell types and their role in disease. Since more 
than one mRNA can result from one gene through 
a process of  differential splicing and there are 
more than 200 post-translation modifications that 
proteins could undergo that affect their function, 

mammalian systems are much more complex than 
can be determined by their genes alone. At the 
protein level, distinct changes occur during the 
transformation of  a healthy cell into a neoplastic 
cell, ranging from altered expression, differential 
protein modification and changes in specific activ-
ity, to aberrant localisation, all of  which may affect 
cellular function.125 Recently, a proteomic spectra 
from blood samples was generated to identify ovar-
ian cancer with high sensitivity and specificity.126

Two-dimensional gel electrophoresis
Typically, protein samples are denatured and sepa-
rated on the basis of  their charge through isoelec-
tric focusing. Narrow-range pH gradients have 
been demonstrated to resolve 1000 protein spots. 
The proteins are further separated by migration in 
a polyacrylamide gel on the basis of  their molecu-
lar weights. By use of  silver staining techniques, 
3000 proteins can be visualized on a single gel. 
Stained gels can then be scanned at different reso-
lutions with laser densitometers, and data can be 
analysed with software such as PD-Quest for spot 
detection and quantification.124,125,127 

Mass spectrometry
Unique ionisation techniques, such as electrospray 
ionisation and matrix-assisted laser-desorption 
ionisation (MALDI) have enabled the transfer of  
the proteins into the gas phase, making it condu-
cive to their analysis in the mass spectrometer. 
Typically, sequence-specific proteases are used to 
break up the proteins into peptides that are co-
precipitated with a light-absorbing matrix such 
as dihydroxy benzoic acid. The peptides are then 
subjected to short pulses of  ultraviolet radiation 
under reduced pressure. Some of  the peptides are 
ionised and accelerated in an electric field and 
subsequently turned back through an energy cor-
rection device. Peptide mass is derived through a 
time-of-flight (TOF) measurement of  the elapsed 
time from acceleration-to-field free drift or through 
a quadrupole detector. A peptide mass map is 
generated with the sensitivity to detect molecules 
at a few parts per million. Hence a spectrum is 
generated with the molecular mass of  individual 
peptides, which are used to search databases to 
find matching proteins.124,125,127 
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The general purpose of  the present investigation 
was to define new and clinically useful prognos-
tic markers. One category of  prognostic markers 
would be assessable at the time of  diagnosis to 
divide patients into prognostic subgroups and 
provide a ground for different treatment strategies. 
Another category of  prognostic markers would be 
biological markers, assessable at different occasions 
during the course of  the disease and would be help-
ful in monitoring the disease, heralding the malig-
nant transformation that most patients encounter 
and evaluating the response after treatment.

Aims of the study
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Patients
Retrospective studies
The study sample of  G2G used for the retrospec-
tive studies (I-IV) was gathered by the combined 
information from four databases: 
(1) the database at the department of  neurosurgery 

of  patients with malignant brain tumours (ICD 
code 191) cross-checked with the code for resec-
tion of  pathological lesion (partial resection: 
0140; subtotal resection: 0141; radical exstirpa-
tion: 0142) or biopsy from scull, brain, cranial 
nerve roots or meninges (diagnostic resection: 
0180; diagnostic puncture: 0181),

(2) the database at the department of  genetics and 
pathology using the topographic code (T) brain 
(or X2), and morphological codes (M) for astro-
cytoma (94003), oligoastrocytoma (93823) and 
oligodendroglioma (94593),

(3) the database at Uppsala university PET Centre 
of  PET investigations with 11C-methionine 
(MET), and

(4) the archive for medical records at Uppsala 
University Hospital.

Patients fulfilling the following criteria were con-
sidered for retrospective studies: 
(a) histologically confirmed low-grade astrocy-

toma, low-grade oligoastrocytoma, or low-
grade oligodendroglioma according to the con-
temporary tumour classification, 

(b) tumour visualised with CT or MRI, 
(c) supratentorial location of  the tumour, and
(d) age at the time of  presentation > 15 years.

Prospective studies
Since 1998 a neuro-oncology team at the depart-
ment of  neurology has evaluated adult patients 
referred to the department of  neurosurgery for 
treatment or further investigation of  a suspected 
low-grade glioma. Patients willing to participate in 
the prospective studies are followed and included 
in different studies. 

Methods

Positron emission tomography
PET technique
The PET scans were performed with three different 
PET cameras: Prior to November 1991 all patients 
were scanned in a Scanditronix PC-384 B positron 
emission tomographic camera providing three 
slices of  approximately 11 mm, a slice separa-
tion of  13.5 mm and a spatial resolution of  8 mm 
(Camera 1). From November 1991 to July 1999 
patients were studied in a Scanditronix/GEMS 
PC2048-15B camera, providing 15 contiguous 6.5 
mm slices with a 6 mm axial and transaxial resolu-
tion (Camera 2). After July 1999, a Siemens ECAT 
HR+ camera was used with an axial field of  view 
of  155 mm providing 63 contiguous 2.46 mm slices 
with a 5.6 mm transaxial and a 5.4 mm axial reso-
lution (Camera 3). 

The PET scans with Cameras 1 and 2 were 
performed as described by Bergström et al.87 The 
MET was injected intravenously, and dynamic 
emission scanning was performed. Summation 
images covering 20-40 minutes after the injection 
were used for the analysis. Doses of  50 to 200 MBq 
MET were used for Camera 1 and 300-400 MBq 
for Cameras 2 and 3. All patients fasted for at least 
4 hours before the investigation. 

Evaluations
In each tumour the hot spot activity (HS), the 
average activity (AA) of  the tumour, the tumours 
volume and the activity of  the contralateral cortex 
(MCU) were measured. The hot spot was defined 
as ten connected pixels within the tumour with the 
highest MET uptake, representing an area of  55-60 
mm2. In paper III a further analysis of  areas with 
high uptake was performed defining multiple HS. 
The definition used for a second HS was another ten 
connected pixels with (1) an uptake not less than 10 
percent below the first HS and (2) in a distance not 
less than 20 mm from the first HS. The uptake in 
between the hot spots was not to exceed 80 percent 
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of  the uptake in the first HS. A third hot spot was 
defined by same criteria if  the distance criteria were 
met in relation to both the first and second HS. 

Two different methods of  determining the 
tumour volume were used. In paper I PET Centre’s 
clinical method was used, outlining the tumour 
volume by a 50% cut off  between the activity in the 
hotspot and the activity in the healthy hemisphere. 
This method was considered less appropriate when 
comparing PET scans at different occasions. Espe-
cially in evaluations after therapy an increase or 
decrease of  the activity in the HS would have great 
effects on the tumour volume that could in some 
cases be misleading. For example, a reduced HS 
activity in an otherwise unchanged tumour would 
result in a falsely increase in tumour volume. Since 
the average activity of  the tumour is based on the 
tumour volume, this was considered important. 
In paper III a fixed delineation method was used, 
defining the tumour volume as the uptake in the 
region of  the tumour exceeding 1.4 times the activ-
ity of  the healthy hemisphere. This tumour margin 
corresponded well with the visual assessment of  
the tumour volume (Figure 8). 

The definition for the average activity of  the 
tumour (AA) was the mean uptake in the tumour 
volume. In cases with a lower or equal uptake in 
the tumour compared to healthy brain tissue, the 
AA was measured within the tumour extension 
on CT or MRI.

For all tumours the HS and the AA were related 
to the MET uptake in a reference area. As a refer-
ence two areas in the healthy hemisphere were 
evaluated: (1) the mean cortical uptake (MCU), 
consisting of  six regions of  interest (ROI) in the 
healthy hemisphere, each approximately 30 x 10 

mm, (2) the corresponding contralateral activity 
(CA), i.e. the area corresponding to the tumour 
area in the healthy hemisphere. The latter reference 
was not useful in all patients since the areas for the 
CA were placed in non-tissue regions (ventricle, 
subarachnoid space etc) or overlapped the tumour 
margin (central localisation). Only the reference 
MCU was used in paper III.

Immunohistochemistry
The immunohistochemical procedures were per-
formed at the Rudbeck laboratory, Uppsala Univer-
sity. Formalin-fixed and paraffin-embedded samples 
were sectioned and deparaffinized. A polyclonal 
anti-human PDGFRα antiserum (C-20, Santa Cruz 
Biotechnology, CA) was used as a primary antibody. 
Incubation was at 4°C over night, followed by incu-
bation with a biotinylated swine antiserum (C-20, 
Santa Cruz Biotechnology, CA). The immune reac-
tions were visualized with an avidin-biotin complex 
(Vectastain, Vector Laboratories, Burlingame, CA) 
followed by 3,3’-diaminobenzoidine tetrahydrochlo-
ride (DAB; Sigma, St. Louis, MO) with Ni-enhance-
ment.128 Sections incubated without a primary anti-
body were used as a negative control. All sections 
were counterstained in Mayers hematoxylin-eosin.

To check the specificity of  the immuno-
stainings, cultured porcine aortic endothelial 
cells (Paec) were used, transfected with human 
PDGFRα      (Zar 15)129 and PDGFRα cDNA (Znr 
5),              130 respectively. Non-transfected Paec cells served 
as a negative control. Blocking experiments were 
also performed, in which the C-20 antibodies were 
preincubated at 4°C over night with 0.1 mM of  the 

Figure 8 (κ)  Topographic illustration of the two methods 
used to determine the tumour volume on PET. To the 
left the fixed delineation is shown (Fixed TV), defining 
the tumour volume as the uptake in the region of the 
tumour exceeding 1.4 times the mean activity of the 
healthy hemisphere (MAHH), and to the right, the tumour 
volume outlined by a 50% cutoff between the activity 
in the hotspot (HS) and the mean activity in the healthy 
hemisphere (A). After treatment that reduces the HS, 
the tumour volume defined by the 50% cutoff is falsely 
increased (B).
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corresponding peptide (TIE; amino acids 1066-
1084 of  human PDGFRα      ),131 or with the same 
concentration of  an unrelated peptide (TGF-ß

1
 

[sc-146P], Santa Cruz Biotechnology) or without 
addition of  peptides. 

Immunohistochemical analysis
The degree of  staining was estimated by counting 
positively stained cells of  a total number of  150-
200 cells for each sample. The degree of  staining 
was documented continuously as a percentage. In 
cases where the inter-observer variability exceeded 
10 percent, twice the number of  counted areas 
were analysed to obtain representative estimations 
of  the number of  positive cells in the tumours. 

Radioreceptor assay 
and ELISA 
PDGF measurements
The concentrations of  PDGF in CSF specimens 
were measured indirectly using a radioreceptor 
assay for PDGF alpha-receptor competing activ-
ity, developed at the Ludwig Institute for Cancer 
Research. A recombinant peptide corresponding to 
an extracellular part of  the PDGF alpha-receptor 
was used to bind the PDGF isoforms AA, AB, BB 
and CC.132 For detection of  PDGF in the samples, 
competitive binding with 125I-PDGF was used, and 
radioactivity was counted in a gamma-counter. 
The detection limit for recombinant human PDGF 
was 1.0 ng/mL.

Determination of angiogenic peptides
VEGF and FGF-2 were analyzed using commer-
cial sandwich ELISA kits, (Quantikine Human 
VEGF and Quantikine human FGF-2 HS [R&D 
Systems, Minneapolis, MN, USA]), in which a 
monoclonal antibody specific for the peptide was 
coated onto micro-titer plates. The VEGF assay 
detects the VEGF

165
 isoform. Standards and sam-

ples were pipetted into the wells and the peptide 
was bound to the immobilized antibodies. The 
absorbance was measured in a SpectraMax 250 
(Molecular Devices, Sunnyvale, CA, USA). The 
peptide concentrations in the samples were deter-
mined by comparing the optical density of  the 
sample with the standard curve. The assays were 
calibrated against highly purified recombinant 

human VEGF and FGF-2, respectively. The detec-
tion limit for recombinant VEGF and FGF-2 was 
15 pg/mL and 0.5 pg/mL, respectively.

2-D gel electrophoresis and 
mass spectrometry
Two-dimensional gel electrophoresis
The 2-D gel electrophresis and mass spectroscopy 
was performed at Department of Clinical Neuro-
science, Göteborg University. The first dimension 
was carried out using Immobiline Dry strip gels 
(IPG), pH 4-7, 7 cm (BioRad, Hercules, CA), with 
the Protean isoelectric focusing (IEF) Cell from 
BioRad (Hercules, CA, USA). Active rehydra-
tion of  50 V was performed. The focusing was 
completed at 20000 Vh. The second dimension 
separation was carried out using the Nu-polyacryl-
amide gel electrophoresis (PAGE) mini-gel system 
(NOVEX, San Diego, CA, USA) combined with 
3-[N-morpholino] ethane sulfonic acid (MES) 
running buffer (1 M MES, 1 M Tris, 69 mM SDS, 
16 mM ethylenediaminetetraacetic acid [EDTA]). 
The mini-gels were stained with SYPRO Ruby Pro-
tein Stains (BioRad, Hercules, CA, USA) accord-
ing to the supplier’s protocols. Image acquisition 
and analysis were performed on a Fluor-S Multi-
Imager (BioRad, Hercules, CA, USA). The protein 
spots were detected, quantified and matched using 
the PD-Quest 2D-gel analysis software, version 6. 
Figure 9 shows a 2-D mini gel. 

Mass spectrometry 
Tryptic peptides were reconstituted in 20 µL 0.1% 
FA and purified with Zip Tip

C18
 (Millipore, Bed-

ford, USA). The matrix-assisted laser desorption/
ionisation-time-of  flight mass spectrometry 
(MALDI-TOF-MS) analyses were performed 
with an upgraded Reflex II MALDI-TOF mass 
spectrometer (Bruker-Franzen Analytik GmbH, 
Bremen, Germany) equipped with a two stage 
electrostatic reflectron, a delayed extraction (time-
lag-focusing) ion source, a high-resolution reflec-
tor detector and a 2GHz digitiser. Spectra were 
acquired in the reflected mode at an accelerating 
voltage of  20 kV. The mass spectra were initially 
calibrated by external calibration using a mixture 
of  known peptides and later recalibrated by using 
two autodigestion products of  porcine trypsin as 
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internal calibrants. The protein database search 
tool ”ProFound” (http://129.85.19.192/profound_
bin/WebProFound.exe) was used to compare the 
monoisotopic m/z values of  the tryptic fragments 
to known proteins in the NCBI nr (2001/02/09) 
database. A mass deviation of  50 ppm was toler-
ated and Homo sapiens was specified. 

Statistics
Mann-Whitney U test and Wilcoxon signed rank 
test were used to compare unpaired and paired 
groups, respectively. The exact randomisation test 
was used in paper VI due to the small size of  the 
patient sample in the study. Fisher’s exact test was 
used comparing distribution (I). Simple linear 
regression was used to assess the coefficient of  
determination (r2) (II, III). Survival curves were 
plotted according to the Kaplan-Meier method 
(product-limit method). In the univariate survival 
analysis the log-rank probability test (Mantel-Cox) 
(II, III) and Cox’s proportional hazard model (IV) 
were used. Cox’s proportional hazard model was 
used to calculate the prognostic impact of  the vari-
ables in the multivariate survival analyses. In paper 
II, a forward stepwise selection of  variables was 
used to allow multivariate evaluation of  variables 
that were not significant in the univariate analysis. 
The natural logarithm (ln) of  the cumulative hazard 
plots was made to assess the assumption of  the pro-
portional hazard functions. Parameters were also 
entered as products in the model to test for interac-
tion. The statistical calculations were performed 
in StatView 5.0 (SAS Institute Incorporated, Cary, 
North Carolina, USA). 

Figure 9 (κ)  A typical image of a SYPRO-Ruby stained 2-D mini 
gel of CSF proteins. Protein samples were denatured and sepa-
rated on the basis of their charge through isoelectric focusing, and 
on the basis of their molecular weights. By use of silver staining 
techniques, 3000 proteins can be visualized on a single gel.
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Studies I-III
Patient characteristics
The total patient sample consisted of  189 patients 
with histologically verified supratentorial diffuse 
astrocytomas, oligodendrogliomas or oligoastrocy-
tomas WHO grade 2 (I). Only three retrospective 
studies published from single institutions have had 
larger patient samples.32,34,57 Almost equal numbers 
of  tumours were astrocytomas and oligodendrog-
liomas (70 and 68, respectively), and the remaining 
51 tumours were oligoastrocytomas. The median 
age at the time of  disease presentation was 38 
years (range 16 to 79 years). A large majority of  
patients (149 cases, 79%) had seizures as the single 
first symptom (76 cases) or in combination with 
other symptoms (73 cases). Headache was reported 
by 36 patients (19%) and 21 suffered from cogni-
tive dysfunction (11%). One hundred forty-nine 
patients (79%) had a clinical status of  KPS 90 or 
above. The KPS for 23 (12%) patients was 80 and 
17 (9%) patients had a KPS of  70 or below. The 
tumours were most frequently located in the fron-
tal lobe (119 cases, 63%), followed by the temporal 
lobe (74 cases, 39%) and the parietal lobe (42 cases, 
22%). Sixty-two tumours were multilobed and 16 
had a central extension. Including both CT- and 
MRI-scans, 80 tumours (42%) had some degree of  
contrast enhancement. 

Treatment 
Macroscopic total resection was performed in 15% 
of  cases, leaving no visible bulk on postopera-
tive CT. Subtotal resection was done in 48%, and 
histological diagnosis was obtained by ultrasound 
guided or stereotactic biopsies the remaining 37% 
of  the patients. Radiotherapy was administered 
to 87% of  patients at a median 32 weeks after the 
first symptom (range 7 to 957 weeks). Twenty-
eight percent of  the patients were irradiated at the 
time of  clinical or radiographic tumour progres-
sion. No radiotherapy was applied to 25 patients 

(13%) of  which 11 were deceased. The most fre-
quently prescribed treatment regime was 50 Gy in 
25 fractions over 5 weeks. 

Prognostic factors
Of the 189 identified patients, 135 (71%) had died. 
For all patients but two, the tumour was noted 
as the direct or underlying course of  death in the 
National Cause of  Death Register. The median 
follow-up time for censored patients was 9.6 years 
(range 2.8 to 21.3 years). The 5-year and 10-year 
survival rate was 60% and 32%, respectively, and 
the median survival rate was 6.4 years (Figure 10).

The prognostic factors found in this thesis cor-
responded well with the prognostic indicators that 
were recently presented in the prospective studies 
by the EORTC and NCCTG (Table 3).37,40 Histo-
logical subtype of  oligodendroglioma and young 
patient age were the most important pre-treatment 
factors related to long survival time (I). Histology 
of  oligodendroglioma was also a favourable prog-
nostic factor for overall survival in papers II and 
III, and for time to progression in paper III. Larg-
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Figure 10 (κ)  Kaplan-Meier (K-M) estimates of survival in paper 
I showing a median survival of 6.4 years and 5-year survival rate 
of 60%.
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est tumour diameter was the third most important 
prognostic factor in the large patient sample (I). 
Clinical status measured with KPS was an inde-
pendent survival factor in paper IV.

MET uptake
In the two PET-studies, the overall median for 
the hot spot/cortex was 2.00 (range 0.86 to 4.76) 
(Figure 11) and 2.03 (range 1.12 to 3.78), respec-
tively. In study II, a higher uptake in oligoden-
drogliomas was observed (median uptake 2.13) 

compared to astrocytomas (median uptake 1.81) 
(P=0.04). This has been reported by others133 and 
has been attributed to a higher cell density and 
a higher cell turnover in oligodendrogliomas.134 
There was no statistically significant associa-
tion between high cell density and MET uptake 
(P=0.18, Mann-Whitney U test). The uptake dif-
fered between tumours with contrast enhancement 
(median uptake 2.16) and those without enhance-
ment (median uptake 1.81) (P=0.009). A blood-
brain barrier disruption with passive diffusion of  

Table 3 (κ) Prognostic factors using Cox’s proportional hazard model*
 
     Univariate analysis  Multivariate analysis
   Median 5-year       
   survival  survival Hazard   Hazard  
Parameter No. (years) (%) ratio 95% CI P-value ratio 95% CI P-value
 
Gender    1.11 0.78-1.57 0.56 -– 
 Female 73 6.2 58  
 Male 116 6.5 60  
Age (continuous variable)    1.03 1.02-1.04 <0.001 1.03 1.02-1.04 <0.001
 <40 years 103 7.3 68
 ≥40 years 86 4.8 48
Presenting symptom(s)    1.48 1.04-2.09 0.03 1.16 0.80-1.66 0.43
 Seizure(s) only 84 7.5 68
 Other 105 5.3 53
Karnofsky performance status    1.49 0.95-2.34 0.08 – 
 ≥90 159 7.0 75
 ≤80 30 3.0 40
Tumour location    1.07 0.75-1.53 0.72 – 
 Frontal 119 6.5 64
 Non-frontal 70 6.1 53
Tumour size     1.86 1.30-2.65 <0.001 1.56 1.07-2.28 0.02
 ≤40 mm 90 9.1 67
 >40 mm 99 5.4 52
Contrast enhancement    1.80 1.27-2.65 0.001 1.40 0.98-2.02 0.07
 Yes 80 4.6 70
 No 109 8.8 47
Histology    2.64 1.78-3.94 <0.001 2.49 1.65-3.76 <0.001
 Astro-/oligoastrocytoma 121 4.7 47
 Oligodendroglioma 68 11.5 83
Timing of surgery    1.31 0.91-1.88 0.14 – 
 Early resection 64 5.2 50
 Late resection/biopsy 125 7.0 64
Extent of resection    1.80 1.04-3.10 0.03 1.17 0.66-2.09 0.58
 Macroscopic total 28 9.1 74
 Subtotal/biopsy 161 6.2 57
Radiotherapy    1.70 1.18-2.36 0.004 1.23 0.84-1.80 0.28
 Early 96 4.8 47 
 Delayed/none 93 8.2 73

CI: confidence interval; –: not analysed
*Table 1 in: (I) On the issue of early and aggressive treatment in grade 2 gliomas
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amino acids may, therefore, contribute to the MET 
accumulation as discussed previously.85

Low uptake of  MET was recognized as a 
favourable prognostic factor for survival in both 
oligodendrogliomas and astrocytomas, but was 
more prominent in the oligodendroglioma sub-
group (Table 4) (II). A Belgian group has recently 

confirmed the prognostic value of  PET MET 
shown in paper II.97 For the patients in paper III, 
median hot spot/cortex had increased to 2.26 
(range 1.25 to 6.18) at the time of  tumour progres-
sion. In previously irradiated patients, no definite 
increase in MET uptake was observed at the time 
of  clinical or radiographic progression compared 
to the pre-treatment level. Conversely, in patients 
with no radiotherapy, the PET scans showed 
progression (P=0.02) (III). Interestingly, there 
was an association between high pre-treatment 
uptake of  MET and reduction in uptake at the 
time of  tumour progression in irradiated patients 
(P=0.008), suggesting that tumours with high 
MET uptake are more sensitive to radiation than 
low-uptake tumours (Figure 12).

The assessed sensitivity for PET MET to detect 
progressive disease was 90% in the whole patient 
sample (III), 82% in the patients treated with radio-
therapy and 100% in patients with no radiotherapy. 
However, these figures were calculated using pre-
treatment uptake as baseline and not post-treat-
ment uptake. The percentage may therefore be 
higher than 82% in previously irradiated tumours. 
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Figure 11 (κ)  Methionine uptake (HS/MCU) in relation to 
histological subtype in paper II. Higher uptake was found in 
oligodendrogliomas compared to astrocytomas (P=0.04, 
Mann-Whitney U test).
HS/MCOU: hot spot/mean cortical uptake

Table 4 (κ)  Prognostic Factors in the Entire Patient Population and in the 
Three Histologic Subgroups Using Univariate (Log-Rank Test) and Multivariate 
(Cox Proportional Hazards) Analyses*

  Log-rank Cox proportional hazards model
  test   
Variable (P value) HR  95% CI  P value

All patientsa

 Histology (oligodendroglioma)  0.03  2.68  1.39–5.19  0.003
 HS/MCU  NS  1.49  1.03–2.16  0.04
 Gender  0.002  —  —  NPHA
Oligodendroglioma subgroupb

 Gender  0.004  5.88  1.90–18.21  0.002
 HS/MCU  0.01  1.95  1.05–3.60  0.03
Mixed oligoastrocytoma subgroup
 Age  NS  1.08  0.99–1.18  0.06
 Gender  0.04  4.35  0.81–23.4  0.09
Astrocytoma subgroupb

 HS/MCU  NS  2.28  1.02–5.08  0.05

HR: hazard ratio; 95% CI: 95% confidence interval; HS: hot spot; MCU: mean cortical uptake; NPHA: 
not fulfilling the proportional hazards assumption; NS: not statistically significant.
a The variables gender and age stratified in the Cox model.
b Stratified on the variable age in the Cox model.
*Table 3 in: (II) Positron emission tomography 11C-methionine and survival in patients with low-grade 
gliomas. Cancer 2001; 92: 1541-49
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The most frequent sign of  tumour progression 
on PET was increased uptake in the hot spot. In 
all patients with initial radiotherapy the tumour 
recurred within the radiation field.

Treatment effects
Patients with macroscopic total resection had a 
prognostic benefit viewed as a sole covariate. In the 
multivariate analysis, however, this advantage disap-
peared due to confounding by the patient or tumour 
related prognostic factors (Table 3) (I). Timing of  
surgery (early tumour resection versus late resection 
or biopsy only) was not important for the survival. 
In patients with high pre-treatment uptake of  11C-

methionine there was a positive effect of  tumour 
resection on survival (P=0.01) that was not observed 
in patients with low uptake when splitting the Cox 
model at an uptake of  hot spot/cortex 2.0 (II).

These findings may suggest that radical surgery 
is not effective in the population of  glioma patients 
as a whole but may prolong survival in selected 
subgroups of  patients. The effects of  surgery in the 
group with high uptake of  MET should, however, 
be interpreted with caution. It possible that the 
biopsy group included anaplastic gliomas, and 
the positive effect of  surgery is a manifestation of  
Will Rogers’ phenomenon, discussed earlier. On 
the other hand, it may be beneficial to excise the 
hot spot of  the tumour also in low-grade gliomas. 
There is, however, no proof  of  whether this had 
taken place in paper II. Due to the embedded sta-
tistical bias in the method of  determining surgical 
treatment efficacy67 and the widespread belief  in 
the positive effects of  macroscopic total resection, 
a prospective trial is not likely to be performed. 
Nevertheless, stratification of  patients will be 
important in future trials addressing the effects of  
other treatment modalities and PET may be useful 
in this sense.  

Patients with radiotherapy within the first year 
of  disease presentation had a shorter survival time 
compared to patients that were initially observed 
(Figure 13). The negative impact of  early radio-
therapy on survival was reduced when adjusting 
for prognostic factors in the multivariate analysis, 
and did not reach statistical significance (Table 3) 
(I). Similar results reported by other research 
groups35,65, demonstrates the value of  controlling 
for confounding factors. More important, the lack 
of  positive effects on patient survival opens for 
the ethical possibility to try and evaluate other 
first line therapies. It was interesting to note that 
there was an almost significant positive effect of  
radiotherapy on time to progression in paper III 
(P=0.06), in concordance with the results of  the 
EORTC trial 22845.41

Limitations
The studies I-III are retrospective studies with limi-
tations discussed in each paper. The patient samples 
in studies II and III represent selections of  patients 
with at least one PET scan and the sample in paper 
III is rather small. Moreover, different PET cameras 
with dissimilar spatial resolution and slice separa-
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Figure 12 (κ)  Correlation between pre-treatment methionine 
uptake (hot spot/cortex I) and difference in methionine uptake 
between PET I and II in patients with delayed radiotherapy (A), 
and immediate radiotherapy (P=0.008) (B)*. Unfilled symbols, 
biopsy; filled symbols, resection (dots, subtotal resection; waves: 
gross total resection).
*Figure 3 in: (III) Potential significance of 11C-methionine PET as 
a marker for the radiosensitivity of low-grade gliomas. Eur J Nucl 
Med 2002; 29: 632-40
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tion were used to image the tumours in paper II and 
III. These shortcomings suggest the need for some 
caution in interpreting the data. The practice of  
routinely calibrating new cameras at the PET centre 
and the use of  only relative MET values should 
have reduced this potential bias. The clinical value 
of  the findings in papers II and III remains to be 
shown. The results in paper III has demonstrated 
that the MET uptake is reduced after radiotherapy 
in tumours with high pre-treatment uptake, which 
is not to say that the radiotherapy is more effec-
tive in terms of  radiographic response or patient 
survival. Still, time to progression was longer in 
the irradiated group than in the control group 
demonstrating an effect of  given treatment. Since 
at present there is no consensus as to the criteria 
for immediate radiotherapy, the potential of  MET 
PET as a tool for assessing the radiosensitivity of  
low-grade gliomas is of  particular clinical interest. 
Clearly, not all patients with low-grade gliomas 
benefit from early radiotherapy, as those with long 
expected survival may suffer from late adverse 
effects and reduced quality of  life.61,73,74 

Studies IV-V
PDGF alpha-receptor expression 
in tumour samples
All tumours (N=40) expressed PDGFRα and the 
median for the fraction of  PDGFRα expressing 

cells was 41.5 percent (range 5 to 70%). No associ-
ation between PDGFRα expression and any of  the 
clinical and radiological parameters was noticed. 
However, there was a trend towards a higher frac-
tion of  PDGFRα expressing cells in oligoastro-
cytomas compared to astrocytomas (P=0.13). 
When the values of  the three grade 2 tumours at 
re-operation were added, there was a higher rate 
of  PDGFRα expressing cells in oligoastrocytomas 
grade 2 (median 50%) compared to astrocytomas 
grade 2 (median 40%) (P=0.05). 

PDGFRα and survival
The PDGFRα expression was identified as an 
independent prognostic factor for survival, being 
statistically significant in both the univarite and 
the multivariate analyses (Table 5). There are 
several possible explanations for these findings. 
It is possible that the expression of  PDGFRα is 
a marker for the oligodendrocyte component in 
the tumours. Expression of  PDGFRα has been 
demonstrated on oligodendrocyte precursor cells 
(O-2A),117,118 and on oligodendroglioma cells.135 
Amplification of  the PDGFRα gene was observed 
only in highly anaplastic tumours with oligoden-
droglial differentiation, and not in astrocytic 
tumours in a recent study.119 

Another possibility is that the tumours stem 
from two different precursor cells – that is, the 
astrocytic tumour cells have a different origin. It has 
been suggested that patients with tumours of  purely 
cortical localisation and with chronic epilepsy as 
the only symptom represent a distinct pathological 
entity with more favourable outcome.136,137

A third hypothesis may be that tumours with 
a low PDGFRα expression have a higher invasive 
capacity than tumours with high expression of  the 
receptor. Low expression of  NG2, a transmem-
brane proteoglycane that is co-localised with the 
expression of  PDGFRα, has been shown to be 
associated with a greater tendency toward invasion 
rather than proliferation in vitro.138 

Malignant transformation
Malignant progression had occurred in four of  the 
seven patients that were re-operated. The malig-
nant progression in all four tumours was associ-
ated with a significant decrease in the number of  
PDGFRα expressing cells (from median 43% to 
median 19.5%). These might be secondary effects 
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Figure 13 (κ)  Kaplan-Meier (K-M) estimates of survival by early 
versus delayed or no radiotherapy from paper I (P=0.004). The 
difference was mainly due to an unequal distribution of prognostic 
factors between the two groups and was not statistically significant 
in the multivariate analysis. 
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owing to the presence of  high, or abnormally high, 
concentrations of  ligand in anaplastic gliomas and 
subsequent receptor downregulation.

Limitations
There are a number of  methodological limita-
tions in paper IV. The study was performed ret-
rospectively in a rather small patient sample and 
the immunohistochemical method used may be 
considered semiquantitative. However, a high con-
sistency was found in the different control experi-
ments checking the sensitivity and specificity of  the 
method. Regarding the statistical parts, there was 
a high rate of  events (80% of  patients had died), 
strengthening the power of  the survival study. Also, 
the separate finding of  a reduced PDGFRα expres-
sion after dedifferentiation were in agreement with 
the results of  the survival analysis.

CSF analysis of growth factors
None of  the patients with histologically proven 
G2G had any detectable concentrations of  PDGF 
or VEGF in their CSF. Two patients with G2G 
had low levels of  FGF-2 in CSF, just above the 
detection level. The distance between the tumours 
and the ventricles/basal cisterns may partly 
explain the absence or low concentration of  
growth factors in the CSF. 

The small size of  the patient sample requests 
some caution in the interpretation of  the data. The 
negative results do not exclude the presence of  
significant concentrations of  one or more of  these 
growth factors in the CSF of  patients from a larger 
population, nor the detection of  these growth fac-
tors in the CSF after malignant transformation. 
However, repeated analysis of  lumbar CSF in G2G 
patients is not likely to become clinical praxis.

Study VI
Detection of alpha 2-HS glycoprotein
Two proteins were detected by PD-Quest and 
identified as isoforms of  alpha 2-HS (Heremans 
Schmid) glycoprotein (AHSG) by the MALDI-
TOF-MS analysis and database search. The theoret-
ical molecular weight (40 kDa) and pI (5.4) of  the 
identified protein were in good agreement with the 
experimental data from the 2-DE gels. Seven tryptic 
peptides covering 19% of  the 349 amino acid pro-
tein (amino acids 1-10, 40-49, 86-102, 107-113, 160-
193 with the first 18 amino acid signal sequence 
subtracted) were identified with more than 50 parts 
per million (ppm) mass accuracy (Figure 14). 

When quantifying the detected protein spots, 
both the AHSG (401) and (501) isoforms had 

Table 5 (κ)  Prognostic factors using Cox’s proportional hazard model*

  Univariate analysis  Multivariate analysis

Parameter HR  95% CI  P-value HR  95% CI  P-value

KPS (≥90 vs. ≤80) 0.40 0.18–0.92 0.03 0.33 0.14–0.75 0.009
PDGFRα 0.96 0.94–0.99 0.04 0.96 0.93–0.99 0.02
Age (>45 vs. ≤45 years) 1.49 0.72–3.08 0.29 1.60 0.76–3.39 0.22
Preop. duration of symptoms 1.00 0.99–1.01 0.38 - - -
Side (left vs. right) 1.35 0.67–2.70 0.40 - - -
Contrast enhancement 1.32 0.66–2.63 0.44 - - -
Histology (A vs. OA) 1.39 0.53–3.62 0.51 - - -
Gender (male vs. female) 1.33 0.57–3.11 0.51 - - -
Grosstotal resection 0.84 0.36–1.97 0.69 - - -
Epilepsy only 0.91 0.45–1.85 0.79 - - -
Radiotherapy (yes vs. no) 1.98 0.60–2.63 0.23 - - -

HR: Hazard ratio; CI: Confidence interval; KPS: Karnofsky performance status; vs.: versus; Preop.: preoperative; A: astrocytoma; 
OA: oligoastrocytoma
*Table 2 in: (IV) Prognostic value of platelet-derived growth factor alpha-receptor expression in grade 2 astrocytomas and 
oligoastrocytomas. J Neurol Neurosurg Psychiatry 2002; 72: 782-87
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significantly higher intensity in low-grade gliomas 
compared to the control group (P=0.001, P=0.04, 
respectively) (Figure 15). In patient no. 3, two 
lumbar punctures were performed, the first before 
any treatment and the second after gross total 
resection of  the tumour. The intensity of  the 401 
isoform decreased from 11348 to 4884, whereas 
the 501 isoform remained approximately the same 
(2614 and 2947, respectively). 

The glycoprotein
The physiological role of  the plasma protein 
AHSG is not fully understood. AHSG belongs to 
the cystatin superfamily139 and is a species homo-
logue to bovine fetuin.140 AHSG is synthesized 
and secreted by hepatocytes and consists of  an 
A-chain of  321 amino acids and a B-chain of  27 
amino acids, generated by posttranslational pro-
teolytic cleavage of  a single mRNA transcript.141 
The AHSG gene has been mapped to chromo-
some 3q21-q29 and there is evidence of  genetic 
polymorphism.142 The glycoprotein is a negative 
acute phase reactant,143 is involved in bone forma-
tion and modulation144 and is reduced in hemato-
logical malignancies and certain solid tumors145-147. 
Interestingly, the presence of  AHSG has in earlier 
studies been observed in neurons of  a specific 
layer of  early cortical plate, the subplate zone, in 
the immature human cerebral cortex.148 Recently, 
differential expression of  another member of  the 

cystatin superfamily, alpha 1-acid glycoprotein, 
was found in different stages of  gliomas in a trans-
genic mouse model.149

AHSG appears in this paper as a new substance 
in glioma research. Due to the small sample size, 
the shortcoming of  the control group and the use 
of  multiple statistical comparisons, further stud-
ies are needed to confirm a higher concentration 
of  AHSG in the CSF of  G2G patients. Also, the 
source of  the excessive levels of  AHSG is not clear 
and needs to be determined. 
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Figure 15 (κ)  Difference in optical density in 2D-gel spots 
identified as alpha 2-HS glycoprotein 401 between controls and 
low-grade glioma patients measured by PD-Quest 2D-gel analysis 
(P=0.001, exact randomisation test).

Figure 14 (κ)  MALDI mass 
spectrum of peptides from in gel 
tryptic digests. The indicated peaks 
are tryptic peptides assigned to alpha 
2-HS glycoprotein and trypsin.
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The present thesis has presented some new conclu-
sions and has supported the findings of  other inves-
tigators. Paper I has shown that early radiotherapy 
does not prolong survival in strictly G2G and has 
confirmed the clinical and radiological prognostic 
factors shown in many retrospective studies and 
in the randomised trials by the EORTC37,41,42 and 
NCCTG.40 Some of  these factors may be consid-
ered as “secondary”, in the sense that they prob-
ably reflect some underlying biological mechanism 
in the tumour that determines its clinical behav-
iour. Gliomas in elderly patients, for example, may 
possess some biological characteristic that make 
them more aggressive.39,53 Contrast enhancement 
may reflect endothelial proliferation with leaking 
blood vessels that may be related to the expression 
of  VEGF.52,121 

PET is a promising imaging tool in oncology 
due to its ability to visualise important biological 
activities within the tumours.85,86 The uptake of  
MET has been shown to be correlated with the 
proliferative activity of  the tumours.94,95 In the 
present thesis MET PET was identified as a prog-
nostic marker in G2G and a potential indicator for 
the response after treatment (II, III). These findings 
strengthen the role PET in neuro-oncology and the 
use of  PET may become routine management in 
the near future. The significance of  PET MET in 
predicting survival was greater in oligodendroglio-
mas than in tumours with astrocytic phenotype (II, 
III), which may indicate that other tumour charac-
teristics than proliferation determine the behaviour 
of  astrocytic tumours, such as, for example, the 
invasive capacity of  the tumour cells.138

The long natural course of  slowly proliferating 
tumours like G2G constitutes a problem in evalu-
ating treatment effects. This is exemplified by the 
EORTC trial 22845 that was started in 1985 and 
the interim results were just recently published.41 
Consequently, most novel treatments are tried first, 
or exclusively, in high-grade gliomas. Since future 
therapies may become more specific, perhaps hit-

ting a single pathogenic mechanism in the tumours, 
molecular differences between high-grade and 
low-grade gliomas may cause diverse responses. 
Surrogate endpoints and markers of  treatment 
efficacy may therefore be of  importance to evaluate 
therapeutic response. PET MET has a potential to 
become such a surrogate endpoint. The tracer MET 
has been used clinically in Uppsala for 20 years 
and its clinical use is still not fully explored. Fur-
ther studies are needed to expand the clinical role 
of  PET MET. There are, for example, no data on 
correlation between increase or decrease in MET 
uptake over time and outcome. Nor has it been 
shown whether the uptake is stable over time in the 
non-progressive phase of  the disease. The search 
continues for new and more exact tracers measur-
ing proliferation.86,150 As was the case for MET, 
however, it may take some time until the clinical 
utility of  these tracers will be established. 

The present thesis has addressed two clinical 
perspectives of  PDGF; the expression of  the alpha-
receptor in tumour samples (IV) and the presence 
of  the ligand in CSF (V). The PDGF’s and their 
receptors, being involved in the early phase of  the 
disease, are interesting candidates as potential 
progression markers and targets for new drugs. As 
an example, the tyrosine kinase receptor inhibitor 
imatinib mesylate (Glivec®) binds and inactivates 
PDGF receptor,151,152 and has entered phase II trials 
in glioma patients May 2001.151 

Our results indicate that the number of  cells 
expressing PDGF alpha-receptor in low-grade 
gliomas with astrocytic phenotype was inversely 
associated with the overall survival of  the patients. 
There was also a reduction of  the number of  
PDGF alpha-receptor expressing cells after 
malignant transformation (IV). These findings 
were unexpected. Intuitively, and based on earlier 
knowledge, one would have expected the opposite 
association. The results may, again, say something 
about the more complex nature of  astrocytomas. 
The malignancy of  diffusely infiltrating astrocyto-
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mas may be more dependent on the invasive than 
on the proliferative ability, which might explain 
the poor response to anti-proliferative treatment. 
Furthermore, if  our findings are correct, there 
may be unexpected effects of  drugs inhibiting the 
receptors in G2G. 

The attempts in this study to measure PDGF 
and VEGF in the CSF of  patients with G2G at the 
time of  diagnosis were unsuccessful (V). Although 
the patient sample was small and the conclusions 
must be interpreted with care, the potential clini-
cal use of  repeated measurement of  these growth 
factors in the CSF is probably limited. Weighing 

in the risk for neurological deterioration of  the 
patient, analysis of  these growth factors in the CSF 
are not likely to become routine management. 

Alpha 2-HS glycoprotein was identified in 
the CSF of  patients with newly diagnosed G2G 
(VI). This glycoprotein emerges here as a novel 
substance in glioma research and may be of  great 
interest because of  its suggested involvement in 
the embryonic development of  the neocortex. 
Follow-up studies are planned to determine the 
source of  the excessive amounts of  alpha 2-HS 
glycoprotein in the cerebrospinal fluid of  patients 
with grade 2 gliomas.
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