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Survival periods vary considerably for patients with high-
grade astrocytomas, and reliable prognostic markers are
not currently available. We therefore investigated whether
genetic losses from chromosomes 1p, 19q, 9p, or 10q
were associated with survival in 89 high-grade astrocy-
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tomas using tissue microarrays (TMAs) derived from
Radiation Therapy Oncology Group clinical trials. Cases
included 15 anaplastic astrocytomas (AAs) and 74 glio-
blastomas (GBMs) selected on the basis of survival times
significantly shorter or longer than the expected median.
Genetic analysis was performed by TMA-fluorescence in
situ hybridization (FISH) on array sections using 8 DNA
probes, including those directed at 1p32, 19q13.4, 9p21
(p16/CDKN2A), and 10q (PTEN and DMBT1). Genetic
status for each locus was correlated with patient survival
group, and data were analyzed by using Fisher’s exact
test of association (adjusted P = 0.025). Losses of chro-
mosome 1p, either alone or in combination with 19q,
were encountered in only 2 cases, both AAs. This con-
trasts with oligodendrogliomas, in which combined 1p
and 19q losses are frequent and predictive of prolonged
survival. Solitary 19q loss was noted in 3/15 AAs and
in 7/70 GBMs and was more frequent in the long-term
survival group (P = 0.041, AA and GBM combined).
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Chromosome 9p loss was seen in 5/8 AAs and 39/57
GBMs, whereas chromosome 10q loss was detected in
4/15 AAs and 48/68 GBMs. The 9p and 10q deletions
were slightly more frequent in short-term survivors,
though none of the comparisons achieved statistical sig-
nificance. Long-term and short-term survival groups of
high-grade astrocytomas appear to have dissimilar fre-
quencies of 19q, 9p, and 10q deletions. TMA-FISH is a
rapid and efficient way of evaluating genetic alterations
in such tumors. Neuro-Oncology 6, 96–103, 2004
(Posted to Neuro-Oncology [serial online], February 5,
2004. URL http://neuro-oncology.mc.duke.edu; DOI:
10.1215/S1152 8517 03 00023 1)

High-grade astrocytomas, which include anaplas-
tic astrocytoma (AA3; WHO grade III) and
glioblastoma (GBM; WHO grade IV), are the

most common primary brain tumors (CBTRUS, 2002).
These are fatal diseases, yet patient survival times vary
substantially. Histological grade does not account for all
the individual prognostic variability (Cavenee et al.,
2000). Clinical variables including age, performance sta-
tus, and mental health status are predictive of survival,
especially when considered in a “grouped” fashion within
a histologic category (Curran et al., 1993a). It is unclear
whether differential prognosis is solely a function of the
clinical parameters or whether clinical parameters reflect
inherent biological diversity among neoplasms. 

Interest has risen in defining genetic subtypes of infil-
trating gliomas for enhanced prognostic accuracy and po-
tentially for directing therapies (Brat et al., 2002; Hunter
et al., 2003; Perry et al., 2003). Genetic studies have
shown that 60% to 80% of oligodendrogliomas harbor
deletions of chromosome 1p and 19q and that this “genet-
ically favorable” subset has enhanced sensitivity to PCV
(procarbazine, CCNU [lomustine], vincristine) chemo-
therapy (Cairncross et al., 1998; Smith et al., 2000). It is
possible that other types of infiltrating gliomas with 1p
and 19q losses, including high-grade astrocytomas,
could be associated with prolonged survival or enhanced
therapeutic responses. While astrocytomas have lower 
frequencies of 1p and 19q losses, the incidence of as-
trocytomas is 8- to 10-fold greater than that of oligo-
dendrogliomas (CBTRUS, 2002). The prognostic signif-
icance of 1p and 19q losses in astrocytic neoplasms is
not clear (Ino et al., 2002; Schmidt et al., 2002; Smith et
al., 2000). 

Likewise, well-defined markers of poor prognosis in
high-grade astrocytomas would be valuable. Chromo-
some 10q losses are considered to be a late event in the
progression of astrocytomas since they are more com-
mon in GBMs than in AAs and are tightly correlated
with the GBM phenotype overall (Fujisawa et al., 1999;
Kunwar et al., 2001). Chromosome 10 losses may also be
an independent marker of aggressive behavior among
high-grade astrocytomas (Balesaria et al., 1999; Perry et
al., 1997a; Tada et al., 2001). Loss of chromosome 9p21,
the site of the tumor suppressor gene p16/CDKN2A, has
been associated with aggressive clinical behavior in oligo-
dendrogliomas and astrocytomas (Cairncross et al., 1998;

Kamiryo et al., 2002; Maruno et al., 1996; Perry et al.,
1999).

We have investigated whether losses from chromo-
somes 1p, 19q, 9p, or 10q were associated with long ver-
sus short survival in 89 high-grade astrocytomas in order
to determine their potential utility as genetic markers of
prognosis. Fluorescence in situ hybridization (FISH) for
these loci was performed on tissue microarrays (TMA-
FISH), and the findings were compared among survival
groups (Fuller and Perry, 2002; Fuller et al., 2002). The
cases were retrieved from prior Radiation Therapy Oncol-
ogy Group (RTOG) trials, providing a unique opportu-
nity to study high-grade astrocytomas from patients with
similar clinical enrollment criteria who had not received
prior therapy and who had complete clinical follow-up. 

Materials and Methods

TMAs were constructed by using formalin-fixed, paraffin-
embedded specimens from 18 AAs and 88 GBMs from
RTOG protocols 7401, 7903, 7918, 8302, 9006, 9305,
9404, 9602, and 9806 (Table 1). Thus, the initial tissue
array contained 106 tissue cores, each of which measured
0.7 mm in diameter (Fig. 1). All included neoplasms
arose in adult patients and were primary high-grade
astrocytomas that had not been previously treated. All
were from patients who met clinical enrollment criteria
for each protocol, available online (RTOG, 2003) or pre-
viously described (Curran, 1993b; Kurup, 1985; Nelson,
1986, 1988). 

Selection of cases from the RTOG Tissue Bank was
based on the histology of AA or GBM and on survival
periods that were defined as either short or long within
each diagnostic category. Short and long survivals for 
AA were defined as �2 years and �4 years, respectively.
For GBM, short and long survivals were defined as �6
months and �18 months, respectively. Survival time was
calculated from the date of randomization or registration
to the time of death for short-term survivors, and to the
time of death or last follow-up for long-term survivors.
Roughly one half of the tumors on the array were from
long-term survivors (56), the remainder coming from
short-term survivors. The mean age at presentation for
GBM short-term survivors was 60.4 years (range, 50–79
years) compared to 49.0 years (range, 31–73 years) for
the long-term survivors. Mean age for AA short-term
survivors was 44.1 (range, 33–56) compared to 37.8
years (range, 23–50 years) for long-term survivors. The
Karnofsky performance status (KPS) of 65% of GBM
short-term survivors was greater than 70, whereas 85%
of GBM long-term survivors had KPS scores greater than
70. The KPS of 88% of AA short-term survivors was
greater than 70, whereas 100% of AA long-term sur-
vivors had a KPS greater than 70. Brief descriptions of
protocols, the histologic classifications, and the number
of cases successfully analyzed in this study are listed in
Table 1. 

Dual-color FISH was performed on 5-m m sections
from TMAs (Fuller and Perry, 2002; Fuller et al., 2002).
Analysis was performed without knowledge of survival
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groups of the samples and was performed in duplicate on
tumor tissue that was histologically representative of 
the resection specimen. For chromosome 1, paired DNA
probes consisted of a fluorescein isothiocyanate (FITC)-
labeled chromosome 1p32 probe (Human BAC RPCI-11
library clone 260I23, Research Genetics, Huntsville, 
Ala.) and a rhodamine-labeled 1q42 reference probe
(CIT978SK-A clone 309C5, Research Genetics). For chro-
mosome 19, a rhodamine-labeled chromosome 19q13.4
probe (RPCI-11 clone 426G3) was paired with an FITC-
labeled 19p13 reference probe (RPCI-11 clone 575H1).
A commercial probe cocktail for the p16/CDKN2A gene
region on chromosome 9p included a SpectrumGreen-
labeled centromere enumerating probe (CEP9) and Spec-
trumOrange-labeled 9p21 (p16/CDKN2A) (Vysis, Down-
ers Grove, Ill.). Probes for 10q consisted of an FITC-labeled
10q23.3 (PTEN) and rhodamine-labeled 10q25.3-q26.1
(DMBT1) (DNA received as a gift). The pairing of PTEN

and DBMT1 probes was chosen rather than including a
chromosome 10 centromere probe because PTEN and
DBMT1 are occasionally deleted independently in
gliomas, and we wished to assess each marker individu-
ally (Steck et al., 1999). Unstained slides were deparaf-
finized, steam-cooked for DNA target retrieval with 
10-mM citrate buffer, pH 6.0, and subjected to 30 min of
pepsin digestion at 37°C. Paired FISH probes were
diluted to 1:50 in DenHyb buffer (Insitus, Albuquerque,
N.M.), applied to each slide, and co-denatured with the
target DNA at 90°C for 13 min. Slides were incubated
overnight at 37°C in a humidified oven and washed. 

Fluorescent signals were visualized and quantitated
under an Olympus BX60 fluorescence microscope (B & B
Microscopes, Ltd., Warrendale, Penn.) with appropri-
ate filters. A minimum of 100 nonoverlapping nuclei
were assessed for each hybridization. A hemizygous dele-
tion was defined as either �50% nuclei with only 1 fluor-

Fig. 1. Low (left panel) and high (right panel) magnification of H&E-stained tissue microarrays (TMAs) constructed from 106 high-grade astrocy-
tomas from patients enrolled in RTOG clinical trials. Each tissue core on the TMA measures 0.7 mm in diameter.

Table 1. RTOG studies included in tissue microarray  

AA GBM
Study Phase Description N = 89 (n = 15) (n = 74)  

7401 3 WBRT 1 (BCNU vs. MeCCNU+DTIC) 32 (36%) 6 26  

7903 1/2 Misonidazole and Neutrons 1 (1%) 1 0  

7918 3 WBRT 1 (BCNU vs. Misonidazole radiosensitizer 1 BCNU) 3 (3%) 0 3  

8302 2 Hyperfractionated RT 1 BCNU 10 (11%) 1 9  

9006 3 BCNU 1 (Hyperfractionated RT vs. RT) 18 (20%) 4 14  

9305 3 6SRS followed by RT 1 BCNU 6 (7%) 0 6  

9404 3 RT 1 PCV 6 BUDR 3 (3%) 3 0  

9602 2 RT 1 Taxol 5 (6%) 0 5  

9806 2 RT 1 Thalidomide 11 (12%) 0 11  

Abbreviations: AA, anaplastic astrocytoma; BCNU, carmustine; BUDR, bromodeoxyuridine; DTIC, decarbazine; GBM, glioblastoma; MeCCNU, semustine; PCV, procarbazine; CCNU

(lomustine), vincristine; RT, radiation therapy; RTOG, Radiation Therapy Oncology Group; SRS, stereotactic radiosurgery; WBRT, whole-brain radiation therapy.  
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escent signal or a ratio of test to reference probe signals
of �0.8. The latter criterion was used primarily in cases
of extensive polyploidy/aneuploidy with a generalized
state of chromosomal gains, wherein the region of inter-
est remained deleted relative to the reference DNA copy
numbers (e.g., nuclei with 4 copies of 1q, but 2 copies
of 1p). Homozygous p16/CDKN2A deletions required
�20% of tumor nuclei with CEP9 signals only. In cases
where no tumor nuclei harbored p16/CDKN2A signals,
the possibility of partial hybridization failure was
excluded by the presence of p16/CDKN2A signals in
nearby non-neoplastic cells (e.g., endothelial cells). For
the purposes of this study, hemizygous and homozygous
deletions of p16/CDKN2A were considered equivalent
since previous studies have shown that homozygous dele-
tions of p16/CDKN2A detected by quantitative poly-
merase chain reaction may appear as either homozygous
or hemizygous deletions by FISH (Perry et al., 1997b).

Tumors for which FISH signals were lacking or too weak
were considered “non-informative.” Images were cap-
tured with a black and white, high-resolution COHU
CCD camera, Z-stack motor, and CytoVision basic work-
station (Applied Imaging, Santa Clara, Calif.) and were
reconstituted in blue, green, and red pseudocolors with
CytoVision software.

To evaluate the association of genetic status with sur-
vival, cases were dichotomized into short- or long-term
survival groups as described previously. A distribution of
survival groups as related to genetic status was gener-
ated, resulting in a 2-by-2 table for each marker. These
contingency tables were analyzed by using Fisher’s exact
test of association. AA and GBM groups were analyzed
separately and together. Markers could potentially be
evaluated for either retention or deletions at a given locus
as it related to survival. Our analysis assessed deletions
as they related to survival group. We analyzed 1p and

Fig. 2. Representative FISH hybridizations performed on tissue microarrays. A. GBM with a normal disomic complement of 1p. Most cells have 2
green (1p32) and 2 red (1q42) signals. Some appear to have fewer than 2 copies because of the truncation artifact encountered in thin tissue
sections (i.e., incomplete DNA complement in sectioned nuclei). Some signals are out of the plane of focus represented in the photograph. 
B. Pattern of 19q deletion in GBM showing 2 green (19p13) signals and 1 red (19q13.4) signal in most nuclei. C. Pattern of chromosome 10
deletion in a GBM. Only 1 green (PTEN) signal and 1 red (DMBT1) signal are detected in each nucleus, most likely representing either a large
10q deletion or the loss of an entire chromosome 10. D. Pattern of homozygous deletion of 9p21 (p16/CDKN2A) in a GBM. Only green signals
from the centromeric probe are noted in the majority of nuclei. Signals from 9p21 (red) are almost entirely absent. 
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19q deletions, and 9p and 10q deletions, separately and
together (either or both). With the use of an overall type
1 error (alpha) of 0.10 and by adjusting for multiple
comparisons within each histologic group and for each
marker combination, a P-value less than 0.025 was con-
sidered statistically significant. 

A similar approach was taken to investigate any possi-
ble association between genetic status and patient age. To
accomplish this, patients were dichotomized into groups
that were �60 years old (45 patients) and �60 years old
(30 patients). This analysis was restricted to patients with
GBM because there were no patients with AA who were
�60 years old. A 2-by-2 table was generated that related
age and genetic status for each marker, and associations
were analyzed by using Fisher’s exact test. 

Results

Among the 106 high-grade astrocytomas included in the
TMAs, 6 could not be analyzed by FISH because of

insufficient tissue, which was due either to tissue falling
off the slide or to a lack of neoplastic tissue within the
sample. Eleven cases were indeterminate by FISH analy-
sis for all 4 markers tested. Tissue from the oldest clinical
trial (RTOG 7401) had the highest number of indetermi-
nate analyses, most likely because of the age-dependent
decrease of DNA integrity within archived paraffin blocks.
Thus, 89 tumors remained that yielded FISH data for at
least 1 of the markers. We were able to analyze all 4
markers for 61 tumors; 3 of 4 markers for 13 tumors; 2
of 4 markers for 8 tumors; and 1 marker for 7 tumors. 

The overall incidence of genetic deletions for high-
grade astrocytomas (AA+GBM) was as follows: 3%
(2/73) for 1p, 12% (10/85) for 19q, 68% (44/65) for
9p21, and 63% (52/83) for 10q. Chromosome 1p dele-
tions were noted in 2/12 AAs (17%) and 0/61 GBMs,
whereas 19q deletions were noted in 3/15 AAs (20%) and
7/70 GBMs (10%) (Fig. 2; Table 2). Combined 1p and
19q loss was detected in 2/12 AAs (17%), but was not
seen in any of the 61 GBMs with both markers success-

Table 2. Association of 1p deletions and 19q deletions with survival group among patients with high-grade astrocytomas    

GBM AA AA+GBM

Survival Groupa Survival Groupb Survival Group  

Marker  Short Long Short Long Short Long           

1p del Yes 0 0 0 2 (40%) 0 2 (6%)   

No 30 (100%) 31 (100%) 7 (100%) 3 (60%) 37 (100%) 4 (94%)            

19q del Yes 2 (5%)    5 (15%) 0     3 (43%) 2 (4%) 8 (20%)   

No 35 (95%) 28 (85%) 8 (100%) 4 (57%) 43 (96%) 32 (80%)           

Either Yes 2 (5%)   5 (15%) 0 3 (43%) 2 (4%) 8 (20%)   

No 38 (95%) 29 (85%) 8 (100%) 4 (57%) 46 (96%) 33 (80%)           

Both Yes 0    0 0 2 (40%) 0 2 (5%)   

No 30 (100%) 31 (100%) 7 (100%) 3 (60%) 37 (100%) 34 (94%)  

Abbreviations: AA, anaplastic astrocytoma; del, deletions; GBM, glioblastoma.

aShort and long survivals for GBM were defined as <6 months and >18 months, respectively.

bShort and long survivals for AA were defined as <2 years and >4 years, respectively.   

Table 3. Association of 9p deletions and 10q deletions with survival group among patients with high-grade astrocytomas    

GBM AA AA+GBM

Survival Groupa Survival Groupb Survival Group  

Marker  Short Long Short Long Short Long           

9p del Yes 21 (72%) 18 (64%) 2 (67%) 3 (60%) 23 (72%) 21 (64%)   

No 8 (28%) 10 (36%) 1 (33%) 2 (40%) 9 (28%) 12 (36%)           

10q del Yes 27 (75%) 21 (66%) 3 (38%) 1 (14%) 30 (68%) 22 (56%)   

No 9 (25%) 11 (34%) 5 (63%) 6 (86%) 14 (32%) 17 (44%)           

Either Yes 32 (80%) 23 (68%) 4 (50%) 4 (57%) 36 (75%) 27 (66%)   

No 8 (20%) 11 (32%) 4 (50%) 3 (43%) 12 (25%) 14 (34%)           

Both Yes 16 (59%) 16 (59%) 1 (33%) 0 17 (57%) 16 (50%)   

No 11 (41%) 11 (41%) 2 (67%) 5 (100%) 13 (43%) 16 (50%)  

Abbreviations: AA, anaplastic astrocytoma; del, deletions; GBM, glioblastoma.

aShort and long survivals for GBM were defined as <6 months and >18 months, respectively.

bShort and long survivals for AA were defined as <2 years and >4 years, respectively.  
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fully analyzed. Chromosome 9p loss was noted in 5/8
AAs (63%) and 39/57 GBMs (68%) (Table 3). Chromo-
some 10q loss was detected in 4/15 AAs (27%) and 48/68
GBMs (71%). 

The frequencies of loss for each marker within long-
term and short-term survival groups of AA, GBM, and
AA+GBM patients are shown in Tables 2 and 3. Both of
the 1p deletions in AAs were among the long-term sur-
vivors. Deletions of 19q were more frequent in long-term
than short-term survivors for AA (43% vs. 0%), GBM
(15% vs. 5%), and AA+GBM (20% vs. 4%; P = 0.041)
(Table 2). The combination of 1p and 19q loss was seen
in 2 AAs, both of which were in long-term survivors.
Deletions of 9p were slightly more frequent in short-term
than long-term survivors for AA (67% vs. 60%), GBM
(72% vs. 64%), and AA+GBM (72% vs. 64%) (Table 3).
Deletions of 10q were more frequent in short-term than
long-term survivors for AA (38% vs. 14%), GBM (75%
vs. 66%), and AA+GBM (68% vs. 56%). The combina-
tion of 9p and 10q losses was slightly more common in
short-term than long-term survivors for AA (33% vs.
0%), GBM (59% vs. 47%), and AA+GBM (57% vs.
50%). None of the comparisons were statistically sig-
nificant.

The frequency of 19q losses in GBMs from patients
�60 years old was equal to that in GBMs from patients
�60 years old: 10% of GBMs in each age category had
19q losses. The frequency of 9p deletions in patients �60
years old (78%) was higher than that in patients �60
years old (62%). The frequency of 10q deletions was also
higher in patients �60 years old (80%) than in those �60
years old (63%). No 1p losses were noted in GBMs from
either age category. None of these comparisons reached
statistical significance. 

Discussion

Our analysis of genetic prognostic markers showed that
combined losses of 1p and 19q are quite rare in high-
grade astrocytomas. None of the GBMs and only 2 of the
AAs in this study showed a combination of 1p and 19q
loss. Interestingly, the 2 AAs with combined 1p and 19q
loss were in the long-term survival group. Although the
1p and 19q findings are intriguing, the low number of
high-grade astrocytomas with such losses makes it
impossible to draw any meaningful conclusions regard-
ing their clinical behavior. These findings for astrocy-
tomas stand in stark contrast to those for oligoden-
drogliomas, in which the combined loss of 1p and 19q
is both a frequent finding (60%–80%) and predictive of
a favorable prognosis (Cairncross et al., 1998; Perry et
al., 2003; Smith et al., 2000).

The significance of 1p and 19q losses in astrocytomas
has been debated. In one of the first assessments, Smith
et al. (2000) evaluated 1p and 19q status by FISH as it
related to survival in a large series of oligodendro-
gliomas, astrocytomas, and mixed oligoastrocytomas.
Combined loss of 1p and 19q was found to be predictive
of prolonged overall survival only among oligoden-
drogliomas. As in our study, combined loss of 1p and 19q

was quite uncommon in GBMs (8%), and the low num-
bers did not provide sufficient statistical power to ade-
quately address prognostic significance. 

In contrast, Schmidt et al. (2002) studied 97 GBMs
and reported 33% with loss of heterozygosity (LOH) at
19q and 19% with LOH at 1p. The combination of 1p
and 19q LOH occurred in 5 GBMs, and the mean sur-
vival of these patients was significantly longer than that
of patients whose tumors retained 1p, 19q, or both. Oth-
ers have suggested that 1p losses by themselves are asso-
ciated with either unusually good responses to adjuvant
therapy or unexpectedly long survivals in histologically
diverse types of infiltrative gliomas (Ino et al., 2002). 

Whereas 1p losses were rare in our study, we detected
19q losses in 12% of high-grade astrocytomas. Moreover,
we found that long-term survivors had a higher fre-
quency of such losses than short-term survivors in 
the AA, GBM, and AA+GBM groups (P = 0.041 for
AA+GBM group). Other survival analyses of GBM have
demonstrated a modest association between 19q loss and
long survival (Smith et al., 2000). In a recent compara-
tive genomic hybridization (CGH) analysis of long- and
short-term survivors with GBM, solitary 19q losses were
significantly more frequent in GBMs from long survivors,
and no tumors from short-term survivors had 19q loss
(Burton et al., 2002). Thus, while 1p losses are uncom-
mon in astrocytic neoplasms, 19q losses occur in 12% to
33% and appear to be associated with longer survivals.

Genetic losses on chromosome 10 occur in 70% to
90% of GBMs and can manifest as losses of the whole
chromosome, as losses of only portions of the long or
short arms, or as smaller genetic losses detected as LOH
(Balesaria et al., 1999; Perry et al., 1997a; Tada et al.,
2001). Three regions of genetic loss have received the
most attention: 10p14-pter, 10q23-q24, and 10q25-qter
(Fujisawa et al., 1999). Our studies focused on the 10q
arm, since it is the region most commonly implicated in
high-grade progression and aggressive clinical behavior.
It is also the location of PTEN, the first tumor suppres-
sor gene identified in this region. Mutations of PTEN
occur in 20% to 40% of GBMs, are more common in
high-grade astrocytomas than in grade II lesions, and
generally occur in the setting of chromosome 10 allelic
loss (Cavenee et al., 2000; Smith et al., 2001; Zhou et al.,
1999). Both chromosome 10 losses and PTEN mutations
are thought to be late events in the progression to GBM,
since both are more frequent in GBMs than in AAs or
grade II astrocytomas (Kunwar et al., 2001; Smith et al.,
2001; Tada et al., 2001; Zhou et al., 1999). In our study,
10q losses were detected in 27% of AAs and 71% of
GBMs. The vast majority of these included both the
PTEN and DMBT1 loci, consistent with either large 10q
deletions, loss of the entire long arm, or monsomy 10.

The high frequency of chromosome 10 losses in GBMs
and the tight correlation of its loss with the glioblastoma
phenotype might suggest that it would not be a useful
prognostic marker across tumor grades. In previous stud-
ies that included both AAs and GBMs, LOH of chromo-
some 10 (either 10p or 10q) was found to be an inde-
pendent predictor of poor prognosis, in large part
because LOH was highly associated with AAs in patients
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who had short survivals (Balesaria et al., 1999; Tada et
al., 2001). Some investigators have therefore suggested
that AAs with LOH of 10q may behave clinically as
GBMs. Supporting such a contention, Ganju et al. (1994)
found that chromosome 10 loss was associated with
short survival because of its association with high-grade
histology, rather than as an independent variable. How-
ever, a recent investigation that included only GBMs
revealed that LOH of 10q was associated with short sur-
vival (mean survival, 8.8 months) as compared to sur-
vival in GBM cases with no LOH of 10q (mean survival,
18 months) (Schmidt et al., 2002). PTEN mutations were
also associated with a slightly shorter survival in this
study, albeit not in a statistically significant way. 

In our study, we found that 10q deletions were slightly
more frequent among short-term than long-term sur-
vivors, which suggests that other alterations may also
be relevant to poor prognosis. These findings comple-
ment prior CGH studies of GBM survival groups, which
have shown that both 10q and 10p losses are more fre-
quent among short-term survivors, with the association
achieving statistical significance for 10q loss (Burton et
al., 2002). The collective evidence suggests that chromo-
some 10 loss and PTEN mutations are late events in the
evolution to GBM, which makes them potentially more
powerful prognostic markers for AA than for GBM.

Losses of genetic material from the short arm of chro-
mosome 9 have been documented in 50% to 70% of
GBMs (Cavenee et al., 2000). The p16/CDKN2A tumor
suppressor gene found at 9p21 is one of the critical cell
cycle regulatory genes lost in this region during the high-
grade progression of astrocytomas. Both LOH of 9p21
and homozygous deletion of p16/CDKN2A are more
common in high-grade astrocytomas than in grade II
tumors (Maruno et al., 1996; Perry et al., 1999). The fre-
quency of 9p deletions in our study was similar among
patients with AAs and patients with GBMs (63% and
68%, respectively), which suggests that 9p loss is likely
to be an earlier event than 10q loss. There were only

slightly more frequent 9p losses among short-term than
long-term survivors, in keeping with the findings of pre-
vious CGH and molecular analysis (Burton et al., 2002;
Kraus et al., 2000). Cohort studies have not proven the
utility of 9p losses as an independent marker of overall
survival in astrocytomas (Perry et al., 1999). 

Our FISH analysis of high-grade astrocytomas from
RTOG clinical trials suggests that 19q losses are more
frequent in long-term survivors and may be a useful
marker of improved survival. Deletions of 9p and 10q
are slightly more frequent in short-term survivors. The
present investigation was an exploratory evaluation of
prognostic markers in short- and long-term survivors
rather than a multivariate analysis of survival. The sta-
tistical power of our study design was inherently low
because of the limited number of cases, the inclusion of
multiple markers, and the low frequency of 1p and 19q
losses. In addition, the interpretation of our results
should take into account the low statistical power,
dichotomized survival, and the lack of data from patients
who were not short- or long-term survivors. Nonetheless,
TMAs of RTOG material allowed us to study genetic
markers of prognosis among patients who met entry cri-
teria for RTOG clinical trials, who had not been previ-
ously treated, and who had carefully monitored clinical
follow-up. In this regard, the findings of dissimilar fre-
quencies of 19q, 9p, and 10q losses in long- and short-
term survivors are intriguing and warrant further inves-
tigation of overall survival, which could define the
independent prognostic significance of these genetic
markers more definitively. 
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