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Most adult glioblastoma multiformes (GBMs) present in patients 45-70 years old;
tumors occurring at the extremes of the adult age spectrum are uncommon, and sel-
dom studied. We hypothesized that young-adult GBMs would differ from elderly-adult
and from pediatric GBMs. Cases were identified from years 1997 to 2005. Demographic
and histological features, MIB-1 and TP53 immunohistochemical findings and epider-
mal growth factor receptor (EGFR) amplification status by fluorescence in situ hybrid-
ization were compiled and correlated with survival. Twenty-eight (74%) of our 38
young-adult GBM patients had primary de novo tumors, two of which occurred in
patients with cancer syndromes. Two additional GBMs were radiation-induced and
eight (21%) were secondary GBMs. Seven patients were identified as long-term (>3
years) survivors. Six of 38 cases manifested unusual morphological features, including
three epithelioid GBMs, one rhabdoid GBM, one gliosarcoma and one small cell GBM
containing abundant, refractile, eosinophilic inclusions. MIB-1 index emerged as the
most important prognosticator of survival (P<0.005). Although there was a trend
between extent of necrosis, TP53 immunohistochemical expression, and EGFR ampli-
fication status and survival, none reached statistical significance. GBMs in young adults
are a more inhomogeneous tumor group than GBMs occurring in older adult patients

and show features that overlap with both pediatric and adult GBMs.

INTRODUCTION

Age represents the most important
prognostic determinant in patients with
glioblastoma multiforme (GBM), the most
frequent and lethal brain tumor type in
adults (15, 35). Overall median survival
time remains dismal at one year, but sub-
sets of GBM patients with better survival
times exist and may represent distinctive
molecular subtypes (40). In addition, in
most studies of long-term survivors
(defined variably, but most commonly, as
those who live 3 years or more) (4, 5, 34,
35, 38, 39), young-aged adult GBM
patients are overrepresented, suggesting
that fundamental biological differences
may exist within GBMs occurring in this
age range (7, 22, 26, 27, 34, 36, 38-40,
47).

While GBM patients less than age 40
years generally enjoy longer survival times
as a whole (34), few studies have addressed
what features might be further predictive
of survival for individual patients within

this already favorably aged cohort. Nor has
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the question generally been asked, “If you
are a young adult with a GBM, what
exactly is your chance of being a long-term
survivor?”

In part, this paucity of reports may be
due to the fact that bona fide young age,
non-pediatric GBM patients represent a
distinct minority of overall GBM cases,
constituting less than 10% of the total
GBMs in a large European hospital cohort
(16) and only 2.6% of all GBMs in the
latest Central Brain Tumor Registry of the
United States report covering the years
1998-2002 (htep://www.cbtus.org),
although the latter may be a slight under-
estimate based on the fact that 6% of all
gliomas in the database are listed as “not
otherwise specified”. Whatever the exact
percentage of GBMs that younger-adult
GBMs constitute, fully two-thirds of all
adult GBM patients present between the
ages of 45 and 70 years, at a median age of
53 years (16). Clearly, only small percent-
ages of GBM cases occur at either extreme

end of the adult age spectrum (19, 34).

Conversely, even though brain tumors
are relatively uncommon in younger
adults, GBMs are still a very uncommon
tumor type within this age range. GBMs
constituted only 5.9% of all primary brain
and central nervous system (CNS) tumors
among young adults, ages 20-34 years, in
the most recent CBTRUS statistical report
(htep:/fwww.cbtus.org). Surveillance, Epi-
demiology and End Results (SEER)
databases for the years 1973-2003 list
15% of all CNS neoplasms in young adults
ages 20-35 years as being “astrocytoma,
grade IV’  (http://www.seer.cancer.gov/
SEER*Stat Database: Incidence).

An added known confounding feature
to studying GBMs occurring in young-
aged adults is that histological review is
mandatory to exclude other similar tumor
types that frequently occur within these
same age ranges and are known to “con-
taminate” databases of GBMs, such as
anaplastic oligodendroglioma, anaplastic
mixed oligoastrocytoma and pleomorphic
xanthoastrocytoma (PXA) (24, 26, 27).
Inadvertent inclusion of cases with these
other diagnoses favorably skews prognosis
of GBMs in young adults and may incor-
rectly overestimate the numbers of long-
term GBM survivors (26, 27).

Despite these limitations, we posited
that GBMs in young-adult, non-pediatric
patients (defined as > age 16 years and <
or = 35 years) might represent a particu-
larly interesting subset to study, and espe-
cially to contrast with our previous studies
on GBM patients at the other extreme of
the age spectrum, that is, patients 75 years
and older (18, 19). We also were interested
to see if features within this group of
GBMs overlapped with those seen in pedi-
atric GBMs.

Given the paucity of information on
GBMs in young adults, we chose to study

Characterization of Glioblastomas in Young Adults—Kleinschmidt-DeMasters et al 273

© 2006 The Authors

Journal Compilation © 2006 International Society of Neuropathology ¢ Brain Pathology


http://www.cbtus.org
http://www.cbtus.org
http://www.seer.cancer.gov/

several different aspects in the cohort:
demographic features, including ethnicity
and gender (41); secondary vs. primary vs.
radiation-induced origin (9, 20, 37); and
histological features, including presence of
necrosis and predominant cell type of the
tumors (37). These features have previ-
ously been among the most frequently
studied factors in relationship to prognosis
in GBM patients across all age ranges.

We also investigated several parameters
that have been reported to have a variable
prognostic effect, specifically in conjunc-
tion with patient age. These include epi-
dermal growth factor receptor (EGFR)
amplification status (19, 42-44), TP53
protein expression (27, 30) and cell cycle
labeling index (6, 13, 25). Although nei-
ther p53 mutational status nor TP53 pro-
tein expression has been found to be of
prognostic significance in adult patients
with GBMs (23), high TP53 protein
expression, but not p53 gene mutational
status, has been shown to impart a partic-
ularly adverse prognosis in malignant pedi-
atric gliomas (30). Hence, to investigate
any possible overlap in this area between
young-adult GBMs and pediatric GBMs,
we assessed the effects of TP53 protein
expression on prognosis.

METHODS

Case accrual and characterization of the
cohort. The study was conducted with the
approval of the University of Colorado
Institutional Review Board. A computer-
based search was conducted from the
Department of Pathology database using
birth date to identify all patients in our
system that were age 17-35 years, inclu-
sive. All patients within this age range who
had undergone brain or spinal cord neu-
rosurgical procedures between 1/1/1997
and 12/31/2005 and were diagnosed with
GBM (astrocytoma Grade 1V) were eligi-
ble for this study, including referral (con-
sultation) cases from outside hospitals,
denoted by C in Table 2. Pediatric patients
(defined as age 16 years or less) are treated
at our allied, free-standing pediatric hospi-
tal and were not included in this study.

File review generated the 38 young-
aged GBM patients for this study, 10 of
whom (26.3%) were neuropathology con-
sultation cases, compared with the 38% of
our overall neuropathology practice that

derives from consultation cases. With the
exception of five consultation cases where
all slides and blocks had been returned to
the originating hospital, all slides were
able to be re-reviewed at the time of this
study. The few consultation cases where
slides had been returned were included
because a detailed microscopic description
was available and/or had been seen by the
lead author originally. Re-review ensured
accurate classification, with particular
attention paid to eliminating any exam-
ples of anaplastic oligodendroglioma,
anaplastic mixed glioma or PXA with ana-
plastic features from incorrect inclusion as
GBM.

The 38 young adults, aged 17-35 years
inclusive, included 10 females and 28
males. These 38 GBMs represented 10.9%
of all GBMs in our files for the years 1997—
2005, paralleling the incidence in the
World Health Organization (WHO)
book (16). Median age was 28.5 years
(mean = 27 years), with 13 patients being
ages 17-25 years and 25 being in the upper
age ranges, ages 26-35 years. The majority
of patients were Caucasian; seven patients
were Hispanic. The latter is reflective of the
population treated in general at hospitals
within our University system, given the
demographics of Denver County and the
state, where 31.7% and 17.1%, respec-
tively, of the population is of Hispanic
origin  (http://quickfacts.census.gov/qfd/
states/08/08031.html). One patient each
had furnished his or her ethnicity as Amer-
ican Indian, Korean or a foreign national.
No African-American individuals were
known to be included in the cohort
In comparison, census data for Denver
County and the state, respectively, for indi-
viduals of American Indian, Asian and
African-American ethnicity is 1.3%/1.0%;
2.8%/2.2% and 11.1%/3.8% (htep://
quickfacts.census.gov/qfd/states/08/08031.
heml).

Tumors were classified as primary or sec-
ondary GBMs and graded according to
WHO criteria (16, 17). Twenty-cight
patients (74%) had primary GBMs, eight
patients (21%) had secondary GBMs, and
two patients (5%) developed radiation-
induced GBMs. Both radiation-induced
GBMs developed within the posterior
fossa, at intervals of 18 and 5 years follow-
ing radiation therapy given for an ependy-
moma and acute lymphocytic leukemia,
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Figure 1. Magnetic resonance imaging scan (MRI)
of Case 36, the youngest patient in the series,
demonstrating a relatively well-demarcated mass
with enhancement and a fluid—fluid level because
of intratumoral hemorrhage.

respectively. These cases have been pre-
viously reported in abbreviated format
(20).

Medical records, the patient’s neurosur-
geon and the referring pathologist were
consulted to obtain relevant clinical his-
tory. Five patients presented with cerebral
hemorrhages within their tumors; in these
patients, ruptured vascular malformations
were often higher in the original differen-
tial diagnostic list than GBM. In the
youngest patient in the series (Case 30),
age 17 years, the sharp demarcation, cystic
change and intracumoral hemorrhage
prompted neuroimaging consideration of
primitive neuroectodermal tumor, not
GBM (Figure 1). The operative report was
utilized to identify site of neoplasms.
Almost all tumors were supratentorial,
with only two brainstem, two thalamic and
one spinal cord tumor. Survival data were
gathered with the assistance of Ms. Amy
Kendall at the Colorado Tumor Registry.

Methods for histological classification
and staining. Sections were fixed in 10%
formalin, cut at 4—6 microns, and stained
with Harris hematoxylin and eosin
(H&E). Immunostaining was conducted
as specified in Table 1. Immunostaining
employed for the rhabdoid GBM has been
previously published (49).

Histological tumor type was classified as
small cell, fibrillary, gemistocytic, giant
cell, or epithelioid based on the predomi-
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Antibody Source* Clonality Dilution Retrieval

Vimentin Ventana M Prediluted Yes

EMA Dako M 1:00 No

Pancytokeratin Ventana M Prediluted Yes

GFAP Dako M 1:100 Yes

S100 protein Dako P 1:500 No

Desmin Dako M 1:50 Yes

Muscle-specific actin ENZO Diagnostics M 1:40 No

Synaptophysin Cell Marque M 1:400 No

INI-1 protein (BAF47) BD Transduction M 1:250 Yes

P53 Dako M 1:200 Yes

MIB-1 Dako M 1:50 Yes
*Suppliers = Biogenex, San Ramon, CA, USA; Dako Corporation, Carpinteria, CA, USA; ENZO Diagnostics,
Farmingdale, NY, USA; Signet, Dedham, MA, USA; Immunotech/Coulter, Westbrook, ME, USA; BD Transduction
Laboratories, San Jose, CA, USA.

Table 1. Antibodies used in study. Abbreviations: EMA = epithelial membrane antigen; GFAP = glial fibril-

lary acidic protein; M = monoclonal; P = polyclonal.

nant (greater than 50%) cell type. Assess-
ment of the type was made using both
H&E and glial fibrillary acidic protein
immunohistochemical staining. Epithe-
lioid GBM was defined as a tumor com-
posed of cells with rounded cytoplasmic
contours, large eccentric nuclei and prom-
inent nucleoli, but no cytoplasmic ball-like
filaments and no polyphenotypic immu-
nohistochemical ~expression. The cells
often displayed discohesion. Epithelioid
GBMs were immunostained for the INI-1
protein (BAF47) and, by definition, were
negative. The definition used for “small
cell” histology was that of Burger et al (4).
Rhabdoid GBM was defined by a com-
bination of morphological, immunohis-
tochemical, electron microscopic and
genetic features. Rhabdoid GBM mani-
fested cells with not only rounded cyto-
plasmic contours, but also prominent
cytoplasmic ball-like filaments. Nuclei
were large, eccentric, and contained prom-
inent nucleoli. There was polyphenotypic
expression of neuronal markers, vimentin,
smooth muscle actin and epithelial mem-
brane antigen. The single case with this
rhabdoid phenotype has been previously
published in detail (49). Immunohis-
tochemical staining for the INI-1 protein
(BAF47) was conducted for the first time
on this case for the purposes of the current
study and the previously unpublished
results are reported for the first time in this
paper.

Necrosis was semiquantitatively assessed
on a 0-3+ scale, with 0 indicating no

necrosis present on the biopsy/resection
specimen, 1+ indicating focal small areas
of necrosis identified, and 2+ indicating
multifocal broad zones of necrosis or
pseudopalisading necrosis present. A score
of 3+ was reserved for cases with extensive
necrosis, estimated to occupy 10% or more
of the sampled specimen.

Cell cycle labeling indices were assessed
by immunostaining for MIB-1 (Dako
Corp., Carpinteria, CA, USA), with 1000
cell counts performed in highest labeled
areas of tumor. Counts in all cases were
done by a single author (BKK-D). Extent
of nuclear TP53 immunostaining was esti-
mated semiquantitatively, with a score of
1+ given for 0-5%, 2+ for 6-25%, 3+ for
26-50% and 4+ for >50% of tumor nuclei
showing immunoreactivity.

Whenever paraffin  tissue blocks or
appropriate blank slides were still available
in our files, cases in this study could be
further studied for the above-mentioned
immunohistochemical markers, and if suf-
ficient tissue existed, by fluorescence 7 situ
hybridization (FISH) analyses for EGFR
status. Gains of chromosomes 1, 7, 19 were
also noted. In many cases with an original
diagnosis of oligodendroglioma or mixed
oligoastrocytoma, or small cell histology,
assessment by FISH for possible loss of
heterozygosity (LOH) of chromosomes 1p,
19q had been conducted at the time of the
patient’s initial routine diagnostic workup.
Data from this testing were recorded
whenever available, but study of LOH 1p,
19q was not conducted on each case retro-

spectively specifically for the purposes of
this study.

Statistical analyses were performed,
using the SPSS 14 program software for
Windows. A Student’s # test was used for
statistical analyses. Correlation coefficients
were also determined to approximate
whether parameters were informative for
individual patients. 2<0.05 was consid-
ered the statistical level of significance.

Methods for FISH. FISH analysis was
performed on formalin-fixed, paraffin-
embedded tissue sections. Three dual color
FISH probe sets, manufactured by Viysis
(Abbott Laboratories Inc., Des Plaines, IL,
USA), were used for LOH studies of chro-
mosome 1p36 and 19q13, and amplifica-
tion status of EGFR. The probe sets were:
chromosome 1p36 (Spectrum Orange)
and 1925 (Spectrum Green); chromosome
19p13  (Spectrum Green) and 19q13
(Spectrum  Orange); EGFR  (7pl12—
Spectrum Orange) and CEP7 (D7Z1—
Spectrum Green).

H&E-stained sections were used to
select tumor areas, and a sequential blank
section of each specimen was used for
FISH. The slides were incubated for 4 h at
60°C, deparaffinized in Xylene and rinsed
in 100% ethanol for 5 minutes. Pretreat-
ment included incubation in 2x SSC at
75°C for 20 minutes and digestion with
0.25 mg/mL Proteinase K/2x SSC at 45°C
for 20 minutes. Slides were then washed in
2x SSC for 5 minutes and dehydrated in
an ethanol series. Probe and chromosomal
DNAs were co-denatured for 10 minutes
at 80°C, and incubated at 37°C overnight.
A post-hybridization wash was performed
with 0.4x SSC at 75°C for 1-2 minutes.
After air drying, chromatin was counter-
stained with DAPI [4",6-diamidino-2-
phenylindole-dihydrochloride (Boehringer
Mannheim, Indianapolis, IN, USA) in a
p-phenylenediamine dihydrochloride
(Sigma, St. Louis, MO)/glycerol antifade
solution].

Analysis was performed on an epifluo-
rescence microscope using single interfer-
ence filter sets for green (Spectrum Green,
Vysis), red (Spectrum Orange, Vysis) and
blue (DAPI), as well as dual (red, green)
and triple (blue, red, green) band pass fil-
ters. Image capture was performed with the
Applied Imaging Cytovision System (San
Jose, CA, USA). The quality of the FISH
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signals was excellent in all specimens and
at least 100 nuclei were scored in each
tumor area selected.

In the LOH studies for 1p36 and
19q13, a ratio of relative loss of the probe
of interest (1p36 and 19q13) compared
with the control probe (1925 and 19p13,
respectively) was calculated for each exper-
iment. A normal ratio is approximately
1.0. Any ratio <0.80 is consistent with
deletion of the region of interest.

The copies of EGFR gene were enumer-
ated relative to the copies of chromosome
7 centromere per cell. Polysomy for chro-
mosome 7 was reported if equal numbers
of 7 centromere and EGFR signals were
observed in greater than a diploid copy
number. Amplification of EGFR was
reported if the overall ratio of EGFR to 7
centromere signals was greater than 2.0, or
if the section contained a major cell popu-
lation with >10 copies of EGFR in a signal
pattern consistent with the presence of
double minutes (29).

RESULTS

Characterization of histological features.
Histological ~features in young-adult
GBMs were typical of GBMs in general.
Given several reports suggesting more
favorable prognosis in patients with giant
cell GBMs (33, 41), it is worth noting that
no giant cell GBMs were identified in the
group. GBMs with predominantly small
cell histological features constituted about
1/4 of cases (n=10). Two of these small
cell GBMs (Cases 4 and 12) were second-
ary GBMs arising from previous oligoden-
drogliomas; the alternate diagnoses of
anaplastic oligoastrocytoma or GBM with
oligodendroglial component were carefully
excluded by us (BKK-D). The histological
features of the secondary small cell GBM
from Case 12 are shown to illustrate the
point that oligodendroglial features were
not present in the GBM (Figure 2A). One
of the GBMs with small cells admixed
with pleomorphic giant cells (Case 9,
Figure 2B) had prompted consideration of
a possible PXA with anaplastic features by
the original pathologist. The youngest
patient in the group had a well-demarcated
mass showing enhancement on neuroim-
aging studies and a fluid-fluid level

because of intratumoral hemorrhage

]

Figure 2. A. Photomicrograph of one of the two small cell glioblastoma multiformes (GBMs) that were
secondary GBMs. Note absence of recognizable oligodendroglioma component. Case 12 illustrated.
Hematoxylin and eosin (H&E) 200x. B. Photomicrograph of one of the small cell GBMs containing a few
interspersed pleomorphic multinucleated giant cells; these were too few to meet criteria for giant cell
GBM. Case 9 illustrated. H&E, 200x. C. Photomicrograph of the small cell GBM from the 17-year-old male,
whose magnetic resonance imaging (MRI) scan is illustrated in Figure 1C. This tumor was relatively
homogeneous, although glial areas were also present. Case 36 illustrated. H&E, 200x. D. High power
photomicrograph of one of the epithelioid GBMs illustrates the characteristic lack of cell-to-cell cohesion
that may prompt consideration of metastatic malignancies and the epithelioid morphology, with
rounded cytoplasmic contours and absence of fibrillary cell processes. Case 2 illustrated. H&E, 600x. E.
High power photomicrograph of the epithelioid GBM illustrating focal vacuolization and probable lip-
idization of the tumor cells. H&E, 600x. This patient subsequently developed cerebrospinal fluid (CSF)
dissemination and CSF cytology was positive for the same tumor cells. Case 2 illustrated. Inset, 600x. F.
High power photomicrograph of the rhabdoid GBM demonstrating the prominent nucleoli and glassy,
ball-like cytoplasm. H&E, 600x. G. High power photomicrograph of the rhabdoid GBM, immunostained
for BAF47 (INI1 protein), showed retention of nuclear staining in much of the tumor, but focally the most
rhabdoid-appearing cells with large eccentric nuclei, prominent nucleoli and ball-like cytoplasm showed
nuclear loss of immunostaining (arrows). Case 7 illustrated. Immunostaining for INI-1 protein, with light
hematoxylin counterstain, 600x. H. Another unusual, but single, example was a GBM containing abun-
dant eosinophilic, refractile, cytoplasmic inclusions. Case 35 illustrated. H&E, 600x. I. These refractile
inclusions were strongly positive for both periodic acid Schiff reaction (top panel) and trichrome stains
(bottom panel). Case 35 illustrated. Both, 600x.

276 Characterization of Glioblastomas in Young Adults—Kleinschmidt-DeMasters et al

© 2006 The Authors

Journal Compilation © 2006 International Society of Neuropathology ¢ Brain Pathology



(Figure 1); this was also a small cell GBM
with extensive necrosis (Figure 2C).

Three epithelioid GBMs were identified
in the group (Figure 2D,E). In none of
these three epithelioid GBM cases was
there evidence of polyphenotypic immu-
nohistochemical staining for synapto-
physin or epithelial membrane antigen. All
three epithelioid GBMs were immun-
ostained for INI-1 protein (BAF47), and
all three showed retention of nuclear stain-
ing throughout all cells of the tumor.

This contrasted with the polypheno-
typic immunohistochemical expression
seen in the one rhabdoid GBM in this
series (Figure 2F), which has been previ-
ously published, as noted above (49).
Recent application of immunohistochemi-
cal staining for the INI-1 protein (BAF47
antibody) to this case now has shown (on
four different sections, immunostained at
two different times) retention of immun-
ostaining for INI-1 protein in the nucleus
of most of the tumor cells but focal loss in
a subset of the cells with the most rhabdoid
features (Figure 2G).

The other GBM with highly unusual
histology seen in this cohort was Case 35,
which possessed unusual filamentous-like,
refractile, cytoplasmic inclusions
(Figure 2H) which were positive on both
periodic acid Schiff (Figure 21, top panel)
and trichrome stains (Figure 21, bottom
panel). The morphology and staining pat-
tern of these cytoplasmic inclusions did
not match Rosenthal fibers or eosinophilic
granular bodies.

Results of survival analyses. The median
survival time of the group was 59 weeks
(mean = 82 weeks) for those in whom the
death date could be confirmed or for
whom the follow-up time was complete to
the close of the study (12/31/2005). The
median survival time was not significantly
different at 61 weeks (mean = 90 weeks),
when the three patients who were eve-
ntually lost to follow-up, but had had at
least a 30-week follow-up interval, were
also included in the survival analyses (see
Table 2, Cases 10, 16, 24) (n=31 of 38
patients, 82% of entire cohort). The two
most recent cases in our cohort, with fol-
low-up times of less than 30 weeks to the
close of the study (Cases 37, 38) were
excluded from all survival analyses, as were
the five patients for whom follow-up data

had been lost (usually because of the
patient having left the state or country)
and follow-up time was limited to 0-29
weeks after diagnosis (see Table 2, Cases 1,
3, 15, 18, 23).

All subsequent survival assessments and
comparisons were conducted only on the
31 patients with a known death date or
a minimal follow-up time of 30 weeks.
Using these criteria, the median survival
time for assessable patients with primary
GBMs was 61 weeks (mean = 84 weeks)
and for assessable patients with secondary
GBMs was 69 weeks (mean = 114 weeks).
Seven patients (Cases 10, 12, 13, 16, 19,
20, 22) were known to be long-term sur-
vivors, defined as survivors of 3 years (156
weeks), or more. Long-term survivors
composed 23% of the assessable cohort.
One of these was a patient with Turcot
syndrome (Case 22), a condition with pre-
viously reported longer survival for GBM
patients (46). One long-term survivor had
an intracumoral abscess develop (Case 10),
an occurrence of uncertain prognostic
effect. One of the two radiation-induced
GBMs enjoys long-term survival, while the
other died at 47 weeks. Two of the epithe-
lioid GBMs, including one with an unde-
fined tumor syndrome associated with a
chromosome 22 defect (Case 20) were also
long-term survivors. But the third epithe-
lioid GBM (Case 2) succumbed quickly
following cerebrospinal fluid (CSF) dis-
semination of his tumor (see Table 2 and
Figure 2I). Hence, several of the long-term
survivors had interesting etiological causes
or histological features, but long-term sur-
vival was generally unpredictable.

Histological features, extent of necrosis
and TP53 immunostaining were compared
with survival data. Assessing patients with
a minimal follow-up time of 30 weeks, the
median survival of the nine assessable small
cell GBMs was 49 weeks (mean=79
weeks). In contrast, GBMs with fibrillary,
gemistocytic or mixed features (17 assess-
able cases) had a median survival of 57
weeks (mean =79 weeks). Other histolog-
ical types—epithelioid (three cases), rhab-
doid (one case) and a gliosarcoma (one
case)—were too infrequent to provide
meaningful data.

The extent of necrosis in the cohort var-
ied considerably, with 11 assessable cases
showing very extensive (3+) necrosis. An
example of an unusual tumor with small

cell phenotype and extensive (3+) necrosis
was the 17-year-old patient, also pictured
in the magnetic resonance imaging (MRI)
in Figure 1. The median survival of these
patients with 3+ necrosis was 48 weeks
(mean = 69 weeks), which can be con-
trasted with the median survival time for
the whole cohort of 61 weeks (mean = 90
weeks).

Comparing the 20 assessable patients
with 2+ or 3+ necrosis vs. the 10 assessable
patients with 0 or 14 necrosis, the median
survivals were 48 weeks (mean = 69 weeks)
for those with more necrosis vs. 79 weeks
(mean = 116) for those with less necrosis.
Although there was an obvious trend
between the presence of more extensive
necrosis and shorter patient survival, the
correlation  coefficient  was —0.0256
(t=1.35; P=10.29). These numbers fail to
reach statistical significance and illustrate
that extent of necrosis could not predict
outcome for either individual patients or
across the entire cohort.

TP53 immunostaining was grouped
into 1-2+ vs. 3—4+ categories; for these
two categories the median survival times
of the assessable patients were 61 weeks
(mean=78 weeks) vs. 49  weeks
(mean =99 weeks), respectively; correla-
tion coefficient was 0.118 (t=0.597;
P=0.556). These numbers fail to reach
statistical significance and illustrate that
extent of TP53 immunostaining could
not predict outcome for either individual
patients or across the entire cohort.

MIB-1 cell cycle labeling indices were
able to be performed on 28 cases and
showed a  median of  28.9%
(mean=31.5%). The highest labeling
index was found in the 17-year-old patient
(69.3%). Using the median (29.3%) as a
dividing point, and utilizing only those
cases with assessable survival data, as
defined above, there were 27 assessable
cases. The mean survival time for the group
with low labeling indices below the median
was 89 weeks. The mean survival time for
the group with high labeling indices above
the median was 75 weeks. The MIB-1
indices correlation with survival times
reached statistical significance (t=3.05;
P<0.005).

By FISH studies, none of the patients
was found to have LOH for chromosome
1p or combined 1p, 19q (see Table 2),
although as noted above, not all patients
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had had this study done during their rou-
tine work-up, and this feature was not
specifically studied in the current investi-
gation. Seven of the 26 assessable cases
(36%) had EGFR amplification by FISH
analyses. Polysomy for chromosomes 1, 7
and 19 were observed in the majority of
patients for whom FISH was performed.
The median survival time of the patients
with EGFR amplification was 61 weeks
(mean = 121 weeks, range 3-295 weeks)
vs. those without EGFR amplification, in
which the median survival was 49 weeks
(mean = 65 weeks, range 5-174 weeks).
The correlation coefficient for EGFR
amplification status and its relationship
to patient survival was 0.349 (t=1.28;
P=0.242). Using several different meth-
ods of statistical assessment, these numbers
fail to reach statistical significance and
illustrate that the presence or absence of
EGFR amplification could not predict
outcome for either individual patients or
across the entire cohort.

DISCUSSION

The strengths of this report are the rel-
atively large number of young-aged GBM
patients, accrued from a single institution
and the ability to directly compare our
results in these young patients with those
for GBMs in the elderly, which we have
previously reported (19). The number of
patients in this study (n = 38) is compara-
ble to those of recent and/or oft-cited stud-
ies on pediatric GBMs (1, 2, 21, 45).
GBMs in young adults were found to com-
prise 10.9% of the GBM population at our
institution, identical to the 10% cited in
the WHO fascicle (16) and similar to the
equally small percentage of GBMs that
occur in children (8.8%) (8). Hence, the
ability to conduct larger studies on young
adults with GBMs is limited. A second
strength of the report is that the GBMs in
our young adults were characterized for the
same histological, MIB-1 cell cycling, and
EGFR amplification status as was done for
GBM patients over age 75 years, allowing
direct comparisons (19). A third strength
of this paper is the documentation of sev-
eral unique histological variants of GBMs,
reported here within the context of a study
on young-adult GBMs, but unlikely to be
limited to this age cohort. A potential
weakness of the study was that adequate
follow-up could be obtained on only 82%

of the cohort and all cases could not be
studied for all parameters.

Despite these limitations, several inter-
esting epidemiological features emerge.
First, while the majority of patients (74%)
were found to have sporadic, primary de
novo GBMs unassociated with any known
underlying tumor-predisposing condition,
there was some overlap between young-
adult and pediatric GBM patients in the
fact that at least four patients had predis-
posing factors. Two young-adult GBMs
were radiation-induced; in comparison one
radiation-induced tumor was identified
among our elderly GBM cohort (19). An
additional two cases were associated with
either a known tumor syndrome (Turcot)
or a germline chromosomal mutation. Sec-
ondary GBMs were relatively frequent in
the young-aged cohort (21%), in contrast
to their incidence of 5% within all age
groups in a recent large population-based
study (28) and their absence among elderly
patients with GBMs (19). Secondary
GBMs typically occur in patients around
the age of 40 years (9) so the high propor-
tion found within patients in these younger
age ranges was an expected finding. The
male-to-female ratio for GBMs across all
ranges is 1.5:1 (16). In our cohort, the male-
to-female ratio overall was even higher at
2.8:1, and all six of our secondary GBMs
were male (see Table 2). Male-to-female
ratios for pediatric GBM patients in recent
studies have ranged from 1.2:1 to 2.2:1 (1,
2, 11, 45). The male predominance we
identified in our young-aged adult GBM
patients appears to be more similar to that
seen in pediatric GBM patients than to that
found in older adults. Interestingly, in our
elderly GBM cohort the male-to-female
ratio had nearly equalized (19).

Second, median survival overall for
young-adult GBM patients was 61 weeks.
The median survival time for assessable
patients with primary GBMs was 61 weeks
and for secondary GBMs was 69 weeks.
Hence, patients with secondary GBMs did
not show longer median survival times
once their tumor had upgraded to a GBM.
This is a similar observation to that of
Dropcho and Soong (9), who found no
difference in median survival time for sec-
ondary vs. primary GBM patients, but
contrasts with that of Winger et al (48).

While other investigators have suggested
that young-aged adults with GBMs in gen-

eral enjoy a longer median survival time
(34, 37, 38), in our study the median sur-
vival was just over 1 year, nearly identical
to that in GBMs across all adult age ranges.
Median and mean survival times in our
previously published elderly GBM cohort
(20 patients, aged 75-87 years) were strik-
ingly shorter at 2.5 months and 4.6
months, respectively (19). No long-term
survivors were identified in the elderly
adult GBM cohort, and the longest sur-
vival time in a patient over age 75 years was
only 13 months. In the current study of
young-adult GBMs, in contrast, 23% were
identified as long-term (>3 years) survi-
vors. However, it should be emphasized
that several of the remaining 77% of the
young-aged adult GBM patients mani-
fested a prognosis just as dismal as that
found in our elderly adults (see Table 2)
(19). Thus, there appear to be at least two
distinct  and  dichotomous subsets of
young-adult GBM patients in terms of sur-
vival: those with prognosis that is equally
poor as for GBMs in older adults and those
at the other extreme that survive 3 years or
longer. Few of our patients demonstrated
intermediate length of survival; with the
exception of the patient with Turcot syn-
drome, none died beyond the 2-year time
span from diagnosis.

Third, histological subtypes seen in the
young aged adults were fairly typical and
in most cases paralleled those seen in eld-
erly GBM patients (19). Tumors with a
predominantly small cell phenotype were
not rare among young-aged adults (n = 10;
26% of the current cohort). As in our pre-
vious study (19), we did not find a one-to-
one correspondence between small cell
histology and the presence of EGFR ampli-
fication (see Table 2). The median survival
time for patients with small cell GBMs was
considerably shorter, at 49 weeks, than the
median for the cohort as a whole, at 61
weeks. The small numbers of cases in this
study preclude firm conclusions about this
adverse effect of small cell histology on
survival, however, and mandate further val-
idation by others of this finding specifically
in young-adult GBM patients.

The youngest patient in this series (age
17 years) had a tumor with predominantly
small cell histology, and a consideration of
a supratentorial primitive neuroectodermal
tumor (sSPNET) was raised by the patient’s
clinicians. The diagnosis of GBM was con-
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firmed by an outside consultant and fur-
ther verified by the positive EGFR
amplification testing by FISH. Cases such
as this illustrate the inherent problems in
categorizing and distinguishing one poorly
differentiated tumor type from another,
especially in pediatric patients (see editorial
by Peter Burger, 3).

GBMs in young adults are sufficiently
uncommon in daily neurosurgical and
pathology practice that, not surprisingly,
several of these had prompted pre-biopsy
consideration of other conditions that are
more frequently seen in younger-aged
patients, such as vascular malformations,
melanoma metastases, or abscesses. And
post biopsy, diagnoses of other glioma
types (anaplastic oligodendro-
glioma, PXA) were often higher on the
differential diagnostic list than was GBM
for the original pathologist who saw the
case.

Most GBMs in young adults manifested
relatively unremarkable histological fea-
tures; unusual histological types of tumors,
including rhabdoid, epithelioid, gliosar-
coma, and filament-bearing examples
(n=06) were exceptions. The epithelioid
GBMs appeared similar to six cases
described in abstract format by Dr. Greg
Fuller and colleagues at the 1998 meeting
of the American Association of Neuro-
pathologists (10). Although our three cases
are described herein in the context of a
study of young-aged GBM patients, we
have personally seen three other examples
in older patients (data not shown). Hence,
we concur with Dr. Fuller and colleagues
that this epithelioid GBM phenotype is
not restricted to young-aged patients; his
six patients were ages 11-71 years. Unlike
the series by Dr. Fuller and colleagues, only
one of our three epithelioid GBMs was
superficially located and mimicked a men-
ingioma. This patient died after he devel-
oped CSF tumor dissemination. The other
two epithelioid GBMs were, however, cir-
cumscribed according to the clinicians who
reviewed their neuroimaging studies, albeit
more deep-seated in white matter. Our
three epithelioid GBMs overlap to a lesser
degree with the lipid-rich epithelioid
GBMs described by Dr. M. Rosenblum
and colleagues (32). Although two of our
epithelioid GBMs are long-term survivors,
and although there have been reports of
long-term survival in patients with giant

tumor

cell GBMs (33, 41), none of our epithe-
lioid GBMs meet criteria for giant cell
GBM (16) or PXA with anaplastic features
(12, 31).

Fourth, we assessed a number of stan-
dard features for possible correlation with
survival in this group, including MIB-1
cell cycle labeling indices, TP53 immuno-
histochemical staining, and extent of
necrosis. MIB-1 labeling index showed
a significant correlation with prognosis
within ~ this  young-aged  cohort
(£<0.005). McKeever etal have previ-
ously shown that proliferation index, as
assessed by MIB-1 immunostaining, is
related to patient age and prognosis in
adult GBMs (25). They concluded that
younger patient age was a significant pre-
dictor of a low MIB-1 proliferation index
in GBMs (25). Within our young-adult
GBM cohort, MIB-1 labeling index was
strongly  predictive  of  prognosis
(P<0.005), concurring with other previ-
ous studies that MIB-1 is one of the best
prognostic indicators of survival time (13).
Ho et al have also shown the prognostic
utility of MIB-1 labeling index in predict-
ing survival in pediatric patients, with
labeling indices being a better stratifying
parameter for prognosis in pediatric
patients with anaplastic astrocytoma than
grading criteria (14). Hence, MIB-1 label-
ing indices prove to be a good predictor of
survival for young-aged adults with GBMs,
as well as for pediatric patients and older
adults with GBMs.

Both extent of necrosis and TP53
immunohistochemical staining showed a
trend toward correlation with median
survival time, with extensively necrotic
tumors showing worse prognosis and
tumors with strong TP53 immunostaining
showing better prognosis than the mean.
However, the numerical correlation coeffi-
cient was not high in either case, due to
the fact that there were too many cases that
were individual exceptions within these
categories and P-values all failed to reach
statistical significance. Hence, these fea-
tures cannot reliably predict prognosis for
a given patient within this young-aged
cohort or across the entire cohort. Some
studies of long-term adult survivors with
GBMs have shown a higher prevalence of
high TP53 immunostaining, but not TP53
mutations, in this group (27). Our find-
ings in young adults contrast with those

284 Characterization of Glioblastomas in Young Adults—Kleinschmidt-DeMasters et al

© 2006 The Authors

Journal Compilation © 2006 International Society of Neuropathology ¢ Brain Pathology

studies in pediatric gliomas which show
an adverse prognosis associated with high
TP53 immunostaining (11, 30).

Finally, we found an EGFR amplifica-
tion frequency of 36% in this young-aged
adult GBM cohort, almost identical to the
positive EGFR amplification seen in 1/3 or
more of GBMs across all age ranges (16).
This differs from the small minority (0-
7%) of pediatric GBM patients in some
studies with positive EGFR amplification
(2, 45). Our previous study of elderly
GBM patients demonstrated that 25% of
elderly patients showed positive EGFR
amplification (19). In contrast to the
results of the current study on young
adults, EGFR amplification status in the
elderly cohort strongly correlated with sur-
vival (19). In that study we demonstrated
a longer survival (mean=28.3 months,
median = 10.5 months) for elderly patients
whose tumors were positive for EGFR
amplification vs. a significantly shortened
survival (mean = 3.2 months,
median = 2.0 months) (2= 0.04) for those
patients whose tumors were negative for
EGFR amplification (19).

Previous studies in the literature have
shown that the status of EGFR amplifica-
tion has a variable impact on prognosis,
depending on the age of the patient (19,
42-44). In our current study of young-
aged adult GBM patients, EGFR amplifi-
cation status also impacted mean survival
times. The median survival time of the
patients with EGFR amplification was 61
weeks (mean =121 weeks, range 3-295
weeks) vs. the median survival of 49 weeks
(mean = 65 weeks, range 5-174 weeks) for
those without EGFR amplification. The
range was so broad, however, as to make
EGFR amplification status of considerably
lesser utility in predicting prognosis for
individual young-aged patients than for
the elderly GBM patients. The polysomy
of chromosomes 1, 7 and 19 that we found
in most patients (see Table 2) likely relates
to an overall polyploidy, a common finding
in GBMs in general by standard cytoge-
netic studies.

In summary, this study represents an
attempt to characterize a subset of GBMs
for a variety of features not previously doc-
umented. Bona fide GBMs in young adults
are uncommon but not rare. The original
physicians involved with these young-aged
patients usually considered tumors or non-



neoplastic conditions other than GBM in
their young patients. Males predominated,
in a 2.8:1 M : F ratio. The majority of the
tumors proved to be sporadic and primary
and was unassociated with genetic syn-
dromes or other identifiable risk factors.
Patients with secondary GBMs did not
enjoy longer survivals in our study. Most
GBMs in young adults did not manifest
unique histological features, and indeed
small cell GBM constituted about 1/4 of
tumors. Several unusual histological vari-
ants of GBMs were encountered but are
unlikely to be confined to this aged cohort.
MIB-1 correlated best with prognosis.
Long-term (>3 years) survivors constituted
about 1/4 of the group. The remaining
3/4 manifested a prognosis just as dismal
as that found in older-aged patients. There
appear to be at least two dichotomous sub-
sets of young-adult GBM patients in terms
of prognosis. GBMs in young adults are a
more inhomogeneous group than GBMs
in older, especially elderly, adults where
outcome is more uniformly poor.
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