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Glioblastomas

Background: Glioblastomas may develop de novo (primary glioblastomas, P-GBLs) or through
progression from lower-grade astrocytomas (secondary glioblastomas, S-GBLs). The aim of this
study was to compare the immunohistochemical classification of glioblastomas with clinically de-
termined P-GBLs and S-GBLs to identify the best combination of antibodies for immunohisto-
chemical classification. Methods: We evaluated the immunohistochemical expression of epider-
mal growth factor receptor (EGFR), p53, and isocitrate dehydrogenase 1 (IDH-1) in 150 glioblasto-
ma cases. Results: According to clinical history, the glioblastomas analyzed in this study consist-
ed of 146 P-GBLs and 4 S-GBLs. Immunohistochemical expression of EGFR, p53, and IDH-1 was
observed in 62.6%, 49.3%, and 11.1%, respectively. Imnmunohistochemical profiles of EGFR(+)/
p53(-), IDH-1(-/EGFR(+)/p53(-), and EGFR(-)/p53(+) were noted in 41.3%, 40.2%, and 28.7%, re-
spectively. Expression of IDH-1 and EGFR(-)/p53(+) was positively correlated with young age. The
typical immunohistochemical features of S-GBLs comprised IDH-1(+)/EGFR(-)/p53(+), and were
noted in 3.6% of clinically P-GBLs. The combination of IDH-1(-) or EGFR(+) was the best set of
immunohistochemical stains for identifying P-GBLs, whereas the combination of IDH-1(+) and
EGFR(-) was best for identifying S-GBLs. Conclusions: We recommend a combination of IDH-1
and EGFR for immunohistochemical classification of glioblastomas. We expect our results to be
useful for determining treatment strategies for glioblastoma patients.
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Glioblastomas (World Health Organization [WHO] grade
IV) are the most common type of brain tumor and also the
most malignant. The prognosis of glioblastomas is very poor,
with most patients dying within one year after diagnosis."”?
Glioblastomas can be divided into two types, namely, primary
and secondary glioblastomas. The German neuropathologist
Hans-Joachim Scherer first distinguished primary and second-
ary glioblastomas in 1940, noting that “from a biological and
clinical point of view, the secondary glioblastomas developing
in astrocytomas must be distinguished from primary (primary
glioblastomas); they are probably responsible for most of the
glioblastomas of long clinical duration.” In spite of Scherer’s
remarkable observation, the distinction of primary and second-
ary glioblastomas has remained conceptual, and has not been
used for diagnostic purposes largely because the two types of le-
sions are histologically indistinguishable. Evidence gained from
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immunohistochemistry and molecular pathology analysis indi-
cates that primary and secondary glioblastomas constitute dis-
tinct disease entities that affect patients at different ages, devel-
op through different molecular pathways, exhibit different ge-
netic expression profiles, and may differ in their response to ra-
diation and chemotherapy.'

Primary glioblastomas are also termed e novo glioblastomas,
and they present as full-blown tumors at diagnosis, and are ab-
sent clinical, radiological, or histological evidence of a less ma-
lignant astrocytoma. Primary glioblastomas comprise more
than 90% of glioblastomas.' Secondary glioblastomas develop
slowly through progression from a WHO grade II diffuse astro-
cytoma or WHO grade III anaplastic astrocytoma. On the con-
trary, the diagnosis of a secondary glioblastoma requires clinical,
radiological, or histological evidence of an evolution from a less
malignant precursor lesion. Secondary glioblastomas account
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for approximately 5% to 8% of all glioblastomas." The age of
onset of secondary glioblastomas is younger than that of prima-
ty glioblastomas, and the median survival of secondary glioblas-
toma patients is 7.8 months, which is significantly longer than
that for primary glioblastoma patients (4.7 months, p=0.003).
The incidence rate of diffuse and anaplastic astrocytomas is
about 2 to 3 times higher than that of secondary glioblastomas,
which is reasonable considering the number of patients with
diffuse or anaplastic astrocytoma that succumb to the disease
before progression to glioblastoma occurs. However, several re-
searchers have suggested that some cases of secondary glioblas-
tomas with very rapid progression from precursor low-grade le-
sion may be misclassified as primary glioblastomas. By taking
into account this possibility, the reported incidence of secondary
glioblastomas is likely an underestimate. Nevertheless, second-
ary glioblastomas constitute a relatively rare disease when com-
pared with primary glioblastomas. !

In the last two decades, molecular genetic studies have pro-
vided considerable insight into the mechanism of tumorigenesis
in primary and secondary glioblastomas. Primary glioblastomas
typically exhibit epidermal growth factor receptor (EGFR)
overexpression, PTEN (MMACI) mutations, CDKN2A (p16)
deletions, loss of heterozygosity of 10q, and less frequently
MDM?2 amplification, whereas TP53 mutations are early and
major genetic alterations leading to secondary glioblastomas.'
Watanabe e 2/.” emphasized that overexpression of the EGFR
and p53 mutations are mutually exclusive in the evolution of
primary and secondary glioblastomas.

Mutations of isocitrate dehydrogenase (IDH) genes have re-
cently been associated with potential mechanism of glioma
pathogenesis.**? IDH-1 and IDH-2 are NADP-dependent en-
zymes that catalyze the production of a-ketoglutarate from iso-
citrate during cellular metabolism. Mutations of IDH-1, and
less frequently IDH-2, have recently been identified in glioblas-
tomas, particularly in secondary glioblastomas. IDH-I muta-
tions are reported in more than 80% of secondary glioblastomas,
whereas they are very rare (1.8%) in primary glioblastomas."
The majority of IDH-I mutations are observed in combination
with either TP53 mutations or co-deletion of 1p/19q chromo-
somes, indicating that IDH-1 mutation are one of the earliest
events in the pathogenesis of infiltrating gliomas.*"* Moreover,
like co-deletion of 1p/19q chromosomes, promoter methylation
of methylguanine-DNA methyltransferase (MGMT) and EG-
FR-phosphoinositide 3-kinase pathways as well as IDH-1 muta-
tions have been demonstrated as important prognostic markers
of gliomas. Thus, IDH-1 mutations in glioblastoma are thought
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to be closely related to secondary glioblastomas and confer a
good prognosis.*

There is growing interest in the possibility of targeted mo-
lecular therapies for malignant tumors.'*"* In glioblastoma pa-
tients, therapeutic response to EGFR tyrosine kinase inhibitors
varies significantly according to the expression of EGFR, EG-
FRVIII, and PTEN.!*'® Primary and secondary glioblastomas
utilize different cell signaling pathways and exhibit distinct
patterns of matrix metalloproteinase (MMP) activation.'” In
addition, primary and secondary glioblastomas are remarkably
different from each other with respect to promoter methylation
patterns as well as RNA and protein expression profiles.' There-
fore, molecular subtyping of glioblastomas are very important
for personalized medicine,”* and distinction of primary and sec-
ondary glioblastomas can be the initial step for determining the
treatment strategy of glioblastoma patients.

Several laboratory techniques can be employed to distinguish
between primary and secondary glioblastomas, with immuno-
histochemistry, fluorescence i situ hybridization (FISH), pyro-
sequencing, and direct sequencing with polymerase chain reac-
tion comprising the major methods.'*"” FISH, pyrosequencing,
and direct sequencing are more sophisticated techniques; how-
ever, these molecular techniques are expensive and time-con-
suming. In contrast, immunohistochemistry is very fast and
economical, and is suitable for screening tests to determine
treatment strategies. Indeed, immunohistochemistry is widely
utilized in pathology laboratories, and the immunohistochemi-
cal evaluation of EGFR and p53 overexpression is routinely
available in daily practice for pathologic diagnoses. A recent
study reported the usefulness of the immunohistochemical de-
tection of IDH-1 compared to direct DNA sequencing in glio-
ma specimens, demonstrating that there is a statistically signifi-
cant correlation between the monoclonal antibody immunohis-
tochemistry and the relevant mutation detected by direct DNA
sequencing. Thus, IDH-1 immunohistochemistry is useful for
evaluating and diagnosing mutation-bearing gliomas as well as
for determining treatment strategies.'*"’

Overexpression of the EGFR and p53 mutations are known
to be mutually exclusive in the evolution of primary and sec-
ondary glioblastomas;” however, these two seemingly exclusive
pathways do not account for all glioblastomas. In our own prac-
tice, we have observed glioblastomas with immunohistochemi-
cal co-expression of EGFR and p53, as well as glioblastomas
that express neither EGFR nor p53. Thus, the aim of this study
was to evaluate the immunohistochemical expression of EGFR,
P53, and IDH-1 in a series of 150 glioblastomas in order to
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compare the immunohistochemical classification of glioblasto-
mas with clinically primary and secondary glioblastomas and to
determine the best combination of antibodies for their immu-
nohistochemical classification.

MATERIALS AND METHODS

Patients and specimens

We collected formalin-fixed paraffin-embedded tissues from
150 glioblastoma patients. More than one available pathologic
examination was available for 10 patients due to tumor recur-
rence, and for these cases the initial paraffin blocks were used
for our study. A total of 118 undergoing craniotomy or stereo-
tactic biopsy in Seoul National University Bundang Hospital
from May 2003 to September 2011, and 32 patients received
craniotomy or stereotactic biopsy in Seoul National University
Hospital from May 2011 to September 2011.

The mean age of 150 glioblastoma patients was 58.8 years
with range of 19 to 85 years. The patient group consisted of
equal numbers of men and women, 75 patients each. Patients
with history of an evolution from diffuse or anaplastic astrocy-
toma were diagnosed as having clinically secondary glioblasto-
ma, and de nowo cases were regarded as clinically primary glio-
blastomas. They consisted of 146 cases of clinically primary
glioblastomas and 4 cases of clinically secondary glioblastomas.
The mean age of clinically primary and secondary glioblastomas
was 59.2 years and 44.0 years, respectively.

Immunohistochemical staining

Immunohistochemical staining for p53 and EGFR was per-
formed in 150 cases using formalin-fixed paraffin-embedded
tumor blocks. IDH-1 immunohistochemical stains were per-
formed in 144 cases of glioblastoma for which paraffin blocks
were available.

Briefly, 4-pm-thick tissue sections were deparaffinized in xy-
lene and hydrated by immersing in a series of graded ethanol.
Antigen retrieval was performed in a microwave by placing the
sections in epitope retrieval solution (0.01 M citrate buffer, pH
6.0) for 20 minutes; endogenous peroxidase was inhibited by
immersing the sections in 0.3% hydrogen peroxide for 10 min-
utes.” Sections were then incubated with combinations of
EGFR (1:150, Dako, Camarillo, CA, USA), p53 (1:1,000,
Dako, Glostrup, Denmark), and/or IDH-1 (1:100, DIANOVA,
Hamburg, Germany) antibodies.

Immunohistochemical stains for EGFR were graded as fol-
lows: 0 (no cell stained), 1+ (< 5% tumor cells stained), 2+ (5-
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50% cells stained), and 3+ (>50% cells stained). For statistical
analysis, a score of 0 and 1 was considered negative and a score
of 2 or 3 was considered positive. Nuclear staining of p53 was
scored semi-quantitatively in the most prominently stained area
of the tissue slides. The percentage of positive cells was counted
as follows: cases with >10% cells were considered positive
(overexpression of p53), and < 10% cells were considered nega-
tive. Cytoplasmic immunoreactivity to the IDH-1 antibody
was considered as positive immunostaining.

Histopathological evaluation and radiological review

The hematoxylin and eosin stained slides were reviewed and
the diagnosis was confirmed according to the WHO classifica-
tion of tumors of the nervous system. In cases where the results
of immunohistochemical studies were consistent with those of
secondary glioblastomas in clinically primary glioblastoma pa-
tients with no history of previous diffuse or anaplastic astrocy-
toma, we searched for histological evidence of an evolution from
a diffuse or anaplastic astrocytoma in the background. In addi-
tion, we radiologically re-evaluated brain tumor images to de-
tect any lower grade components in the background.

Statistical analysis

All statistical analyses were performed using SPSS ver. 19.0
(SPSS Inc., Chicago, IL, USA). Chi-squared tests were used to
analyze correlations between immunohistochemical results. A
p-value of less than 0.05 was accepted as statistically significant.

RESULTS

Immunohistochemical expression of EGFR and p53 in
glioblastomas

Among 150 cases, immunohistochemical expression of EGFR
was noted in 94 cases (62.6%) and p53 was overexpressed in 74
cases (49.3%) (Fig. 1A, B, D, E). The typical immunohisto-
chemical feature of primary glioblastoma, EGFR(+)/p33(-), was
noted in 62 cases (41.3%) while the typical immunohistochemi-
cal feature of secondary glioblastoma, EGFR(=)/p53(+), was not-
ed in 43 cases (28.7%). Immunohistochemical expression of
EGFR(+)/p53(+) was noted in 31 cases (20.7%) and EGFR(-)/
p33(-) in 14 cases (9.3%). The inverse correlation between
EGFR and p53 was statistically significant (independent sam-
ples t-test, p<.001).

The mean age of EGFR(+)/p53(-) immunohistochemically
primary glioblastoma patients was 65.4 years and the mean age
of EGFR(=)/p53(+) immunohistochemically secondary glio-
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blastoma patients was 53.8 years. The mean age of EGFR(+)/
p53(-) immunohistochemically primary glioblastoma patients
was 11.6 years older than that of EGFR(=)/p53(+) immunohis-
tochemically secondary glioblastoma patients, the difference of
which was statistically significant (p<.001) (Table 1).

Immunohistochemical expression of IDH-1 in glioblastomas

Immunohistochemical expression of IDH-1 was noted in 16
(11.1%) of 144 total cases (Fig. 1C, F). The mean age of IDH-
1(+) glioblastoma patients was 45.2 years, whereas that of
IDH-1(-) glioblastoma patients was 60.0 years. Positive IDH-
1 status was significantly correlated with young age (p<.001).
Among 16 cases of IDH-1(+) glioblastomas, 14 cases showed
co-expression of p33 (87.5%) and two cases (12.5%) revealed
no overexpression of p53 (p=.01). Among 128 cases of IDH-
1(-) glioblastomas, immunohistochemical expression of EGFR
was noted in 82 cases (64.1%) (p=.97). We also observed a

Table 1. Immunohistochemical expression of EGFR and p53 in
glioblastomas with median age (n=150)

IHC No. of cases (%) Age (yn) p-value
EGFR() 93/150 (62.7) 61.2 016
p53(+) 74/150 (49.3) 5815 <.001
EGFR(+)/p53(-) 62/150 (41.3) 65.4 <.001
EGFR(-)/p53(+) 43/150 (28.7) 53.8 019
EGFR+)/p53(+) 31/150 (20.7) 53.09 126
EGFR(-)/p53(-) 14/150 (9.3) 57.9 075

EGFR, epidermal growth factor receptor; IHC, immunohistochemistry.

positive correlation between IDH-1 and p53, but no correlation
between IDH-1 and EGFR (Table 2).

Immunohistochemical subtypes in clinically primary and
secondary glioblastomas

Clinically secondary glioblastomas were observed in only 4
cases (2.8%) of the 144 cases in our study, which had previously
been diagnosed as having diffuse astrocytoma or anaplastic as-
trocytoma. The proportion of clinically secondary glioblastomas
was lower than those of previous studies.' The mean age of pa-
tients with secondary glioblastomas was 44.0 years. Immuno-
histochemical profiles of clinically primary and secondary glio-
blastomas are summarized in Table 3.

All of the clinically secondary glioblastomas expressed IDH-
1 according to immunohistochemical staining while none ex-
pressed EGFR. The secondary glioblastomas consisted of three

Table 2. Immunohistochemical expression of IDH-1 in glioblasto-
mas (n=144)

IDH-1 positive  IDH-1 negative ~ p-value
No. of cases 16 (11.1) 128 (88.9)
Age (y) 452 60.0 <.001
Male/Female ratio 1.33 0.56 136
Clinically secondary GBM 4/4 0/4 .006
EGFR(+) 7/16 (43.8) 82/128 (64.1) 97
p53(+) 14/16 (87.5) 57/128 (44.5) 01

Values are presented as number (%).
IDH-1, isocitrate dehydrogenase 1; GBM, glioblastoma; EGFR, epidermal
growth factor receptor.

Fig. 1. Characteristic immunohistochemical expression of epidermal growth factor receptor (EGFR), p53, and isocitrate dehydrogenase 1
(IDH-1) in primary glioblastoma (A-C) and secondary glioblastoma (D-F). EGFR (A, D), p53 (B, E), and IDH-1 (C, F).
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cases with an immunohistochemical profile typical of secondary
glioblastomas, IDH-1(+)/EGFR(=)/p53(+), and one case of
IDH-1(+)/EGFR(=)/p33(-).

Among 140 cases of clinically primary glioblastoma, immu-
nohistochemical profiles typical of primary glioblastomas,
IDH-1(=)/EGFR(+)/p53(-), were noted in 58 cases (41.4%).
Interestingly, the immunohistochemical profile associated with
secondary glioblastomas, IDH-1(+)/EGFR(=)/p53(+), was de-
tected in five cases (3.6%) among the 140 clinically primary
glioblastomas. The five patients with IDH-1(+)/EGFR(-)/
p33(+) immunohistochemical profiles had no history of lower
grade astrocytic tumors; however, they were young with a mean
age of 44.6 years. Based on these findings, we requested a neu-
roradiologist to review the brain magnetic resonance imaging
(MRI) images of these five cases. Nonenhancing, extensively in-
filtrative components without necrosis were detected at least fo-
cally in the peripheral areas of the main tumor, which provided
radiological evidence of an evolution from a less malignant pre-
cursor lesion. In addition, one case presented with multiple le-
sions as identified by MRI. Based on these findings, the five

Table 3. Immunohistochemical subtypes in clinically primary and
secondary glioblastomas (n=144) according to IDH-1, EGFR, and
p53 immunohistochemical profiles

IHC Clinically primary GBM Clinically secondary GBM
IDH-1(-/EGFR(+)/p53(-) 58 (40.2) 0(0)
IDH-1(-/EGFR(+)/p53(+) 24 (16.6) 0(0)
IDH-1(-/EGFR()/p53(+) 33(22.9) 0(0)
IDH-1(-/EGFR(-)/053(-) 13(9.0) 0(0)
IDH-1(+)/EGFR(+)/p53(-) 1(0.6) 0(0)
IDH-1(+)/EGFR(+)/p53(+) 6 (4.1) 0(0)
IDH-1(+)/EGFR()/p53(-) 0(0) 1(0.6)
IDH-1(+)/EGFR(-)/p53(+) 5(3.4) 3(2.0)

Values are presented as number (%).
IDH-1, isocitrate dehydrogenase 1; EGFR, epidermal growth factor recep-
tor; IHC, immunohistochemistry; GBM, glioblastoma.
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cases of immunohistochemically secondary glioblastomas were
combined with the four cases of clinically secondary glioblasto-
mas. Following this adjustment, the proportion of clinically
and immunohistochemically secondary glioblastomas (6.25%)
was similar to those of previous studies.! Clinicopathologic pro-
files of clinically and immunohistochemically secondary glio-
blastoma patients are summarized in Table 4.

Optimal combination of antibodies for immunohistochemical
classification of primary and secondary glioblastomas

To determine the best combination of antibodies for immu-
nohistochemical classification of primary and secondary glio-
blastomas, we analyzed various combinations of antibodies in-
cluding expression of single individual antibodies, expression
profiles of a combination of two antibodies, and expression pro-
files of all the three antibodies. Specifically, we calculated the
statistical measures of the performance of a binary classification
tests such as the sensitivity, specificity, accuracy, positive predic-
tive value, and negative predictive value for every antibody
combination for identifying immunohistochemically primary
glioblastomas (Table 5) and immunohistochemically secondary

Table 4. Clinicopathologic profiles of immunohistochemically sec-
ondary glioblastomas

Case No. Age Sex Previous Diagnosis EGFR p53 IDH-1

1 36 F Diffuse astrocytoma - - +
2 39 M  Anaplastic astrocytoma - + +
3 45 M Diffuse astrocytoma - + +
4 56 F Anaplastic astrocytoma - + +
5 57 F None - + +
6 38 M None - + +
7 69 F None - + +
8 19 F None - + +
9 40 M None - + +

EGFR, epidermal growth factor receptor; IDH-1, isocitrate dehydrogenase
1; F, female; M, male.

Table 5. Statistical measures of the performance of a binary classification test in immunohistochemically primary glioblastomas (n=135) ac-

cording to different antibody combinations

Sensitivity Specificity Accuracy PPV NPV
EGFR(+) 65.93 100.00 68.06 100.00 16.36
p53() 53.38 88.89 55.56 98.63 11.27
IDH-1(-) 94.07 100.00 94.44 100.00 52.94
EGFR(+) and p53(-) 43.70 100.00 47.22 100.00 10.59
EGFR(+) or p53(-) 90.37 11.11 85.42 93.85 7.14
IDH-1(-) and EGFR(+) 60.74 100.00 63.19 100.00 14.52
IDH-1(-) or EGFR(+) 100.00 100.00 100.00 100.00 100.00
IDH-1(-) and p53(-) 52.59 100.00 55.56 100.00 12.33
IDH-1(-) or p53(-) 95.56 88.89 95.14 99.23 57.14
EGFR(+) and p53(-) and IDH-1(-) 42.96 100.00 46.53 100.00 10.47

Values are presented as percentage.

PPV, positive predictive value; NPV, negative predictive value; EGFR, epidermal growth factor receptor; IDH-1, isocitrate dehydrogenase 1.
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Table 6. Statistical measures of the performance of a binary classification test in immunohistochemically secondary glioblastomas (n=9) ac-

cording to different antibody combinations

Sensitivity Specificity Accuracy PPV NPV
EGFR() 100.00 65.93 68.06 16.36 100.00
p53(+) 88.89 53.33 55.56 11.27 98.63
IDH-1(+) 100.00 94.81 95.14 56.20 100.00
EGFR(-) and p53(+) 88.89 75.56 76.39 19.51 99.03
EGFR(-) or p53(+) 100.00 43.70 47.22 10.59 100.00
IDH-1(+) and EGFR(-) 100.00 100.00 100.00 100.00 100.00
IDH-1(+) or EGFR(-) 100.00 60.74 63.19 14.52 100.00
IDH-1(+) and p53(+) 88.89 95.56 95.14 57.14 99.23
IDH-1(+) or p53(+) 100.00 53.33 56.25 12.50 100.00
EGFR(-) and p53(+) and IDH-1(+) 88.89 100.00 99.31 100.00 99.26

Values are presented as percentage.

PPV, positive predictive value; NPV, negative predictive value; EGFR, epidermal growth factor receptor; IDH-1, isocitrate dehydrogenase 1.

glioblastomas (Table 6).

With respect to immunostaining with a single antibody, ex-
pression of p33 exhibited relatively lower sensitivity, specificity,
accuracy, positive predictive value, and negative predictive val-
ue compared with expression of IDH-1 or EGFR. Contrary to
our expectations, the combination of all three antibodies IDH-
1, p53, and EGFR) was not the best way for immunohisto-
chemical classification of primary and secondary glioblastomas.
Rather, combination of two antibodies for IDH-1 and EGFR
produced the best results in distinguishing primary and sec-
ondary glioblastomas. Specifically, combination of IDH-1(-) or
EGFR(+) was the best way to identify primary glioblastomas
(Table 5), whereas the combination of IDH-1(+) and EGFR(-)
was best way to identify secondary glioblastomas (Table 6).

DISCUSSION

The present study consisted of 146 clinically primary and 4
clinically secondary glioblastomas, which had immunohisto-
chemical expression of EGFR, p53, and IDH-1 in 62.6%,
49.3%, and 11.1% of cases, respectively. Immunohistochemi-
cal profiles of EGFR(+)/p53(-), IDH-1(-)/EGFR(+)/p53(-),
and EGFR(-)/p53(+) were noted in 41.3%, 40.2%, and 28.7%
of cases, respectively. In addition, expression of IDH-1 and
EGFR(-)/p53(+) was positively correlated with young age. Our
study also showed a positive correlation between IDH-1 and
P33, but no correlation between IDH-1 and EGFR. Interest-
ingly, 3.6% of clinically primary glioblastomas exhibited the
IDH-1(+)/EGFR(-)/p53(+) immunohistochemical profile
which is typical of secondary glioblastomas.

Targeted molecular therapies and personalized medicine are
becoming increasingly important for the treatment of glioblas-
toma patients as well as other malignant tumors. Primary glio-
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blastomas are remarkably different from secondary glioblasto-
mas in many aspects, including their therapeutic responses to
EGFR tyrosine kinase inhibitors,'*'* MMP activation," cell
signaling pathway,? patterns of promoter methylation, and ex-
pression profiles at the RNA and protein levels." Because mo-
lecular subtyping of glioblastomas is very important for person-
alized medicine,? distinction of primary and secondary glio-
blastomas can serve as an initial step for determining the treat-
ment strategy of glioblastoma patients.

Amplification/overexpression of EGFR is a key pathogenesis
in the development of primary glioblastomas. EGFR amplifica-
tion and mRINA overexpression are strongly associated with an
increased level of the EGFR protein.”** Increased level of the
EGEFR protein can be demonstrated as overexpression of EGFR
by immunohistochemistry. In previous studies, overexpression
of EGFR has been observed in more than 60% of glioblasto-
mas. Likewise in our study, overexpression of EGFR was de-
tected in 62.7% of cases.

The TP53 pathway plays a critical role in the development of
low grade gliomas. TP53 mutations are present in more than
70% of diffuse astrocytomas, anaplastic astrocytomas, and sec-
ondary glioblastomas. In addition, TP53 mutations are noted
in lower than 30% of primary glioblastomas.** In the presence
of TP53 mutations, positive staining for p53 can be expected;
however, a few studies concerning TP53 in glioblastomas have
reported a higher rate of immunoreactivity than expected based
on the actual gene mutation. In fact, immunohistochemistry
does not seem to reflect TP53 mutations perfectly. Along these
lines, several studies have suggested that various mechanisms of
TP53 alteration can result in accumulation of p33 protein.”?
Similarly, immunohistochemical overexpression of p53 was ob-
served in 49.3% of glioblastomas in our study.

Overexpression of EGFR and p53 mutations are known to be
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mutually exclusive in the evolution of primary and secondary
glioblastomas.” Our study revealed an inverse correlation be-
tween EGFR and p353 that was statistically significant (p<
0.001); however, 30% of glioblastomas exhibited ambiguous
immunoprofiles in our study. The typical immunohistochemical
feature of primary glioblastomas, EGFR(+)/p33(-), was noted
in 41.3% of cases while the typical immunoprofile of secondary
glioblastomas, EGFR(=)/p53(+), was noted in 28.7% of cases.
Unexpected immunohistochemical expression of EGFR(+)/
p33(+) and EGFR(-)/p53(-) was noted in 20.7% and 9.3% of
cases, respectively. Thus, our attempt to classify glioblastomas
by the immunohistochemical combination of EGFR and p53
revealed certain limitations.

Because of the inability of EGFR and p53 staining to fully
distinguish between clinically primary and secondary glioblas-
tomas, we included immunohistochemical staining for IDH-1,
which is highly related to secondary glioblastoma.® We then
analyzed the expression profiles of triple markers (IDH-1,
EGFR, and p53) with respect to classification of glioblastomas
(primary vs secondary). Three out of four cases of clinically sec-
ondary glioblastomas exhibited the typical immunohistochemi-
cal profile consisting of IDH-1(+)/EGFR(-)/p53(+), while the
typical immunoprofile of primary glioblastoma, IDH-1(-)/
EGFR(+)/p53(-), was noted in 41.4% cases. Interestingly, the
typical immunoprofile of secondary glioblastoma, IDH-1(+)/
EGFR(-)/p53(+), was detected in five cases (3.6%) among 140
clinically primary glioblastomas. The five patients with IDH-
1(+)/EGFR(-)/p53(+) immunoprofile had no history of lower
grade astrocytic tumors; however, they were observed in young-
er patients with a mean age of 44.6 years and presented with
diffuse or multiple lesions on MRI images. Therefore, these
cases were reclassified as immunohistochemically secondary
glioblastomas. We suspect that these cases consisted of second-
ary glioblastomas with subclinical diffuse or anaplastic astrocy-
tomas and very rapid progression from precursor lower grade
lesions.

The proportion of clinically secondary glioblastomas (2.8%)
observed in our study was lower previously observed.! However,
the proportion of clinically and immunohistochemically sec-
ondary glioblastomas (6.25%) was similar to those of previous
studies. The mean age of secondary glioblastomas was 44.3
years (44.0 years in clinically secondary glioblastomas and 44.6
years in immunohistochemically secondary glioblastomas).
Conversely, the mean age of clinically primary and immunohis-
tochemically primary glioblastomas was 59.2 years and 59.3
years, respectively.

http://dx.doi.org/10.4132/KoreanJPathol.2013.47.6.541

Immunohistochemical Classification of Glioblastomas ® 547

To determine the best combination of antibodies for immu-
nohistochemical classification of glioblastomas, we evaluated the
statistical performance of a binary classification test using every
combination of antibodies for immunohistochemically primary
and secondary glioblastomas. Contrary to our expectations, the
combination of all three antibodies (IDH-1, p53, and EGFR)
was not the best way to distinguish primary and secondary glio-
blastomas. Rather, combinations of IDH-1 and/or EGFR pet-
formed better for distinguishing primary and secondary glio-
blastomas. Specifically, the combination of IDH-1(+) and
EGFR(-) was the best way to identify secondary glioblastomas,
which exhibited perfect statistical significance for sensitivity,
specificity, accuracy, positive predictive value, and negative pre-
dictive value. Likewise, the immunohistochemical combination
of IDH-1(-) or EGFR(+) was the best method for identifying
primary glioblastomas. In other words, an IDH-1(+)/EGFR(-)
immunoprofile accurately identified secondary glioblastomas,
while IDH-1(-)/EGFR(+), IDH-1(+)/EGFR(+), and IDH-1(-)/
EGFR(-) immunoprofiles identified primary glioblastomas.
Based on these results, the combination of IDH-1 and EGFR
immunohistochemistry, excluding p53, was determined to be a
good method for subtyping glioblastomas. This result was at-
tributed primarily to one case of the four clinically secondary
glioblastomas that did not express p53, which affected the sta-
tistical significance of the data considerably. Moreover, overex-
pression of p53 was frequently observed in primary glioblasto-
mas. The sensitivity of p53(-) was too low (53.3%) in primary
glioblastomas, and thus the immunohistochemical overexpres-
sion of p53 was not statistically useful for distinguishing prima-
ry and secondary glioblastomas.

In summary, immunohistochemical expression of EGFR,
p53, and IDH-1 in glioblastomas was observed in 62.6%,
49.3%, and 11.1%, respectively. The immunohistochemical
profiles of EGFR(+)/p53(-), IDH-1(=)/EGFR(+)/p53(-), and
EGFR(-)/p53(+) were noted in 41.3%, 40.2%, and 28.7% of
cases, respectively. In addition, expression of IDH-1 and
EGFR()/p53(+) was positively correlated with young age. Our
study demonstrated a positive correlation between IDH-1 and
p53, but not between IDH-1 and EGFR. The typical immuno-
profile of secondary glioblastomas, IDH-1(+)/EGFR(=)/p53(+),
was detected in 3.6% of clinically primary glioblastomas. The
combination of IDH-1(-) or EGFR(+) was the best method for
identifying primary glioblastomas, whereas the combination of
IDH-1(+) and EGFR(-) was the best method for identifying
secondary glioblastomas.

In conclusion, we recommend the combination of IDH-1
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and EGFR for immunohistochemical classification of glioblas-
tomas. We expect that our results will be useful for determin-
ing treatment strategies for patients with glioblastoma.
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