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Epidermal growth factor receptor (EGFR) expression
and signaling contribute to glioma biological features
and, thus, are a target for new drug development. The
role, if any, of EGFR in routine surgical neuropatho-
logical diagnostics is less clear. Herein, we describe
prospective EGFR IHC analysis in an adult cohort
comprising 750 infiltrative gliomas. EGFR expression
increased with World Health Organization grade but
did not significantly differ between grade-matched
astrocytic and oligodendroglial tumors. Survival did
not significantly differ by EGFR expression among
astrocytic tumors adjusted for World Health Organi-
zation grade. However, grade II oligodendrogliomas
with strong EGFR expression and 1p/19q codeletion
showed reduced survival, compared with their code-
leted counterparts with weaker EGFR expression.
Surprisingly, an inverse phenomenon was found
with grade III anaplastic oligodendrogliomas, in
which stronger EGFR expression was a favorable
marker for survival. Among all gliomas, the likeli-
hood of EGFR amplification, as viewed by fluores-
cence in situ hybridization, increased with the
strength of EGFR expression, and <1% of cases with
weak or no EGFR immunostaining showed amplifi-
cation. These data suggest that EGFR IHC is useful in
certain circumstances (ie, it may help supplement
1p/19q prognostic information in oligodendroglial
tumors and screen out cases that would not benefit
from more costly EGFR fluorescence in situ hybrid-
ization analysis). (Am J Pathol 2011, 179:1638–1644; DOI:

10.1016/j.ajpath.2011.06.020)

Epidermal growth factor receptor (EGFR) is a tyrosine
kinase that binds to extracellular EGF and dimerizes, thus
transducing signal across the cell membrane. This signal

elicits a downstream cascade through the mitogen-acti-

1638
vated protein kinase/extracellular signal–regulated ki-
nase and phosphatidylinositol 3-kinase/Akt pathways that
are generally favorable to growth and cell migration.1

Although such signaling is critical for normal organism
development, glioma cells frequently use EGFR signaling
to promote tumor behavior. Several methods used by
gliomas to up-regulate EGFR signaling include overex-
pression of the receptor via disrupted regulatory feed-
back, thereby sensitizing the cell to extracellular EGF;
overexpression via EGFR gene amplification on 7p12;
and a truncation mutation, producing a constitutively ac-
tive EGFRvIII.2

Given its pro-oncogenic effects, it is not surprising that
increased EGFR expression generally correlates with in-
creasing World Health Organization (WHO) grade in glio-
mas. EGFR amplification is characteristic of approxi-
mately 40% of all glioblastomas (GBMs), and detection of
this amplification can be used to identify GBM cells, even
in suboptimal tissue biopsy specimens.3 The most widely
used method of evaluating EGFR copy number is fluores-
cence in situ hybridization (FISH), in which a fluorophore-
labeled DNA probe binds to EGFR DNA and emits a
signal. A comparison of the number of EGFR-specific
signals with an internal ploidy control (usually a centro-
meric enumeration probe on chromosome 7 labeled with
a different fluorophore) yields the EGFR copy number in a
given DAPI-counterstained nucleus; by convention,
EGFR amplification is diagnosed when the EGFR/centro-
meric enumeration probe for chromosome 7 (CEP7) ratio
is �2.4

Testing for EGFR amplification serves mainly as a refine-
ment of diagnosis because its presence in a brain biopsy
specimen strongly suggests that the tumor is a GBM, even
if the histological and/or radiological features do not match
up. Furthermore, a tumor that has oligodendroglial morpho-
logical features yet shows EGFR amplification may be a
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small-cell variant of GBM.5,6 Testing for EGFR expression
and/or amplification may also prove useful from a therapeu-
tics perspective, assuming that an anti-EGFR drug can be
developed that has significant therapeutic effects.7,8

Several retrospective studies9 –14 have tested the
correlation between EGFR expression in WHO grade-
adjusted gliomas and patient survival, with conflicting
data. Herein, we describe the results of EGFR expression
analysis from a prospective cohort of 750 infiltrative glio-
mas covering WHO grades II to IV, including its ability to
predict EGFR amplification and its correlation with patient
survival.

Materials and Methods

Cohort

From January 24, 2002 to August 11, 2010, biopsy ma-
terial from 750 gliomas in the adult population (�18
years) was analyzed at initial diagnosis for EGFR and
1p/19q status at the University of Pittsburgh Medical Cen-
ter (Pittsburgh, PA), as described later. Cases of recur-
rent or treated gliomas were excluded. Diagnoses were
rendered according to WHO criteria at initial biopsy. Hy-
brid diagnoses, such as oligoastrocytoma, were avoided.
Survival, marked from the original biopsy, was deter-
mined using the Social Security Death Index. Specific
information about treatment regimens in each patient was
not available.

EGFR IHC Analysis

EGFR immunohistochemistry (IHC) was performed on
sections (5-�m thick) obtained from paraffin-embedded
material, using EGFR primary antibody (Ventana 790-
2988/3C6/prediluted; Ventana Medical Systems, Oro Val-
ley, AZ). The antibody labeling was performed using the
avidin-biotin complex method and visualized using a
horseradish peroxidase enzyme label and 2=-diamino-
benzamide (Dako, Carpinteria, CA) as the substrate
chromogen (brown).

EGFR IHC analysis was based on the following semi-
quantitative scale: 0, negative; 1, weak; 2, moderate; and
3, strong. The score was predicated on the strongest
area of the tumor.

FISH Analysis

FISH analyses for EGFR and 1p/19q were performed as
previously described.15 Briefly, formalin-fixed, paraffin-
embedded tissues were mounted and serially divided
into sections (5-�m thick). An H&E section was used by
the pathologist to determine the area of the tissue to be
targeted for analysis. FISH slides were deparaffinized in
xylene twice for 10 minutes, dehydrated twice with 100%
ethanol, and then pretreated using the Vysis Paraffin Pre-
treatment Kit (Abbott Laboratories, Des Plaines, IL).
Slides were digested for 18 minutes in protease solution
(0.5 mg/mL) at 37°C. FISH was performed using probes

for EGFR (7p12)/CEP7, 1p36/1q25, and 19q13/19p13
(Abbott Molecular, Des Plaines, IL). The target slide and
probe were codenatured at 95°C for 8 minutes and incu-
bated overnight at 37°C in a humidified chamber. Post-
hybridization washes were performed using two times
standard saline citrate/0.3% Igepal (Sigma, St Louis, MO)
at 72°C for 2 minutes. Slides were air dried in the dark
and counterstained with DAPI (Abbott Molecular). Anal-
ysis was performed using a Nikon Optiphot-2 (Nikon,
Inc., Melville, NY) and Quips Genetic Workstation (Abbott
Laboratories, Des Plaines, IL) equipped with a Chroma
Technology filter (Bellows Falls, VT) set with single-band
exciters for SpectrumOrange, fluorescein isothiocyanate,
and DAPI (UV, 360 nm).

In each case, a minimum of 60 tumor cells were
scored. EGFR amplification was defined as an EGFR/
CEP7 ratio �2.0. 1p/19q codeletion was determined
when both 1p36/1q25 and 19q13/19p13 signal ratios
were �0.85 in �20% of tumor cells. These cutoff points
were derived using nonneoplastic autopsy brain tissue as
controls.

Statistical Analysis

Survival rates were compared via log-rank tests on Ka-
plan-Meier curves. Correlations between EGFR IHC and
EGFR amplification were performed via nonparametric
Spearman rank correlation. EGFR IHC scores were com-
pared between diagnostic groups, and EGFR amplifica-
tion status was compared via Kruskal-Wallis analysis with
Dunn’s post hoc test. The likelihood of EGFR amplification
or 1p/19q codeletion, based on IHC score, was deter-
mined using the Fisher’s exact test. All analyses were
performed using GraphPad software (GraphPad Soft-
ware, Inc., La Jolla, CA); differences were considered
significant if P � 0.05.

Results

Cohort Characteristics

The prospective cohort comprised 750 individuals with
infiltrative gliomas (Table 1). Overall, 58.7% were male,
the male/female ratio was 1.4:1, and the median age was
59 (range, 18 to 94) years. Tumor categorization was
based on the original diagnosis rendered at biopsy.
Nearly 70% of all tumors were GBM, followed by grade II
oligodendroglioma (11.2%), grade III anaplastic astrocy-
toma (8.5%), grade II diffuse astrocytoma (8.1%), and
grade III anaplastic oligodendroglioma (4.5%). All of
these parameters are generally consistent with prior pop-
ulation-based data.16

Of the 750 patients, 466 (62.1%) were dead at the time
of study. The median follow-up interval for all patients was
330 days (range, 3 days to 8.8 years). Of those patients
who died, the median survival was 219 days (range, 3
days to 6.4 years).

EGFR IHC and Gene Amplification

EGFR IHC analysis was performed at original diagnosis

on all cases (see Materials and Methods). Cases were
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prospectively scored using a semiquantitative method: 0,
negative; 1, weak; 2, moderate; and 3, strong (Figure 1,
A–D). EGFR expression was lower in grade II gliomas
compared with grade III to IV gliomas (overall P �
0.0001, Figure 1E). There was no significant difference in
expression after adjusting for grade and histotype (ie,
astrocytoma versus oligodendroglioma).

In all gliomas, there was a strong correlation between
the degree of EGFR expression and EGFR gene amplifi-

Table 1. Analysis of EGFR Expression in Gliomas within the Stu

WHO
diagnosis

All
individuals Males Females

Median
(range)

age
(years)

E

Astrocytoma
Grade II 61 (8.1) 31 (50.8) 30 (49.2) 48 (20–81) 1
Grade III 64 (8.5) 39 (60.9) 25 (39.1) 56 (22–94) 2

GBM 507 (67.6) 301 (59.4) 206 (40.6) 63 (18–89) 2

Oligodendroglioma
Grade II 84 (11.2) 46 (54.8) 38 (45.2) 42 (19–78) 1
Grade III 34 (4.5) 23 (67.6) 11 (32.4) 48 (32–80) 2

Total 750 (100.0) 440 (58.7) 310 (41.3) 59 (18–94) 2

Data are given as number (percentage) unless otherwise indicated. A
EGFR expression, EGFR amplification, and 1p/19q codeletion (see Mate

Figure 1. EGFR IHC in gliomas. IHC stains for EGFR were semiquantitatively
scored on a scale, as follows: 0, negative (A); 1, weak (B); 2, moderate (C);
and 3, strong (D). E: EGFR staining is generally weaker in grade II gliomas
and equally strong among grade III to IV gliomas. *P � 0.001 versus grade III

astrocytoma (G3 astro) and GBM; **P � 0.001 versus GBM. Original magni-
fication: �200 (A–E).
cation detected by FISH (two-tailed P � 0.0001 by non-
parametric Spearman rank correlation, Figure 2A). Spe-
cifically, none of the 24 gliomas with completely negative
EGFR IHC had EGFR amplification, and only 1 (0.75%) of
the 133 cases with weak EGFR IHC showed amplifica-
tion; that case was a GBM histologically (not shown).
There was a sharp increase in amplification frequency to
10.8% � 2.0% (� SEM) with a moderate IHC score and
a nearly sixfold increase to 61.2% � 2.6% (� SEM) when
there was strong EGFR expression.

Classifying the cohort by WHO diagnostic category
also revealed a highly significant difference in the pro-
portion of cases with EGFR amplification, according to
EGFR IHC score (P � 0.0001, Figure 2B). An average of
9.7% of all moderately staining gliomas had EGFR ampli-
fication. Interestingly, the frequency did not vary between

ort

�

C
EGFR data

EGFR
amplificationNegative Weak Moderate Strong

1 4 (6.6) 30 (49.2) 19 (31.1) 8 (13.1) 3 (4.9)
1 1 (1.6) 14 (21.9) 21 (32.8) 28 (43.8) 17 (26.6)
04 12 (2.4) 64 (12.6) 140 (27.6) 291 (57.4) 224 (44.2)

09 7 (8.3) 18 (21.4) 42 (50.0) 17 (20.2) 1 (1.2)
1 0 (0) 7 (20.6) 10 (29.4) 17 (50.0) 2 (5.9)
03 24 (3.2) 133 (17.7) 232 (30.9) 361 (48.1) 247 (32.9)

750 cases of diffusely infiltrative glioma were analyzed prospectively for
Methods).

Figure 2. Correlation between EGFR expression and gene amplification. A
total of 750 WHO grade II to IV gliomas were prospectively immunostained
for EGFR and tested for gene amplification by FISH (see Materials and
Methods). A: In all gliomas, the rate of EGFR amplification increased with
increasing EGFR staining intensity. *P � 0.001 versus all other groups. B:
Adjusting for WHO grade and morphologic subtype, the highest rates of
EGFR amplification were seen in grades III and IV astrocytomas with strong
EGFR expression. *P � 0.05 versus all negative and weak tumors; **P � 0.05
versus all but strong grade III astrocytoma (G3 astro). C: The risk of EGFR
amplification (amp) was nearly nonexistent in all gliomas with negative (neg)
or weak EGFR immunostaining, including GBMs. P � 0.0001. D: Specifically
in non-GBM gliomas (in which EGFR amplification might change the diag-
nosis), there was a greatly increased risk of amplification if the tumor was
dy Coh

Mean
SEM

GFR IH
score

.5 � 0.

.2 � 0.

.4 � 0.

.8 � 0.

.3 � 0.

.2 � 0.
moderately (mod) or strongly immunopositive for EGFR, although the rate
was still only 14%. P � 0.0001.
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diagnostic categories, with the exception of grade II oli-
godendrogliomas, where 0 of 42 moderately staining tu-
mors had EGFR amplification. Strongly staining anaplas-
tic astrocytomas and GBMs had the highest rates of
EGFR amplification at 48.1% and 69.9%, respectively.

Evaluating EGFR IHC as a diagnostic test showed that
pooling moderate to strongly positive immunostaining
among all gliomas is highly sensitive and has a robust
negative predictive value for EGFR amplification (1.0 and
0.99, respectively; Figure 2, C and D; Table 2). Because
many cases had moderate or strong immunoreactivity yet
were still not EGFR amplified, the specificity and positive
predictive values were lower (0.39 and 0.59, respectively).
In particular, moderate or strong EGFR IHC had a relatively
low positive predictive value (0.14) in non-GBM gliomas.

Association of EGFR Expression with Survival

Pooling all gliomas together, overall survival generally
decreased with increasing expression of EGFR IHC (P �
0.0001, Figure 3A, Table 3). Yet, adjusting for WHO
grade eliminated the survival impact of EGFR expression
in astrocytic tumors (Figure 3, B–D). The only exception
was in the case of GBM, in which survival was slightly
worse in moderate EGFR-expressing GBMs compared
with strong expressers (median survival, 0.57 versus 0.80
years; P � 0.03) (Figure 3D, Table 3). Also, in the GBM
subset, the median survival of EGFR-negative GBMs (1.2
years) was longer than that seen in weak (0.68 years),

Figure 3. Glioma s
according to strengt
P � 0.0001. Howeve
between EGFR expr
specific intergroup P
appeared favorable,

Table 2. Ability of Moderate-to-Strong EGFR Expression to Pred

Diagnostic parameter All gliomas

Sensitivity 1.0 (0.98–1.0)
Specificity 0.39 (0.34–0.44)
PPV 0.59 (0.54–0.62)
NPV 0.99 (0.97–1.0)

The 95% CIs are given in parentheses. Moderate-to-strong EGFR IHC
NPV, but its specificity and PPV vary whether the focus is on all gliomas

NPV, negative predictive value; PPV, positive predictive value.
moderate (0.57 years), or strong (0.80 years) EGFR ex-
pressers, although none of these differences were statis-
tically significant. Too few cases of grades II and III
astrocytomas were EGFR negative to produce reliable
results (Figure 3, B and C; Table 1).

Interestingly, the situation was different in oligodendro-
glial tumors. Grade II oligodendrogliomas with strong
EGFR expression fared worse than those with weaker
EGFR staining (Figure 4A). Specifically, the median sur-
vival of grade II oligodendrogliomas with strong EGFR
expression was 4.3 years, in contrast to the undefined
median survival times of grade II oligodendrogliomas
with lesser degrees of EGFR expression (P � 0.02, Table
3). This was independent of 1p/19q codeletion because
grade II oligodendrogliomas with 1p/19q codeletion and
strong EGFR expression still had worse overall survival
compared with 1p/19q-codeleted tumors with weaker
EGFR expression (P � 0.004, Figure 4B). Furthermore,
there was no significant difference in the likelihood of
1p/19q codeletion according to EGFR expression; 14
(82.4%) of 17 oligodendrogliomas with strong EGFR
staining had 1p/19q codeletion, whereas 44 (66.7%) of
66 oligodendrogliomas with negative, weak, or moderate
EGFR staining had 1p/19q codeletion (P � 0.25 via Fish-
er’s exact test, Figure 4C).

The situation was completely reversed in grade III ana-
plastic oligodendrogliomas, in which tumors with weak
EGFR expression had a shorter median survival (1.1
years) compared with moderate (undefined) or strong

by EGFR IHC scores. A: WHO grade II to IV gliomas were segregated
FR IHC. In general, increased EGFR correlated with shorter overall survival.
ing for WHO grade in astrocytic tumors eliminated any significant association
nd survival in grades II (B), III (C), and IV (D) astrocytomas. See Table 3 for
Although the survival curves in EGFR-negative grades II and III astrocytomas
ere not enough cases of each to generate statistical significance (Table 1).

R Amplification in Diffusely Infiltrative Gliomas

Non-GBM gliomas GBM only

1.0 (0.85–1.0) 1.0 (0.98–1.0)
0.37 (0.30–0.44) 0.27 (0.21–0.32)
0.14 (0.088–0.20) 0.52 (0.47–0.57)

1.0 (0.96–1.0) 0.99 (0.93–1.0)

oreactivity (see Figure 1) is extremely sensitive and has a uniformly high
BM gliomas, or GBM only.
urvival
h of EG
r, adjust
ession a
values.
there w
ict EGF

immun
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(2.7 years) EGFR expressers (P � 0.03, Figure 5A, Table
3). Stratification according to 1p/19q status showed that
the only subgroup with relatively favorable survival was
tumors with both 1p/19q codeletion and moderate-to-
strong EGFR expression (P � 0.04, Figure 5B). Three of
the 27 EGFR moderate-to-strong anaplastic oligodendro-
gliomas had intact 1p/19q, whereas two of seven cases
with weak EGFR staining were 1p/19q intact (P � 0.27 by
Fisher’s exact test, Figure 5C).

Discussion

Efforts to identify biomarkers of outcome in gliomas have
been ongoing for several decades. Such biomarkers have
greatly increased in number and power since the develop-
ment of advanced molecular diagnostic techniques. Even
for those markers that have repeatedly proved to be useful
from a diagnostic and/or therapeutic perspective, an addi-
tional dimension of cost-effectiveness is becoming promi-
nent. Thus, less expensive and more rapid screening tools
for key molecular alterations are desirable.

Smaller retrospective studies12,17–19 have previously
suggested that EGFR IHC often correlates with EGFR
gene amplification, although there is less of an associa-
tion between EGFR expression and amplification in pe-
diatric high-grade gliomas; many will show at least some

Figure 4. Survival by EGFR IHC in grade II oligodendrogliomas. A: Grade I
intensity. P � 0.02. See Table 3 for specific intergroup P values. B: Adjusting
weak, and moderate (mod) into one group (neg-mod), with strong EGFR ca

Table 3. Median Survival according to EGFR IHC Status

WHO
group

Median survival by EGFR IHC (years)

ONeg Weak Mod Strong

All gliomas Undefined 1.6 1.9 0.99 �

Astrocytoma
Grade II Undefined Undefined 6.37 Undefined
Grade III Undefined 1.9 2.5 1.7
GBM 1.2 0.68 0.57 0.80

Oligodendroglioma
Grade II Undefined Undefined Undefined 4.3
Grade III NA 1.1 Undefined 2.7

A total of 750 diffusely infiltrative astrocytomas and oligodendroglioma
semiquantification (see Materials and Methods). Median survival after d
calculated via log-rank tests.

*Significant correlations.
mod, moderate; NA, not available (no grade III oligodendrogliomas w
with 1p/19q codeletion showed worse survival if EGFR expression was strong. P �
likelihood of 1p/19q codeletion between oligodendrogliomas that were strong for E
expression, yet amplification is rare.20 In the current large
prospective cohort of adult gliomas, EGFR IHC at diagnosis
was a highly sensitive, although not specific, marker for
EGFR amplification. In particular, cases that are negative or
weak for EGFR expression are extremely unlikely to have
EGFR amplification and, thus, probably do not require more
laborious and expensive FISH testing.

Furthermore, because the likelihood of EGFR amplifi-
cation increases with WHO glioma grade and is most
common in GBM (Table 1),3 it is not surprising that the
positive predictive value of EGFR IHC is higher when
applied specifically to higher-grade tumors. Grades III
and IV astrocytomas had the highest rate of EGFR ampli-
fication and the best correlation between strong EGFR
IHC and amplification (Figure 2B). Between 5% and 15%
of grade II astrocytomas and grade II to III oligodendro-
gliomas with either moderate or strong EGFR IHC
showed EGFR amplification. Because EGFR amplification
is generally considered most consistent with a de novo
GBM,16,21 and oligolike tumors with EGFR amplification
are more likely to be called small-cell GBMs,5,6 it might
be worthwhile to follow up with FISH on such cases be-
cause the diagnosis could be completely altered. This is
especially relevant if there is a question about whether
the biopsy material fully represents the histologic char-
acteristics of the entire tumor.3 The median survival of

endrogliomas show progressively worse survival with increasing EGFR IHC
9q codeletion required combining cases that were EGFR IHC negative (neg),
separate category, then segregating according to 1p/19q status. Even cases

P

P values between EGFR IHC subgroups

Neg vs
weak

Neg vs
mod

Neg vs
strong

Weak
vs mod

Weak vs
strong

Mod vs
strong

1* 0.029 0.058 0.0003* 0.50 0.0032* �0.0001*

0.25 0.21 0.14 0.45 0.25 0.40
0.33 0.41 0.33 0.36 0.88 0.29
0.23 0.12 0.39 0.43 0.36 0.025*

0.37 0.40 0.050* 0.71 0.084 0.013*
NA NA NA 0.025* 0.016* 0.79

grades II to IV, were prospectively analyzed for EGFR expression via IHC
s was determined by Kaplan-Meier curves, with statistical significance

unonegative for EGFR); neg, negative.
I oligod
for 1p/1
ses as a
verall

0.000

0.32
0.54
0.097

0.02*
0.03*

s, WHO
iagnosi
0.02 overall, *P � 0.05, and **P � 0.004. C: There was no difference in the
GFR versus those with weaker staining. P � 0.25.
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the three grade II astrocytomas that had EGFR ampli-
fication was significantly shorter than similar-appear-
ing tumors lacking amplification (see Supplemental Ta-
ble S1 at http://ajp.amjpathol.org), suggesting that they
should not have been called grade II astrocytomas in
the first place.

In our cohort, the degree of EGFR expression had no
correlation with survival in grade II or III astrocytic tumors
(Figure 3, Table 3), and the survival curves in the GBM
set showed no logical pattern, even though the moder-
ately staining group showed a slightly shorter survival
than the strongly staining tumors (Figure 3D). These re-
sults match the data from most of the smaller studies9–14

and confirm that, in astrocytic tumors, EGFR IHC by itself
is not a useful prognostic marker.

Regarding EGFR in oligodendroglial tumors, however,
a prior retrospective study22 of mRNA in 17 grade II
oligodendrogliomas showed two distinct expression pro-
files; the profile that included increased EGFR expression
showed worse overall survival than the profile that did not
have increased EGFR. Our current study verified this
finding in a completely new, larger, prospective cohort of
grade II oligodendrogliomas, using a different method to
assess expression. Of particular interest is that strong
EGFR immunostaining correlated with shorter survival in
our cohort even after adjusting for 1p/19q status (Figure
4). Another study23 of 32 oligodendrogliomas did not find
a link between EGFR IHC and outcome, although in those
cases, only weak expression was ever seen, perhaps
suggesting different immunostaining protocols. Indeed,
most other studies24,25 have shown a wider range of
EGFR expression in oligodendroglial tumors, generally
increasing with WHO grade.

In GBMs, increased EGFR immunostaining was linked
to Akt activation, which in turn trended toward shorter
survival.26 The previously mentioned mRNA study
showed that the grade II oligodendrogliomas with worse
outcome had increased EGFR expression, as well as
up-regulation of other genes associated with aggressive
behavior, such as PPA2 and down-regulation of anti-
tumor-related immune genes, such as HLA class II his-
tocompatibility antigen. The same group also demon-
strated increased EGFR expression in a recurrent tumor
compared with the original from the same patient, sug-
gesting that EGFR up-regulation may contribute to oligo-

Figure 5. Survival by EGFR IHC in grade III oligodendrogliomas. A: Grade I
See Table 3 for specific intergroup P values. B: After combining moderate (m
with 1p/19q codeletion had prolonged survival only if EGFR staining was m
tumors. C: There was no significant difference in the likelihood of 1p/19q c
those with weaker staining. P � 0.27.
dendroglioma progression. Therefore, grade II oligoden-
drogliomas with increased EGFR expression on initial
biopsy may simply be more advanced compared with
oligodendrogliomas that appear similar histologically but
have lower EGFR expression.22

The correlation between increased EGFR expression
and longer survival in grade III anaplastic oligodendro-
glial tumors, the exact opposite of what was seen in their
grade II counterparts (Figure 5), is more difficult to ex-
plain from a biological perspective, considering the pro-
oncogenic effects of EGFR. Yet this also has precedence
in the literature, because a recent retrospective mRNA
analysis showed the same favorable effect of increased
EGFR expression in 39 oligodendroglial tumors, although
in that study,27 12 grade II and 27 grade III tumors were
pooled together and 1p/19q data were not available.
Judging from our current data, the anaplastic oligoden-
drogliomas in that pooled cohort may have masked an
adverse impact of EGFR in their grade II oligodendroglio-
mas. The association of EGFR with outcome in grade III
oligodendrogliomas cannot be explained by 1p/19q sta-
tus, for there was no significant association between
EGFR IHC score and 1p/19q status (Figure 5C). In addi-
tion, even 1p/19q codeleted anaplastic oligodendroglio-
mas had short survival if EGFR expression was weak
(Figure 5B).

These data suggest that the effect of high EGFR in oli-
godendrogliomas depends greatly on tumor grade, ques-
tioning whether there are any differences in expression pro-
files between the two grades that might account for this. For
example, Akt activation can trigger matrix metalloproteinase
expression in a p300-dependent mechanism,28 yet p300
expression is lower in grade III versus grade II oligodendro-
gliomas.29 Alternatively, excessive oncogene signaling can
sometimes inhibit tumor growth via induction of compen-
satory antiproliferative mechanisms, such as cell senes-
cence.30 Perhaps many grade III oligodendrogliomas,
already having achieved robust proliferation and inva-
siveness, cannot respond to additional EGFR in the same
way as a less aggressive tumor.

In summary, these data indicate that EGFR IHC is
useful in the workup of infiltrative gliomas. Moderate-to-
strong EGFR immunostaining may prompt the additional
testing of EGFR amplification by FISH, particularly in sit-
uations in which the presence of amplification could
change the diagnosis (eg, in a tumor that histologically is

endrogliomas show worse survival with weak EGFR IHC intensity. P � 0.03.
strong EGFR cases into one category, then stratifying by 1p/19q status, cases
or strong. P � 0.04 overall, *P � 0.01 versus EGFR weak, 1p/19q codeleted
n between anaplastic oligodendrogliomas that were strong for EGFR versus
II oligod
od) and
oderate
a grade II astrocytoma). Although EGFR IHC is not helpful

http://ajp.amjpathol.org
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in modifying the prognosis of astrocytic tumors, it does
appear to be useful for the refinement of expected sur-
vival in patients with oligodendroglial tumors, even after
considering 1p/19q status. However, in this latter situa-
tion the effects of EGFR depend greatly on the WHO
grade of the tumor, because it has an adverse impact on
survival in grade II oligodendrogliomas but a favorable
impact in grade III oligodendrogliomas. Therefore, this
study suggests that a rigorous, widely accepted protocol
for EGFR immunostaining, evaluation, and reporting
(analogous to Her2/neu in breast cancer) may be desir-
able if this marker is to become part of the routine workup
of gliomas, particularly oligodendrogliomas.
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