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Predictive and Prognostic Markers in Neuro-Oncology
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Abstract
Over the past few years molecular assays have been introduced

to aid in typing and grading of gliomas. This is the result of

improved understanding of these tumors at the molecular level. In

particular, the presence or absence of combined 1p/19 loss in

oligodendroglial tumors, epidermal growth factor receptor amplifi-

cation, epidermal growth factor receptor vIII mutations in grade III

tumors and glioblastoma multiforme, and MGMT promoter gene

methylation in glioblastoma multiforme are now being used to

tailor treatment decisions in patients. However, the application of

these tests is far from straightforward, and certain standards are

required before any test can be introduced in the daily management

of patients. Some of these requirements concern inter- and intratest

variability, including whether a test gives the same results if

repeated in the same or in another laboratory or when different

methodologies are used (e.g. loss of heterozygosity vs fluorescence

in situ hybridization and a polymerase chain reaction-based test vs

immunohistochemistry). The sensitivity and specificity of a test (or

negative and positive predictive value) indicate the likelihood that

the test results are positive if the disease is present and the

likelihood that the disease is present if the test results are positive.

Studies on these test characteristics usually require the presence of

a gold standard to which new tests should be compared. Last but

not least there is the question of what added value the test has; this

criterion determines the clinical usefulness of the assay and why

some recently introduced molecular assays need to be scrutinized.

Key Words: 1p, 19q, Epidermal growth factor receptor, Epidermal

growth factor receptor vIII mutant, MGMT, Predictive significance,

Prognostic significance.

INTRODUCTION
Any marker of a disease can help identify the disease or

help establish the prognosis of an individual patient. With
respect to prognostic tests it is important to make a distinction
between markers of prognostic and predictive significance.
Prognostic significance refers to the presence of a relation
between the overall outcome of the patient and the test result,
regardless of treatment. In contrast, predictive significance
implies that a test predicts the outcome after a specific

treatment: the relationship between overall outcome and the
test result exists only after a specific treatment. For instance,
the presence of a high lactate dehydrogenase count confers a
poor prognosis to patients with lymphoma: elevated lactate
dehydrogenase has prognostic significance. Treatment with
the anti-CD20 antibody rituximab improves the outcome only
in patients with B cell non-Hodgkin_s lymphoma expressing
the CD20 receptor. Therefore, for treatment with rituximab,
an assay for CD20 has predictive significance. An ideal
predictive marker should allow selection of patients for a
certain therapy, which would be useless in the absence of that
test result.

Regardless of the predictive test used to select patients
for specific treatments, the assay needs to be reliable in
terms of intra- and intertest variability and sensitive and
predictive for outcome as to result of that treatment. Here,
sensitivity may be more important than specificity: a test can
be very specific, but if it misses most of the cases it becomes
useless in daily practice. Admittedly, any test that has too
many false-positive results fails its purpose, but in general
most clinicians would rather treat some patients in whom the
treatment will fail than withhold an active treatment in
patients on the basis of an insensitive test (i.e. Bbetter safe
than sorry[).

Currently, patients with gliomas are treated with a
varying combination of surgery, radiotherapy (RT), and
chemotherapy. In addition, a number of novel targeted
agents that will only work if their specific (molecular) target
is present are entering the clinical arena. In this article we
review the predictive and prognostic properties of 3
molecular markers that are currently used to select specific
treatments for patients.

THE USEFULNESS OF 1P/19Q DETERMINATION
FOR THE DAILY MANAGEMENT OF PATIENTS

The classification and grading of glial tumors is based
primarily on histologic criteria, usually the World Health
Organization criteria. The most common glial tumors are
astrocytic tumors, oligodendroglioma, and mixed oligoas-
trocytoma. Although the clinical value of using the World
Health Organization-based diagnoses was proven in various
studies, it was also shown that a considerable interobserver
disagreement exists with respect to tumor typing and
grading, particularly in the diagnosis of grade II and grade
III tumors (1Y3). In the past this disagreement had little
therapeutic implication because the treatment options for
these tumors were more or less the same (i.e. surgery, RT,
and chemotherapy). However, this situation changed with
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the demonstration of the sensitivity of anaplastic oligoden-
drogliomas and oligoastrocytomas to PCV (i.e. procarbazine,
lomustine [CCNU], and vincristine) chemotherapy, with
two-thirds of patients responding to the treatment (4). Both
before and after treatment, an increase in the percentage of
glial tumors that were considered to be of oligodendroglial
lineage was noted, together with a loosening of the
histologic criteria for oligodendroglioma (5, 6).

At the same time, genetic analysis of oligodendro-
glioma revealed that the combination of loss of the long arm
of chromosome 1 and the short arm of chromosome 19
caused by an unbalanced translocation of 19p to 1q is the
most frequent genetic event in oligodendroglioma (7Y9). The
first indication of clinical relevance of 1p/19q loss was
the finding that low-grade oligoastrocytomas had either TP53
mutations or combined 1p/19q loss but not both (10). This
finding suggested that true mixed low-grade oligoastrocyto-
mas do not exist, but at the molecular level these tumors are
either oligodendrogliomas (1p/19q loss) or astrocytomas
(TP53 mutation). These observations also did not have
therapeutic implications, but the situation changed when
correlative studies showed a strong association with 1p/19q
loss and response to PCV chemotherapy, with virtually all
patients with a 1p/19q co-deletion responding to the treat-
ment (11, 12). In contrast, the response rate for patients with
no loss or 1p loss only was 25% or less. There is now an
abundance of data confirming the relation between 1p/19q
status and response to chemotherapy, not only to PCV but
also to temozolomide (TMZ), which is not limited to
anaplastic tumors only but applies to low-grade oligoden-
drogliomas as well (13Y16).

Other studies showed that combined 1p/19q loss is
usually found in classic oligodendroglioma and is much less
frequent in atypical oligodendroglioma or oligoastrocytoma
(17). Because several studies have suggested a stronger
correlation between response to chemotherapy and 1p/19q
status compared with histology, the determination of 1p/19q
loss appears to be a better way to identify chemosensitive
oligodendroglioma (11, 12). An important consequence of
these findings was the return to more stringent criteria for the
histologic diagnosis of oligodendroglioma and testing for the
1p/19q status to establish the diagnosis of Bchemotherapy-

sensitive oligodendroglioma.[ Currently, treatment decisions
in oligodendrogliomas are increasingly based on the absence
or presence of 1p/19q loss. Despite the absence of a formal
trial that justifies this change, an increasing number of
clinicians are now inclined to use chemotherapy for tumors
with combined 1p/19q loss.

Other retrospective studies suggested a better prognosis
in patients with 1p/19q loss tumors (with longer survival after
RT) and a longer symptomatic period (usually with seizures)
before the start of treatment (15, 18Y20). The link between
overall prognosis and 1p/19q status was recently firmly
established with 2 prospective randomized clinical studies on
adjuvant PCV chemotherapy in anaplastic oligodendroglial
tumors. These trials have shed new light on the clinical
significance of 1p/19q loss and its use for treatment
decisions. One trial on 369 patients was conducted by the
European Organization for Research and Treatment of
Cancer (EORTC) and investigated standard adjuvant PCV
chemotherapy after RT in anaplastic oligodendroglioma and
anaplastic oligoastrocytoma (21). The other study of 299
patients performed by the Radiation Therapy Oncology
Group (RTOG) investigated 4 cycles of intensified PCV
given before RT (22). Both studies showed that (neo)-
adjuvant PCV does not improve overall survival but does
increase progression-free survival. Most likely, this is
explained by the fact that in both studies the majority of
patients randomly assigned to the RT-only arm received PCV
at progression, which was intended in both studies. Thus,
both studies actually compared early versus delayed PCV
chemotherapy. In both studies combined 1p/19q loss had a
major impact on survival: survival without combined 1p/19q
loss was 2 to 3 years but was more than 5 to 6 years in
patients with 1p/19q loss (Table 1). However, in both studies
even the patients with combined 1p/19q loss did not benefit
from early PCV chemotherapy. Therefore, the absence or
presence of 1p/19q loss does not give guidance in the choice
for early versus delayed PCV chemotherapy, despite the
proven chemosensitivity of 1p/19q co-deleted tumors.

More data can be obtained from these studies. First, in
both studies progression-free survival after RT only (the
control arm) was far better in the patients with the 1p/19q
co-deletion (Table 2). In the EORTC study, progression-free

TABLE 1. Median Survival and 5-Year Overall Survival According to Combined 1p/19q Loss Status in EORTC 26951 and RTOG
9402 With (Neo)Adjuvant PCV Chemotherapy in Anaplastic Oligodendroglial Tumors

Chromosomal Loss

Overall Survival

Median (months) 5-Year (%)

RT/PCV RT RT/PCV RT

Combined 1p/19q loss

EORTC NR NR 74 [57Y85] 75 [55Y87]

RTOG NR NR (5.4, NA) 72 [54Y83] 66 [50Y78]

No combined 1p/19q loss

EORTC 25.2 [18.9Y42.6] 21.4 [17.6Y30.0] 34 [24Y43] 28 [19Y36]

RTOG 2.7 [2.0Y5.5] 2.8 [1.9Y4.4] 37 [24Y50] 31 [19Y45]

95% confidence interval is shown in brackets.
EORTC, European Organization for Research and Treatment of Cancer; RTOG, Radiation Therapy Oncology Group; RT, radiation therapy; PCV, procarbazine, lomustine

(CCNU), and vincristine; NR, not reached; NA, not applicable.
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survival after RT was 62 months for patients with co-deleted
tumors, but only 9 months for the patients without 1p/19q
loss. Thus, the increased responsiveness to treatment of
1p/19q co-deleted tumors is not limited to chemotherapy.
Second, in the RTOG study the progression-free survival in
the non-1p/19q co-deleted group after no statistically
superior progression-free survival was observed after neo-
adjuvant dose-intensified PCV followed by RT compared
with RT only (although a trend is visible). This result
suggests that in this group the addition of dose-intensified
PCV did little to improve the outcome with RT only.

Why is 1p/19q loss only prognostic and not predictive?
Oligodendrogliomas with 1p/19q loss are sensitive to both
RT and PCV or TMZ chemotherapy. These treatments are
active, however, in most glial tumors regardless of 1p/19q
status, albeit much more so in patients with 1p/19q co-
deleted tumors. Most patients with a glial tumorVregardless
of histology and gradeVwill receive these treatments some-
time in the course of their disease. For specific treatment
decisions the determination of 1p/19q is of limited value, the
exception being patients in whom chemotherapy is consid-
ered: this approach is unlikely to yield long-lasting
responses in patients without 1p/19q co-deleted tumors. For
these patients, RT alone is as effective as neoadjuvant PCV
followed by RT. The most important information learned
from the determination of 1p/19q loss is the prognostic
information this test yields. Whether classical histology still
plays a role in the determination of the prognosis is
controversial; 1 article suggested that 1p/19q status affected
outcome in pure oligodendroglial tumors but not in
oligoastrocytomas (17). Further prospective studies are
required to answer this question.

THE MGMT GENE AND ALKYLTRANSFERASE
EXPRESSION IN CHEMOIRRADIATED

GLIOBLASTOMA MULTIFORME
In a study conducted by the EORTC and the National

Cancer Institute of Canada (NCI-C) Brain Group, chemo-
irradiation with TMZ was shown to provide a superior
outcome in patients with glioblastoma multiforme (GBM)
compared with treatment with RT only (23). That trial was,

in fact, the first to show a clinically meaningful increase in
survival with the addition of chemotherapy to RT. With this
well-tolerated treatment, 2-year survival increased from 10%
to 26%, and combined chemoirradiation with TMZ is now
considered the standard of care for patients with GBM.
Perhaps even more important was the result of a companion
translational research study suggesting that patients with a
methylated promoter gene of the O6-methylguanine-DNA
methyltransferase (MGMT) gene, in particular, benefited
from combined chemoirradiation.

MGMT encodes for the nuclear repair enzyme alkyl-
transferase, which removes alkylating adducts from the O6

position of guanine and to a lesser extent the O6 position of
thymine (24). Physiologically, this enzyme protects cells
against potentially mutagenic DNA lesions and prevents
tumor formation after exposure to alkylating and methylat-
ing substances. During this process the alkyltransferase
enzyme is irreversibly inactivated, and the cell depends on
new enzyme synthesis to maintain its protection against
methylating and alkylating agents.

This DNA repair enzyme plays a role in maintaining
the integrity of the DNA in normal cells but also protects
tumor cells against alkylating (e.g. BCNU [N,N[prime]-
bis(2-chloroethyl)-N-nitrosourea]) and methylating (e.g. pro-
carbazine and TMZ) chemotherapeutic agents. These agents
add methyl groups at various positions of the DNA in 7% of
cases to the O6 position of guanine. In particular, the pres-
ence of adducts at the O6 position of guanine is mutagenic; if
present, thymine will not be paired to adenosine but will be
mispaired to O6 guanine. Subsequent DNA repair of this
lesion by alkyltransferase yields a G:T mismatch, which will
be recognized by mismatch repair enzymes MSH2 and
MSH6 and further repaired. However, if a mismatch O6-MG
is present, the mismatch with thymine will repeat itself and
after several futile cycles of attempted DNA repair the cell
will undergo apoptosis.

The MGMT gene product is the primary cell mecha-
nism of resistance against alkylating and methylating agents
(although it requires intact mismatch repair). In tumors, the
MGMT promoter gene is frequently methylated at CpG
islands and thus silenced; this silencing is often associated
with the methylation of a number of other cancer-associated

TABLE 2. Median and 5-Year Progression-Free Survival and Overall Survival in Months According to Combined 1p/19q Loss
Status in EORTC 26951 and RTOG 9402 on (Neo)Adjuvant PCV Chemotherapy in Anaplastic Oligodendroglial Tumors

Chromosomal Loss

Progression-Free Survival

Median (years) 5-Year (%)

RT/PCV RT RT/PCV RT

Combined 1p/19q loss

EORTC NR 5.2 [3.6, NR] 70 [52Y82] 50 [32Y66]

RTOG NR 2.6 [1.5Y4.1] 57 [40, 71] 27 [15Y41]

No combined 1p/19q loss

EORTC 1.3 [1.0Y1.9] 0.7 [0.6Y1.2] 27 [19Y36] 14 [8Y21]

RTOG 1.4 [0.9Y2.6] 1.0 [0.6Y1.9] 20 [11Y33] 8 [2Y18]

95% confidence interval is shown in brackets.
EORTC, European Organization for Research and Treatment of Cancer; RTOG, Radiation Therapy Oncology Group; RT, radiation therapy; PCV, procarbazine, lomustine

(CCNU), and vincristine; NR, not reached.
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genes. Tumor cells that lack MGMT expression are much
more sensitive to alkylating and methylating agents. Thus,
theoretically MGMT promoter methylation and reduced
alkyltransferase expression will make tumor cells suscep-
tible to alkylating and methylating agents, potentially
making an assay of the activity of the alkyltransferase
DNA repair mechanism a predictive test for outcome to
alkylating and methylating agents.

Early studies showed that patients with GBM who
were treated with RT and BCNU/ACNU [1-(4-amino-2-
methyl-5-pyrimidinyl)methyl-3-(2-chloroethyl)-3-nitro-
sourea hydrochloride] had a better outcome in the absence of
alkyltransferase or in the presence of a methylated MGMT
promoter gene (25Y27). Because all patients received nitro-
soureas and RT, it was impossible to establish whether
MGMT expression was a predictive factor for response to
treatment or merely a prognostic factor. In the EORTC study
patients were randomly assigned to either RT only or to RT
with TMZ; therefore, this study showed that the improved
outcome in patients with MGMT promoter methylation
depended on the type of treatment (i.e. the addition of
TMZ) (28). In the EORTC study about half of the
investigated GBMs had a methylated MGMT gene promoter.
Indeed, survival in the RT plus TMZ-treated patients was
better in the presence of a methylated MGMT promoter
gene. In this group the addition of TMZ to RT increased 2-
year survival from 23% with RT only to 46% for patients
treated with RT plus TMZ (Table 3). Some improvement of
outcome was also observed in the patients randomly
assigned to RT only, which was attributed by the authors
to the administration of TMZ at the time of progression.
Indeed, if only progression-free survival was taken into
consideration, only the patients with a MGMT promoter gene
methylated tumor treated with RT and TMZ had a better
outcome.

Since the publication of that study a large number of
articles on this topic have been published. Unfortunately, no
other series reported on a randomized study, and most
reported on retrospective series of patients. A preclinical
study using both in vivo and in vitro models confirms the
pivotal role of MGMT promoter methylation in the outcome
after combined chemoirradiation (29). In that study, the
combination of RT and TMZ proved synergistic in the
presence of a methylated MGMT promoter, but only if TMZ
was administered during RT. No benefit was observed with
the addition of TMZ to RT in cell lines and xenografts
without MGMT promoter methylation. The administration of

TMZ after RT also did not affect outcome. In retrospective
studies on alkyltransferase expression in grade III tumors
and GBM a relation between alkyltransferase expression and
outcome was found only in the patients treated with adjuvant
chemotherapy (30, 31). Studies on upfront TMZ chemo-
therapy in GBM and in low-grade glioma also showed a
relation between response and MGMT promoter methylation
or alkyltransferase expression (32, 33). Other recent studies
confirmed the strong relationship between outcome after RT
and alkylating agents and MGMT status (34).

Assays for MGMT activity seem predictive for the
outcome of TMZ-based therapy, which raises the question of
whether tests for MGMT expression should now be used to
select patients with GBM for combined chemoirradiation
with TMZ. And if so, which test should be used? This
answer is less straightforward than it seems though. In the
EORTC study, in only half of the patients was enough
material present to test for MGMT promoter status, and in
only 206 of these 307 patients did the test yield a result.
Moreover, interaction tests between the magnitude of the
treatment effect and MGMT status remained negative
because of the limited sample size (the study was not
designed to answer this question). Therefore, a confirmation
in a larger independent and preferably prospective data set
remains crucial.

But more issues exist. It is not clear which test should
be used. Many investigators used immunohistochemistry
(IHC) with antibodies against the alkyltransferase protein,
whereas others have relied on quantitative polymerase
chain reaction techniques or on promoter methylation
assays. The latter has the advantage that even if alkyltrans-
ferase is absent, the gene can still be upregulated and
expressed if the promoter is functional. This is not the
case once the promoter gene is methylated. There are,
however, reports on the lack of correlation between IHC for
the MGMT protein and MGMT promoter gene hyper-
methylation (30, 35). In addition, inconsistent results
between assays on frozen samples and paraffin samples
have been mentioned (33). Data on intra- and interobserver
variation of the various tests are not available. For use in
other tumor types (low-grade tumors and oligodendroglio-
mas) even fewer data are available. Some studies suggested
that MGMT promoter methylation occurs in up to 80% of
these tumors. Studies on the outcome after treatment with
TMZ have yielded conflicting results, with some studies
showing a relation between MGMT status and outcome but
others failing to do so (14). This result could be due in part

TABLE 3. Survival in EORTC Study 26981 With Combined Chemoirradiation in Relation to MGMT Promoter Gene Methylation
Status

Survival

Unmethylated MGMT Promoter Methylated MGMT Promoter

(n = 114) (n = 92)

RT RT + TMZ RT RT + TMZ

Median (months) 11.8 [9.7Y14.1] 12.7 [11.6Y14.4] 15.3 [13.0Y20.9] 21.7 [17.4Y30.4]

2 year (%) G2 13.8 [4.8Y22.7] 22.7 [10.3Y35.1] 46.0 [31.2Y60.8]

95% confidence interval in brackets.
RT, radiotherapy; TMZ, temozolomide.
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to sample size issues, but it also suggests that other factors
are of relevance.

To conclude, both preclinical and clinical data suggest
that an MGMT assay is likely to be of predictive
significance for the outcome of GBM to chemoirradiation
with TMZ. However, despite the strong biologic rationale,
because of the absence of a confirmation in an independent
data set and the absence of a validated test assay, it is too
early to rely on MGMT testing for clinical decision-making.
Currently, MGMT assays should be used for scientific
purposes only, and institutions in which these tests are
applied are encouraged to develop a program to establish the
reliability of these tests.

EPIDERMAL GROWTH FACTOR RECEPTOR AND
EPIDERMAL GROWTH FACTOR RECEPTOR-

INHIBITING AGENTS
The epidermal growth factor receptor (EGFR) is a

170-kDa receptor tyrosine kinase located on chromosome
7p11.2. EGFR is composed of an extracellular domain, a
transmembrane lipophilic segment, and an intracellular
domain that has protein kinase activity. The ligands for this
receptor are epidermal growth factor and transforming
growth factor->. After binding with its ligand the EGFR
dimerizes, and the tyrosine kinase receptor is activated,
which triggers a downstream cascade involving the RAS/

RAF/mitogen-activated protein kinase (MAPK) and, in
particular, the phosphatidylinositol 3-kinase/AKT pathway.
EGFR gene amplification is a common event in glioblas-
toma, occurring in 40% to 50% of cases. Amplified EGFR is
manifested cytogenetically as double minutes, each of which
contains multiple copies of the amplification repeat unit. If
amplified, EGFR appears to be the sole amplification target,
although additional 7p11.2 genes can be co-amplified and
overexpressed (36). In the absence of EGFR amplification,
EGFR overexpression is rare (37). Mutant forms of EGFR
are expressed in approximately 40% of GBMs with an
amplified EGFR gene, most frequently the EGFRvIII mutant
(38). This mutant lacks the extracellular ligand-binding
domain as a result of the deletion of exons 2 to 7, probably
through alternative splicing. The result is an in-frame
deletion of 801 base pairs of the coding sequence of the
extracellular domain, which causes constitutive phosphor-
ylation and thus activation of the receptor, leading to con-
stant downstream signaling. Although EGFRvIII may be the
predominant amplification, wild-type EGFR overexpression
is more extensive in most tumors. If EGFRvIII mutants are
present, they are usually manifested as focal areas of
positive IHC staining. Introduction of EGFRvIII in glioma
cells mediates a growth advantage and confers resistance to
radiation therapy and to chemotherapy (39, 40).

EGFR amplification is seen in 40% to 50% of GBMs
and in up to only 10% of anaplastic astrocytomas (AA), but
not in low-grade astrocytomas. In patients with GBM the
presence of EGFR expression, EGFR amplification, or
EGFRvIII expression is not associated with a poor prognosis
(41Y44). In AAs and other grade III tumors, however, the
presence of EGFR amplification or EGFRvIII mutations
does have a poor prognostic significance (41, 45, 46). This
finding suggests that at the molecular level these tumors are
in fact GBMs, an assumption that is supported by a study on
AAs in which half of the EGFRvIII-positive tumors were
reviewed and reclassified as GBMs (46). Clinical studies
have shown that the interobserver variation in the diagnosis
of AAs is larger than that in GBMs; perhaps the conclusion
here is that tests for EGFR amplification may help to
distinguish between AAs and GBMs (1).

EGFR is abundantly expressed in non-small cell lung
cancer and therefore trials with EGFR tyrosine kinase
inhibitors erlotinib and gefitinib were initiated in this
disease. These trials showed various response rates, and the

TABLE 4. Outcome of Treatment With the Endothelial
Growth Factor Receptor Tyrosine Kinase Inhibitors Erlotinib
and Gefitinib in Glioblastoma

Agent Author
Number

of Patients
Response
Rate (%)

MTP
(weeks)

6-Month
PFS (%)

Gefitinib Rich et al
(56)

53 8.1 13.2

Lieberman (57) 38 13 8 9

Erlotinib Vogelbaum
et al (55)

31 6 NS 25.8

Raizer
et al (54)

31 0 12 0

Cloughesy
et al (58)

48 8 NS 17

MTP, median time to progression; 6 month PFS, 6-month progression-free
survival; NS, not stated.

TABLE 5. Presence or Absence of a Relationship Between Molecular Findings and Outcome of Treatment With EGFR Tyrosine
Kinase Inhibitors

Study EGFR pEGFR EGFR amplification EGFRvIII pAkt PTEN

Rich et al (56) j j ND ND

Vogelbaum et al (55) j ND ND

Haas-Kogan et al (59) + + j + ND

Mellinghoff et al (51) ND j + ND +

Lassman et al (50) j j j ND

Cloughesy et al (58) T ND j j ND j

EGFR, epidermal growth factor receptor; p, phosphorylated; ND, not done; +, positive relation between outcome and a parameter; T, borderline relation between outcome and
parameter; j, no relation between outcome and a parameter.
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responses were subsequently found to be related to the
presence of mutations in exons 19 to 21 of the EGFR gene.
These exons encode for the ATP binding pocket of the
tyrosine kinase domain, but these domains virtually never
show mutations in GBM (47Y51). In vitro models of non-
small lung cancer showed that the presence of these
mutations made cell lines sensitive to erlotinib or gefitinib.
These findings are in contrast with research on GBM cell
lines, in which gefitinib inhibited cell cycle progression,
growth, and invasion of cells expressing wild-type EGFR,
but not in cells expressing the mutant EGFRvIII (52).
Perhaps this result is due to differential regulation of Akt
activity and other functionally redundant promitotic signal-
ing pathways in cells expressing mutant EGFRvIII.

Because of the frequent EGFR amplification in GBM,
the activity of the EGFR tyrosine kinase inhibitors gefitinib
and erlotinib on recurrent GBM was investigated in several
trials. In particular, one phase I trial on erlotinib with or
without TMZ showed promising results. Of 49 patients
evaluated 8 responses were observed; 7 patients had a GBM
and 6 of the responding patients had been treated with
erlotinib only (53). A pivotal article on the molecular
determinants of response to EGFR tyrosine kinase inhibitors
suggested that tumors having both EGFRvIII mutations and
expression of PTEN are likely to respond to these agents
(51). Whereas 6 of 7 tumors with coexpression of EGFRvIII
and PTEN responded, only 2 of 19 tumors without this
coexpression were responsive (51). This study also presented
an independent data set from another study in which this
relationship was confirmed. Moreover, in an in vivo model
the induction of coexpression of EGFRvIII and PTEN made
glioma cell lines sensitive to erlotinib. In these cell lines it
appeared that Akt-independent branches of the PTEN path-
way contributed to the effects of PTEN on the sensitivity of
EGFR inhibitors. If true, these findings would have major
implications for the further development of the treatment of
high-grade gliomas.

The question is whether these data are solid enough to
take treatment decisions. The other available clinical trials
showed various results (Table 4), with 2 trials showing limited
or no activity of EGFR tyrosine kinase inhibitors (54Y56). The
results of most of these trials have not yet been fully reported,
and the molecular studies aiming to identify GBMs responsive
to EGFR tyrosine kinase I have also failed to show consistent
results (Table 5). This is also the case for the individual
studies that were used in the pivotal article mentioned above
(37, 58). In 1 of those studies the response to erlotinib was
associated with high levels of EGFR expression and low
levels of pAkt (37). IHC for pAkt was strongly associated
with response; none of the patients with positive IHC for pAkt
responded. Time to progression was associated with pAkt but
not with EGFR expression. Other studies failed to find a
relation between response and EGFR expression (IHC and/or
at the DNA level) or EGFRvIII IHC (55, 56).

There are some more remarkable discrepancies
between the results of these molecular studies. One study
noted EGFRvIII expression in 49% of GBMs and another
in only 2 of 29 GBMs (56, 59). In 1 study EGFRvIII was

expressed in 15 of 27 tumors without EGFR amplification;
however, most studies found EGFRvIII mutants only in
tumors with EGFR amplification or with gain of chromo-
some 7 (51, 56). One study found only 7% of 268 GBMs
and another found 38% of 29 GBMs negative for pAkt
(37, 60). Are these differences true differences or artificial
differences and due to limited test reliability or to
differences in methodology and inherent to IHC? More-
over, a control group without EGFR tyrosine kinase in-
hibitors was not a part of any of these studies, implying
that any observed outcome would have prognostic signifi-
cance. For example, in 1 study activated substrates of the
MAPK and Akt pathways were associated with a worse
prognosis (59).

What conclusions can be drawn from these data? At
this point it is fair to conclude that the full reports on most of
the trials on tyrosine kinase inhibitors in GBM are still
pending, and the outcome of the molecular analyses so far
are contradictory. Yet, EGFR tyrosine kinase inhibitors are
used for treatment of recurrent GBM, despite the meager
preliminary results in the clinical trials. Why has the activity
of these agents so far been disappointing, even in patients
with EGFR amplification? One study on erlotinib- and
gefitinib-treated GBM observed no clear changes in EGFR
phosphorylation or downstream signalling (on pErk and
pAkt) compared with control tissue (50). The EGFR
mutations in exons 18 to 21 related to response in non-
small cell lung cancer appeared to be virtually absent in
GBM, and cell lines with EGFRvIII mutations failed to
respond to EGFR tyrosine kinase inhibition. A mutation or
overexpression in the EGFR gene per se is not enough to
respond to EGFR tyrosine kinase inhibitors.

In summary, tests for EGFR amplification and EGFR-
vIII mutations do not have prognostic significance in GBM
but may have prognostic significance in grade III tumors.
Perhaps this result is due to the known difficulties in the
histologic diagnosis of grade III tumors. Therefore, EGFR
amplification may be used to identify GBM among tumors
with histologic features resembling grade III tumors. Despite
the clear biologic rationale for studies with EGFR tyrosine
kinase inhibitors, their role is still unclear in GBM because
of contradictory results in clinical trials and because the
predictive value of some of the identified molecular markers
remains to be clarified.

CONCLUSION
Combined 1p/19q loss is mainly a prognostic factor,

but it can be used in individual patients to assess whether
chemotherapy is a therapeutic option. Most likely, MGMT
promoter gene methylation is predictive for outcome after
combined chemoirradiation in patients with GBM, but its
clinical use still requires further confirmatory studies. EGFR
amplification does not have prognostic significance in GBM,
but may have prognostic significance in grade III gliomas.
The presence of EGFR amplification should be considered
for inclusion in the criteria for the diagnosis of GBM.
EGFR-inhibiting strategies have so far not been very
successful, and it is unclear whether predictive markers
exist that identify responding tumors.
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