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The epidermal growth factor receptor
(EGFR or erbB1) has emerged in recent
years as a viable therapeutic target in
human cancer1. This transmembrane
receptor tyrosine kinase is frequently
detectable in a wide range of human
tumors. However, tumor EGFR levels are
not correlated with the level of receptor
activation and use by cancer cells and, ther-
fore, do not predict EGFR ‘dependence’.

Several recent clinical trials have evalu-
ated such inhibitors and ligand-blocking
antibodies to EGFR, either alone or in com-
bination with anticancer chemotherapy, in
unselected patients with various solid
tumors. Studies in lung cancer have shown
modest clinical activity, with higher
response rates in women, patients with lung
adenocarcinoma, nonsmokers and Japanese
patients2–5. In none of these trials were
patients selected based on any evidence of
EGFR kinase dependence, nor was there a
deliberate plan for a retrospective molecu-
lar analysis of the tumors from enrolled
patients. Because of these limitations,
EGFR inhibitors have not lived up to their
initial promise.

Two studies by Paez et al.6 and Lynch et
al.7 could bring these inhibitors back into
the fold. These studies, published in Science
and the New England Journal of Medicine,
shine a bright light on the molecular under-
pinnings of the overall low clinical activity

of EGFR inhibitors and will almost cer-
tainly lead to the identification of sub-
groups of patients who are likely to benefit
substantially from these drugs. These
reports identify somatic mutations in the
EGFR gene in patients with non-small-cell
lung cancer (NSCLC) that had durable clin-
ical responses to the EGFR tyrosine kinase
inhibitor gefitinib (Fig. 1). The mutations
were either short, in-frame deletions or

substitutions clustered around the region
encoding the ATP-binding pocket of the
receptor’s tyrosine kinase domain.

In the study by Paez et al., these 
mutations were more frequent in patients
with adenocarcinoma than other histologi-
cal types of NSCLC, in women and in
Japanese patients. In both studies com-
bined, EGFR mutations were detected in
18/144 (13%) specimens with 15/18 
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Selecting the right patient for tumor therapy
Carlos L Arteaga

Two clinical studies have identified mutations affecting the EGF receptor in lung cancers from patients who
respond robustly to gefitinib, a small-molecule inhibitor of the receptor tyrosine kinase. This work highlights the
importance of conducting clinical trials with an eye to delivering molecule-targeted therapeutics to those patients
most likely to benefit.
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Figure 1 Selecting for tumor shinkage. Two new studies show that, in patients with mutations in the
gene encoding the EGF receptor, tumors shrink in respond to gefitinib, an inhibitor of the receptor
tyrosine kinase. This drug does not perform nearly as well in patients in the general population. The
new work should revive enthusiasm for gefitinib and promote clinical trial designs that preselect
patients based on their molecular profile.
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mutations detected in Japanese patients.
Adding together data from both studies, a
total of 13/14 patients (93%) who under-
went a durable reduction in the size of their
tumors had EGFR mutations affecting the
kinase domain of the protein, but none of
11 patients whose disease progressed on
therapy did.

Lynch et al.7 provided suggestive evi-
dence that two of the mutant receptors were
hyper-responsive to exogenous EGFR lig-
and. Although the authors did not provide
rigorous molecular evidence that these are
gain-of-function mutations, the striking
association with a durable clinical response
after gefitinib treatment indicate that they
represent a functional marker of EGFR
dependence. Such strong responses are
almost unheard of in chemotherapy-
refractory advanced NSCLC.

These results do not come as a total 
surprise, as it is known that the wild-type
EGFR is limited in its ability to activate a large
repertoire of signaling pathways and is, there-
fore, weakly oncogenic8. The variant III EGFR
deletion mutant, which is present in 40% of
high-grade gliomas, is a constitutively active,
endocytosis-resistant receptor with broad sig-
naling specificity and high oncogenicity9,10.
Notably, more than 20% of patients with
recurrent high-grade gliomas respond to the
EGFR inhibitor erlotinib11, but interpretation
of these results await determination of the
EGFR gene status in these tumors. Thus, the
mutants identified by Paez et al. and Lynch et
al. might encode receptors that, compared
with wild-type EGFR, engage additional sig-
nal transducers, dimerize with erbB corecep-
tors with higher efficiency, have higher
stability because of altered intracellular traf-
ficking, or more efficiently bind ATP (and
hence the ATP mimetic gefitinib).

Whether these mutant receptors depend
on ligand for activation in situ is a crucial
question. Ligand-independent activation
could anticipate therapeutic resistance to
ligand-blocking EGFR antibodies currently
in clinical development.

It is not clear from these studies whether
only tumors with EGFR mutations respond
to gefitinib. Of note, one of nine responding
patients in the study by Lynch et al. had a
wild-type receptor. This raises the question
of whether exons other than those encoding
the kinase domain were examined in all
patients. Nonetheless, excluding Japanese
patients, only 3/86 (3.5%) of patients in the
combined studies were identified with EGFR
mutations, far lower than the 11% response
rate reported by Kris et al. in the phase 2
study of gefitinib in the United States3.

A recently completed phase 3 trial com-
paring the EGFR inhibitor erlotinib against
best supportive care in advanced NSCLC
showed an improvement in overall survival
in patients treated with the inhibitor (see
http://www.gene.com/gene/news/press-
releases/display.do?method=detail&id=7387).
It remains to be determined whether the
benefit from erlotinib in this trial, which was
powered to achieve a 33% improvement in
overall survival, is limited to patients with
receptor mutations. With the overall low
incidence of mutations, it is unlikely that the
anticipated improvement in overall survival
can be explained exclusively by durable clin-
ical responses in patients bearing NSCLC
with mutant EGFR.

In previous gefitinib studies in
NSCLC2,3, there was a group of patients
that showed marked symptom improve-
ment and prolonged disease stabilization
with no measurable reduction in tumor
size. The EGFR gene status of such tumors
was not reported in the studies by Paez 
et al. and Lynch et al. and would also be of
considerable interest. The status of the
EGFR gene should also be informative in
other tumors, such as colon cancers, where
a similar small number of robust clinical
responses have been seen in patients
treated with EGFR antibodies12,13.

It becomes important now to determine
whether, in EGFR-mutant lung cancers that
eventually escape gefitinib, the resistance is
EGFR-dependent or EGFR-independent.
This can be done by obtaining new biopsies
and resequencing the EGFR gene at the
time of relapse. Although such biopsies
would be ‘only for research purposes’, the
information that they can generate could
be of enormous benefit to patients. If
resistance is EGFR dependent, secondary
mutations occurring or enriched for as a
response to therapy may help in the identi-
fication of second-line inhibitors. These
may include other, already available small-
molecule kinase inhibitors or EGFR anti-
bodies. Perhaps the best example of the
strength of this approach is the demonstra-
tion that dual Abl-Src inhibitors can bind
the activation loop of the Abl tyrosine
kinase in a conformation not accessible to
imatinib14, thus explaining their ability to
inhibit chronic myelogenous leukemia
(CML) cells with imatinib-resistant Abl
mutations15.

Finally, these results highlight the poten-
tial benefit of comprehensive sequencing
approaches for human kinases across
tumor types, as has been recently accom-
plished in several primary tumors16,17.

Such studies should be able to identify
additional activating tyrosine kinase muta-
tions that can lead drug discovery and
development and, eventually, inform the
approval process.

The seminal studies of Paez et al. and
Lynch et al. show yet again that even late
cancers remain dependent on specific
molecular alterations and that reversion of
the effects of these alterations with specific,
well-tolerated molecular therapies can
induce dramatic clinical responses. Does
anybody doubt that a trial with gefitinib in
patients with EGFR-mutant NSCLC should
be able to achieve a greater than 80% clini-
cal response rate and meaningfully prolong
survival? And that the refinement of anti-
EGFR therapies and the deliberate discov-
ery of mechanisms of acquired resistance
to these therapies will lead to the cure or
prevention of this particular syndrome
within the next five to ten years? If we con-
sider that every year, in the United States
alone, NSCLC kills 160,000 patients, the
potential impact of these results is quite
remarkable.

It is clear from these studies that molecu-
lar target dependence and patient selection
should be central to the development of
molecular therapeutics in human cancer.
This approach should avoid spuriously
negative or overall weak signals of clinical
activity of otherwise very active drugs
when used in the right group of patients,
prevent unnecessary large costly trials,
and limit the exposure of patients to 
drugs unlikely to produce any clinical 
benefit.
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