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(57) ABSTRACT 

Disclosed are biomarkers, methods and assay kits for the 
identi?cation of cancer patients Who are predicted to bene?t, 
or not to bene?t, from the therapeutic administration of an 
epidermal growth factor receptor (EGFR) inhibitor. The 
biomarkers of the present invention include detection of 
EGFR and HER 2 gene ampli?cation and polysomy, EGFR 
protein expression, EGFR mutations, phosphorylated Akt 
protein expression, and various combinations of such biom 
arkers, as Well as the combination of these biomarkers With 
mutations in the tyrosine kinase domain of the EGFR gene. 
Increased EGFR gene copy number, increased HER2 gene 
copy number, increased EGFR, protein expression, activated 
AKT protein expression (phosphorylated AKT) and EGFR 
mutations are all associated With better outcome for cancer 
patients treated With EGFR inhibitors. The invention pro 
vides a diagnostic paradigm based on each of these tests and 
combinations of these tests to select cancer patients Who Will 
bene?t from EGFR inhibitor therapy, as Well as a diagnostic 
paradigm to select cancer patients Who Will not bene?t from 
EGFR inhibitor therapy. 
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A = Gene Amplification 
B = High Poiysomy 
C = Low Poiysomy 
D = High Trisomy 
E = Low Trisomy 
F = Disomy 
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METHODS FOR PREDICTION OF CLINICAL 
OUTCOME TO EPIDERMAL GROWTH 
FACTOR RECEPTOR INHIBITORS BY 

CANCER PATIENTS 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to biomar 
kers, methods and assay kits for the identi?cation of cancer 
patients Who are predicted to bene?t from EGFR inhibitor 
therapy. 

BACKGROUND OF THE INVENTION 

[0002] Neoplasia, or a process of rapid cellular prolifera 
tion resulting in neW, abnormal growth, is a characteristic of 
many diseases Which can be serious, and sometimes, life 
threatening. Typically, neoplastic groWth of cells and tissues 
is characterized by greater than normal proliferation of cells, 
Wherein the cells continue to groW even after the instigating 
factor (e.g., tumor promoter, carcinogen, virus) is no longer 
present. The cellular groWth tends to shoW a lack of struc 
tural organization and/or coordination With the normal tissue 
and usually creates a mass of tissue (e.g., a tumor) Which 
may be benign or malignant. Malignant cellular groWth, or 
malignant tumors (cancer), are a leading cause of death 
WorldWide, and the development of effective therapy for 
neoplastic disease is the subject of a large body of research. 
Although a variety of innovative approaches to treat and 
prevent cancers have been proposed, many cancers continue 
to cause a high rate of mortality and may be dif?cult to treat 
or relatively unresponsive to conventional therapies. In 
addition, patients may respond differently to various cancer 
therapies, making some approaches useful for some patients 
and not for others. Therefore, there is a continuing need in 
the art for the identi?cation of additional cancer risk factors 
and methods for early diagnosis and therapy for cancers, as 
Well as methods for identifying patients that are expected to 
bene?t from a particular type of therapy. 
[0003] Illustrating this point, non-small cell lung cancer 
(NSCLC) is the leading cause of cancer death in the World. 
While chemotherapy has produced modest survival bene?ts 
in advanced stages, standard tWo-drug combinations gener 
ate considerable toxicity and require intravenous adminis 
tration (Non-small Cell Lung Cancer Collaborative Group, 
1995; Schiller et al., 2002; Kelly et al., 2001). Progress in the 
?eld of lung cancer biology led to the development of small 
molecule inhibitors of target proteins involved in the pro 
liferation, apoptosis and angiogenesis. Targeted therapy 
agents such as imatinib and trastuZumab produced consistent 
survival bene?t in chronic myeloid leukemia (Druker, 
2001), gastrointestinal stromal tumors (GIST) (Demetri 
2002) and breast cancers that overexpress the target proteins 
(Slamon 2001). The epidermal groWth factor receptor 
(EGFR) superfamily, including the four distinct receptors 
EGFR/erbB-l, HER2/erbB-2, HER3/erbB-3, and HER4/ 
erbB-4, Was early identi?ed as a potential therapeutic target 
in solid tumors. After ligand binding, these receptors homo 
and heterodimeriZe, and the tyrosine-kinase domain is acti 
vated, initiating a cascade of events implicated in the devel 
opment and progression of cancer through effects on cell 
cycle progression, apoptosis, angiogenesis, and metastasis 
(Salomon et al., 2001; Arteaga, 2002; Hirsch et al., 2003, 
Lung Cancer; Ciardello and Tortora, 2001). EGFR is over 
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expressed in many human epithelial malignancies, including 
NSCLC (Hirsch et al., 2003, J. Clin. Oncol.; Salomon el al., 
1995). 
[0004] Given the biological importance of the EGFR 
molecular netWork in carcinomas, several molecules Were 
synthesiZed to inhibit the tyrosine kinase domain of EGFR 
(LevitZki and GaZit, 1995; Levitt and Koty, 1999). Among 
the most promising of these neW drugs are ge?tinib (ZD 
1839, Iressa®, AstraZeneca, UK), and erlotinib (OSI 774, 
Tarceva®, Genentech, USA). Both are orally active, selec 
tive EGFR tyrosine-kinase inhibitors (EGFR-TKI) that dem 
onstrated antitumor activity against a variety of human 
cancer cell lines expressing EGFR (Ciardiello et al., 2000). 
LikeWise, both have Well documented activity as single 
agents in phase I studies, including chemotherapy resistant 
NSCLC patients Who had response rates of about 10% (Kris 
et al., 2000, Lung Cancer; Baselga et al., 2002; Herbst et al, 
2002; Ranson et al., 2002; Hidalgo et al., 2001). Activity 
Was con?rmed in large phase II trials shoWing response rates 
of 19-26% in previously untreated, advanced NSCLC 
patients, and 12-18% in patients Who had failed one or more 
prior chemotherapy combinations (Fukuoka et al., 2003; 
Kris et al., 2003, JAMA; PereZ-Soler et al., 2001; Miller et 
al., 2003). More recently, a phase III trial (BR1) comparing 
erlotinib With placebo as a second or third line therapy 
reported a survival bene?t for the EGFR inhibitor (HaZard 
Ratio: 0.73) (Shepherd et al., 2004). Importantly, this sur 
vival bene?t Was not con?ned to objective responders, nor 
to a single gender or histology, Which makes selection based 
on clinical and histopathological features alone dif?cult. 

[0005] In phase II trials With ge?tinib, no correlation Was 
detected betWeen EGFR protein expression and response to 
therapy, although feW studies have directly addressed this 
question. Patients With squamous cell carcinomas had loWer 
response rates compared to patients With adenocarcinoma 
despite their higher rates of EGFR expression (Ciardiello et 
al., 2000; Fukuoka et al., 2003; Kris et al., 2003, JAMA). 
Recent reports shoWed that speci?c missense and deletion 
mutations in the tyrosine kinase domain of the EGFR gene 
2005/117553 PCT/US2005/018879 (Lynch et all, 2004; 
PaeZ et al., 2004) are signi?cantly associated With ge?tinib 
sensitivity. HoWever, While objective response has been 
reported in up to 18% and symptomatic improvement in 
40% of the unselected ge?tinib treated NSCLC patients 
(Fukuoka et al., 2003; Kris et al., 2003, JAMA), the fre 
quency of these mutations in unselected US patients is loW 
(PaeZ et al., 2004). These observations and the ?nding that 
objective response can be detected in patients carrying 
apparently Wild type allele of the EGFR gene (Lynch et al, 
Pao et al., Han et al (JCO, 23:2493, 2005), Mitsudomi et al., 
JCO 23:2513, 2005, Kim et al., Clinical Cancer Res, 
11:2244, 2005) suggest that other mechanisms are also 
involved in the response to ge?tinib. Furthermore, While 
these activating mutations identify patients With high 
response rates, they cannot account for the high stable 
disease rates, reported to occur in about 30% of NSCLC 
patients treated With ge?tinib (Fukuoka et al., 2003; Kris et 
al., 2003, JAMA). 
[0006] In summary, there are no reliable selection criteria 
for determining Which cancer patients, including NSCLC 
patients, Will bene?t from treatment With EGFR inhibitors 
exempli?ed by, but not limited to, ge?tinib. Therefore, it is 
of great interest to identify both patients that Would bene?t 
from EGFR inhibitors and patients Who are not going to 
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bene?t from such therapy, as Well as to identify treatments 
Which can improve the responsiveness of cancer cells Which 
are resistant to EGFR inhibitors, and to develop adjuvant 
treatments that enhance the response. 

SUMMARY OF THE INVENTION 

[0007] One embodiment of the invention relates to a 
method to select a cancer patient Who is predicted to bene?t 
or not bene?t from therapeutic administration of an EGFR 
inhibitor. The method includes the steps of: (a) detecting in 
a sample of tumor cells from a patient a level of a biomarker 
selected from the group consisting of: (b) comparing the 
level of the biomarker in the tumor cell sample to a control 
level of the biomarker selected from the group consisting of: 
(i) a control level of the biomarker that has been correlated 
With sensitivity to the EGFR inhibitor; and (ii) a control 
level of the biomarker that has been correlated With resis 
tance to the EGFR inhibitor; and (c) selecting the patient as 
being predicted to bene?t from therapeutic administration of 
the EGFR inhibitor, if the level of the biomarker in the 
patient’s tumor cells is statistically similar to or greater than 
the control level of the biomarker that has been correlated 
With sensitivity to the EGFR inhibitor, or if the level of the 
biomarker in the patient’s tumor cells is statistically greater 
than the level of the biomarker that has been correlated With 
resistance to the EGFR inhibitor; or (d) selecting the patient 
as being predicted to not bene?t from therapeutic adminis 
tration of the EGFR inhibitor, if the level of the biomarker 
in the patient’s tumor cells is statistically less than the 
control level of the biomarker that has been correlated With 
sensitivity to the EGFR inhibitor, or if the level of the 
biomarker in the patient’s tumor cells is statistically similar 
to or less than the level of the biomarker that has been 
correlated With resistance to the EGFR inhibitor. The biom 
arker is selected from: (i) a level of ampli?cation of the 
epidermal groWth factor receptor (EGFR) gene; (ii) a level 
of polysomy of the EGFR gene; (iii) a level of ampli?cation 
of the human tyrosine kinase receptor-type receptor (HER2) 
gene; and (iv) a level of polysomy of the HER2 gene. The 
step of detecting can include detecting any one, tWo, three, 
or all four of the biomarkers (i)-(iv). Particularly preferred 
combinations include, but are not limited to: detecting (i) 
and (ii), and in one embodiment, also detecting (iii) or (iv); 
detecting (iii) and (iv), and in one embodiment, also detect 
ing (i) or (ii); and detecting (ii) and (iv). 
[0008] The step of detecting can include, but is not limited 
to, using a nucleotide probe that hybridiZes to the EGFR 
gene or the HER2 gene, and/ or using a nucleotide probe that 
hybridiZes to chromosome 7 centromere sequences or to 
chromosome 17 centromere sequences. In one aspect, the 
probe is a chimeric probe (e.g., that hybridiZes to the EGFR 
gene and to chromosome 7 centromere sequences or that 
hybridiZes to the HER2 gene and to chromosome 17 cen 
tromere sequences). The step of detecting can include, in one 
aspect, detecting the number of copies of the EGFR gene or 
HER2 gene per tumor cell in one or more tumor cells in the 
sample, and/ or detecting EGFR or HER2 gene ampli?cation 
per tumor cell in one or more tumor cells in the sample. In 
a preferred embodiment, the step of detecting is performed 
by ?uorescent in situ hybridization (FISH). 
[0009] In one aspect of this embodiment, the step of 
comparing comprises comparing the biomarker level in the 
tumor cells to a control level of the biomarker in one or more 

control cells that are resistant to the EGFR inhibitor, and/or 
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in one or more control cells that are sensitive to the EGFR 
inhibitor. In one aspect, the control level of the biomarker 
that has been correlated With sensitivity and/ or resistance to 
the EGFR inhibitor has been predetermined. 

[0010] In one aspect of this embodiment, a patient having 
a tumor sample With 3 or more copies of the EGFR gene in 
less than about 40% of cells is predicted to be a poor- or 
non-responder to treatment With the EGFR inhibitor. In 
another aspect, a patient having a tumor sample With about 
4 or more copies of the EGFR gene in greater than or equal 
to about 40% of cells is predicted to bene?t from treatment 
With the EGFR inhibitor. In another aspect, a patient is 
predicted to bene?t from to treatment With the EGFR 
inhibitor, When the patient has a tumor sample With EGFR 
gene clusters or: (a) a ratio of EGFR gene copies to 
chromosome 7 copies per cell of about 2 or more; or (b) an 
average of about 15 or more copies of the EGFR gene per 
cell in greater than or equal to about 10% of analyZed cells. 
In another aspect, a patient having a tumor sample With 3 or 
more copies of the HER2 gene in less than about 40% of 
cells is predicted to be a poor- or non-responder from 
treatment With the EGFR inhibitor. In yet another aspect, a 
patient having a tumor sample With about 4 or more copies 
of the HER2 gene in greater than or equal to about 40% of 
cells is predicted to bene?t from treatment With the EGFR 
inhibitor. In another aspect, a patient is predicted to bene?t 
from treatment With the EGFR inhibitor, When the patient 
has a tumor sample With HER2 gene clusters or: (a) a ratio 
of HER2 gene copies to chromosome 17 copies per cell of 
about 2 or more; or (b) an average of about 15 or more 
copies of the HER2 gene per cell in greater than or equal to 
about 10% of analyZed cells. 

[0011] In one aspect of this embodiment, selection of the 
patient in step (d) based on EGFR gene ampli?cation or 
polysomy is reversed if the patient is selected as being 
predicted to bene?t from therapeutic administration of the 
EGFR inhibitor based on HER2 gene ampli?cation or poly 
somy. In another aspect of this embodiment, the selection of 
the patient in step (c) based on EGFR gene ampli?cation or 
polysomy and the positive selection of the patient based on 
HER2 gene ampli?cation or polysomy increases the likeli 
hood that the patient Will respond to treatment With the 
EGFR inhibitor as compared to selection of the patient in 
step (c) based on EGFR gene ampli?cation or polysomy 
alone. 

[0012] In another aspect of this embodiment, the method 
further includes further steps of: (a) detecting a level of 
expression of epidermal groWth factor receptor (EGFR) 
protein in the tumor cell sample; (b) comparing the level of 
EGFR protein expression in the tumor cell sample to a 
control level of EGFR protein expression selected from the 
group consisting of: (i) a control level that has been corre 
lated With sensitivity to the EGFR inhibitor; and (ii) a 
control level that has been correlated With resistance to the 
EGFR inhibitor; and (c) selecting the patient as being 
predicted to bene?t from therapeutic administration of the 
EGFR inhibitor, if the level of EGFR protein expression in 
the patient’s tumor cells is statistically similar to or greater 
than the control level of EGFR protein expression that has 
been correlated With sensitivity to the EGFR inhibitor, or if 
the level of EGFR protein expression in the patient’s tumor 
cells is statistically greater than the level of EGFR protein 
expression that has been correlated With resistance to the 
EGFR inhibitor; or (d) selecting the patient as being pre 
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dicted to not bene?t from therapeutic administration of the 
EGFR inhibitor, if the level of EGFR protein expression in 
the patient’s tumor cells is statistically less than the control 
level of EGFR protein expression that has been correlated 
With sensitivity to the EGFR inhibitor, or if the level of 
EGFR protein expression in the patient’s tumor cells is 
statistically similar to or less than the level of EGFR protein 
expression that has been correlated With resistance to the 
EGFR inhibitor. In a preferred embodiment, the level of 
EGFR protein expression is detected using immunohis 
tochemistry (IHC). 
[0013] In another aspect of any of the embodiments of the 
method above, the method also includes the following steps: 
(a) detecting a level of expression of phosphorylated Akt 
protein in the tumor cell sample; (b) comparing the level of 
phosphorylated Akt protein expression in the tumor cell 
sample to a control level of phosphorylated Akt protein 
expression selected from the group consisting of: (i) a 
control level that has been correlated With sensitivity to the 
EGFR inhibitor; and (ii) a control level that has been 
correlated With resistance to the EGFR inhibitor; and (c) 
selecting the patient as being predicted to bene?t from 
therapeutic administration of the EGFR inhibitor, if the level 
of phosphorylated Akt protein expression in the patient’s 
tumor cells is statistically similar to or greater than the 
control level of phosphorylated Akt protein expression that 
has been correlated With sensitivity to the EGFR inhibitor, or 
if the level of phosphorylated Akt protein expression in the 
patient’s tumor cells is statistically greater than the level of 
phosphorylated Akt protein expression that has been corre 
lated With resistance to the EGFR inhibitor; or (d) selecting 
the patient as being predicted to not bene?t from therapeutic 
administration of the EGFR inhibitor, if the level of phos 
phorylated Akt protein expression in the patient’s tumor 
cells is statistically less than the control level of phospho 
rylated Akt protein expression that has been correlated With 
sensitivity to the EGFR inhibitor, or if the level of phos 
phorylated Akt protein expression in the patient’s tumor 
cells is statistically similar to or less than the level of 
phosphorylated Akt protein expression that has been corre 
lated With resistance to the EGFR inhibitor. In a preferred 
embodiment, the level of phosphorylated Akt protein 
expression is detected using immunohistochemistry (IHC). 
In one aspect, the method includes the step of detecting 
comprises detecting EGFR polysomy and expression of 
phosphorylated AKT protein. 
[0014] Any of the above-described embodiments of the 
invention can further include a step of detecting mutations in 
the EGFR gene, Wherein detection of one or more mutations 
in the EGFR gene is further predictive that the patient Will 
bene?t from treatment With the EGFR inhibitor. For 
example, mutations in any one or more of exons l8, l9 and 
21 of the EGFR gene or in the tyrosine kinase domain of the 
EGFR gene can be detected. 

[0015] Another embodiment of the present invention 
relates to a method to select a cancer patient Who is predicted 
to bene?t or not bene?t from therapeutic administration of 
an EGFR inhibitor. The method comprises the steps of: (a) 
detecting in a sample of tumor cells from a patient a level of 
expression of epidermal groWth factor receptor (EGFR) 
protein; (b) comparing the level of EGFR protein expression 
in the tumor cell sample to a control level of EGFR protein 
expression selected from the group consisting of: (i) a 
control level that has been correlated With sensitivity to the 
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EGFR inhibitor; and (ii) a control level that has been 
correlated With resistance to the EGFR inhibitor; and (c) 
selecting the patient as being predicted to bene?t from 
therapeutic administration of the EGFR inhibitor, if the level 
of EGFR protein expression in the patient’s tumor cells is 
statistically similar to or greater than the control level of 
EGFR protein expression that has been correlated With 
sensitivity to the EGFR inhibitor, or if the level of EGFR 
protein expression in the patient’s tumor cells is statistically 
greater than the level of EGFR protein expression that has 
been correlated With resistance to the EGFR inhibitor; or (d) 
selecting the patient as being predicted to not bene?t from 
therapeutic administration of the EGFR inhibitor, if the level 
of EGFR protein expression in the patient’s tumor cells is 
statistically less than the control level of EGFR protein 
expression that has been correlated With sensitivity to the 
EGFR inhibitor, or if the level of EGFR protein expression 
in the patient’s tumor cells is statistically similar to or less 
than the level of EGFR protein expression that has been 
correlated With resistance to the EGFR inhibitor. In a pre 
ferred embodiment, the level of EGFR protein expression is 
detected using immunohistochemistry (IHC). 
[0016] In one aspect of this embodiment, the method 
further includes a step of detecting mutations in the EGFR 
gene, Wherein detection of one or more mutations in the 
EGFR gene is further predictive that the patient Will respond 
to treatment With the EGFR inhibitor. For example, muta 
tions in any one or more of exons l8, l9 and 21 of the EGFR 
gene or mutations in the tyrosine kinase domain of the 
EGFR gene can be detected. 

[0017] In another aspect of this embodiment, the method 
includes further steps of: (a) detecting a level of expression 
of phosphorylated Akt protein in the tumor cell sample; (b) 
comparing the level of phosphorylated Akt protein expres 
sion in the tumor cell sample to a control level of phospho 
rylated Akt protein expression selected from the group 
consisting of: (i) a control level that has been correlated With 
sensitivity to the EGFR inhibitor; and (ii) a control level that 
has been correlated With resistance to the EGFR inhibitor; 
and (c) selecting the patient as being predicted to bene?t 
from therapeutic administration of the EGFR inhibitor, if the 
level of phosphorylated Akt protein expression in the 
patient’s tumor cells is statistically similar to or greater than 
the control level of phosphorylated Akt protein expression 
that has been correlated With sensitivity to the EGFR inhibi 
tor, or if the level of phosphorylated Akt protein expression 
in the patient’s tumor cells is statistically greater than the 
level of phosphorylated Akt protein expression that has been 
correlated With resistance to the EGFR inhibitor; or (d) 
selecting the patient as being predicted to not bene?t from 
therapeutic administration of the EGFR inhibitor, if the level 
of phosphorylated Akt protein expression in the patient’s 
tumor cells is statistically less than the control level of 
phosphorylated Akt protein expression that has been corre 
lated With sensitivity to the EGFR inhibitor, or if the level of 
phosphorylated Akt protein expression in the patient’s tumor 
cells is statistically similar to or less than the level of 
phosphorylated Akt protein expression that has been corre 
lated With resistance to the EGFR inhibitor. 

[0018] The method in any of the embodiments of the 
invention described above can be used With a patient having 
any type of cancer. In one preferred embodiment, the patient 
has lung cancer, including, but not limited to, non-small cell 
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lung carcinoma (N SCLC), bronchioloalveolar carcinoma 
(BAC), or adenocarcinomas With BAC features. 
[0019] In any of the embodiments of the invention 
described above, responsiveness to any EGFR inhibitor can 
be evaluated, including, but not limited to, ge?tinib, erlo 
tinib, and cetuximab. 
[0020] Yet another embodiment of the invention relates to 
an assay kit for selecting a cancer patient Who is predicted 
to bene?t or not to bene?t from therapeutic administration of 
an EGFR inhibitor. The assay kit includes: (a) a means for 
detecting in a sample of tumor cells a level of a biomarker 
or a combination of biomarkers selected from: (i) a level of 
ampli?cation of the epidermal groWth factor receptor 
(EGFR) gene; (ii) a level of polysomy of the EGFR gene; 
(iii) a level of ampli?cation of the human tyrosine kinase 
receptor-type receptor (HER2) gene; (iv) a level of poly 
somy of the HER2 gene; (v) a level of EGFR protein 
expression; and/or (vi) a level of phosphorylated Akt protein 
expression. The kit also includes: (b) a control selected 
from: (i) a control sample for detecting sensitivity to the 
EGFR inhibitor; (ii) a control sample for detecting resistance 
to the EGFR inhibitor; (iii) information containing a prede 
termined control level of the biomarker that has been 
correlated With sensitivity to the EGFR inhibitor; and/ or (iv) 
information containing a predetermined control level of the 
biomarker that has been correlated With resistance to the 
EGFR inhibitor. In one aspect, the kit can further include at 
least one means for detecting at least one mutation in the 
EGFR gene. 

[0021] In one aspect of this embodiment, the means for 
detecting in any of (a)(i)-(a)(iv) comprises a nucleotide 
probe that hybridiZes to a portion of the gene, including but 
not limited to: a nucleotide probe that hybridiZes to a portion 
of human chromosome 7 or human chromosome 17; a 
nucleotide probe that hybridiZes to a portion of an EGFR 
gene and to a portion of the chromosome 7 other than the 
EGFR gene; and a nucleotide probe that hybridiZes to a 
portion of an HER2 gene and to a portion of the chromo 
some 17 other than the HER2 gene. In a preferred embodi 
ment, the means for detecting is for use in ?uorescent in situ 
hybridiZation (FISH). In another aspect of this embodiment, 
the means for detecting in (a)(v) or (a)(vi) comprises an 
antibody or antigen binding fragment thereof that selectively 
binds to the protein. Preferably, any of the above-described 
means for detecting comprises a detectable label and/or is 
immobilized on a substrate. 

BRIEF DESCRIPTION OF THE FIGURES OF 
THE INVENTION 

[0022] FIGS. 1A and 1B shoW Kaplan Meyers curves for 
time to disease progression (A) and survival (B) in the six 
FISH categories: Disomy, LoW Trisomy, High Trisomy, LoW 
Polysomy, High Polysomy and Gene Ampli?cation in 
Example 1. 
[0023] FIGS. 2A and 2B shoW Kaplan Meyers curves for 
time to disease progression (A) and survival (B) in FISH 
Groups 1 and 2 in Example 1. 
[0024] FIGS. 3A and 3B shoW Kaplan-Meier curves for 
time to disease progression (FIG. 3A) and survival (FIG. 
3B), analyZed according to gene copy numbers. 
[0025] FIGS. 3C and 3D shoW Kaplan-Meier curves for 
time to disease progression (FIG. 3C) and survival (FIG. 
3D), analyZed according to level of protein expression. 
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[0026] FIGS. 3E and 3F shoW Kaplan-Meier curves for 
time to disease progression (FIG. 3E) and survival (FIG. 
3F), analyZed according to presence of mutations. 
[0027] FIG. 4A shoWs survival curves for the Whole S 
0126 cohort (N:l36 patients) compared to the EGFR FISH 
sub cohort (N:8l patients). 
[0028] FIG. 4B shoWs progression free survival for the 
EGFR FISH positive and FISH negative groups. 
[0029] FIG. 4C shoWs the overall survival curves for the 
EGFR FISH positive and FISH negative groups. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] Based on promising results from clinical Phase II 
studies, ge?tinib Was approved by the US Food and Drug 
Administration for treatment of advanced chemorefractory 
NSCLC in 2003, and erlotinib in 2004 after it demonstrated 
a signi?cant survival bene?t compared to placebo in pre 
treated NSCLC patients (Shepherd et al., 2004). The clinical 
ef?cacy of these EGFR tyrosine kinase inhibitors (EGFR 
TKIs) is signi?cant but unfortunately is limited to a sub 
group of the patients. In the Canadian BR-2l study (erlotinib 
versus placebo), about 30% of the patients died Within 3 
months after the treatment start, Which indicated that no 
clinical bene?t Was achieved in this subgroup of patients. 
Clinically, patients Who bene?t are more likely to have 
female gender, adenocarcinoma histology and a never 
smoking history (Fukuoka et al., 2003; Kris et al., 2003, 
JAMA; Miller et al., 2004, J. Clin. Oncol). HoWever, 
clinical features alone are not su?icient for patient selection 
because patients lacking individual features may still ben 
e?t. These observations have left a need to provide biologic 
features that could predict for patient bene?t in NSCLC and 
other cancers associated With EGFR expression. The present 
invention provides poWerful biomarkers and protocols that 
address this problem. 
[0031] The present invention is generally related to the 
identi?cation of cancer patients that are predicted to bene?t 
from the therapeutic administration of an epidermal groWth 
factor receptor (EGFR) inhibitor. The present invention is 
also generally related to methods to identify treatments that 
can improve the responsiveness of EGFR inhibitor-resistant 
cancer cells to the treatment, and to the development of 
adjuvant treatments that enhance the EGFR inhibitor 
response. 
[0032] Accordingly, one embodiment of the present inven 
tion relates to a method and corresponding assay kit for use 
to select a cancer patient Who is predicted to bene?t from 
therapeutic administration of an epidermal groWth factor 
receptor (EGFR) inhibitor, an agonist thereof, or a drug 
having substantially similar biological activity as the refer 
ence EGFR inhibitor. The method generally includes detect 
ing in a sample of tumor cells from a patient the biomarkers 
related to EGFR and combinations thereof that have been 
discovered by the inventors to be invaluable in the detection 
of EGFR inhibitor-sensitive or resistant tumor cells, thus 
predicting the patients’ clinical bene?t to treatment using the 
EGFR inhibitor. Based on the inventors’ discovery, a variety 
of tests and combinations of biomarker detection strategies 
are proposed, and Will be discussed in detail beloW. Initially, 
hoWever, the present invention includes the use of the 
folloWing strategies for detection of biomarkers, alone or in 
various combinations: (1) detection of the level of ampli? 
cation of the epidermal groWth factor receptor (EGFR) gene 
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(i.e., the gene encoding EGFR); (2) detection of a level of 
polysomy of the epidermal growth factor receptor (EGFR) 
gene; (3) detection of a level of gene ampli?cation of the 
HER2 gene; (4) detection of the level of polysomy of the 
HER2 gene; (5) detection of mutations in the EGFR gene; 
(6) detection of EGFR protein expression; and (7) detection 
of phosphorylated Akt expression. The invention includes 
the use of these detection protocols individually or in 
various combinations, and the invention further includes the 
use of various combinations of one or more biomarker 
detection techniques to further enhance the ability of the 
present method to identify EGFR inhibitor-sensitive and 
-resistant tumors, as Well as to predict patients’ clinical 
bene?t (e.g, response and outcome) to EGFR inhibitors. 
[0033] The inventors have also discovered that combina 
tions of the tests described herein can be used to select 
patients With cancer, including NSCLC, Who Will not have 
clinical bene?t from EGFR inhibitors (e.g. patients With 
tumors that are negative for tWo or more tests). 

[0034] The present inventors have discovered that patients 
With tumor cells displaying EGFR gene ampli?cation and/or 
high polysomy With respect to the EGFR gene (also gener 
ally referred to herein as an increase in EGFR gene copy 
number or a gain in EGFR copy number), and/or HER2 gene 
ampli?cation and/or high polysomy (also generally referred 
to herein as an increase in HER2 gene copy number or a gain 
in HER2 copy number) With respect to the HER2 gene, are 
predicted to be especially responsive to treatment With 
EGFR inhibitors, and are therefore the best candidates for 
the use of this line of therapy. In contrast, patients having 
tumors With little or no gain in copy number of the EGFR 
and/ or HER2 genes are predicted to have a poor outcome to 
treatment With EGFR inhibitors. 

[0035] Interestingly, the present inventors have also dis 
covered that for patients that are EGFR negative (i.e., not 
predicted to respond to EGFR inhibitors based on EGFR 
results alone), if such patients’ tumors have HER2 gene 
ampli?cation and/or polysomy (e.g., high trisomy or loW or 
high polysomy) of the HER2 gene, the patient outcome is 
better as compared to patients Without HER2 gene ampli? 
cation. Furthermore, for patients that are predicted to 
respond to EGFR inhibitors based on EGFR results alone, 
HER2 gene ampli?cation and/or high polysomy in these 
patients’ tumors is predictive of even greater sensitivity to 
the EGFR inhibitor treatment than in the absence of the 
HER2 gene ampli?cation. 
[0036] The inventors have also found that EGFR protein 
expression can be used to predict patient outcome With 
EGFR inhibitor treatment, in contrast to prior studies that 
detected no correlation betWeen EGFR protein expression 
and response to therapy. Speci?cally, the present inventors 
have used assessment criteria that accounts for both expres 
sion intensity and the fraction of expression-positive cells in 
a sample, and have noW demonstrated that patients having 
tumor cells in the upper 50% of the scoring protocol (i.e., 
denoted positive/high EGFR expressors) had much better 
outcomes (e.g., better response times, sloWer progression 
rates and longer survival times) When treated With EGFR 
inhibitors than those in the loWer expressing groups. Fur 
thermore, the inventors have demonstrated that the combi 
nation of detection of EGFR protein expression With HER2 
or EGFR gene ampli?cation or polysomy is signi?cantly 
more predictive of patient outcome to EGFR inhibitor 
treatment than the detection of one or no markers. 
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[0037] The inventors have also found that a group of 
cancer patients With loW/no gain of EGFR gene (e.g., 
“FISH-negative”) and loW/no expression of EGFR protein 
(e.g., “IHC-negative”), Which constitute about 30% of the 
total NSCLC population, seem not to have any clinical 
bene?t (no/very loW response rate, short time to progression 
and short survival time) from EGFR inhibitors. 
[0038] The inventors have also shoWn that tWo other 
biomarkers, namely mutated EGFR genes or phosphorylated 
Akt expression, can be combined With any of these biom 
arkers and protocols discussed above to improve the ability 
to detect patients predicted to respond to EGFR inhibitor 
treatment. For example, the inventors demonstrate herein 
that the combination of detection of mutations in the EGFR 
gene With EGFR protein expression, EGFR gene ampli? 
cation and/or polysomy, and/or HER2 gene ampli?cation 
and/or polysomy, can be used to select patients Who Will 
have clinical bene?t from EGFR inhibitor therapy. The 
inventors have also demonstrated herein that the combina 
tion of the detection of phosphorylated Akt (i.e., activated 
Akt) With detection of EGFR protein expression and/or 
detection of EGFR gene ampli?cation and/or polysomy can 
be used to select patients Who Will have clinical bene?t from 
EGFR inhibitor therapy. 
[0039] The present inventors also demonstrate herein the 
poWer of using particular detection techniques, ?uorescence 
in situ hybridiZation (FISH) and immunohistochemistry 
(IHC) in the present methods, although the methods of the 
invention are not limited to the use of these techniques. 

[0040] Finally, although many of the examples provided 
herein are directed to the EGFR inhibitor, ge?tinib, the 
methods of the present invention are not limited to the 
prediction of patients that Will respond or not respond to this 
particular EGFR inhibitor, but rather, can be used to predict 
patient’s outcome to any EGFR inhibitor, including inhibi 
tors that are small molecules (drugs), peptides, antibodies, 
nucleic acids, or other types of inhibitors. For example, the 
present inventors have also demonstrated the use of the 
present methods to predict tumor resistance or susceptibility 
to the EGFR inhibitor, Cetuximab (Erbitux®), Which is a 
monoclonal antibody that binds to EGFR and prevents the 
binding of the natural ligand to the receptor. 
[0041] More speci?cally, the present inventors have dem 
onstrated that EGFR gene copy number (determined by 
polysomy and/or gene ampli?cation) detected by FISH and 
EGFR protein expression by IHC signi?cantly correlated 
With ge?tinib activity, and those patients carrying EGFR 
gene ampli?cation and/or polysomy (particularly high poly 
somy) and/or high EGFR protein expression had a signi? 
cant improvement in response, time to progression and 
survival. The inventors have also demonstrated that HER2 
gene ampli?cation and/or polysomy (particularly high poly 
somy) provides similar effects. The strongest bene?t Was 
observed in patients With gene ampli?cation, With the com 
bination of EGFR gene ampli?cation and HER2 gene ampli 
?cation being particularly strong. Multivariate analysis con 
?rmed that EGFR gene ampli?cation and polysomy 
(particularly high polysomy) and EGFR protein expression 
signi?cantly reduced the risk of death in patients receiving 
ge?tinib. Among clinical characteristics (gender, smoking 
history, performance status and histology), only histology 
and PS resulted signi?cantly related to the risk of death 
When the model Was adjusted for EGFR status. Risk of death 
Was signi?cantly loWer for patients With adenocarcinoma or 
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bronchioloalveolar carcinoma and signi?cantly higher for 
those With performance status 2. 

[0042] Prior to the present invention, the prognostic role 
of EGFR protein expression or gene status in NSCLC has 
been unclear at best, as there have been varying reports in 
the literature. The inventors have studied the prognostic role 
of EGFR protein expression and gene copy number and 
found that EGFR protein expression correlated With 
increased gene copy number, and that high gene copy 
number per cell shoWed a trend toWards poor prognosis 
(Hirsch et al., 2003 JCO). Likewise, the inventors studied 
HER2 gene copy number and protein expression in 238 
patients With NSCLC and found that high HER2 protein 
expression shoWed a tendency toWard a shorter survival 
(Hirsch et al, BJC, 2002). HoWever, the levels of EGFR 
protein expression evaluated by immunohistochemical 
assays have not previously been demonstrated to correlate 
With response to therapy in preclinical (Sirotnak et al., Clin 
Cancer Res 2000; 614885-92) and clinical studies (Kris et 
al., 2003, JAMA; Giaccone et al., 2004). Ge?tinib exerts its 
action at the protein level, therefore it Was not at all expected 
that the number of copies of the EGFR gene per cell could 
be a predictor for clinical response, given the lack of 
correlation With the immunohistochemical studies. 

[0043] In the study illustrated in Example 1, a better 
outcome Was observed in the cohort With ampli?cation or 
high polysomy for the EGFR gene, therefore con?rming the 
positive impact of the drug in this group of patients. More 
over, the 1-year survival of patients in FISH positive patients 
(Group 2 in Example 1 beloW) Was remarkably higher in the 
present inventors’ study than reported on the previous phase 
II trials With ge?tinib. 
[0044] A major drawback for the ge?tinib clinical studies 
has been the lack of correlation betWeen level of EGFR 
protein expression and response to treatment. Other studies 
focusing on HER2 and response to trastuZumab in breast 
cancer con?rmed that genomic analyses correlate better With 
response than protein expression scored as 2+ in the Her 
ceptTest (Vogel et al., 2002; Bartlett et al., 2003). The 
identi?cation of speci?c EGFR gene mutations in ge?tinib 
sensitive patients con?rmed the validity of analyses at 
genomic level (Lynch et al., 2004; PaeZ et al., 2004). 
HoWever, these studies involved technology for analysis 
completely different from What is proposed in the present 
invention. 

[0045] In the studies presented herein, EGFR and HER2 
gene copy numbers Were studied by FISH because this 
method presents several advantages, although the practice of 
the present invention is not limited to this technique. FISH 
is DNA-based and can be successfully performed in fresh or 
preserved paraffin-embedded tumor samples. The technol 
ogy is Well established, has short turn-around in clinical 
cytogenetics and molecular pathology laboratories, and an 
EGFR FISH probe is already commercially available. More 
over, for patients With advanced disease, and especially for 
those progressing after standard therapies, disease stabiliZa 
tion and symptomatic improvement are important end 
points, and ge?tinib reaches this goal in about 40% of cases 
(Fukuoka et al., 2003; Kris et al., 2003, JAMA). The results 
demonstrated that patients With EGFR gene ampli?cation 
and high polysomy had signi?cant advantages not only on 
response, but also on disease control rate. These ?ndings, 
combined With the simplicity of the assay and the reproduc 
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ibility of the result, support the routine use of EGFR-FISH 
analysis and related techniques for selecting NSCLC 
patients to ge?tinib therapy. 
[0046] The clinical characteristics of the population evalu 
ated in the study described in Examples 1 and 3 re?ect What 
is generally observed in Italy in the clinical practice, and the 
outcome of this cohort is in the same range of the IDEAL 1 
and 2 trials (Fukuoka et al., 2003; Kris et al., 2003, JAMA). 
The EGFR gene status has only been scarcely studied in lung 
cancer. In the current study, 12.7% of tumors had gene 
ampli?cation and 19.7% had high level of polysomy. Gene 
ampli?cation has been reported in 6.2% of 286 specimens 
using Southern Blot analysis (Reissmann et al., 1999), While 
polysomy and ampli?cation have been respectively 
observed in 13% and 9% of 183 NSCLC investigated in a 
tumor microarray (Hirsch et al., 2003 JCO). Other popula 
tion studies Will verify if this variability represents the actual 
heterogeneity in the NSCLC patients. 
[0047] Levels of protein expression of EGFR Were also 
assessed by immunohistochemistry and high levels Were 
statistically signi?cantly associated With better response, 
disease control rate, time to progression and survival as 
described beloW in the Examples. In the studies presented 
herein, ge?tinib sensitivity Was associated With high EGFR 
protein expression; outcomes in patients With loW EGFR 
expression scores (<200) Were as poor as those in patients 
With loW gene copy numbers or lacking mutations. The 
reasons for the difference in results from this invention 
compared to previous reports might be multiple. For 
example, the present inventors have used a different scoring 
system than prior investigators, taking both the fraction of 
EGFR expressing cells (0-100%) and the expression inten 
sity (1-4) into account, Which may have improved the 
inventors’ ability to detect and analyZe differences in expres 
sion. HoWever, the application of this invention is not 
restricted to this scoring criteria, and other assessment 
methods may be useful in the practice of the invention. 
Immunohistochemical analysis for EGFR protein expression 
is an easy clinically applicable assay and the antibody used 
in this invention is based on commercially available anti 
body (Zymed; see Examples). HoWever, the application of 
this invention is not restricted to a speci?c antibody. 
[0048] Another important ?nding of the studies described 
herein Was the virtual absence of EGFR mutations in 
patients With stable disease. Among the 21 patients With 
stable disease Who Were assessed for EGFR mutations, only 
one patient had an EGFR mutation. The small number of 
mutations in patients With stable disease is of clinical 
relevance because data from one clinical trial shoWed that 
the survival bene?t of ge?tinib is not con?ned to responding 
patients (Shepherd et al., 2004). It is possible that survival 
improvement in the ge?tinib-treated patients, as a Whole, is 
due to the presence of a group of patients With an interme 
diate bene?t from the treatment, such as those With stable 
disease, Who Would be excluded from tyrosine kinase inhibi 
tor treatment if mutation analysis Were established as the test 
of choice for patient selection. Moreover, although previous 
studies suggested that EGFR mutations are present in the 
vast majority of responding patients (Lynch et al., 2004; 
PaeZ et al., 2004; Pao et al., 2004), in this study, the 
inventors observed that 40% of patients With EGFR muta 
tions had progressive disease. 
[0049] In the studies presented herein, the inventors also 
found an association betWeen activated Akt pathWay (e.g. 
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expression of phosphorylated Akt) and ge?tinib sensitivity, 
an association that has also been described and discussed by 
others (Sordella et al., 2004; CappuZZo et al., 2004, J. Natl 
Cancer Inst). The combinatorial analysis of EGFR and 
P-Akt status indicated that, independent of the method of 
EGFR assessment, When EGFR status Was positive, the 
presence ofAkt phosphorylation Was signi?cantly related to 
better response, disease control rate, time to progression, 
and survival. Importantly, better outcome Was observed not 
only When the subset of EGFR+/P-Akt+ patients Was com 
pared With all the other groups combined but also When this 
subset Was compared With patients EGFR positive but P-Akt 
negative. These ?ndings support the hypothesis that, When 
the ge?tinib target is present but the anti-apoptotic pathWay 
is not activated, the patient is not sensitive to the inhibitory 
effects of ge?tinib. As expected, the EGFR+/P-Akt+ group 
also had a signi?cantly better outcome compared With the 
EGFR negative and P-Akt positive group, con?rming pre 
clinical data indicating that aberrant, EGFR-independent 
Akt activation may lead to ge?tinib resistance (Bianco et al., 
2003; Janmaat et al., 2003). These data indicate that P-Akt 
positive status is relevant in EGFR-positive patients for the 
identi?cation of a subgroup of patients particularly sensitive 
to the drug. In EGFR-negative patients, P-Akt positive status 
may identify a group of patients With a very loW chance of 
bene?ting from ge?tinib treatment. 
[0050] Information regarding the relationship betWeen 
EGFR protein expression and Akt pathWay activation Would 
greatly advance the understanding of the mechanisms of 
ge?tinib sensitivity. The inventors compared EGFR protein 
and P-Akt expression in a subgroup of patients and, in 
general, the inventors found expression of EGFR and P-Akt 
proteins in the same cell populations (data not shoWn), 
suggesting that the observed P-Akt Was a result of EGFR 
activity. 
[0051] The methods and test kits provided by the present 
invention are extremely useful for patients With any cancer 
that can be treated With EGFR inhibitors, such as NSCLC. 
Such patients might, as a result of the methods provided 
herein, be spared from side effects and ?nancial costs of an 
ineffective therapy in the event that they do not have 
genomic gain affecting the EGFR locus and they have loW 
or no EGFR protein expression. Second, it is useful for 
physicians, Who can recommend, or not, this speci?c treat 
ment (i.e., EGFR inhibitor therapy) to particular patients 
based on information on the molecular characteristics of 
their tumors. Third, it Will increase the demand for the FISH 
assay With available and yet-to-be developed EGFR probes. 
[0052] More speci?c embodiments of the invention are 
described as folloWs. In one embodiment, the method 
includes the detection in a sample of tumor cells from a 
patient a level of ampli?cation (described in detail beloW) of 
the epidermal groWth factor receptor (EGFR) gene (i.e., the 
gene encoding EGFR). Patients With tumor cells displaying 
EGFR gene ampli?cation are predicted to be responsive to 
treatment With EGFR inhibitors, and are therefore the best 
candidates for the use of this line of therapy. In contrast, 
patients having tumors With little or no EGFR gene ampli 
?cation gain are predicted to be poor or non-responders to 
treatment With EGFR inhibitors and therefore, different 
therapeutic treatments can be used With such patients. In 
another, related embodiment, the method includes the detec 
tion in a sample of tumor cells from a patient a level of 
polysomy (described in detail beloW) of the epidermal 
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groWth factor receptor (EGFR) gene. In this embodiment, 
patients With tumor cells displaying higher polysomy With 
respect to the EGFR gene are predicted to be responsive to 
treatment With EGFR inhibitors, and are therefore the best 
candidates for the use of this line of therapy. In contrast, 
patients having tumors With loW copy numbers With respect 
to the EGFR gene are predicted to be poor or non-responders 
to treatment With EGFR inhibitors. In one embodiment, this 
method of detecting polysomy can be combined With the 
detection of EGFR gene ampli?cation in the tumor cells. 
Collectively, gene ampli?cation and polysomy can be 
referred to as a gain in EGFR gene copy number or increased 
EGFR gene copy number. In addition, the present inventors 
demonstrate herein that increased EGFR gene copy number 
detected by FISH is associated With improved survival after 
ge?tinib therapy in patients With advanced stage bronchio 
alveolar carcinoma (BAC) and adenocarcinoma With BAC 
features, a subset of NSCLC that can serve as a model for 
study of EGFR pathWays due to its underlying biologic 
characteristics. 

[0053] In another embodiment of the invention, the 
method includes the detection in a sample of tumor cells 
from a patient a level of gene ampli?cation of the HER2 
gene (i.e., the gene encoding HER2). Patients With tumor 
cells displaying HER2 gene ampli?cation are predicted to be 
responsive to treatment With EGFR inhibitors, and are 
therefore the best candidates for the use of this line of 
therapy. In contrast, patients having tumors With loW or no 
HER2 gene ampli?cation are predicted to be poor or non 
responders to treatment With EGFR inhibitors and therefore, 
different therapeutic treatments can be used With such 
patients. In another embodiment, the method includes the 
detection in a sample of tumor cells from a patient a level of 
polysomy of the HER2 gene. In this embodiment, patients 
With tumor cells displaying higher polysomy With respect to 
the HER2 gene are predicted to be responsive to treatment 
With EGFR inhibitors, and are therefore the best candidates 
for the use of this line of therapy. In contrast, patients having 
tumors With loW copy numbers With respect to the HER2 
gene are predicted to be poor or non-responders to treatment 
With EGFR inhibitors. In one embodiment, this method of 
detecting polysomy can be combined With the detection of 
HER2 gene ampli?cation in the tumor cells. Collectively, 
gene ampli?cation and polysomy can be referred to as a gain 
in HER2 gene copy number or increased HER2 gene copy 
number. These methods can also be combined With the 
detection of EGFR gene ampli?cation and/or EGFR poly 
somy. Patients having tumors displaying both an increase in 
EGFR gene copy numbers and an increase in HER2 gene 
copy numbers are predicted to be even better candidates for 
responsiveness to treatment With EGFR inhibitors than 
patients With tumors displaying increases in EGFR gene 
copy numbers alone. Moreover, patients having tumors 
displaying loW or no gain in EGFR gene copy numbers but 
having increases in HER2 gene copy numbers are predicted 
to be better responders to treatment With EGFR inhibitors 
than patients having tumors With loW or no gain in HER2 
gene copy numbers. 

[0054] In another embodiment of the invention, the 
method includes the detection in a sample of tumor cells 
from a patient a level of EGFR protein expression (e.g., by 
using immunohistochemical techniques). Patients With 
tumor cells displaying higher levels of EGFR protein are 
predicted to be responsive to treatment With EGFR inhibi 
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tors, and are therefore the best candidates for the use of this 
line of therapy. In particular, patients With tumor cells 
having both a higher fraction of cells expressing EGFR and 
a higher intensity of expression of EGFR by the cells are 
predicted to be responsive to treatment With EGFR inhibi 
tors. In one embodiment using a scoring system of 0-400 
based on fraction and intensity scores (described in detail 
beloW), patients With tumor cells receiving EGFR protein 
expression scores of greater than 200 are predicted to have 
a good outcome of treatment With EGFR inhibitors. In 
further embodiments, this method can be combined With the 
detection of HER2 gene ampli?cation and/or polysomy; 
detection of EGFR gene ampli?cation and/or polysomy; 
detection of mutations in EGFR (described beloW) and/or 
detection of phosphorylated Akt protein levels (described 
beloW). Patients having tumors With high EGFR protein 
expression in combination With: HER2 gene ampli?cation 
and/or HER2 polysomy, With EGFR gene ampli?cation 
and/or EGFR polysomy, mutations in the EGFR gene, 
and/or phosphorylated Akt expression, are predicted to be 
responsive to treatment With EGFR inhibitors. 

[0055] In one embodiment of the invention, the method 
includes detection mutations in the EGFR gene in a sample 
of tumor cells from a patient. Patients With tumor cells 
displaying mutations in the EGFR gene are predicted to be 
responsive to treatment With EGFR inhibitors, and are 
therefore the best candidates for the use of this line of 
therapy. Activating mutations cause ligand-independent 
activity of receptor tyrosine kinases, and recent reports shoW 
that speci?c missense and deletion mutations in the tyrosine 
kinase domain of the EGFR gene (Lynch et al., 2004; PaeZ 
et al., 2004; Pao et al., 2004) are associated With EGFR 
tyrosine kinase inhibitor sensitivity, and also With female 
gender, adenocarcinoma histology, and never smoking sta 
tus, all clinical characteristics that are knoWn to be related to 
tyrosine kinase inhibitor sensitivity (Fukuoka et al., 2003; 
Kris et al., 2003, JAMA; PereZ-Soler et al., 2001; Miller et 
al., 2003, Proc. Am Soc Clin Oncol.; Miller et al., 2004, J. 
Clin. Oncol.) Although these EGFR mutations can account 
for the vast majority of objective responses obtained With 
tyrosine kinase inhibitors, the clinical bene?t observed With 
these drugs and the survival bene?t identi?ed in the a prior 
clinical trial cannot be explained only by the presence of 
mutations. 

[0056] While any EGFR mutations may be detected, mul 
tiple mutations are already knoWn to occur in humans, 
particularly on exons l8, l9 and 21 . As discussed above, this 
method can be combined With the detection of EGFR protein 
expression; detection of EGFR gene ampli?cation and/or 
polysomy; detection of HER2 gene ampli?cation and/or 
polysomy; and/or detection of phosphorylated Akt protein 
levels (described beloW). Patients having tumors With one or 
more mutations in the EGFR gene in combination With: high 
EGFR protein expression, HER2 gene ampli?cation and/or 
HER2 polysomy, EGFR gene ampli?cation and/or EGFR 
polysomy, and/or phosphorylated Akt expression, are pre 
dicted to be responsive to treatment With EGFR inhibitors. 

[0057] In another embodiment of the invention, the 
method includes detection in a sample of tumor cells from 
a patient phosphorylated Akt protein levels. The activation 
status of the Akt protein has been highlighted as an impor 
tant player in EGFR tyrosine kinase inhibitor sensitivity in 
preclinical and clinical studies (Sordella et al., 2004; Cap 
puZZo et al., 2004, J. Natl. Cancer Inst.) Akt is a serine/ 
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threonine kinase that acts doWnstream of EGFR to regulate 
many cellular processes, including cell survival, prolifera 
tion, and groWth, and it is activated by phosphorylation at 
amino acids Thr308 and Ser473 (Datta et al., 1999). Sordella 
et al., supra, shoWed that ge?tinib-sensitizing EGFR muta 
tions activate anti-apoptotic pathWays involving Akt in lung 
cancer cell lines, and CappuZZo et al., supra, have shoWn that 
the activation status of Akt is associated With ge?tinib 
sensitivity of NSCLC patients, in terms of response and time 
to progression, but not in terms of survival. The lack of 
association With survival could be explained by the presence 
of a subset of phosphorylated (P)-Akt-positive patients Who 
are resistant to ge?tinib therapy as a consequence of Akt 
activation by a non-EGFR dependent mechanism. 
[0058] Patients With tumor cells expressing phosphory 
lated Akt protein are predicted to be responsive to treatment 
With EGFR inhibitors, and are therefore the best candidates 
for the use of this line of therapy. As discussed above, this 
method is intended to be combined With any one or more of: 
the detection of EGFR protein expression; detection of 
EGFR gene ampli?cation and/or polysomy; detection of 
HER2 gene ampli?cation and/or polysomy; and/or detection 
of mutations in the EGFR gene, in order to enhance the 
ability to identify patients having tumors that are predicted 
to respond to EGFR inhibitor therapy. Patients having 
tumors that express phosphorylated Akt in combination 
With: one or more mutations in the EGFR gene, high EGFR 
protein expression, HER2 gene ampli?cation and/or HER2 
polysomy, and/or EGFR gene ampli?cation and/or EGFR 
polysomy, are predicted to be responsive to treatment With 
EGFR inhibitors. 

[0059] In one embodiment of the invention, the method 
includes the detection of EGFR and HER2 gene ampli?ca 
tion and/or polysomy using ?uorescent in situ hybridization 
(FISH). 
[0060] In one embodiment of the invention, the method 
includes the detection of EGFR protein or phosphorylated 
Akt protein using immunohistochemistry (IHC) techniques. 
[0061] It Will be apparent to those of skill in the art from 
the description of the invention herein that a variety of 
combinations of the above-described biomarkers and detec 
tion protocols can enhance or improve the ability to identify 
patients that are predicted to be responsive to therapy With 
EGFR inhibitors (and patients that are predicted to be poor 
responders). Therefore, any combination of the use of the 
biomarkers, detection protocols and detection techniques is 
encompassed by the invention. Moreover, the invention is 
not limited to the detection techniques described herein 
(e.g., FISH and IHC), since other techniques may be used to 
achieve the same result. By Way of example, the folloWing 
particular combinations have been demonstrated by the 
inventors to be particularly useful in predicting responsive 
ness to EGFR inhibitors: (1) combination of detection of 
EGFR gene ampli?cation and/or polysomy using FISH and 
detection of HER2 gene ampli?cation and/or polysomy 
using FISH; (2) combination of detection of EGFR protein 
expression using IHC and detection of HER2 gene ampli 
?cation and/or polysomy using FISH; (3) combination of 
detection of mutations in the EGFR gene and detection of 
HER2 gene ampli?cation and/or polysomy using FISH; (4) 
combination of detection of EGFR gene ampli?cation and/or 
polysomy using FISH and detection of EGFR protein 
expression using IHC; (5) combination of detection of 
EGFR protein expression using IHC and detection of muta 



US 2008/0090233 A1 

tions in the EGFR gene; (6) combination of detection of 
EGFR protein expression and detection of phosphorylated 
Akt protein using IHC; (7) detection of EGFR gene ampli 
?cation and/or polysomy and detection of mutations in the 
EGFR gene; (8) detection of EGFR gene ampli?cation 
and/or polysomy, detection of EGFR protein expression 
using IHC, and detection of mutations in the EGFR gene; 
and (9) detection of EGFR gene ampli?cation and/or poly 
somy, detection of EGFR protein expression using IHC, and 
detection of phosphorylated Akt protein expression using 
IHC. 

[0062] The methods of the present invention can be used 
to effectively predict the responsiveness of patient tumors 
and clinical outcome to treatment With any EGFR inhibitor. 
Although most of the data provided herein Was generated in 
patients receiving the Well-knoWn EGFR inhibitor, ge?tinib 
(ZD 1839, lressa®, AstraZeneca, UK), it is to be understood 
that the evaluation of patient tumor responsiveness to any 
EGFR inhibitor of any type is encompassed by the present 
invention. 

[0063] According to the present invention, an EGFR 
inhibitor is any agent that inhibits (blocks, reduces, antago 
niZes, decreases, reverses) the expression and/or biological 
activity of an epidermal groWth factor receptor (EGFR), 
including any EGFR. Therefore, an inhibitor can include, 
but is not limited to, a product of drug/compound/peptide 
design or selection, an antibody or antigen binding fragment 
thereof, a protein, a peptide, a nucleic acid (including 
riboZymes, antisense, RNAi and aptamers), or any other 
agent that inhibits the expression and/or biological activity 
of an EGFR. For example, knoWn inhibitors of EGFR 
include the drugs, ge?tinib (ZD 1839, lressa®, AstraZeneca, 
UK) and erlotinib (OSI 774, Tarceva®, Genentech, USA), 
and the monoclonal antibody, Cetuximab (Erbitux®, 
lmclone, Bristol-Myers Squibb). HoWever, the invention is 
not limited to these speci?c agents, and can include an 
agonist (described beloW) of such agents or agents having 
substantially similar biological activity as these agents. The 
biological activity or biological action of a protein, such as 
an EGFR, refers to any function(s) exhibited or performed 
by a naturally occurring form of the protein as measured or 
observed in vivo (i.e., in the natural physiological environ 
ment of the protein) or in vitro (i.e., under laboratory 
conditions). Biological activities of EGFR include, but are 
not limited to, binding to EGF, receptor homo- or het 
erodimeriZation, tyrosine kinase activity, and doWnstream 
activities related to cellular homeostasis and development. 
[0064] Various de?nitions and aspects of the invention 
Will be described beloW, but the invention is not limited to 
any speci?c embodiments that may be used for illustrative or 
exemplary purposes. To the extent that ge?tinib is described 
herein, it is an exemplary EGFR inhibitor and, as discussed 
above, the methods of the invention are applicable to evalu 
ation of patient tumor sensitivity or resistance to any EGFR 
inhibitor. 

[0065] The methods of the present invention include 
detecting in a sample of tumor cells from a patient to be 
tested, any one or any combination of 2, 3, 4, 5, 6 or all 7 
of the folloWing biomarkers and types of detection of such 
biomarkers: (l) a level of ampli?cation of the epidermal 
groWth factor receptor (EGFR) gene (i.e., the gene encoding 
EGFR); (2) a level of polysomy of the epidermal groWth 
factor receptor (EGFR) gene; (3) a level of gene ampli?ca 
tion of the HER2 gene; (4) a level of polysomy of the HER2 

Apr. 17, 2008 

gene; (5) mutations in the EGFR gene; (6) EGFR protein 
expression; and/or (7) phosphorylated Akt expression. 
Detection of (l) and (2) together and/or detection of (3) and 
(4) together can generally be referred to as detecting a gain 
or an increase in gene copy number. According to the present 
invention, a biomarker includes any gene or protein or 
portion thereof that can be detected, measured or otherWise 
evaluated and is used to identify, measure or predict a 
particular effect, which in the present invention is patient 
tumor responsiveness (or non-responsiveness) to an EGFR 
inhibitor. Biomarkers useful in the present invention include 
EGFR gene, EGFR protein, HER2 gene and phosphorylated 
Akt protein. The use of a biomarker according to the 
invention can include the use of a particular protocol or 
technique to detect or measure the biomarker (types of 
detection, e.g., FISH or IHC) or the identi?cation of a 
particular characteristic associated With the biomarker, such 
as gene ampli?cation, gene polysomy, expression level of 
the gene or protein, identi?cation of a mutation, etc. Par 
ticularly preferred combinations include combinations of the 
folloWing biomarkers and types of detection thereof as 
described above: (1) and (2); (3) and (4); (l), (2), (3) and (4); 
(2) and (4); (1) and/or (2) and (6); (1) and/or (2) and (7); and 
(6) and (7). The invention is not limited to these combina 
tions. 

[0066] Suitable methods of obtaining a patient sample are 
knoWn to a person of skill in the art. A patient sample can 
include any bodily ?uid or tissue from a patient that may 
contain tumor cells or proteins of tumor cells. More spe 
ci?cally, according to the present invention, the term “test 
sample” or “patient sample” can be used generally to refer 
to a sample of any type Which contains cells or products that 
have been secreted from cells to be evaluated by the present 
method, including but not limited to, a sample of isolated 
cells, a tissue sample and/or a bodily ?uid sample. Most 
typically in the present invention, the sample is a tissue 
sample. According to the present invention, a sample of 
isolated cells is a specimen of cells, typically in suspension 
or separated from connective tissue Which may have con 
nected the cells Within a tissue in vivo, Which have been 
collected from an organ, tissue or ?uid by any suitable 
method Which results in the collection of a suitable number 
of cells for evaluation by the method of the present inven 
tion. The cells in the cell sample are not necessarily of the 
same type, although puri?cation methods can be used to 
enrich for the type of cells that are preferably evaluated. 
Cells can be obtained, for example, by scraping of a tissue, 
processing of a tissue sample to release individual cells, or 
isolation from a bodily ?uid. 

[0067] A tissue sample, although similar to a sample of 
isolated cells, is de?ned herein as a section of an organ or 
tissue of the body Which typically includes several cell types 
and/or cytoskeletal structure Which holds the cells together. 
One of skill in the art Will appreciate that the term “tissue 
sample” may be used, in some instances, interchangeably 
With a “cell sample”, although it is preferably used to 
designate a more complex structure than a cell sample. A 
tissue sample can be obtained by a biopsy, for example, 
including by cutting, slicing, or a punch. 
[0068] A bodily ?uid sample, like the tissue sample, 
contains the cells to be evaluated, and is a ?uid obtained by 
any method suitable for the particular bodily ?uid to be 
sampled. Bodily ?uids suitable for sampling include, but are 
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not limited to, blood, mucous, seminal ?uid, saliva, sputum, 
bronchial lavage, breast milk, bile and urine. 
[0069] In general, the sample type (i.e., cell, tissue or 
bodily ?uid) is selected based on the accessibility and 
structure of the organ or tissue to be evaluated for tumor cell 
growth and/ or on What type of cancer is to be evaluated. For 
example, if the organ/tissue to be evaluated is the breast, the 
sample can be a sample of epithelial cells from a biopsy (i.e., 
a cell sample) or a breast tissue sample from a biopsy (a 
tissue sample). The present invention is particularly useful 
for evaluating patients With lung cancer and particularly, 
non-small cell lung carcinoma, and in this case, a typical 
sample is a section of a lung tumor from the patient. 
[0070] The copy number of genes in tumor cells according 
to the invention can be measured, for example in FISH 
assays, in nuclei, and the protein expression can be mea 
sured, for example in immunohistochemistry assays, in 
tumor cell nuclei, cytoplasm and/or membranes. Both tests, 
e.g., FISH and immunohistochemistry, as Well as other 
detection methods, can be performed in primary tumors, 
metastatic tumors, locally recurring tumors, sputum, bron 
chial lavage, ascites, spinal ?uid, or other tumoral settings. 
The markers can be measured in tumor specimens that are 
fresh, frozen, ?xed or otherWise preserved. 
[0071] Once a sample is obtained from the patient, the 
sample is evaluated for detection of one or more of any of 
the biomarkers described herein. In some embodiments of 
the present invention, a tissue, a cell or a portion thereof 
(e.g., a section of tissue, a component of a cell such as 
nucleic acids, etc.) is contacted With one or more nucleic 
acids. Such protocols are used to detect gene expression, 
gene ampli?cation, and/or gene polysomy, for example. 
Such methods can include cell-based assays or non-cell 
based assays. The tissue or cell expressing a target gene is 
typically contacted With a detection agent (e.g., a probe, 
primer, or other detectable marker), by any suitable method, 
such as by mixing, hybridizing, or combining in a manner 
that alloWs detection of the target gene by a suitable tech 
nique. 
[0072] The patient sample is prepared by any suitable 
method for the detection technique utilized. In one embodi 
ment, the patient sample can be used fresh, frozen, ?xed or 
otherWise preserved. For example, the patient tumor cells 
can be prepared by immobilizing patient tissue in, for 
example, para?in. The immobilized tissue can be sectioned 
and then contacted With a probe for detection of hybridiza 
tion of the probe to a target gene (e.g., EGFR or HER2). 
[0073] In a preferred embodiment, detection of a gene 
according to the present invention is accomplished using 
hybridization assays. Nucleic acid hybridization simply 
involves contacting a probe (e.g., an oligonucleotide or 
larger polynucleotide) and target nucleic acid under condi 
tions Where the probe and its complementary target can form 
stable hybrid duplexes through complementary base pairing. 
As used herein, hybridization conditions refer to standard 
hybridization conditions under Which nucleic acid mol 
ecules are used to identify similar nucleic acid molecules. 
Such standard conditions are disclosed, for example, in 
Sambrook et al., Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor Labs Press, 1989. Sambrook et al., ibid., 
is incorporated by reference herein in its entirety (see 
speci?cally, pages 9.31-9.62). In addition, formulae to cal 
culate the appropriate hybridization and Wash conditions to 
achieve hybridization permitting varying degrees of mis 
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match of nucleotides are disclosed, for example, in 
Meinkoth et al., 1984, Anal. Biochem. 138, 267-284; 
Meinkoth et al., ibid., is incorporated by reference herein in 
its entirety. Nucleic acids that do not form hybrid duplexes 
are Washed aWay from the hybridized nucleic acids and the 
hybridized nucleic acids can then be detected, typically 
through detection of an attached detectable label. It is 
generally recognized that nucleic acids are denatured by 
increasing the temperature or decreasing the salt concentra 
tion of the bu?er containing the nucleic acids. Under loW 
stringency conditions (e.g., loW temperature and/or high 
salt) hybrid duplexes (e.g., DNAzDNA, RNAzRNA, or 
RNAzDNA) Will form even Where the annealed sequences 
are not perfectly complementary. Thus speci?city of hybrid 
ization is reduced at loWer stringency. Conversely, at higher 
stringency (e.g., higher temperature or loWer salt) successful 
hybridization requires feWer mismatches. 
[0074] High stringency hybridization and Washing condi 
tions, as referred to herein, refer to conditions Which permit 
isolation of nucleic acid molecules having at least about 
90% nucleic acid sequence identity With the nucleic acid 
molecule being used to probe in the hybridization reaction 
(i.e., conditions permitting about 10% or less mismatch of 
nucleotides). One of skill in the art can use the formulae in 
Meinkoth et al., 1984, Anal. Biochem. 138, 267-284 (incor 
porated herein by reference in its entirety) to calculate the 
appropriate hybridization and Wash conditions to achieve 
these particular levels of nucleotide mismatch. Such condi 
tions Will vary, depending on Whether DNAzRNA or DNA: 
DNA hybrids are being formed. Calculated melting tem 
peratures for DNAzDNA hybrids are 10° C. less than for 
DNAzRNA hybrids. In particular embodiments, stringent 
hybridization conditions for DNAzDNA hybrids include 
hybridization at an ionic strength of 6><SSC (0.9 M Na") at 
a temperature of betWeen about 20° C. and about 35° C., 
more preferably, betWeen about 28° C. and about 40° C., and 
even more preferably, betWeen about 35° C. and about 45° 
C. In particular embodiments, stringent hybridization con 
ditions for DNAzRNA hybrids include hybridization at an 
ionic strength of 6><SSC (0.9 M Na") at a temperature of 
betWeen about 30° C. and about 45° C., more preferably, 
betWeen about 38° C. and about 50° C., and even more 
preferably, betWeen about 45° C. and about 55° C. These 
values are based on calculations of a melting temperature for 
molecules larger than about 100 nucleotides, 0% formamide 
and a G+C content of about 40%. Alternatively, Tm can be 
calculated empirically as set forth in Sambrook et al., supra, 
pages 9.31 to 9.62. 

[0075] The hybridized nucleic acids are detected by 
detecting one or more labels attached to the sample nucleic 
acids. The labels may be incorporated by any of a number of 
means Well knoWn to those of skill in the art. Detectable 
labels suitable for use in the present invention include any 
composition detectable by spectroscopic, photochemical, 
biochemical, immunochemical, electrical, optical or chemi 
cal means. Useful labels in the present invention include 
?uorescent dyes (e.g., ?uorescein, texas red, rhodamine, 
Alexa ?uors, Spectrum dyes, and the like), quantum dots, 
radiolabels (e.g., 3H, 125I, 35S, 14C, or 32P), and colorimetric 
labels. Means of detecting such labels are Well knoWn to 
those of skill in the art. Thus, for example, radiolabels may 
be detected using photographic ?lm or scintillation counters, 
?uorescent markers may be detected using a photodetector 
to detect emitted light and ?uorescence microscopes. Colo 



US 2008/0090233 A1 

rimetric labels are detected by simply visualizing the colored 
label. Preferably, the hybridizing nucleic acids are detected 
by ?uorescent labels and most preferably, in the context of 
a ?uorescence in situ hybridization (FISH) assay. FISH 
assays are Well knoWn in the art and are described, for 
example, in the Examples section. 
[0076] In accordance With the present invention, an iso 
lated polynucleotide, or an isolated nucleic acid molecule, is 
a nucleic acid molecule that has been removed from its 
natural milieu (i.e., that has been subject to human manipu 
lation), its natural milieu being the genome or chromosome 
in Which the nucleic acid molecule is found in nature. As 
such, “isolated” does not necessarily re?ect the extent to 
Which the nucleic acid molecule has been puri?ed, but 
indicates that the molecule does not include an entire 
genome or an entire chromosome in Which the nucleic acid 
molecule is found in nature. Polynucleotides such as those 
used in a method of the present invention to detect genes 
(e.g., by hybridization to a gene) are typically a portion of 
the target gene that is suitable for use as a hybridization 
probe or PCR primer for the identi?cation of a full-length 
gene (or portion thereof) in a given sample (e.g., a cell 
sample). An isolated nucleic acid molecule can include a 
gene or a portion of a gene (e.g., the regulatory region or 
promoter). An isolated nucleic acid molecule that includes a 
gene is not a fragment of a chromosome that includes such 
gene, but rather includes the coding region and regulatory 
regions associated With the gene, but no additional genes 
naturally found on the same chromosome. An isolated 
nucleic acid molecule can also include a speci?ed nucleic 
acid sequence ?anked by (i.e., at the 5' and/or the 3' end of 
the sequence) additional nucleic acids that do not normally 
?ank the speci?ed nucleic acid sequence in nature (i.e., 
heterologous sequences). Isolated nucleic acid molecule can 
include DNA, RNA (e.g., mRNA), or derivatives of either 
DNA or RNA (e.g., cDNA). Although the phrase “nucleic 
acid molecule” primarily refers to the physical nucleic acid 
molecule and the phrase “nucleic acid sequence” primarily 
refers to the sequence of nucleotides on the nucleic acid 
molecule, the tWo phrases can be used interchangeably, 
especially With respect to a nucleic acid molecule, or a 
nucleic acid sequence, being capable of encoding a protein. 
Preferably, an isolated nucleic acid molecule of the present 
invention is produced using recombinant DNA technology 
(e.g., polymerase chain reaction (PCR) ampli?cation, clon 
ing) or chemical synthesis. 

[0077] According to the present invention, a probe (oli 
gonucleotide probe) is a nucleic acid molecule Which typi 
cally ranges in size from about 50-100 nucleotides to several 
hundred nucleotides to several thousand nucleotides in 
length. Therefore, a probe can be any suitable length for use 
in an assay described herein, including any length in the 
range of 50 to several thousand nucleotides, in Whole 
number increments. Such a molecule is typically used to 
identify a target nucleic acid sequence in a sample by 
hybridizing to such target nucleic acid sequence under 
stringent hybridization conditions. Hybridization conditions 
have been described in detail above. 

[0078] PCR primers are also nucleic acid sequences, 
although PCR primers are typically oligonucleotides of 
fairly short length (e.g., 8-30 nucleotides) that are used in 
polymerase chain reactions. PCR primers and hybridization 
probes can readily be developed and produced by those of 
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skill in the art, using sequence information from the target 
sequence. (See, for example, Sambrook et al., supra or Glick 
et al., supra). 
[0079] The nucleotide sequence of the human epidermal 
groWth factor receptor (EGFR) gene is knoWn in the art and 
can be found under GenBank Accession No. AY588246 
(incorporated herein by reference), for example. The nucle 
otide sequence of the human tyrosine kinase receptor-type 
receptor (HER2) gene is also knoWn in the art and can be 
found, for example, under GenBank Accession Nos. 
M16789, M16790, M16791, M16792 and M11730 (all 
incorporated herein by reference). Nucleotide probes are 
also knoWn in the art and available for use as probes to detect 
EGFR genes or HER2 genes. For example, such a probe for 
detecting both EGFR and chromosome 7 centromere 
sequences is available (e.g., LSI EGFR SpectrumOrange/ 
CEP 7 SpectrumGreen probe (Vysis, Abbott Laboratories). 
[0080] In the method of the invention, the level of EGFR 
gene ampli?cation and/or polysomy in the tumor cell sample 
is compared to a control level of EGFR gene ampli?cation 
and/or polysomy selected from: (i) a control level that has 
been correlated With sensitivity to an EGFR inhibitor; and 
(ii) a control level that has been correlated With resistance to 
the EGFR inhibitor. A patient is selected as being predicted 
to bene?t from therapeutic administration of an EGFR 
inhibitor, an agonist thereof, or a drug having substantially 
similar biological activity as the EGFR inhibitor, if the level 
of EGFR gene ampli?cation and/or polysomy in the 
patient’s tumor cells is statistically similar to or greater than 
the control level of EGFR gene ampli?cation and/or poly 
somy that has been correlated With sensitivity to the EGFR 
inhibitor, or if the level of EGFR gene ampli?cation and/or 
polysomy in the patient’s tumor cells is statistically greater 
than the level of EGFR gene ampli?cation and/ or polysomy 
that has been correlated With resistance to the EGFR inhibi 
tor. A patient is selected as being predicted to not bene?t 
from therapeutic administration of an EGFR inhibitor, an 
agonist thereof, or a drug having substantially similar bio 
logical activity as the EGFR inhibitor, if the level of EGFR 
gene ampli?cation and/or polysomy in the patient’s tumor 
cells is statistically less than the control level of EGFR gene 
ampli?cation and/or polysomy that has been correlated With 
sensitivity to the EGFR inhibitor, or if the level of EGFR 
gene ampli?cation and/or polysomy in the patient’s tumor 
cells is statistically similar to or less than the level of EGFR 
gene ampli?cation and/ or polysomy that has been correlated 
With resistance to the EGFR inhibitor. 

[0081] Similarly, in the case Where HER2 gene ampli? 
cation and/ or polysomy is evaluated, the level of HER2 gene 
ampli?cation and/or polysomy in the tumor cell sample is 
compared to a control level of HER2 gene ampli?cation 
and/or polysomy selected from: (i) a control level that has 
been correlated With sensitivity to the EGFR inhibitor; and 
(ii) a control level that has been correlated With resistance to 
the EGFR inhibitor. A patient is selected as being predicted 
to bene?t from therapeutic administration of the EGFR 
inhibitor, an agonist thereof, or a drug having substantially 
similar biological activity as the EGFR inhibitor, if the level 
of HER2 gene ampli?cation and/or polysomy in the 
patient’s tumor cells is statistically similar to or greater than 
the control level of HER2 gene ampli?cation and/or poly 
somy that has been correlated With sensitivity to the EGFR 
inhibitor, or if the level of HER2 gene ampli?cation and/or 
polysomy in the patient’s tumor cells is statistically greater 
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than the level of HER2 gene ampli?cation and/or polysomy 
that has been correlated With resistance to the EGFR inhibi 
tor. A patient is selected as being predicted to not bene?t 
from therapeutic administration of an EGFR inhibitor, an 
agonist thereof, or a drug having substantially similar bio 
logical activity as the EGFR inhibitor, if the level of HER2 
gene ampli?cation and/or polysomy in the patient’s tumor 
cells is statistically less than the control level of HER2 gene 
ampli?cation and/or polysomy that has been correlated With 
sensitivity to the EGFR inhibitor, or if the level of HER2 
gene ampli?cation and/or polysomy in the patient’s tumor 
cells is statistically similar to or less than the level of HER2 
gene ampli?cation and/or polysomy that has been correlated 
With resistance to the EGFR inhibitor. 

[0082] More speci?cally, according to the present inven 
tion, a “control level” is a control level of gene ampli?cation 
and/ or polysomy, Which can include a level that is correlated 
With sensitivity to the EGFR inhibitor or a level that is 
correlated With resistance to the EGFR inhibitor. Therefore, 
it can be determined, as compared to the control or baseline 
level of gene ampli?cation and/or polysomy, Whether a 
patient sample is more likely to be sensitive to or resistant 
to the EGFR inhibitor therapy (e.g., a good responder or 
responder (one Who Will bene?t from the therapy), or a poor 
responder or non-responder (one Who Will not bene?t or Will 
have little bene?t from the therapy)). 
[0083] In one embodiment of the invention Wherein gene 
copy number is assessed (i.e., by gene ampli?cation and/or 
gene polysomy), patients are classi?ed into six categories 
With ascending number of copies per cell: (1) Disomy (22 
copies of both targets in >90% of cells); (2) LoW trisomy 
(22 copies of the gene in 240% of cells and 3 copies in 
10-40% of the cells); (3) High trisomy (22 copies of the 
gene in 240% of cells and 3 copies in 240% of cells); (4) 
LoW polysomy (24 copies of the gene in 10-40% of cells); 
(5) High polysomy (24 copies of the gene in 240% of 
cells); and (6) Gene Ampli?cation (GA), de?ned by pres 
ence of tight EGFR gene clusters and a ratio gene/chromo 
some per cell22, or an average of 215 copies of EGFR per 
cell in 210% of analyZed cells. The present inventors have 
found that patients With high gene copy numbers or a gain 
in copy numbers (e.g., gene ampli?cation and/or polysomy 
including high trisomy, loW polysomy or high polysomy) of 
EGFR and/or HER2 are more likely to have a higher 
response rate to EGFR inhibitor therapy, a loWer rate of 
progressive disease, a longer time to progression, and a 
higher rate of long term survivors. The higher the polysomy 
or overall gain in gene copy number, the better the predicted 
outcome. The present inventors found that the presence of 
HER2 gene ampli?cation and/or polysomy in patient tumor 
cells confers a more sensitive phenotype to EGFR positive 
patients (e.g., patients shoWing a gain in EGFR gene copy 
numbers) and a better outcome to EGFR negative patients 
(e.g., patients having no or loW gain in EGFR gene copy 
numbers). 
[0084] The method for establishing a control level of gene 
ampli?cation or polysomy is selected based on the sample 
type, the tissue or organ from Which the sample is obtained, 
and the status of the patient to be evaluated. Preferably, the 
method is the same method that Will be used to evaluate the 
sample in the patient. In a preferred embodiment, the control 
level is established using the same cell type as the cell to be 
evaluated. In a preferred embodiment, the control level is 
established from control samples that are from patients or 
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cell lines knoWn to be resistant or sensitive to ge?tinib. In 
one aspect, the control samples Were obtained from a 
population of matched individuals. According to the present 
invention, the phrase “matched individuals” refers to a 
matching of the control individuals on the basis of one or 
more characteristics Which are suitable for the type of cell or 
tumor groWth to be evaluated. For example, control indi 
viduals can be matched With the patient to be evaluated on 
the basis of gender, age, race, or any relevant biological or 
sociological factor that may affect the baseline of the control 
individuals and the patient (e.g., preexisting conditions, 
consumption of particular substances, levels of other bio 
logical or physiological factors). To establish a control level, 
samples from a number of matched individuals are obtained 
and evaluated in the same manner as for the test samples. 
The number of matched individuals from Whom control 
samples must be obtained to establish a suitable control level 
(e.g., a population) can be determined by those of skill in the 
art, but should be statistically appropriate to establish a 
suitable baseline for comparison With the patient to be 
evaluated (i.e., the test patient). The values obtained from 
the control samples are statistically processed using any 
suitable method of statistical analysis to establish a suitable 
baseline level using methods standard in the art for estab 
lishing such values. The Examples section describes such 
statistical methods. 

[0085] It Will be appreciated by those of skill in the art that 
a control level need not be established for each assay as the 
assay is performed but rather, a baseline or control can be 
established by referring to a form of stored information 
regarding a previously determined control level for sensitive 
and resistant patients (responders and non-responders), such 
as a control level established by any of the above-described 
methods. Such a form of stored information can include, for 
example, but is not limited to, a reference chart, listing or 
electronic ?le of population or individual data regarding 
sensitive and resistant tumors/patients, or any other source 
of data regarding control level gene ampli?cation or poly 
somy that is useful for the patient to be evaluated. For 
example, one can use the guidelines established above and 
further described in the Examples for establishing polysomy 
and for detecting gene ampli?cation, Which have already 
been correlated With responsiveness to an EGFR inhibitor, to 
rate a given patient sample. 
[0086] In one embodiment of the present invention, the 
method includes a step of detecting the expression of a 
protein, including EGFR or phosphorylated Akt. Protein 
expression can be detected in suitable tissues, such as tumor 
tissue and cell material obtained by biopsy. For example, the 
patient tumor biopsy sample, Which can be immobiliZed, can 
be contacted With an antibody, an antibody fragment, or an 
aptamer, that selectively binds to the protein to be detected, 
and determining Whether the antibody, fragment thereof or 
aptamer has bound to the protein. Protein expression can be 
measured using a variety of methods standard in the art, 
including, but not limited to: Western blot, immunoblot, 
enZyme-linked immunosorbant assay (ELISA), radioimmu 
noassay (RIA), immunoprecipitation, surface plasmon reso 
nance, chemiluminescence, ?uorescent polarization, phos 
phorescence, immunohistochemical analysis, matrix 
assisted laser desorption/ionization time-of-?ight (MALDI 
TOF) mass spectrometry, microcytometry, microarray, 
microscopy, ?uorescence activated cell sorting (FACS), and 
How cytometry. In a preferred embodiment, immunohis 
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tochemical (IHC) analysis is used to detect protein expres 
sion. IHC methods and preferred assessment criteria for 
detection of protein expression are described in detail, for 
example, in Hirsch et al., J. Clin. Oncol. 2003, 21:3798 
3807, and are also described in the Examples. 

[0087] In a preferred, but non-limiting method for assess 
ing protein expression, the following protocol is used as an 
evaluation of immunohistochemistry results. P-Akt expres 
sion and EGFR expression can be scored, in one aspect of 
the invention, based on intensity and fraction of positive 
cells, although other scoring systems Will be apparent to 
those of skill in the art, given the guidance provided herein. 
The intensity score is de?ned as folloWs: 0:no appreciable 
staining in the tumor cells, l:barely detectable staining in 
the cytoplasm and/or nucleus as compared With the stromal 
elements, 2:readily appreciable broWn staining distinctly 
marking the tumor cell cytoplasm and/or nucleus, 3:dark 
broWn staining in tumor cells obscuring the cytoplasm 
and/or nucleus, or 4q/ery strong staining of nucleus and/or 
cytoplasm. The score is based on the fraction of positive 
cells (0%-l00%). The total score is calculated by multiply 
ing the intensity score and the fraction score producing a 
total range of 0 to 400. For statistical analyses, scores of 
0-200 are considered to be negative/loW expression, and 
scores of 201-400 are considered to be positive/high expres 
sion. This cut-off level is based on previous studies from the 
inventors, in Which they found a correlation betWeen 
increased EGFR protein expression and increased gene copy 
number (Hirsch et al., J. Clin. Oncol. 2003, 21:3798-3807). 
These cut-olf levels are convenient levels for performing the 
assay, but not absolute levels. It is contemplated, for 
example, that this scoring system can be revised or manipu 
lated, such as by loWering or raising the cut-off score by 5, 
l0, 15, 20, 25, 30, 35, or more points. 
[0088] In the method of the invention, the level of EGFR 
protein expression and/or phosphorylated Akt expression in 
the tumor cell sample is compared to a control level of 
EGFR protein expression and/or phosphorylated Akt expres 
sion selected from: (i) a control level that has been correlated 
With sensitivity to an EGFR inhibitor; and (ii) a control level 
that has been correlated With resistance to the EGFR inhibi 
tor. A patient is selected as being predicted to bene?t from 
therapeutic administration of an EGFR inhibitor, an agonist 
thereof, or a drug having substantially similar biological 
activity as the EGFR inhibitor, if the level of EGFR protein 
expression and/or phosphorylated Akt expression in the 
patient’s tumor cells is statistically similar to or greater than 
the control level of EGFR protein expression and/or phos 
phorylated Akt expression that has been correlated With 
sensitivity to the EGFR inhibitor, or if the level of EGFR 
protein expression and/or phosphorylated Akt expression in 
the patient’s tumor cells is statistically greater than the level 
of EGFR protein expression and/or phosphorylated Akt 
expression that has been correlated With resistance to the 
EGFR inhibitor. A patient is selected as being predicted to 
not bene?t from therapeutic administration of an EGFR 
inhibitor, an agonist thereof, or a drug having substantially 
similar biological activity as the EGFR inhibitor, if the level 
of EGFR protein expression and/or phosphorylated Akt 
expression in the patient’s tumor cells is statistically less 
than the control level of EGFR protein expression and/or 
phosphorylated Akt expression that has been correlated With 
sensitivity to the EGFR inhibitor, or if the level of EGFR 
protein expression and/or phosphorylated Akt expression in 
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the patient’s tumor cells is statistically similar to or less than 
the level of EGFR protein expression and/ or phosphorylated 
Akt expression that has been correlated With resistance to 
the EGFR inhibitor. 

[0089] Appropriate controls have been discussed above 
With regard to detection of gene ampli?cation and polysomy, 
and such discussion can readily be extrapolated to controls 
for protein expression. As discussed above, a control level 
for comparison can be any type of control, including a 
preestablished control that is provided as a form of infor 
mation. For example, With regard to EGFR protein expres 
sion, using the scoring system for EGFR expression 
described above and in the Examples, a score of greater than 
about 200 (201-400) is considered to be a patient With high 
expression (positive for EGFR expression) and a score of 
about 0-200 is considered to be a patient With loW expression 
(negative for EGFR expression). Other scoring systems can 
be devised based on comparisons With controls, and patients 
falling near the cut-off, can be evaluated by other criteria, 
biomarkers, or techniques in order to con?rm a diagnosis. 
Also, the cut-off can be varied as desired by the clinician or 
investigator according to patient populations. The cut-olf 
levels described above are convenient levels for performing 
the assay and optimiZed by the present inventors given the 
current data, but are not absolute levels. It is contemplated, 
for example, that this scoring system can be revised or 
manipulated, such as by loWering or raising the cut-off score 
by 5, l0, 15, 20, 25, 30, 35, or more points. With regard to 
phosphorylated Akt, similar methodology Was used. 
[0090] In one embodiment of the present invention, the 
method includes an additional step of detection of a muta 
tion in the tyrosine kinase domain of the EGFR gene. In 
particular, exons l8, l9 and 21 of the EGFR gene are good 
targets for the evaluation of mutations, since these exons 
contain about 98% of the 56 EGFR mutations in NSCLC 
reported to date. In Lynch et al. or PaeZ et al. (26, 27), 
somatic mutations Were identi?ed in the tyrosine kinase 
domain of the EGFR gene in the majority of patients With 
ge?tinib-responsive lung cancer, as compared With none of 
the patients With no response (P<0.00l). Mutations Were 
either small, in-frame deletions or amino acid substitutions 
clustered around the ATP-binding pocket of the tyrosine 
kinase domain. Similar mutations Were detected in tumors 
from 8% of patients With primary non-small-cell lung cancer 
Who had not been exposed to ge?tinib. All mutations Were 
heterozygous, and identical mutations Were observed in 
multiple patients, suggesting an additive speci?c gain of 
function. In vitro, EGFR mutants demonstrated enhanced 
tyrosine kinase activity in response to epidermal groWth 
factor and increased sensitivity to inhibition by ge?tinib. 
Therefore, the present invention contemplates the detection 
of such mutations in the tumor cell samples for use in 
combination With or as a secondary screening subsequent to 
the screening for EGFR gene ampli?cation and/or polysomy 
and/or for HER2 gene ampli?cation. Detection of one or 
more mutations in the EGFR gene is predictive that a patient 
is more likely to respond or bene?t from EGFR inhibitor 
therapy. Detection of no mutations is predictive that a patient 
is less likely to respond or bene?t from EGFR inhibitor 
therapy. Methods for screening for gene mutations are 
Well-knoWn in the art, are described in Lynch et al. and PaeZ 
et al., and include, but are not limited to, hybridiZation, 
polymerase chain reaction, polyacrylamide gel analysis, 
chromatography or spectroscopy, and can further include 
































































