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METHOD FOR TREATING GEFIT1NIB RESISTANT CANCER 

BACKGROUND 

[001] Epithelial cell cancers, for example, prostate cancer, breast cancer, 

colon cancer, lung cancer, pancreatic cancer, ovarian cancer, cancer of the spleen, 

testicular cancer, cancer of the thymus, etc., are diseases characterized by abnormal, 

accelerated growth of epithelial cells. This accelerated growth initially causes a tumor to 

form. Eventually, metastasis to different organ sites can also occur. Although progress has 

been made in the diagnosis and treatment of various cancers, these diseases still result in 

significant mortality. 

[002] Lung cancer remains the leading cause of cancer death in industrialized 

countries. Cancers that begin in the lungs are divided into two major types, non-small cell 

lung cancer and small cell lung cancer, depending on how the cells appear under a 

microscope. Non-small cell lung cancer (squamous cell carcinoma, adenocarcinoma, and 

large cell carcinoma) generally spreads to other organs more slowly than does small cell 

lung cancer. About 75 percent of lung cancer cases are categorized as non-small cell lung 

cancer (e.g., adenocarcinomas), and the other 25 percent are small cell lung cancer. Non-

small cell lung cancer (NSCLC) is the leading cause of cancer deaths in the United States, 

Japan and Western Europe. For patients with advanced disease, chemotherapy provides a 

modest benefit in survival, but at the cost of significant toxicity, underscoring the need for 

therapeutic agents that are specifically targeted to the critical genetic lesions that direct 

tumor growth (Schiller JH et al., N Engi J Med, 346: 92-98, 2002). 

[003] Epidermal growth factor receptor (EGFR) is a 170 kilodalton (kDa) 

membrane-bound protein expressed on the surface of epithelial cells. EGFR is a member 

of the growth factor receptor family of protein tyrosine kinases, a class of cell cycle 

regulatory molecules. (W. J. Guffick et al., 1986, Cancer Res., 46:285-292). EGFR is 

activated when its ligand (either EGF or TGF-c binds to the extracellular domain, 

resulting in autophosphorylation of the receptor’s intracellular tyrosine kinase domain (S. 

Cohen et al., 1980, J. Biol. Chem., 255:4834-4842; A. B. Schreiber et al., 1983, J. Biol. 

Chem., 258:846-853). 
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[004] EGFR is the protein product of a growth promoting oncogene, erbB or 

ErbBl, that is but one member of a family, i.e., the ERBB family of protooncogenes, 

believed to play pivotal roles in the development and progression of many human cancers. 

In particular, increased expression of EGFR has been observed in breast, bladder, lung, 

head, neck and stomach cancer as well as glioblastomas. The ERBB family of oncogenes 

encodes four, structurally-related transmembrane receptors, namely, EGFR, HER-2/neu 

(erbB2), HER-3 (erbB3) and HER-4 (erbB4). Clinically. ERBB oncogene amplification 

and/or receptor overexpression in tumors have been reported to correlate with disease 

recurrence and poor patient prognosis, as well as with responsiveness in therapy. (L. 

Harris et al, 1999, mt. J. Biol. Markers, 14:8-15; and J. Mendelsohn and J. Baselga, 2000, 

Oncogene, 19:6550-6565). 

[005] EGFR is composed of three principal domains, namely, the 

extracellular domain (ECD), which is glycosylated and contains the ligand-binding pocket 

with two cysteine-rich regions; a short transmembrane domain, and an intracellular 

domain that has intrinsic tyrosine kinase activity. The transmembrane region joins the 

ligand-binding domain to the intracellular domain. Amino acid and DNA sequence 

analysis, as well as studies of nonglycosylated forms of EGFR, indicate that the protein 

backbone of EGFR has a mass of 132 kDa, with 1186 amino acid residues (A. L. Ullrich 

et al, 1984, Nature, 307:418425; J. Downward et al., 1984, Nature, 307:521-527; C. R. 

Carlin et al., 1986, Mol. Cell. Biol., 6:257-264; and F. L. V. Mayes and M. D. Waterfield, 

1984, The EMBO J., 3:531-537). 

[006] The binding of EGF or TGF-ato EGFR activates a signal transduction 

pathway and results in cell proliferation. The dimerization, conformational changes and 

internalization of EGFR molecules function to transmit intracellular signals leading to cell 

growth regulation (G. Carpenter and S. Cohen, 1979, Ann. Rev. Biochem., 48:193-216). 

Genetic alterations that affect the regulation of growth factor receptor function, or lead to 

overexpression of receptor and/or ligand, result in cell proliferation. In addition, EGFR 

has been determined to play a role in cell differentiation, enhancement of cell motility, 

protein secretion, neovascularization, invasion, metastasis and resistance of cancer cells to 

chemotherapeutic agents and radiation. (M.-J. Oh et al., 2000, din. Cancer Res., 6:4760-

4763). 
2 
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[007] A variety of inhibitors of EGFR have been identified, including a 

number already undergoing clinical trials for treatment of various cancers. For a recent 

summary, see de Bono, J. S. and Rowinsky, E. K. (2002), "The ErbB Receptor Family: A 

Therapeutic Target For Cancer", Trends in Molecular Medicine, 8, S 19-26. 

[008) A promising set of targets for therapeutic intervention in the treatment 

of cancer includes the members of the HER-kinase axis. They are frequently upregulated 

in solid epithelial tumors of, by way of example, the prostate, lung and breast, and are also 

upregulated in glioblastoma tumors. Epidermal growth factor receptor (EGFR) is a 

member of the HER-kinase axis, and has been the target of choice for the development of 

several different cancer therapies. EGFR tyrosine kinase inhibitors (EGFR-TKIs) are 

among these therapies, since the reversible phosphorylation of tyrosine residues is 

required for activation of the EGFR pathway. In other words, EGFR-TKIs block a cell 

surface receptor responsible for triggering and/or maintaining the cell signaling pathway 

that induces tumor cell growth and division. Specifically, it is believed that these 

inhibitors interfere with the EGFR kinase domain, referred to as HER-I . Among the more 

promising EGFR-TKIs are three series of compounds: quinazolines, pyridopyrimidines 

and pyrrolopyriniidines. 

[009] Two of the more advanced compounds in clinical development include 

. Gefitinib (compound ZD 1839 developed by AstraZeneca UK Ltd.; available under the 

tradename IRESSA; hereinafter "IRESSA") and Erlotinib (compound OSI-774 developed 

by Genentech, Inc. and OSI Pharmaceuticals, Inc.; available under the tradename 

TARCEVA; hereinafter "TARCEVA"); both have generated encouraging clinical results. 

Conventional cancer treatment with both IRESSA and TARCEVA involves the daily, oral 

administration of no more than 500 mg of the respective compounds. In May, 2003, 

IRESSA became the first of these products to reach the United States market, when it was 

approved for the treatment of advanced non-small cell lung cancer patients. 

3 
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[0010] IRESSA is an orally active quinazoline that functions by directly 

inhibiting tyrosine kinase phosphorylation on the EGFR molecule. It competes for the 

adenosine triphosphate (ATP) binding site, leading to suppression of the HER-kinase axis. 

The exact mechanism of the IRESSA response is not completely understood, however, 

studies suggest that the presence of EGFR is a necessary prerequisite for its action. 

[001 1] A significant limitation in using these compounds is that recipients 

thereof may develop a resistance to their therapeutic effects after they initially respond to 

therapy, or they may not respond to EGFR-TKIs to any measurable degree at all. The 

response rate to EGFR-TKIs varies between different ethnic groups. At the low end of 

EGFR-TKI responders, in some populations, only 10-15 percent of advanced non-small 

cell lung cancer patients respond to EGFR kinase inhibitors. Thus, a better understanding 

of the molecular mechanisms underlying sensitivity to IRESSA and TARCEVA would be 

extremely beneficial in targeting therapy to those individuals whom are most likely to 

benefit from such therapy. 

[0012] There is a significant need in the art for a satisfactory treatment of 

cancer, and specifically epithelial cell cancers such as lung, ovarian, breast, brain, colon 

and prostate cancers, which incorporates the benefits of TKI therapy and overcoming the 

non-responsiveness exhibited by patients. Such a treatment could have a dramatic impact 

� on the health of individuals, and especially older individuals, among whom cancer is 

especially common. 

SUMMARY 

[0013] The inventors of the present invention have surprisingly discovered 

that irreversible EGFR inhibitors are effective in the treatment of cancer in subjects who 

are no longer responding to gefitinib and/or erlotinib therapies. Thus, in one embodiment, 

the present invention provides a method for the treatment of gefitinib and/or erlotinib 

resistant cancer. In this embodiment, progression of cancer in a subject is monitored at a 

time point after the subject has initiated gefitinib and/or erlotinib treatment. Progression 

of the cancer is indicative of cancer that is resistant to gefitinib and/ or erlotinib treatment 



WO 2006/084058 

w 

PCTI(JS2006/003717 

and the subject is administered a pharmaceutical composition comprising an irreversible 

epidermal growth factor receptor (EGFR) inhibitor. 

[0014] In preferred embodiments, the irreversible EGFR inhibitor EKB-569, 

HKJ-272 or MU-357. Alternatively, the irreversible EGFR inhibitor may be any 

compound which binds to cysteine 773 of EGFR (SEQ ID NO: I). 

[00 15] The progression of cancer may be monitored by methods well known 

to those of skill in the art. For example, the progression may be monitored by way of 

visual inspection of the cancer, such as, by means of X-ray, CT scan or MRI. 

Alternatively, the progression may be monitored by way of tumor biomarker detection. 

[0016] In one embodiment, the patient is monitored at various time points 

throughout the treatment of the cancer. For example, the progression of a cancer may be 

monitored by analyzing the progression of cancer at a second time point and comparing 

this analysis to an analysis at a first time point. The first time point may be before or after 

initiation of geiltinib and/ or erlotinib treatment and the second time point is after the first. 

An increased growth of the cancer indicates progression of the cancer. 

[0017] In one embodiment, the progression of cancer is monitored by 

analyzing the size of the cancer. In one embodiment, the size of the cancer is analyzed 

via visual inspection of the cancer by means of X-ray, CT scan or MRI. In one 

. embodiment, the size of the cancer is monitored by way of tumor biomarker detection. 

[001 8] In one embodiment, the cancer is epithelial cell cancer. In one 

embodiment, the cancer is gastrointestinal cancer, prostate cancer, ovarian cancer, breast 

cancer, head and neck cancer, esophageal cancer, lung cancer, non-small cell lung cancer, 

cancer of the nervous system, kidney cancer, retina cancer, skin cancer, liver cancer, 

pancreatic cancer, genital-urinary cancer and bladder cancer. 

[0019] In one embodiment, the size of the cancer is monitored at additional 

time points, and the additional time points are after the second time point. 

[0020] In one embodiment, the later time point is at least 2 months after the 

preceding time point. In one embodiment, the later time point is at least 6 months after 

preceding time point. In one embodiment, the later time point is at least 10 months after 

5 
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preceding time point. In one embodiment, the later time point is at least one year after 

preceding time point. 

[0021] In another embodiment, the present invention provides a method of 

treating cancer, comprising administering to a subject having a mutation in EGFR, 

namely, a substitution of a methionine for a threonine at position 790 (T790M) of SEQ 

ID. No. I, a pharmaceutical composition comprising an irreversible EGFR inhibitor. The 

T790M mutation confers resistance to gefitinib and/ or erlotinib treatment. 

BRIEF DESCRIPTION OF THE FIGURES 

[0022] Figures IA-lB show EGFR sequence analysis in recurrent metastatic 

lesions from two NSCLC patients with acquired gefitinib resistance. Figure IA shows 

sequence analysis for Case 1. The T790M mutation in EGFR is present in a recurrent liver 

lesion after the development of clinical gefitinib resistance. (Left) The mutation was not 

detected in the primary lung lesion at the time of diagnosis. (Right) Both the primary lung 

tumor and the recurrent liver lesion harbor the L858R gefitinib-sensitizing mutation. Of 

note, the L858R mutation is present in the expected ratio for a heterozygous mutation in 

both primary and recurrent lesions, whereas T790M is detectable at low levels compared 

with the wild-type allele. A polymorphism (G!A) is shown in the same tracing to 

demonstrate equivalent representation of the two alleles in the uncloned PCR product. 

Figure lB shows sequence analysis for Case 2. The T790M mutation is present within a 

small minority of gefitinib-resistant cells. (Left) The T790M mutation was undetectable 

either in the lung primary tumor or in eight recurrent liver lesions from this case by 

sequencing uncloned PCR products. Heterozygosity at an adjacent polymorphism (G/A) 

confmns amplification of both EGFR alleles from these specimens. The heterozygous 

gefitinib-sensitizing mutation, L861Q, was detected at the expected ratio within the 

primary lung tumor as well as each of the eight recurrent liver lesions. 

[0023] Figures 2A-2C show acquired resistance to gefitinib in 

bronchoalveolar cancer cell lines and persistent sensitivity to irreversible ERBB family 

inhibitors. Figure 2A shows inhibition by tyrosine kinase inhibitors of proliferation of 

bronchoalveolar cancer cell lines with wild-type EGFR (NCI-Hl 666), the activating 

6 
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delE746-A750 mutation in EGFR (NCI-HI 650), or two representative gefitinib-resistant 

subclones of NCI-Hl 650 (07 and Cii). The effect of the reversible inhibitor gefitinib is 

compared with that of the irreversible inhibitor HKI-357. Comparable results were 

observed with the other irreversible inhibitors. Cell numbers were measured by crystal 

violet staining, after culture in 5% FCS, with 100 ng/ml EGFR, at 72 h after exposure to 

Sindicated drug concentrations. Each data point represents the mean of four samples. 

Figure 2B shows the chemical structure of gefitinib, a reversible inhibitor of EGFR; EKB-

569, an irreversible inhibitor of EGFR; and HKI-272 and HKI-357, two irreversible dual 

inhibitors of EGFR and ERBB2. Figure 2C shows generation of drug-resistant NC!-

H 1650 cells after treatment with varying concentrations of gefitinib or the irreversible 

ERBB inhibitor EKB-569. Colonies were stained after 12 days in culture in the presence 

of inhibitors. 

[0024] Figures 3A-3D show persistent dependence on EGFR and ERBB2 

signaling in gefitinib-resistant cells, and altered receptor trafficking. Figure 3A shows cell 

viability after siRNA-mediated knockdown of EGFR and ERBB2 in bronchoalveolar cell 

lines with wild-type EGFR (NCI-Hl 666), compared with cells with the activating 

delE746-A750 mutation in EGFR (NCI-Hl 650) and two gefitinib-resistant derivatives 

S 
(G7 and Cli). Viable cells were counted 72 h after treatment with double-stranded RNA 

and are shown as a fraction relative to cells treated with nonspecific s1RNA, with standard 

deviations based on triplicate samples. Figure 3B shows inhibition of EGFR 

autophosphorylation (Yl 068) and phosphorylation of downstream effectors AKT and 

MAPK (ERK) in cells treated with increasing concentrations of gefitinib or the 

irreversible inhibitor MU-357, followed by a 2-h pulse with EGF. The parental cell line 

NCI-Hi 650 is compared with a representative gefitinib-resistant line, G7. Total AKT and 

MAPK are shown as controls; tubulin is used as loading control for total EGFR levels, 

which are at the lower limit of detection in these cells. Figure 3C shows altered EGFR 

internalization in gefitinib-resistant NCI-H 1650 (07) cells, compared with the sensitive 

NCI-Hl 650 parental cell line. Rhodaniine-tagged EGF is used to label EGFR at 5 and 20 

mm, after addition of ligand. The increased internalization of EGFR in NC!-Hl 650 (G7) 

cells is most evident at 20 mm. (Zeiss microscope, x63 magnification). Figure 3D shows 

ininiunoblotting of internalized EGFR from NCI-Hi 650 parental cells and the resistant 
7 



WO 20061084058 PCTItJS2006I003717 

derivative G7 after pulse labeling of cell surface proteins by biotunylation and chase over 

20 min. The increased intracellular EGFR in NCI-Hl 650 (G7) cells is compared with the 

unaltered transferrun receptor (TR) internalization. 

[0025] Figures 4A-4B show Effectiveness of irreversible ERBB inhibitors in 

suppressing the T790M EGFR mutant. Figure 4A shows comparison of gefitinib and two 

irreversible inhibitors, HKI-357 and HKI-272, in their ability to suppress EGFR. 

Sautophosphorylation (Yl 068) and phosphorylation of downstream effectors AKT and 

MAPK (ERK) in the NCI-Hl 975 bronchoalveolar cell line, harboring both a sensitizing 

mutation (L858R) and the resistance-associated mutation (T790M). Total EGFR, AKT, 

and MAPK are shown as loading controls. Figure 4B shows suppression of proliferation 

in NCI-HI 975 cells harboring the L858R and T790M mutations by the three irreversible 

ERBB family inhibitors, compared with gefitinib. 

[0026] Figure 5 shows the nucleotide sequence (SEQ ID NO: 2) and the 

amino acid sequence (SEQ ID NO: I) of EGFR. 

[0027] Figure 6 shows that like gefitinib, HKI 357 and EKB 569 (labeled 

"Wyeth") demonstrated increased cell killing of NSCLC cells harboring an EGFR 

mutation, but unlike gefitinib, clones resistant to these drugs were not readily generated in 

vitro and they retained their effectiveness against gefitinib-resistant clones. 

DETAILED DESCRIPTION 

(3efitinib and erlotinib resistant cancers 

[0028] Gefitinib (compound ZD1 839 developed by AstraZeneca UK Ltd.; 

available under the tradename IRESSA) and eriotunib (compound OSI-774 developed by 

Genentech, Inc. and OSI Pharmaceuticals, Inc.; available under the trade name 

TARCEVA) induce dramatic clinical responses in cases of non-small cell lung cancers 

(NSCLCs) harboring activating mutations in the EGF receptor (EGFR) (1-3), which is 

targeted by these competitive inhibitors of ATP binding (4, 5). The effectiveness of these 

tyrosine kinase inhibitors may result both from alterations in the ATP cleft associated 

with these mutations, which lead to enhanced inhibition of the mutant kinase by these 
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drugs, and from biological dependence of these cancer cells on the increased survival 

signals transduced by the mutant receptors, a phenomenon described as "oncogene 

addiction" (6, 7). 

[0029] Although therapeutic responses to both gefitinib and erlotinib can 

persist for as long as 2-3 years, the mean duration of response in most cases of NSCLC is 

only 6-8 months (8-10). The mechanisms underlying acquired drug resistance are not 

S well understood. By analogy with imatinib (GLEEVEC), which inhibits the BCR-ABL 

kinase involved in chronic myeloid leukemias (CMLs), the C-KIT kinase implicated in 

gastrointestinal stromal tumors (GISTs), and the FIP1L1 -PDGFR-akinase in idiopathic 

hypereosinophilic syndrome (HES), secondary kinase domain mutations can potentially 

suppress drug binding (11-16). However, recurrent NSCLC is not readily biopsied; hence, 

only limited clinical specimens are available for analysis. Recently, a single secondary 

mutation, T790M, within the EGFR kinase domain has been reported in three of six cases 

with recurrent disease after gefitinib or erlotinib therapy (17, 18). Codon 315 of BCR-

ABL, which is analogous to EGFR codon 790, is frequently mutated in imatinib-resistant 

CML (11. 12), and mutation of the corresponding residue in C-XJr(COdOn 670) and 

FIP1L1-PDGFR-a (codon 674) is associated with imatinib-resistant GIST and lIES, 

respectively (15, 16). Early in vitro modeling of resistance to EGFR inhibitors indicated 

that mutation of codon 790 within the wild-type receptor would similarly suppress 

inhibition by an EGFR tyrosine kinase inhibitor (19). Recently, transfected EGFR 

proteins containing activating mutations together with the T790M substitution were 

shown to exhibit reduced inhibition by gefitinib and erlotinib (17, 18). Although the 

T790M mutation seems to contribute to acquired resistance in some cases of NSCLC, the 

mechanisms underlying treatment failure in cases lacking secondary EGFR mutations 

remain unexplained. 

[0030] In contrast to the cytoplasmic kinase BCR-ABL, signaling by the 

membrane-bound EGFR involves a complex pathway of ligand binding, receptor 

homodimerization, and heterodimerization with ERBB2 and other family members, 

followed by internalization and recycling of the ligand-bound receptor or ubiquitin-

mediated receptor degradation (20). Significant EGF-dependent signaling is thought to 

occur during the process of internalization, which is also associated with the dissociation 
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of EGFR complexes at the low pH of intracellular vesicles. As such, multiple factors 

modulate the strength and quality of the signal transduced by the receptor, and alterations 

in EGFR trafficking have been closely linked with the regulation of EGF-dependent 

cellular responses (20). 

[003 1] The present invention is based on the discovery that gefitinib resistant 

� cancers can include those wherein the T790M EGFR mutation is only present in a subset 

of resistant tumor cells and those wherein the T790M mutation is not observed, but 

increased EGFR internalization is observed. The invention is further based on the 

discovery that irreversible EGFR inhibitors, which covalently crosslink the receptor, are 

effective in inhibiting cancers with the T790M mutation and in cancers with altered 

EGFR trafficking that can make such cancers resistance to treatment with gefitinib and/ or 

erlotinib. Accordingly, the present invention provides a method of treating gefitinib 

and/or erlotinib resistant cancers comprising administering irreversible EGFR inhibitors. 

Method of Treating a Patient 

[0032] In one embodiment, the invention provides a method for treating 

gefitinib/erlotinib resistant cancer. The method comprises administering to a patient in 

. need of such treatment an effective amount of certain irreversible EGFR inhibitors, 

including EKB-569 (4-anilinoquinoline-3-carbomtrile; Greenberger et al., 11th Nd-

EORTC-.AACR Symposium on New Drugs in Cancer Therapy, Amsterdam, November 7-

10, 2000, abstract 388; Wyeth), MU-357 (a derivative of 4-anilinoquinoline-3-

carbonilrile; Tsou et al. J. Med. Chem. 2005, 48: 1107-1 131; Wyeth) and/or HKJ-272 (a 

derivative of 4-anilinoquinoline-3-carbonitrile; Rabindran at al., Cancer Res. 2004, 64, 

3958-3965; Wyeth). In one preferred embodiment, the invention provides a method 

comprising administering to a patient in need of such treatment an effective amount of 

EKB-569. In one preferred embodiment, the invention provides a method comprising 

administering to a patient in need of such treatment an effective amount of HKI-357. 

[0033] The treatment may also involve a combination of treatments, including, 

but not limited to a tyrosine kinase inhibitor in combination with other tyrosine kinase 

inhibitors, chemotherapy, radiation, etc.. 
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[0034] Cancers may initially be diagnosed as gefitinib/ erlotinib sensitive or 

predicted to be gefitinib/ erlotinib sensitive by means of the methods described in Lynch 

et al., 2004; 350:2129-2139. Gefitinib/ erlotinib sensitivity may be predicted by the 

presence in the tumor of EGFR mutations including, for example, deletion of residues 747 

(lysine) to 749 (glutarnic acid) combined with a mutation in 750 (alanine), deletion of 

� residues 747 (lysine) to 750 (alanine), substitution of arginine for leucine at residue 858, 

of substitution of glutamine for leucine at residue 861. 

[0035] Cancers may be diagnosed as gefitinib and/or erlotinib resistant after 

treatment with gefitinib and/or erlotinib has commenced. Alternatively, cancers may be 

diagnosed as gefitinib and/or erlotinib resistant prior to initiation of treatment with such 

compounds. Gefitinib and/or erlotinib resistance in the tumor may occur after, e.g., 6 

months or longer of gefitinib and/or erlotinib treatment. Alternatively, gefitinib and/or 

erlotinib resistance of the tumor may be diagnosed less than 6 months after gefitinib 

and/or erlotinib treatment has commenced. Diagnosis of gefitinib and/or erlotinib 

resistance may be accomplished by way of monitoring tumor progression during gefitinib 

and/or erlotinib treatment. Tumor progression may be determined by comparison of 

tumor status between time points after treatment has commenced or by comparison of 

tumor status between a time point after treatment has commenced to a time point prior to 

initiation of gefitinib and/or erlotinib treatment. Tumor progression may be monitored 

during gefitinib and/or erlotinib treatment visually, for example, by means of radiography, 

for example, X-ray, CT scan, or other monitoring methods known to the skilled artisan, 

including palpitation of the cancer or methods to monitor tumor biomarker levels. 

Progression of the cancer during treatment with gefitinib and/or erlotinib indicates 

gefitinib and/or erlotinib resistance. A rise in level of tumor biomarkers indicates tumor 

progression. Thus, a rise in tumor biomarker levels during treatment with gefitinib and/or 

erlotinib indicates gefitinib and/or erlotinib resistance. Detection of new tumors or 

detection of metastasis indicates tumor progression. Cessation of tumor shrinkage 

indicates tumor progression. Growth of the cancer is indicated by, for example, increase 

in tumor size, metastasis or detection of new cancer, and/or a rise in tumor biomarker 

levels. 
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[0036] The development of gefitinib and/or erlotinib resistance may be monitored 

by means of testing for presence of a gefitinib and/or erlotinib resistance associated 

mutation in circulating tumor cells obtained from the circulation, or other bodily fluid, of 

the subject. Presence of gefitinib and/or erlotinib resistance associated mutations in tumor 

cells from the subject is indicative of a gefitinib and/or erlotinib resistant tumor. 

� [0037] In one embodiment, the subject’s tumor harbors mutations indicative of 

gefitinib and/or erlotinib sensitivity, yet it is resistant to gefitinib and/or erlotinib 

treatment. In one embodiment, the subject’s tumor harbors mutations indicative gefitinib 

and/or erlotinib sensitivity and harbors mutations indicative of gefitinib and/or erlotinib 

resistance, e.g., the T790M mutation, that is, where a methione residue is substituted for 

the native threomne residue, in EGFR, e.g. increased EGFR internalization. In one 

embodiment, the subject’s tumor does not harbor mutations indicative of gefitinib and/or 

erlotinib sensitivity and does harbor mutations indicative of gefitinib and/or erlotinib 

resistance, e.g., the T790M mutation in EGFR, e.g., increased EGFR internalization. 

[0038] In connection with the administration of the drug, an "effective amount" 

indicates an amount that results in a beneficial effect for at least a statistically significant 

fraction of patients, such as a improvement of symptoms, a cure, a reduction in disease 

load, reduction in tumor mass or cell numbers, extension of life, improvement in quality 

of life, or other effect generally recognized as positive by medical doctors familiar with 

treating the particular type of disease or condition. 

[0039] The effective dosage of active ingredient employed may vary depending 

on the particular compound employed, the mode of administration and the severity of the 

condition being treated. The skilled artisan is aware of the effective dose for each patient, 

which may vary with disease severity, individual genetic variation, or metabolic rate. 

However, in general, satisfactory results are obtained when the compounds of the 

invention are administered at a daily dosage of from about 0.5 to about 1000 mg/kg of 

body weight, optionally given in divided doses two to four times a day, or in sustained 

release form. The total daily dosage is projected to be from about Ito 1000 mg, 

preferably from about 2 to 500 mg. Dosage forms suitable for internal use comprise from 

about 0.5 to 1000 mg of the active compound in intimate admixture with a solid or liquid 

pharmaceutically acceptable carrier. This dosage regimen may be adjusted to provide the 
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optimal therapeutic response. For example, several divided doses may be administered 

daily or the dose may be proportionally reduced as indicated by the exigencies of the 

therapeutic situation. 

[0040] The route of administration may be intravenous (LV.), intramuscular 

(I.M.), subcutaneous (S.C), intradermal (LD.), intraperitoneal (LP.), intrathecal (LT.), 

� intrapleural, intrauterine, rectal, vaginal, topical, intratumor and the like. The compounds 

of the invention can be administered parenterally by injection or by gradual infusion over 

time and can be delivered by peristaltic means. 

[0041] Administration maybe by transmucosal or transdermal means. For 

transmucosal or transdermal administration, penetrants appropriate to the barrier to be 

permeated are used in the formulation. Such penetrants are generally known in the art, 

and include, for example, for transmucosal administration bile salts and fusidic acid 

derivatives. In addition, detergents maybe used to facilitate permeation. Transmucosal 

administration may be through nasal sprays, for example, or using suppositories. For oral 

administration, the compounds of the invention are formulated into conventional oral 

administration forms such as capsules, tablets and tonics. 

[0042] For topical administration, the pharmaceutical composition (inhibitor of 

kinase activity) is formulated into ointments, salves, gels, or creams, as is generally 

known in the art. 

[0043] The therapeutic compositions of this invention, e.g. irreversible EGFR 

inhibitors, are conventionally administered intravenously, as by injection of a unit dose, 

for example. The term "unit dose" when used in reference to a therapeutic composition of 

the present invention refers to physically discrete units suitable as unitary dosage for the 
subject, each unit containing a predetermined quantity of active material calculated to 

produce the desired therapeutic effect in association with the required diluents; i.e., 

carrier, or vehicle. 

[0044] The compositions are administered in a manner compatible with the 

dosage formulation, and in a therapeutically effective amount. The quantity to be 

administered and timing depends on the subject to be treated, capacity of the subject’s 

system to utilize the active ingredient, and degree of therapeutic effect desired. Precise 
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amounts of active ingredient required to be administered depend on the judgment of the 

practitioner and are peculiar to each individual. 

[0045] The therapeutic composition useful for practicing the methods of the 

present invention, e.g. irreversible EGFR inhibitors, are described herein. Any 

formulation or drug delivery system containing the active ingredients, which is suitable 

� for the intended use, as are generally known to those of skill in the art, can be used. 

Suitable pharmaceutically acceptable carriers for oral, rectal, topical or parenteral 

(including inhaled, subcutaneous, intraperitoneal, intramuscular and intravenous) 

administration are known to those of skill in the art. The carrier must be pharmaceutically 

acceptable in the sense of being compatible with the other ingredients of the formulation 

and not deleterious to the recipient thereof. 

[0046] As used herein, the terms "pharmaceutically acceptable", "physiologically 

tolerable" and grammatical variations thereof, as they refer to compositions, carriers, 

diluents and reagents, are used interchangeably and represent that the materials are 

capable of administration to or upon a mammal without the production of undesirable 

physiological effects. 

[0047] Formulations suitable for parenteral administration conveniently include 

sterile aqueous preparation of the active compound which is preferably isotonic with the 

blood of the recipient. Thus, such formulations may conveniently contain distilled water, 

5% dextrose in distilled water or saline. Useful formulations also include concentrated 

solutions or solids containing the compound which upon dilution with an appropriate 

solvent give a solution suitable for parental administration above. 

[0048] For enteral administration, a compound can be incorporated into an inert 

carrier in discrete units such as capsules, cachets, tablets or lozenges, each containing a 

predetermined amount of the active compound; as a powder or granules; or a suspension 

or solution in an aqueous liquid or non-aqueous liquid, e.g., a syrup, an elixir, an emulsion 

or a draught. Suitable carriers may be starches or sugars and include lubricants, 

flavorings, binders, and other materials of the same nature. 

[0049] A tablet may be made by compression or molding, optionally with one or 

more accessory ingredients. Compressed tablets may be prepared by compressing in a 

suitable machine the active compound in a free-flowing form, e.g., a powder or granules, 
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optionally mixed with accessory ingredients, e.g., binders, lubricants, inert diluents, 

surface active or dispersing agents. Molded tablets may be made by molding in a suitable 

machine, a mixture of the powdered active compound with any suitable carrier. 

� [0050] A syrup or suspension may be made by adding the active compound to a 

concentrated, aqueous solution of a sugar, e.g., sucrose, to which may also be added any 

accessory ingredients. Such accessory ingredients may include flavoring, an agent to 

retard crystallization of the sugar or an agent to increase the solubility of any other 

ingredient, e.g., as a polyhydric alcohol, for example, glycerol or sorbitol. 

[0051] Formulations for rectal administration may be presented as a suppository 

with a conventional carrier, e.g., cocoa butter or Witepsol S55 (trademark of Dynamite 

Nobel Chemical, Germany), for a suppository base. 

[0052] Formulations for oral administration may be presented with an enhancer. 

Orally-acceptable absorption enhancers include surfactants such as sodium lauryl sulfate, 

palmitoyl carnitine, Laureth-9, phosphatidylcholine, cyclodextrin and derivatives thereof; 

bile salts such as sodium deoxycholate, sodium taurocholate, sodium glycochiate, and 

sodium fusidate; chelating agents including EDTA, citric acid and salicylates; and fatty 

acids (e.g., oleic acid, lauric acid, acylcarnitines, mono- and diglycerides). Other oral 

absorption enhancers include benzalkomum chloride, benzethonium chloride, CHAPS (3-

(3-cholamidopropyl)-dimethylammonio-1-propanesulfonate), Big-CHAPS (N, N-bis(3-D-

gluconarnidopropyl)-cholanude), chiorobutanol, octoxynol-9, benzyl alcohol, phenols, 

cresols, and alkyl alcohols. An especially preferred oral absorption enhancer for the 

present invention is sodium lauryl sulfate. 

[0053] Alternatively, the compound may be administered in liposomes or 

microspheres (or microparticles). Methods for preparing liposomes and microspheres for 

administration to a patient are well known to those of skill in the art. U.S. Pat. No. 

4,789,734, the contents of which are hereby incorporated by reference, describes methods 

for encapsulating biological materials in liposomes. Essentially, the material is dissolved 

in an aqueous solution, the appropriate phospholipids and lipids added, along with 

surfactants if required, and the material dialyzed or sonicated, as necessary. A review of 

known methods is provided by G. Gregoriadis, Chapter 14, "Liposomes," Drug Carriers in 

Biology and Medicine, pp. 287-341 (Academic Press, 1979). 
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[0054] Microspheres formed of polymers or proteins are well known to those 

skilled in the art, and can be tailored for passage through the gastrointestinal tract directly 

into the blood stream. Alternatively, the compound can be incorporated and the 

microspheres, or composite of microspheres, implanted for slow release over a period of 

time ranging from days to months. See, for example, U.S. Pat. Nos. 4,906,474, 4,925,673 

� and 3,625,214, and Jein, TIPS 19:155-157 (1998), the contents of which are hereby 

incorporated by reference. 

[0055] In one embodiment, the tyrosine kinase inhibitor of the present invention 

can be formulated into a liposome or microparticle which is suitably sized to lodge in 

capillary beds following intravenous administration. When the liposome or microparticle 

is lodged in the capillary beds surrounding ischemic tissue, the agents can be administered 

locally to the site at which they can be most effective. Suitable liposomes for targeting 

ischemic tissue are generally less than about 200 nanometers and are also typically 

unilamellar vesicles, as disclosed, for example, in U.S. Pat. No. 5,593,688 to 

Baldesdiweiler, entitled "Liposomal targeting of ischemic tissue," the contents of which 

are hereby incorporated by reference. 

[0056] Preferred microparticles are those prepared from biodegradable polymers, 

such as polyglycolide, polylactide and copolymers thereof. Those of skill in the art can 

readily determine an appropriate carrier system depending on various factors, including 

the desired rate of drug release and the desired dosage. 

[0057] In one embodiment, the formulations are administered via catheter directly 

to the inside of blood vessels. The administration can occur, for example, through holes in 

the catheter. In those embodiments wherein the active compounds have a relatively long 

half life (on the order of 1 day to a week or more), the formulations can be included in 

biodegradable polymeric hydrogels, such as those disclosed in U.S. Pat. No. 5,410,016 to 

Hubbell et al. These polymeric hydrogels can be delivered to the inside of a tissue lumen 

and the active compounds released over time as the polymer degrades. If desirable, the 

polymeric hydrogels can have microparticles or liposomes which include the active 

compound dispersed therein, providing another mechanism for the controlled release of 

the active compounds. 
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[0058] The formulations may conveniently be presented in unit dosage form and 

may be prepared by any of the methods well known in the art of pharmacy. All methods 

include the step of bringing the active compound into association with a carrier which 

constitutes one or more accessory ingredients. In general, the formulations are prepared 

by uniformly and intimately bringing the active compound into association with a liquid 

� carrier or a finely divided solid carrier and then, if necessary, shaping the product into 

desired unit dosage form. 

[0059] The formulations may further include one or more optional accessory 

ingredient(s) utilized in the art of pharmaceutical formulations, e.g., diluents, buffers, 

flavoring agents, binders, surface active agents, thickeners, lubricants, suspending agents, 

preservatives (including antioxidants) and the like. 

[0060] Compounds of the present methods (i.e. irreversible EGFR inhibitors) may 

be presented for administration to the respiratory tract as a snuff or an aerosol or solution 

for a nebulizer, or as a microfine powder for insufflation, alone or in combination with an 

inert carrier such as lactose. In such a case the particles of active compound suitably have 

diameters of less than 50 microns, preferably less than 10 microns, more preferably 

between 2 and 5 microns. 

[0061] Generally for nasal administration a mildly acid pH will be preferred. 

Preferably the compositions of the invention have apH of from about 3 to 5, more 

preferably from about 3.5 to about 3.9 and most preferably 3.7. Adjustment of the pH is 

achieved by addition of an appropriate acid, such as hydrochloric acid. 

[0062] The preparation of a pharmacological composition that contains active 

ingredients dissolved or dispersed therein is well understood in the art and need not be 

limited based on formulation. Typically such compositions are prepared as injectables 

either as liquid solutions or suspensions, however, solid forms suitable for solution, or 

suspensions, in liquid prior to use can also be prepared. The preparation can also be 

emulsified. 

[0063] The active ingredient can be mixed with excipients which are 

pharmaceutically acceptable and compatible with the active ingredient and in amounts 

suitable for use in the therapeutic methods described herein. Suitable excipients are, for 

example, water, saline, dextrose, glycerol, ethanol or the like and combinations thereof. In 
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addition, if desired, the composition can contain minor amounts of auxiliary substances 

such as wetting or emulsifying agents, pH buffering agents and the like which enhance the 

effectiveness of the active ingredient. 

[0064] The irreversible kinase inhibitors of the present invention can include 

pharmaceutically acceptable salts of the components therein. Pharmaceutically acceptable 

salts include the acid addition salts (formed with the free amino groups of the 

polypeptide) that are formed with inorganic acids such as, for example, hydrochloric or 

phosphoric acids, or such organic acids as acetic, tartaric, mandelic and the like. Salts 

formed with the free carboxyl groups can also be derived from inorganic bases such as, 

for example, sodium, potassium, ammonium, calcium or ferric hydroxides, and such 

organic bases as isopropylamine, trimethylamine, 2-ethylamino ethanol, histidine, 

procaine and the like. 

[0065] Physiologically tolerable carriers are well known in the art. Exemplary of 

liquid carriers are sterile aqueous solutions that contain no materials in addition to the 

active ingredients and water, or contain a buffer such as sodium phosphate at 

physiological pH value, physiological saline or both, such as phosphate-buffered saline. 

Still further, aqueous carriers can contain more than one buffer salt, as well as salts such 

� as sodium and potassium chlorides, dextrose, polyethylene glycol and other solutes. 

[0066] Liquid compositions can also contain liquid phases in addition to and to 

the exclusion of water. Exemplary of such additional liquid phases are glycerin, vegetable 

oils such as cottonseed oil, and water-oil emulsions. 

Definitions: 

[0067] The terms "ErbB 111, "epidermal growth factor receptor" and "EGFR" 

are used interchangeably herein and refer to native sequence EGFR as disclosed, for 

example, in Carpenter et al. Ann. Rev. Biochem. 56:881-914 (1987), including variants 

thereof (e.g. a deletion mutant EGFR as in Humphrey et al. PNAS (USA) 87:4207-4211 

(1990)). erbBl refers to the gene encoding the EGFR protein product. As used herein, 

the EGFR protein is disclosed as GenBank accession no. NP_005219 (SEQ ID NO: 1) 
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which is encoded by the erbBl gene, GenBank accession no. NM_005228 (SEQ ID NO: 

2). Nucleotide and amino acid sequences of erbBl /EGFR may be found in Figure 5. 

[0068] The term "kinase activity increasing nucleic acid variance" as used 

herein refers to a variance (i.e. mutation) in the nucleotide sequence of a gene that results 

in an increased kinase activity. The increased kinase activity is a direct result of the 

� variance in the nucleic acid and is associated with the protein for which the gene encodes. 

[0069] The term "drug" or "compound" as used herein refers to a chemical 

entity or biological product, or combination of chemical entities or biological products, 

administered to a person to treat or prevent or control a disease or condition. The chemical 

entity or biological product is preferably, but not necessarily a low molecular weight 

compound, but may also be a larger compound, for example, an oligomer of nucleic acids, 

amino acids, or carbohydrates including without limitation proteins, oligonucleotides, 

ribozymes, DNAzymes, glycoproteins, siRNAs, lipoproteins, aptamers, and modifications 

and combinations thereof. 

[0070] As used herein, the terms "effective" and "effectiveness" includes both 

pharmacological effectiveness and physiological safety. Pharmacological effectiveness 

refers to the ability of the treatment to result in a desired biological effect in the patient. 

Physiological safety refers to the level of toxicity, or other adverse physiological effects at 

the cellular, organ and/or organism level (often referred to as side-effects) resulting from 

administration of the treatment. "Less effective" means that the treatment results in a 

therapeutically significant lower level of pharmacological effectiveness and/or a 

therapeutically greater level of adverse physiological effects. 

[0071] Nucleic acid molecules can be isolated from a particular biological 

sample using any of a number of procedures, which are well-known in the art, the 

particular isolation procedure chosen being appropriate for the particular biological 

sample. For example, freeze-thaw and alkaline lysis procedures can be useful for 

obtaining nucleic acid molecules from solid materials; heat and alkaline lysis procedures 

can be useful for obtaining nucleic acid molecules from urine; and proteinase K extraction 

can be used to obtain nucleic acid from blood (Rolfi A et al. PCR: Clinical Diagnostics 

and Research, Springer (1994). 
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[0072] As used herein, a "cancer" in a subject or patient refers to the presence 

of cells possessing characteristics typical of cancer-causing cells, such as uncontrolled 

proliferation, immortality, metastatic potential, rapid growth and proliferation rate, and 

certain characteristic morphological features. In some circumstances, cancer cells will be 

in the form of a tumor, or such cells may exist locally within an animal, or circulate in the 

� blood stream as independent cells. 

EXAMPLES 

[0073] Compounds. Compounds used herein, including EKB-569, HK1 -357, 

and HK1-272 as described in U.S. Pat. No. 6,002,008; Greenberger et al, Proc. I Ith NO 

EORTC-AACR Symposium on New Drugs in Cancer Therapy, Clinical Cancer Res. Vol. 

6 Supplement, Nov. 2000, ISSN 1078-0432; in Rabindran et al., Cancer Res. 64: 3958-

3965 (2004); Holbro and Hynes, Ann. Rev. Pharm. Tox. 44:195-217 (2004); and Tejpar et 

al., I. din. Oncol. ASCO Annual Meeting Proc. Vol. 22, No. 14S: 3579 (2004). 

[0074] Analysis of Recurrent NSCLC and Generation of Gefitinib-

Resistant NCI-HI 650 Cells. Clinical specimens of recurrent NSCLC were obtained at 

autopsy after appropriate consent The entire kinase domain ofEGFR was sequenced after 

. analysis of uncloned PCR products. Multiple clones of exon 20 were sequenced to 

examine codon 790. Mutational analysis of EGFR (exons 1-28), ERBB2 (exons 1-24), 

PTEN(Qxons 1-9), Kras (codons 12, 13, and 61), andp53 (exons 5-8) in gefitinib-

resistant clones as well as the parental NCI-H1650 cell line was performed by automated 

sequencing of individual exons and flanking intronic sequence (PCR conditions available 

on request) with bidirectional sequencing by using dye terminator chemistry (B!GDYE 

version 1.1, Applied Biosystems). Sequencing reactions were run on an ABI3 100 

sequencer (Applied Biosystems), and electropherograins were analyzed by using SEQUENCE 

NAV!GATORand FACIURA software (Applied Biosystems). 

[0075] To generate resistant subclones of NCI-Hl 650 cells, these were treated 

with ethyl methane sulfonate (EMS; 600 .1g/ml), allowed to recover for 72 h, and then 

seeded at a density of 6 x 104 cells per 10-cm2 dish in 20 tiM gefitinib. Relative resistance 
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of these cells to gefitinib, compared with the irreversible inhibitors, was achieved by 

seeding 5 x 10 cells in six-well plates in 5% FCS and 100 ng/ml EGF (Sigma), in the 

presence of varying concentrations of drugs, followed after 72 h by fixing cells with 4% 

formaldehyde, staining with 0.1% crystal violet, and quantifying cell mass by using the 

Odyssey Infrared Imaging System (LI-COR Biosciences, Lincoln, NE). For small 

� interfering RNA (siRNA) knockdown experiments, cells were transfected with double-

stranded RNA oligonucleotides targeting EGFR, ERBB2 (both SMARTpoo1 from 

Dharmacon, Lafayette, CO), or nonspecific control (LRT1B), using X-treme GENE 

transfection reagent (Roche Applied Science). After 72 h, cells were stained with crystal 

violet and analyzed on the Odyssey Infrared scanner. 

[0076] Immunoblotting and Signaling Studies. Inhibition of EGFR 

signaling by increasing concentrations of gefitinib or the irreversible inhibitors was 

determined by seeding 9 x 1O4 cells in 24-well plates, adding the drugs to medium 

containing 5% FCS for 15 mm, followed by a 2-h pulse with 100 ng/ml EGF, and 

harvesting of lysates. Lysates were prepared in 2x gel loading buffer, sonicated, boiled, 

and then separated by 10% SDS/PAGE, followed by electrotransfer to polyvinylidene 

fluoride (PVDF) membranes, and immunoblotting. Antibodies used were phospho-EGFR 

. Y 1068 and phospho-mitogen-activated protein kinase (MAPK) (Cell Signaling 

Technology, Beverly, MA), phospho-AKT (BioSource International, Camarillo, CA), and 

total EGFR, MAPK, AKT, and tubulin (Santa Cruz Biotechnology). 

[0077] Analysis of EGFR Internalization. To demonstrate internalization of 

EGFR by fluorescence microscopy, cells were grown on coverslips and incubated with 1 

ng/ml recombinant human (rh) EGF (Molecular Probes, Eugene, OR) for various intervals 

before fixing in 4% paraformaldehyde for 10 mm. Coverslips were washed in PBS and 

mounted with ProLong Gold antifade reagent (Molecular Probes). To quantify EGFR 

internalization by cell surface biotinylation, cells were grown to confluency, pretreated 

with cyclohexamide, incubated on ice for 1 h with 1.5 mg/ml sulfosuccrnimidyl-2-

(biotinamido)ethyl-1,3-dithiopropionate (sulfo-NHS-SS-biotin; Pierce), and washed with 

blocking buffer (50 nM NH4CL/1 MM MgC12A). 1 MM CaCl2 in PBS) to quench free 
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sulfo-NHS-SS-biotin, followed by several further washes with PBS. The cells were then 

incubated in culture medium at 370C for various intervals to allow internalization of the 

biotinylated molecules, washed twice for 20 min in a glutathione solution (50 mM 

glutathione/75 mM NaC1/75 mM NaOHJ1% BSA) on ice to strip all of the biotinyl groups 

from the cell surface, and then scraped and lysed in 500 pM radioiinmunoprecipitation 

assay (RIPA) buffer (25 mM Tris-HC1, pH 7.4, with 150 mM NaCL/O.1% SDS/l% Triton 

X- 100) supplemented with NaF, Na-orthovanadate, and protease inhibitors. Cell extracts 

� were centrifuged, and the supernatants were incubated with streptavidin beads (Sigma) to 

collect the biotinylated proteins, which were then analyzed by SDS/PAGE and 

immunoblotting with anti-EGFR antibody (SC-03, Santa Cruz Biotechnology) or antibody 

against transferrin receptor (Santa Cruz Biotechnology). 

[0078] Results and Discussion 

[0079] Analysis of Recurrent Lung Cancers with Acquired Resistance to 

Gefitinib. Recurrent gefitinib-resistant NSCLC developed in two patients whose tumors 

had harbored an activating mutation of the EGFR kinase at the time of diagnosis and who 

had shown a dramatic initial clinical response to the drug (1). In both cases, progressive 

metastatic disease in the liver led to the patients’ demises, 1-2 years after initiation of 
treatment. in case 1, analysis of the major liver metastasis obtained at the time of autopsy 

indicated persistence of the sensitizing EGFR mutation (L858R), as well as the presence 

is 

of a newly acquired T790M mutation (Fig. IA). Interestingly, analysis of uncloned PCR 

products showed the initial L858R mutation to be present at an abundance consistent with 

a heterozygous mutation that is present in all tumor cells, whereas the secondary T790M 

mutation was seen at approximately one-fifth the abundance of the corresponding wild-

type allele. Thus, this resistance-associated mutation seems to be present in only a fraction 

of cells within the recurrent tumor. 

[0080] Case 2 involved eight distinct recurrent metastases in the liver after the 

failure of gefitinib therapy. In all of these independent lesions, the sensitizing L86 IQ 

EGFR mutation was present at the expected ratio for a heterozygous mutation. No 

secondary EGFR mutation was detectable by analysis of uncloned PCR products from any 
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of these metastases. However, after subcloning of the PCR products, the T790M mutation 

was found to be present at very low frequency in two of the four metastatic tumors 

analyzed (17790M, 2 of 50 clones sequenced from lesion 1 and 1 of 56 from lesion 2), but 

not from two other recurrent metastases (0 of 55 clones from lesion 3 and 0 of 59 from 

lesion 4), or the primary tumor (0 of 75 clones) (Fig. W and Table 1). Taken together, 

these results are consistent with previous reports that the T790M mutation is present in 

some, but not all, cases of acquired gefitinib resistance (three of seven tumors; see refs. 

is

17, 18, and 21). Furthermore, as previously noted (18), even in some cases with this 

resistance-associated mutation, it seems to be present in only a small fraction of tumor 

cells within a recurrent lesion. These observations suggest that additional mechanisms of 

resistance are involved in cases without a secondary EGFR mutation and that such 

mechanisms coexist with the T790M mutation in other cases. 

[0081] Generation of Gefitinib-Resistant Cell Lines with Susceptibility to 

Irreversible Inhibitors. Given the excellent correlation between the clinical 

responsiveness of EGFR-mutant NSCLC and the enhanced gefitinib-sensitivity of 

NSCLC cell lines with these mutations (2, 6, 22, 23), and the limited availability of 

clinical specimens from relapsing patients, we modeled gefitinib resistance in vitro. We 

cultured the bronchoalveolar cancer cell line NC -HI 650, which has an in-frame deletion 

of the EGFR kinase (delE746-A750), in 20 jiM gefitinib, either with or without prior 

40 exposure to the mutagen ethyl methane sulfonate. This cell line exhibits 100-fold 

increased sensitivity to gefitinib, compared with some NSCLC lines expressing wild-type 

EGFR (6). Whereas the vast majority of these cells are efficiently killed by 20 jiM 

gefitinib, drug-resistant colonies were readily observed at a frequency of-10-5, 

irrespective of mutagen treatment Forty-nine independent drug-resistant clones were 

isolated, showing an average 50-fold decrease in gefitinib sensitivity (Fig. 2A). All of 

these showed persistence of the sensitizing mutation without altered expression of EGFR, 

and none had acquired a secondary EGFR mutation or new mutations in ERBB2, p53, 

Kras, or PTEN. Gefitinib-resistant clones demonstrated comparable resistance to related 

inhibitors of the anilinoquinazoline class. Remarkably, however, they displayed persistent 

sensitivity to three inhibitors of the ERBB family (Fig. 2A): MU-272 (24) and HKI-357 
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(compound 7f in ref. 25), which are dual inhibitors of EGFR and ERBB2 (IC50 values of 

92 and 34 nM, respectively, for EGFR and 59 and 33 nM, respectively, for ERBB2), and 

EK.B-569 (26), a selective inhibitor of EGFR (IC50 values of 39 nM for EGFR and 1.3 pM 

for ERBB2) (Wyeth) (Fig. 2B). All three drugs are irreversible inhibitors, most likely via 

a covalent bond with the cys773 residue within the EGFR catalytic domain or the cys805 

of ERBB2. Like gefitinib, these compounds demonstrate increased killing of NSCLC 

cells harboring an EGFR mutation, compared with cells expressing wild-type receptor 

is

(Fig. 2A). However, in contrast to gefitinib, against which resistant clones are readily 

generated, even at high drug concentrations, we were unable to establish clones of cells 

that were resistant to the irreversible inhibitors at concentrations above 10 pM, even after 

ethyl methane sulfonate mutagenesis (Fig. 2C). 

[0082] Dependence of Gefitinib-Resistant Cells on EGFR and ERBB2 

Expression. To gain insight into the mechanisms underlying the acquisition of gefitinib 

resistance and the persistent sensitivity to the irreversible inhibitors, we first determined 

whether resistant cell lines remain dependent upon EGFR for their viability. We have 

previously shown that siRNA-mediated knockdown of EGFR triggers apoptosis in cells 

harboring mutant EGFR.s, but not in those with wild-type alleles (6). Significantly, 

parental NCI-HI 650 cells as well as their gefitinib-resistant derivatives showed 

comparable reduction in cell viability after transfection with siRNA targeting EGFR (Fig. 

3A). Thus, acquisition of gefitinib-resistance does not involve EGFR-independent 

activation of downstream effectors. Because HKJ-272 and HKI-357 target both EGFR and 

ERBB2, we also tested suppression of this related receptor. Knockdown of ERBB2 in 

NCI-HI 650 and its gefitinib-resistant derivatives also caused loss of viability (Fig. 3A), 

suggesting a role for EGFR-ERBB2 heterodimers in transducing essential survival signals 

in tumor cells harboring EGFR mutations. Inhibition of EGFR alone by an irreversible 

inhibitor seems to be sufficient to induce apoptosis in gefitinib-resistant cells, as 

demonstrated by the effectiveness of EKB-569, which primarily targets EGFR (26). 

However, given the potentially complementary effects of targeting both EGFR and 

ERBB2 by using siRNA and the availability of irreversible inhibitors that target both of 

these family members, the potential benefit of dual inhibition warrants consideration. 
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[0083] We compared the ability of gefitinib and irreversible ERBB family 

inhibitors to suppress signaling via downstream effectors of EGFR that mediate its 

proliferative and survival pathways. HKI-357 was 10-fold more effective than gefitinib in 

suppressing EGFR autophosphorylation (measured at residue Yl 068), and AKT and 

MAPK phosphorylation in parental Na-Hi 650 cells harboring the delE746-A750 EGFR 

mutation (Fig. 3B). In a gefitinib-resistant derivative, NCI-H1650(G7), gefitinib exhibited 

considerably reduced efficacy in suppressing AKT phosphorylation, a key EGFR 

� signaling effector linked to gefitinib responsiveness (6), whereas FM-357 demonstrated 

persistent activity (Fig. 3B). 

[0084] Altered EGFR Internalization In Cefftinib-Reslstant Clones. Given 

the absence of secondary mutations in EGFR and the persistent susceptibility of gefitinib-

resistant cells to siRNA-mediated suppression of EGFR, we tested whether the 

mechanism underlying the differential inhibition of EGFR signaling in gefitinib-resistant 

cells by reversible and irreversible inhibitors might be correlated with alterations in 

receptor trafficking, a well documented modulator of EGFR-dependent signaling (20). 

Indeed, analysis of EGFR trafficking in NCI-Hi 650-derived resistant cells demonstrated a 

consistent increase in EGFR internalization, compared with the parental drug-sensitive 

cells, as measured both by internalization of fluorescein-labeled EGF (Fig. 3C) and 

quantitation of cytoplasmic biotinylated EGFR (Fig. 3D). No such effect was observed 

with the transferrin receptor, suggesting that this did not result from a generalized 

alteration in all receptor processing. Although further work is required to define the 

precise mechanism for this alteration in EGFR trafficking, a complex process in which 

numerous regulatory proteins have been implicated, these results suggest that gefltinib’s 

ability to inhibit EGFR activation is compromised in these cells, whereas the action of the 

irreversible inhibitors are not detectably affected. 

[0085] Inhibition of T790M EGFR Signaling and Enhanced Cell Killing 

by Irreversible Inhibitors. The enhanced suppression of EGFR signaling by irreversible 

ERBB inhibitors raised the possibility that these drugs may also exhibit persistent activity 

in the context of cells harboring the T790M secondary mutation in EGFR. We therefore 
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tested the effect of these inhibitors on the NCI-Hl 975 bronchoalveolar cancer cell line, 

which harbors both L858R and T790M mutations in EGFR (18). Significantly, this cell 

line was derived from a patient that had not been treated with an EGFR inhibitor, 

indicating that this mutation is not uniquely associated with acquired drug resistance. 

Both HKI-357 and MU-272 were considerably more effective than gefitinib in 

suppressing ligand-induced EGFR autophosphorylation and its downstream signaling, as 

determined by AKT and MAPK phosphorylation (Fig. AA). Similarly, all three 

� 
irreversible inhibitors suppressed proliferation in this cell line under conditions where it is 

resistant to gefitinib (Fig. 4B). Thus, irreversible ERBB inhibitors seem to be effective in 

cells harboring the T790M EGFR as well as in cells with altered trafficking of the wild-

type receptor. 

[0086] Our results confirm the report of T790M mutations in EGFR as 

secondary mutations that arise in previously sensitive NSCLCs harboring an activating 

mutation, associated with the emergence of acquired resistance (17, 18). However, this 

mutation is present only in a subset of cases, and even tumors that harbor the T790M 

mutation may contain only a small fraction of cells with this mutation. These observations 

imply that multiple resistance mechanisms can coexist in recurrent tumors after an initial 

response to gefitinib or similar reversible EGFR inhibitors. Moreover, these findings 

suggest that T790M-independent resistance mechanisms may be equally, if not more, 

effective than the T790M substitution itself in conferring drug resistance and may explain 

why recurrent tumors rarely exhibit clonality for T790M (17, 18). In vitro mechanisms of 

acquired gefitinib resistance do not involve secondary EGFR mutations at a significant 

frequency, but instead are correlated with altered receptor trafficking. However, it should 

be noted that we have not examined EGFR trafficking in all of the resistant clones that we 

established in vitro, and it remains possible that additional mechanisms may contribute to 

gefitinib resistance in some of the clones. Nonetheless, virtually all gefitinib-resistant 

clones exhibited comparable sensitivity to the irreversible ERBB inhibitors. 

[0087] Our results indicate striking differences between competitive EGFR 

inhibitors such as gefitinib, whose effectiveness is limited by the rapid development of 

26 



WO 2006/084058 

%cfl 
PCTIUS2006/003717 

drug resistance in vitro, and irreversible inhibitors, to which acquired resistance appears to 

be rare (Fig. 2C). We speculate that increased internalization of ligand-bound EGFR in 

resistant cells may be linked to dissociation of the gefitinib�EGFR complex at the low pH 

of intracellular vesicles. In contrast, irreversible cross-linking of the receptor would be 

unaffected by such alterations in receptor trafficking. Acquired resistance to gefitinib is 

stably maintained after passage of cells for up to 20 generations in the absence of drug, 

suggesting that genetic or epigenetic alterations in genes that modulate EGFR turnover 

� may underlie this phenomenon. Because receptor trafficking cannot be readily studied by 

using available clinical specimens, identification of such genomic alterations may be 

required before clinical correlations are possible. Nonetheless, such a mechanism may 

contribute to in vivo acquired gefitinib-resistance in patients with recurrent disease who 

do not have secondary mutations in EGFR. 

[0088] Irreversible ERBB inhibitors also seem to be effective in overcoming 

gefitinib resistance mediated by the T790M mutation, an effect that presumably results 

from the preservation of inhibitor binding despite alteration of this critical residue. While 

this work was in progress, another irreversible inhibitor of EGFR [CL-3 87,785, 

Calbiochem (27)] was shown to inhibit the kinase activity of the T790M EGFR mutant 

(17). The effectiveness of CL-387,785 in the context of T790M was proposed to result 

from the absence of a chloride at position 3 of the aniline group, which is present in 

gefitinib and was postulated to interfere sterically with binding to the mutant methionine 

at codon 790. However, EKB-569, HKI-272, and HIU-357 all have chloride moieties at 

that position in the aniline ring, suggesting that their shared ability to bind irreversibly to 

EGFR is likely to explain their effectiveness, rather than the absence of a specific steric 

interaction with T790M (24-26). Thus, these irreversible inhibitors may prove to be 

broadly effective in circumventing a variety of resistance mechanisms, in addition to the 

T790M mutation. 
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Table 1. Presence of EGFR T790M mutation at very low frequency In recurrent 

tumors from case 2 

No. of clones 

Tumor T790M mutant Wild type 

Primary 0 75 

Recurrent 1 2 48 

Recurrent 2 1 55 

Recurrent 3 0 55 

Recurrent 4 0 59 

[0089] Sequencing of large numbers of cloned PCR products revealed that a 

minority of alleles within two of four liver lesions contain the T790M mutation. 

[0090] The references cited throughout the application are incorporated herein 

by reference in their entirety. 
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CLAIMS 

1. A method for treating geiltinib and/or erlotinib resistant cancer, comprising the steps 

of: 

a. monitoring progression of a cancer in a subject at a time point after the 

subject has initiated gefftinib and/or erlotinib treatment, wherein 

progression of the cancer is indicative of cancer that is resistant to 

gefitinib and/ or erlotinib treatment, and 

b. administering to the subject having a cancer that is resistant to gefitinib 

and/ or erlotinib treatment a pharmaceutical composition comprising an 

irreversible epidermal growth factor receptor (EGFR) inhibitor. 

2. The method of claim 1, wherein the irreversible EGFR inhibitor is selected from the 

group consisting of EKB-569, HKI-272 and HKI-357. 

3. The method of claim I, wherein the irreversible EGFR inhibitor binds to cysteine 773 

of EGFR (SEQ ID NO: 1). 

4. The method of claim 1, wherein progression of the cancer is monitored by way of 

visual inspection of the cancer. 

5. The method of claim 4, wherein visual inspection of the cancer is by means of X-ray, 

CT scan or MRJ. 

6. The method of claim 1, wherein the progression of the cancer is monitored by way of 

tumor biomarker detection. 

7. The method of claim 1, wherein monitoring progression of a cancer comprises 

comparing the cancer at a second time point with the cancer at a first time point, 

wherein the second time point is after the first time point, wherein the first time point 

is before or after initiation of gefitinib and/ or erlotinib treatment, wherein increased 

growth of the cancer indicates progression of the cancer. 
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8. The method of claim 7, wherein at additional time points the cancer is compared with 

preceding time points. 

9. The method of claim 1, wherein the cancer is epithelial cell cancer. 

10. The method of claim 1, wherein the cancer is gastrointestinal cancer, prostate cancer, 

ovarian cancer, breast cancer, head and neck cancer, esophageal cancer, lung cancer, 

� non-small cell lung cancer, cancer of the nervous system, kidney cancer, retina 

cancer, skin cancer, liver cancer, pancreatic cancer, genital-urinary cancer and bladder 

cancer. 

11. A method of treating cancer, comprising the steps of: 

a. administering gefitinib and/ or erlotinib to a subject with cancer; 

b. monitoring progression of the subject’s cancer; and 

c. administering to the subject an irreversible EGFR inhibitor upon indication 

of progression of the cancer. 

12. The method of claim 11, wherein the irreversible EGFR inhibitor is selected from the 

group consisting of EKB-569, MU-272 and HK1-357. 

S13. The method of claim 11, wherein the irreversible EGFR inhibitor binds to cysteine 

773 of EGFR (SEQ ID NO: 1). 

14. The method of claim ii, wherein progression of the cancer is monitored by way of 

visual inspection of the cancer. 

15. The method of claim 14, wherein visual inspection of the cancer is by means of X-

ray, CT scan or MRI. 

16. The method of claim 11, wherein the progression of the cancer is monitored by way 

of tumor biomarker detection. 

17. The method of claim it, wherein monitoring progression of a cancer comprises 

comparing the cancer at a second time point with the cancer at a first time point, 

wherein the second time point is after the first time point, wherein the first time point 
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is before or after initiation of gefitinib and/ or erlotinib treatment, wherein increased 

growth of the cancer indicates progression of the cancer. 

18. The method of claim 17, wherein at additional time points the cancer is compared 

with preceding time points. 

� 19. The method of claim 11, wherein the cancer is epithelial cell cancer. 

20. The method of claim Ii, wherein the cancer is gastrointestinal cancer, prostate cancer, 

ovarian cancer, breast cancer, head and neck cancer, esophageal cancer, lung cancer, 

non-small cell lung cancer, cancer of the nervous system, kidney cancer, retina 

cancer, skin cancer, liver cancer, pancreatic cancer, genital-urinary cancer and bladder 

cancer. 

2 1. The method of claim 11, wherein the irreversible EGFR inhibitor is administered 

simultaneously with a reversible EGFR inhibitor. 

22. The method of claim 21, wherein the reversible EGFR inhibitor is gefitinib or 

erlotinib. 

23. A method of treating cancer, comprising administering to a subject with a cancer 

having a mutation in EGFR (SEQ ID NO: 1), wherein the mutation is substitution of a 
Smethionine for a threonine at position 790, a pharmaceutical composition comprising 

an irreversible EGFR inhibitor. 

24. The method of claim 23, wherein the EGFR inhibitor is selected from the group 

consisting of EKB-569, HKI-272 and HKJ-357. 

25. The method of claim 23, wherein the irreversible EGFR inhibitor bind to cysteine 773 

of EGFR (SEQ ID NO: 1). 

26. The method of claim 23, wherein the cancer is epithelial cell cancer. 

27. The method of claim 23, wherein the cancer is gastrointestinal cancer, prostate cancer, 

ovarian cancer, breast cancer, head and neck cancer, esophageal cancer, lung cancer, 

non-small cell lung cancer, cancer of the nervous system, kidney cancer, retina 

cancer, skin cancer, liver cancer, pancreatic cancer, genital-urinary cancer and bladder 

cancer. 
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-185 

-125 
.................................b.. 

..GGCCACCOGTCGGCGTCCGCCCGGTCCCcGCCrCGCCGCcACGCcAACcACcGG -65 

CACGGCCCCCGAcTCcTCcAGTIITTGATCGGGAGAGCCGGAGcGAGCTcTTCGGGGAG -5 

O 
CAGCGATGCGACCcTCcGGGACGGCCGGGGcQCGcTCcTGGCGCTGCrGGcTGcGcTcT 55. 

18 

115 
38 

CGcGTTGGGCGAAGATCATTcCCrCcAGAGGATG1"AThAcTGTG 175 

AGGTGGTCTGGGATTrGGAAAEACCrATGTGcAGAG9AATTGATC?rTCcTTcT 235 
E-V--V--L--G--N--L--B--I--T--Y--V--Q--R--N--YDL--S"F 78 

ThAAGACcCCAGGIGGTGGGGTTATGTCcTCATTGCCCTcAAcGTGGAGcGA 295 
98 

TTccTTGGMAACcrGcAGAcATcAGAcGMTATGTAcTAcGAAAArrCcrcCcT 355 
118 

TAGCAGTCTTATCTAACTATGATGCAAATAAAAC 415 
138 

ATTTACAGGAAATCCGCATGGCGCCGTGcGGTTCAGcAAcACCcTGCCcTGTGCAACG 475 
ISS 

TGOAGAGMTcCAOTGGcGGGACATAGTCAGChMMCTTTCTCWCRACATGTCGATGG 535 
V--B- -S--I--Q--W---R- -D- -I--V--S--S- -D--F--L--S- -N---M--S- -N-- 118 

AcTTCGAACCACCTGGGAGCTGCAAAGGTGATCCAAGcTGTcCcTGGGAGCT 595 
D_F--Q--N--H--L--G--S--C--Q--K--C--DPCPN"GS" 198 

GCTGGGGTGCAGGAGGGAGAAcTGCCAGMACTGACcMATTcTGTGCCcAGcAGT 655 
C_W--G--A--G--E--E--N--C--Q--K--L--T--K--X--X"C--A--Q"Q" 218 

ocTccGGGcGcTGccGTGGcAAaTcccccGTGAcGcTGccAcAAcGTGTGc’PGG 715 
238 

775 
258 

COrGCAAGGACACCGCCCCCcACZCATGCTcTACAACcCcCCACGTACcmGATQGATG 835 
T- -C- -K- -D--T--C--P- -?- -L--N- -L--Y- -N--P--T--T--Y--Q- -M�D-- 278 

TGAACCCCGAGGGcATAcAGcTGGTGcACcTGCGTGAAGTGTCCCCGT.AMT 895 
298 
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ATGTGGTGACAGATc7CGGcTGTGCGTCCGGCcTGTGGGGCCGACAGcTATGAG2GG 955 
318 

AGGRAGACGGCGTCCGCAhGTGTAAGAAGTGCGMGGGCCTTGCCGCLUGTOTGTRACG 1015 
338 

3.075 
358 

3.135 
F--K--N--C--T--S--I--g--Q--D--L--H--I--L-.-p--V--A-p-R-.. 378 

ACTccTTCAcAcTJkCTccrccTcTGGATCcAcAGGAAcTGGAThTTcTGAAAOOGThA 1195 
D--S--F--T--B--T--P--P--L--n--p--Q--E--L--D--z--L--X--T--v-- 398 

AGGAAATCACAGGGTTTTGGATrCAGGCTTGGCCrGAGGACCCCG 1255 
K- -E--- -T--G--F--L--L--X--Q--A--W--p--E--N--R--T--D--L--H-- 418 

1315 
438 

CAGTCGTCAGCCTGhACATAACATCCTTGGGATThCGCTCCCTCAAGMIGATAAGYGATG 3.375 
458 

GAGATGTGATATAGACAAAAATGTGcThTGCMTACAAT,MAcTGGAAAA 1435 
G--D--V--I--I--S--G--N--K--N--L--c--Y--A--N--T--x--N--w--K-- 478 

AACTGTTTGGGAC 1495 
K--L--F--G--T--S--G--Q--K--T--K--I--X--S--N--R--G--E--N--S-- 498. 

GCAAGGCCZICGGCCAGGTCrGCCATGCcrZGTGCTCCCCCGAGGcTGcTGGGGCCcGG 1555 
C--K--A--T--G--Q--V--C--H--A--L--C--B--p--E--G--c--w--G--p-- 518 

AGCCCAGGGACZGCGTcTcGCCGGTGTcAGCCGAGGcAGGGATGOGTGGAcAGT 1615 
538 

40 GAccTTcTGGAGGGTG1QcCAAGGGAGTTTGTcGAGAcTcTGAGTGcAmcAGTGcC 1675 
C- -N--L- -L--E--G--E--P- -R--E- -F- -V--E- -N- -S--B- -C--I--Q--C-- 558 

ACCcGAGTGCcTGCcTGGCCATGACATCACCGCAGGACGGGGAccGAcAAcT 1735 
578 

GTATCAGTGTGCcrAcATTGAcGGCCCCcAcTGOGTcAAGACCTGCCCGG!AGGAG 1795 
C- -I--Q- -C--A- -H--Y--X- -D--G- -P--H- -C- -V--K- -T--C--P--A--G-- 598 

rCATGGGAGAAAcAACACCCGGTcTGGAAGTACGcAGCGCCGGCCTGTGTGCCC 1855 
618 

rGTGcCATcc2AAcTGcAccTAcGGTGcAcTGoGccAGGTcTrGAAcGcrGTccAcGA 1915 
Ca--C- -H--P--N--C--T--Y--G--C--T--C3--P--G--L--E--G--C--p--T-- 638 

TGGGCcAGTCCCGTCCATCGCTOGGATGGTGGGGGCCCTCcTCGTGc’IG 1975 
4r--G--P- -K--I--P--S--I--A--T--G--14--V--G--A- -L--L--L--L--L-- 658 

GGTGGCCCGGGGATCGGCcTCTTCATGCGAAGGCGCCACATCGTTCGGGCGCCGC 2035 
676 
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5 (Cont(ccnL) 

TGCGGAGGcTGcTGGGAGAGGGAGcTTGTGGAGCACCCAGTGGAGAAGcTC 2095 

CCh&CCAAGCTCTCTTGAGC3ATCTTC;AAGMA CTG9 2155 
718 

.2215 
�738 

2275 
K--I--P--V--A--I--K--E--L--R--EA-TSPKANKE75 

STCcTcGATGAAGccTAcGGATGGCcAGrGAcAcCcccGTGCcGcGG 2335. 
778 

2395 
798 

TGGCTATGTCCGGcAACAcAAAGATAGGC1,CCCAGTACCTGcTCAAC?GGTGTG 2455 
818 

To OAdGACCOTCGCTTGWGMCCGMCCTGil 2515 
V--Q--X--A--K--G--MN--Y--L--E--D--R--R-LVHRDL 838 

2575 
A_A--R-N--V--LY--K--T--P--Q--H--V--K-X--TDF--G--L--858 

CCJAACGIGGGTGCGGMGAAAGAAThCCATGCAGMGGAGAMQTGCTcA 2635 
AIC-L--L--G--A--E--E--K--E--YHAEGGKVP--I--878 

AGTGGATGGCATTGGAATChATTTTACACAGAATCTATACCCACCAGAGTGATGTCTGGA.2695 
K- -W--M- -A--L--E- -S--I- -L--H--R--I--Y--T- -N- -Q- -S--D--V- -W-- 898 

2755 
. S_-T--G--V--T--V--W--E--L--M--T--FGSKPYD -I-- 93.8 

CTGCCAGCGAGATCTCTCTCCTGGAGAAAGGAAACGCCTCCCTCAGCCACCCTZ 2815-
938 

GTACTcATGTcTACTt3ATCATGGTcAAGTGCTGGATGATAGAcGCGATAGTcGCC 2875 
958 

2935 
P_K-FRELIIEFSKMRDPQRT"978 

2995 
L--V- -I--Q--G- -D--E--R- -W--H- -L- -F- -8- -P--T--D--S- -N--F- -Y-- 998 

GTGCCATGGATGAAGAAGACATGGACGACGTGGTGGATGCCGAGTACTTCC 3055 
R--A- -L- -M- -D- -E--E--D- -M--D--D- -V--V--fl--A- -D--B- -Y--L- -I-- 1018 

CAcGCAGGGcTcTTcAGcGCCCCTCcACGTcGGAcrCCCcTCc’rGAGcrcrcTaA 3115 
3.038 

� GTGCACCAGA7CAATTCCACCGTGGcTGCATTGATAGAAATGGGCrGCAAAGcTGTC 3175. 
S--A--T--S--N--N--S--T--V--A--C--I--D--R--N--G--L--Q--S--C-- 1058 



WO 2006/084058 PCTILJS2006I0037I7 

Figure 5 (cont.) 
8/9 

CCTCAAGGAGACAGcTTCGCAGCGATAcAGcTCAGACCCC2CIGGCGCcTTGACZ0 3235 
p--I--K--E--D--S--F--I--Q--R--Y--S--S--D--p--T--G--A--L--T-- 1078. 

AGGACAGCATAGACGACACCTTCCTCCCAGTGCCTGAATACATAUCCAGTCCdTTCCCA 3295 
E--D--S--X--D--D--T--P--L--P--V--P----T--X--N--Q- -S--V--P-- 1098 

� AAAGGCCCGcTGGcTCTGCAGAATCcTGTCThTccAATcGCCTcTG,ACCCcGcGC 3355 
1118 

CcAGcGAGACCccTACcGGcCCCcAGcAcTGcAGTGGGcAACcccG0TMC 3415 
1138 

TcAAccrGTCcAGcCCccTGTGTcAAcAGcAcATTcGACAecCcTGCCcTGGcCC 3475 
L--N--T--V--Q--P----C--v--N--$--T--F--D--S--P--A--H--w--A-- 1158 

 �

AGAAAGGCAGCCACCUATTAGCCTMACAACCCTGACTACCAOMCMCTTCTTTCCCA 3535 
1178 

AGGAAGCAGCQAATGGcTcTTThAGGGcTCCACAGcTGAAAATGGACCrAA 3595. 
K--E--A--K--P--N--G-.-I--F--K--G--S--T--A--E--N--A--E--Y..-fr.- 1198 

GGGTCGCGCCAcAAGcAGTGAATTArroGAGcTGA 3633 (SRO XD NO 2 ) 
2010 (SRO XDSDI ) 

(-i3 
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METODO PARA TRATAR EL CANCER RESISTENTE A GEFIT1NIB 

ANTECEDENTES 

Las neoplasias malignas de cØlulas epiteliales, por ejemplo, cancer de 

próstata, cancer de mama, cancer de colon, cancer de pulrnón, cancer de 

pancreas, cancer de ovario, cancer de bazo, cancer de testIculo, cancer del 

tirno, etc., son enfermedades caracterizadas por ci crecimiento anormal y 

acelerado de las cØlulas epiteliales. Este crecimiento acelerado inicialmente 

causa la formación de un tumor. Eventualmente tambiØn se puede presentar 

una metastasis a otros órganos. Aunque se ha progresado en ci diagnóstico y 

. tratamiento de diversos tipos de cancer, todavIa estas enfermedades son la 

causa de un nümero significativo de mortalidades. 

El cancer de puimón sigue siendo la principal causa de muerte en los 

palses industrializados. Las neoplasias malignas que comienzan en los 

pulmones se dividen en dos grandes tipos: cancer de pulmón de cØlulas no 

pequeflas y cancer de pulmón de cØlulas pequefias, dependiendo del aspecto de 

las cØlulas bajo ci microscopio. El cancer de pulmón de cØlulas no pequefias 

(carcinoma escamoso, adenocarcinoma y carcinoma de cØlulas grandes) 

generalmente se propaga a otros órganos de forma ma’s lenta que el cancer de 

pulmón de cØlulas pequefias. Airededor del 75 por ciento de los casos de 

� cancer de pulmón se clasifican como cancer de puimón de cØlulas no pequeflas 

or ejemplo, adenocarcinomas) y el 25 por ciento restante corresponden a 

cancer de pulmon de cØlulas pequeæas. El cancer de pulrnón de cØlulas no 

pequeflas (NSCLC) es la principal causa de muerte por cancer en Estados 

Unidos, Japón y Europa Occidental. Para pacientes con un estado avanzado 

de la enfermedad, la quimioterapia ofrece un modesto beneficio de 

supervivdncia, pero a costa de una toxicidad significativa, destacando la 

necesidad de unos agentes terapØuticos que apuntan especfficamente a las 

lesiones genØticas crIticas que motivan ci crecimiento del tumor (Schiller JH 

y colaboradores, N Engi J Mcd, 346: 92-98, 2002). 

El receptor del factor de crecimiento epidØrmico (EGFR) es una 

protemna ligada a la membrana de 170 kilodaltones (kDa) que se expresa en la 

superficie de las cØlulas epiteliales. El EGFR es un miembro de la familia del 
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receptor del factor de creciniiento de protelna tirosina cinasas, un tipo e 

molØculas de regulación del ciclo celular. (W. J. Gullick y colaboradores, 

1986, Cancer Res., 46:285-292). El EGFR se activa cuando su ligando (bien 

sea EGF o TGF-a) se fija al dominio extracelular, resultando en la 

autofosforilación del dominio  intracelular de tirosina cinasa del receptor (S. 

Cohen y colaboradores, 1980, J. Biol. Chem., 255:4834-4842; A. B. Schreiber 

y colaboradores, 1983, J. Biol. Chem., 258:846-853). 

El EGFR es la protelna resultante de un oncogØn promotor del 

crecimiento, erbB o ErbBl, que simplemente es un miembro de una familia, es 

decir, la familia ERBB de protooncogenes, que se cree juega un papel 

pivotante en ci desarrollo y la evolución de muchas neoplasias malignas 

humanas. En particular, se ha notado una mayor expresión de EGFR en 

cancer de mama, vejiga, pulmón, cabeza, cuello y estómago; al igual que en 

glioblastomas. La familia de ERBB de oncogenes codifica cuatro receptores 

transmembrana estructuraimente relacionados, a saber, EGFR, HER-2/neu 

(erbB2), HER-3 (erbB3) y HER-4 (erbB4). Clinicamente se ha reportado que 

la amplificación del oncogØn ERBB y/o la sobreexpresión del receptor en 

tumores tiene una correlación con la recurrencia de la enfermedad y con un 

mal pronóstico para ci paciente; al igual que con la respuesta a la terapia. (L. 

Harris y colaboradores, 1999, mt. J. Biol. Markers, 14:8-15; y J. Mendelsohn 

� 
and J. Baselga, 2000, Oncogene, 19:6550-6565). 

El EGFR estÆ compuesto por tres dominios principales, a saber dominio 

extracelular (ECD), que estÆ glicosilado y contiene la cavidad de fijación del 

ligando con dos regiones ricas en cistelna; un dominio de transmembrana 

corto y un dominio intracelular que tiene una actividad intrInseca de tirosina 

cinasa. La region de la transmembrana une ci dominio de fijación del ligando 

al dominio intracelular. Un anÆlisis de aminoÆcidos y de la secuencia de 

ADN, al igual que estudios de formas no glicosiladas del EGFR, indican que 

la columna vertebral de la protelna del EGFR tiene una masa de 132 kDa, con 

1186 residuos de aminoÆcidos (A. L. Ulirich y colaboradores, 1984, Nature, 

307:418-425; J. Downward y colaboradores, 1984, Nature, 307:521-527; C. R. 
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Carlin y colaboradores, 1986, Mol. Cell. Biol., 6:257-264; y F. L. V. Mayes y 

M. D. Waterfield, 1984, The EMBO J., 3:531-537). 

La fijación de EGF o de TGF-a a! EGFR activa una via de seflal de 

transducción y resulta en una proliferación celular. La dimerización, los 

cambios de conformación y la internalización de las molØculas de EGFR 

funcionan para transmitir seflales intracelulares que producen la regulación del 

crecimiento celular (G. Carpenter and S. Cohen, 1979, Ann. Rev. Biochem., 

48:193-216). Las alteraciones genØticas que afectan la reguiación de la 

función del receptor del factor de crecimiento o que producen una 

sobreexpresión del receptor yio del ligando, resultan en una proliferación 

� celular. Adicionalmente se ha determinado que ci EGFR juega un papel en la 

diferenciación celular, en ci mejoramiento de la motilidad celular, en la 

secreción de protelna, en la neovascularización, en la invasion, en la 

metastasis y en la resistencia de las cØlulas cancerosas a los agentes 

quimioterapØuticos y a la radiación. (M.-J. Oh y colaboradores, 2000, Clin. 

Cancer Res., 6:4760- 4763). 

Se ha identificado una variedad de inhibidores de EGFR, incluyendo 

algunos que ya se estÆn sometiendo a unos estudios clinicos para el 

tratamiento de diversas neoplasias malignas. Para conocer un resurnen 

reciente, consultar a de Bono, J. S. and Rowinsky, E. K. (2002), "The ErbB 

Receptor Family: A Therapeutic Target For Cancer", Trends in Molecular 

Medicine, 8, S 19-26. 

Un conjunto prometedor de objetivos para la intervención terapØutica en 

ci tratarniento del cancer incluyen los miembros del eje HER-cinasa. 

Frecuentemente se regulan por aumento en tumores epiteliales sóiidos en, a 

modo de ejemplo, la próstata, el pulmón y la mama, y tambiØn se regulan por 

aumento en tumores del glioblastorna. El receptor del factor de crecimiento 

epidØrmico (EGFR) es un miembro del eje HER-cinasa y ha sido ci blanco 

preferido para ci desarrollo de diversos tipos de terapias contra.el cancer. Los 

inhibidores del EGFR tirosina cinasa (EGFR-TKTs) se incluyen en estas 

terapias, puesto que se requiere la fosforilación reversible de los residuos para 
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la activación de la via del EGFR. En otras palabras, los EGFR-TKIs bloquean 

un receptor en la superficie de la cØlula que es el responsable de desencadenar 

y/o mantener la via de sefialización que induce el crecimiento celular y la 

division. Especificamente se cree que esos inhibidores interfieren con el 

doniinio cinasa del EGFR, el cual se conoce como HER-I. Entre los EGFR-

TKIs ma’s prometedores se cuentan tres series de compuestos: quinazolinas, 

piridopirimidinas y pirrolopirimidinas. 

Dos de los compuestos ma’s avanzados en el desarrollo cilnico incluyen 

Gefitinib (compuesto ZD 1839 desarrollado por AstraZeneca UK Ltd.; 

disponible bajo el nombre comercial de IRESSA; en adelante "IRESSA") y 

Erlotinib (compuesto OSI-774 desarrollado por Genentech, Inc. y OSI 

Pharmaceuticals, Inc.; disponible bajo el nombre comercial de TARCEVA; en 

adelante "TARCEVA") han generado unos resultados clInicos muy 

alentadores. El tratarniento convencional del cancer, tanto con IRESSA corno 

con TARCEVA, comprende la adrninistración oral diana de no mÆs de 500 

mg del respectivo compuesto. En mayo de 2003, IRESSA fue el prirnero de 

estos productos en ingresar al mercado de Estados Unidos, cuando fue 

aprobado para el tratamiento de pacientes con cancer de pulmOn de cØlulas no 

pequefias avanzado. 

IRESSA es una quinazolina oralmente activa que funciona al inhibir 

directamente la fosforilación de la tirosina cinasa en la molØcula EGFR. Esta 

compite por el lugar de fijaciOn del adenosIn trifosfato (ATP) produciendo la 

supresión del eje HER-cinasa. No se entiende completamente el mecanismo 

exacto de la respuesta del IRESSA, sin embargo, los estudios sugieren que la 

presencia del EGFR es un prerrequisito necesario para su acción. 

Una limitación significativa al emplear estos compuestos es que los 

receptores pueden desarrollar una resistencia a sus efectos terapØuticos 

despuØs de responder inicialmente a la terapia; o pueden no responder en 

grado inedible alguno a los EGFR-TKIs. La tasa de respuesta a los EGFR-

TKIs varia entre diferentes grupos Øtnicos. En el extrerno de respuesta baja a 

los EGFR-TKIs, en algunas poblaciones inicamente el 10-15 por ciento 

pacientes con cancer de pulmon de cØlulas no pequefias avanzado responden a 
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los inhibidores de EGFR cinasa. Por lo tanto un mejor entendimiento de los 

mecanismos moleculares subyacentes de la sensibilidad a IRESSA y 

TARCEVA serla extremadarnente benØfico para la terapia direccionada para 

aquellos individuos que seguramente se van a beneficiar de esa terapia 

En el arte existe una necesidad significativa de un tratamiento 

satisfactorio del cancer, y espeelficamente de neoplasias malignas de cØlulas 

epiteliales como cancer de pulmón, ovario, mama, cerebro, colon y próstata, 

que incorpora los beneficios de la terapia con TKI y para delTotar la ausencia 

de respuesta exhibida por los pacientes. Este tratamiento podria tener un 

impacto dramÆtico sobre la salud de las personas, y especialmente las de 

mayor edad, entre quienes el cancer es especialmente comün. 

RESUMEN 

Los inventores de la presente invención sorprendentemente 

descubrieron que los inhibidores irreversibles del EGFR son efectivos para ci 

tratamiento del cancer en individuos que ya no responden a terapias con 

gefitinib y/o erlotinib. Asf que, en una incorporación, la presente invención 

dispone un mØtodo para ci tratamiento de cancer resistente a gefitinib yb 

erlotinib. En esta incorporación, la evolución del cancer en un individuo se 

monitorea en un momento en el tiempo, una vez el individuo inició ci 

tratamiento con gefitinib y/o erlotinib. La evolución del cancer indica que ci 

cancer es resistente al tratamiento con gefitinib y/o erlotinib y al individuo se 

le administra una composición farmacØutica que comprende un inhibidor 

irreversible del receptor del factor de crecimiento (EGFR). 

En incorporaciones preferidas, ci inhibidor irreversible de EGFR EKB-

569, HKI-272 o HKI-357. Altemativamente, ci inhibidor irreversible de 

EGFR puede ser cualquier compuesto que se fija a la cisteIna 773 de EGFR 

(SEQIDNo.:l). 

La evolución del cancer se puede monitorear mediante mØtodos muy 

conocidos por aquellos con destreza en el arte. Por ejemplo, la evolución se 

puede monitorear por medio de una inspección visual del cancer, como por 

medio de rayos X, de una tomografia axial computarizada o de una resonancia 
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magnØtica. Alternativamente, la evolución se puede monitorear por rnedio de 

una detección de tumor mediante biomarcador. 

En una incorporación, el paciente se monitorea en varios momentos en 

el tiempo durante el tratamiento del cancer. Por ejemplo, la evoiución de un 

cancer se puede monitorear analizando la evolución del cancer en un segundo 

momento en ci tiempo, y comparando este anÆlisis en un primer momento en 

ci tiempo. El primer momento en el tiempo puede ser antes o despuØs de 

iniciar el tratamiento con gefitinib y/o erlotinib, y ci segundo momento en el 

tiempo es despuØs del primero. Un mayor crecimiento del cancer indica la 

evoiución del cancer. 

En una incorporación, la evolución del cancer se monitorea analizando 

ci tamaflo del cancer. En una incorporación, ci tamaflo del cancer se analiza a 

travØs de una inspección visual del cancer mediante rayos X, una tomografia 

axial computarizada o una resonancia magnØtica. En una incorporación, ci 

tamaflo del cancer se monitorea por medio de una detección de tumor 

mediante biornarcador. 

En una incorporación, ci cancer es cancer de cØlulas epiteliales. En una 

incorporación, ci cancer es cancer gastrointestinal, cancer de próstata, cancer 

de ovario, cancer de mama, cancer de cabcza y cuello, cancer de esófago, 

cancer de pulmón, cancer de pulmón dc cØlulas no pequeflas, cancer del 

sisterna nervioso, cancer de riflon, cancer dc retina, cancer de pici, cancer de 

higado, cancer dc pancreas, cancer urogenital y cancer dc vejiga. 

En una incorporación, ci tamaflo del cancer se monitorea en momentos 

adicionales en ci tiempo, y los momentos adicionales en ci tiempo son despuØs 

del segundo momento en ci tiempo. 

En una incorporación, ci ültirno momento en ci tiempo cs por lo menos 

2 meses dcspuØs del momento anterior en ci tiempo. En una incorporación, ci 

ültimo momento en ci tiempo es por lo menos 6 meses despuØs del momento 

anterior en ci tiempo. En una incorporación, ci ültimo momento en ci tiempo 

es por lo menos 10 meses despuØs del momento anterior en ci tiempo. En una 

incorporación, ci Altimo momento en ci tiempo es por lo menos un afIo 

despuØs del momento anterior en ci tiempo. 
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En otra incorporación, la presente invención dispone un mØtodo para 

tratar el cancer, que comprende administrar a un individuo que tiene una 

mutación en el EGFR, a saber, una sustitución de una metionina por una 

treonina en la posición 790 (T790M) de la SEQ 1D. No. 1, una composición 

farmacØutica que comprende un inhibidor irreversible EGFR. La mutación 

T790M confiere resistencia al tratamiento con gefitinib y/o erlotinib. 

BREVE DESCRIPCION DE LAS FIGURAS 

Las Figuras 1 A-lB muestran ci anÆlisis de la secuencia EGFR en 

lesiones metastÆsicas recurrentes de dos pacientes con NSCLC con resistencia 

adquirida a gefitinib. La Figura IA muestra el anÆlisis de secuencia para el 

Caso 1. La mutación T790M en el EGFR estÆ presente en una lesion 

recurrente de higado despuØs de desarroilar la resistencia cilnica a! gefitinib. 

(Izquierda) La mutaciOn no se detectó en la lesion primaria de puirnOn en el 

momento del diagnóstico. (Derecha) Tanto ci tumor primario de pulrnón 

como la lesion recurrente de higado hospedan la mutaciOn de sensibilidad a! 

gefitinib L858R. Se notarÆ que la mutación L858R estÆ presente en la 

proporción esperada para una mutaciOn heterocigoto, tanto en las lesiones 

primarias como en las recurrentes, mientras que la T790M es detectable a 

niveles bajos cuando se compara con ci alelo de tipo natural. Se muestra un 

polimorfismo (Gb A) en ci mismo trazado para demostrar una representación 

equivalente de los dos alelos en ci producto PCR sin clonar. La Figura TB 

muestra ci anÆlisis de secuencia para ci Caso 2. La mutación T790M estÆ 

presente en una pequeæa minorIa de cØlulas resistentes a! gefitinib. (Izquierda) 

La rnutación T790M no fue detectable en ci tumor primario de pulmOn ni en 

ocho lesiones recurrentes de higado de este caso, ,secuenciando productos PCR 

sin clonar. La heterocigocidad en un polimorfismo adyacente (Gb A) confirma 

la amplificación de ambos alelos EGFR de estos especimenes. La mutación 

heterocigota de sensibilidad a! gefitinib, L861Q, se detectó en la proporciOn 

esperada en ci tumor primario de pulmón y en cada una dc las ocho lesiones 

recurrentes de higado. 
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Las Figuras 2A-2C muestran una resistencia adquirida al gefitinib en 

estirpes celulares broncoalveolares cancerosas y una sensibilidad persistente a 

los inhibidores irreversibles de la familia de ERBB. La Figura 2A muestra 

inhibición por inhibidores de tirosina cinasa de proiiferación de estirpes 

celulares broncoalveolares cancerosas con tipo natural EGFR (NCI-111 666), la 

activación de la mutación E746-A750 en ci EGFR (NCI-Hl 650), o dos 

subclones representativos resistentes al gefitinib de NCI-Hl 650 (G7 y Cl 1). 

El efecto del inhibidor reversible gefitinib se compara con el del inhibidor 

irreversible HKI-357. Se observaron unos resultados comparabies con los 

otros inhibidores irreversibles. Se midieron los nümeros de las cØlulas 

� mediante coloración cristal violeta, despuØs de cultivarlas en 5% FCS, con 

100 ng/rnl EGFR, a 72 h despuØs de su exposición a las concentraciones 

indicadas del fÆrmaco. Cada punto de datos representa la media de cuatro 

muestras. La Figura 2B muestra la estructura qulmica de gefitinib, un 

inhibidor reversible de EGFR; EKB- 569, un inhibidor irreversible de EGFR; 

y HKI-272 y HIU-357, dos inhibidores irreversibies duales de EGFR y 

ERBB2. La Figura 2C muestra la generación de cØlulas NCI- HI 650 

resistentes al fÆrmaco, despuØs del tratamiento con diferentes concentraciones 

de gefitinib o ci inhibidor irreversible ERBB, EKB-569. Las colonias se 

colorearon despuØs de 12 dias de cultivo en presencia de los inhibidores. 

Las Figuras 3A-3D muestran una dependencia persistente en la 

seflalización de EGFR y ERBB2 en cØlulas resistentes al gefitinib, y un trÆfico 

alterado del receptor. La Figura 3 A muestra la viabilidad celular despuØs la 

inactivación de EGFR y ERBB2 mediada por ci siARN en estirpes celulares 

broncoalveolares de tipo natural EGFR (NCI-HI 666), comparado con cØlulas 

con la mutación de activación de1E746-A750 en el EGFR (NCI-Hl 650) y dos 

derivados resistentes al gefitinib (07 y CI 1). Las cØlulas viables se contaron 

72 h despuØs del tratamiento con ARN bicatenario y se muestran como una 

fracción relativa a las cØlulas tratadas con siARN no especIfico, con 

desviaciones estÆndar basadas en muestras triplicadas. La Figura 3 B muestra 

la inhibición de la autofosforjlacjón del EGFR (Yl 068) y la fosforilación de 

los efectores descendentes de AKT y MAPK ERK en cØlulas tratadas con 

concentraciones rnayores de gefitinib o con ci inhibidor irreversible HKT-357, 
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seguido por una pulsación de 2-h con EGF. La estirpe celular parental NCI-

650 se compara con una estirpe representativa resistente a gefitinib, G7. El 

total de AKT y MAPK se muestra como controles. Se emplea la tubulina 

como un control de carga para ci total de niveles de EGFR que se encuentran 

en el ilmite inferior de detección en estas cØlulas. La Figura 3-C muestra una 

intemalización alterada de EGFR en cØlulas resistentes a gefitinib NCI-H 

1650 (G7), comparada con la estirpe celular parental sensible NCI-Hi 650. Se 

utiliza EGF marcado con rhodamina para marcar ci EGFR a 5 y a 20 mm, 

despuØs de la adición del ligando. La mayor internalización de EGFR en las 

cØlulas NCI-HI 650 (G7) es ma’s evidente a los 20 mm. (Aumento x63 en 

microscopio Zeiss). La Figura 3-D muestra la, inmunotransferencia de EGFR 

internalizado de cØlulas parentales NCI-H1 650 y el derivado resistente G7 

despuØs de la marcación por pulsación de las proteInas de la superficie celular 

mediante la biotinilación y la detección durante 20 mm. El aumento del 

EGFR intracelular en lass cØlulas NCI-Hl 650 (G7) se compara con la 

internaiización sin alterar del receptor de transferina (TR). 

Las Figuras 4A-4B muestran la efectividad de los inhibidores 

irreversibles del ERBB al repriniir ci mutante T790M EGFR. La Figura 4-A 

muestra una cornparación de gefitinib y dos inhibidores irreversibles, HKI-357 

y HI(T-272, en su habilidad de reprimir la, autofosforilación del EGFR (Yl 

� 068) y la fosforilación de los efectores descendentes AKT y MAPK (ERK) en 

la, estirpe celular broncoalveolar NCI-Hl 975, hospedando tanto una mutación 

de sensibilidad (L858R) como la mutación asociada a la resistencia (T790M). 

El total de EGFR, AKT y MAPK se muestra como los controles de carga. La 

Figura 4-B muestra la, represión de la proliferación en las cØluias NCI-Hl 975 

que hospedan las mutaciones L858R y T790M mediante los tres inhibidores 

irreversibles de la familia de ERBB, comparado con gefitinib. 

La Figura 5 muestra la secuencia nucleótida (SEQ ID No. :2) y la, 

secuencia de aminoÆcidos (SEQ ID No.: 1) de EGFR. 

La Figura 6 muestra que al igual que gefitinib, HKI 357 y EKB 569 

(marcados "Wyeth") mostraron una mayor apoptosis de las cØlulas de NSCLC 

que hospedan una mutación EGFR; pero a diferencia de gefitinib, los clones 
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resistentes a estos fÆrmacos no se generaron rÆpidamente in vitro y 

conservaron su efectividad contra los clones resistentes al gefitinib. 

DESCRJPCION DETALLADA 

Neopiasias malignas resistentes a gefitinib y eriotinib 

Gefitinib (compuesto ZD1 839 desarrollado por AstraZeneca UK Ltd.; 

disponibie bajo el nombre cornercial de IRESSA) y erlotinib (compuesto OSI-

774 desarrollado por Genentech, Inc. y OSI Pharmaceuticals, Inc.; disponible 

� bajo el nombre comercial de TARCEVA) inducen unas respuestas clInicas 

dramÆticas en casos de cancer de pulmón de cØlulas no pequeflas (NSCLCs) 

que hospedan unas mutaciones de activación en ci receptor EGF (EGFR) (1-

3), que es el blanco de estos inhibidores competitivos de la fijación de ATP (4, 

5). La efectividad de estos inhibidores de tirosina cinasa puede resultartanto 

de las alteraciones en la hendidura del ATP asociada con estas mutaciones, 

que conducen a una mayor inhibición de la cinasa mutante por estos fÆrmacos, 

como de la dependencia biológica de estas cØlulas cancerosas en las seflales de 

supervivencia aumentadas transducidas por los receptores mutantes, un 

fenómeno descrito como "adicción a! oncogØn" (6, 7). 

Aunque las respuestas terapØuticas tanto a gefitinib corno a eriotinib 

pueden persistir por hasta 2-3 aflos, la duración media de respuesta en la 

mayorIa de los casos de NSCLC es solamente de 6-8 meses (8-10). Los 

mecanismos subyacentes de la resistencia adquirida a un fÆrmaco no se 

entienden muy bien. Por analogia con irnatinib (GLEEVEC), que inhibe la 

cinasa BCR-ABL implicada en las leucemias mieloides crónicas (CMLs), la 

cinasa C-KIT comprometida en los tumores estromales gastrointestinales 

(GISTs), y la cinasa FIP1L1 -PDGFR-a en ci sindrome hipereosinofihico 

idiopÆtico, las mutaciones secundarias del dominio cinasa potencialmente 

puØden reprimir la fijación  del fÆrmaco (11-16). Sin embargo, ci NSCLC 

recurrente no se biopsia fÆcilmente; por lo tanto, solamente algunos 

especirnenes clinicos limitados estÆn disponibies para el anÆlisis. 

Recientemente, una sola rnutación secundaria, T790M, en el dominio cinasa 
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EGFR se ha reportado en tres de los seis casos con enfermedades recurrentes 

despuØs de una terapia con gefitinib o erlotinib (17, 18). El codón 315 de 

BCR- ABL, que es anÆlogo al codón de EGFR 790, muta frecuentemente en 

un CML resistente a imatinib (11, 12) y la mutación del respectivo residuo en 

C-XJr(COdOn 670) y FIP1L1-PDGFR-a (codón 674) se asocia con GIST y 

1-IES resistentes a imatinib, respectivamente (15, 16). Al comienzo, los 

modelos in vitro con resistencia a los inhibidores de EGFR indicaron que la 

mutación del codón 790 en el receptor de tipo natural de forma similar 

reprimirla la inhibición mediante un EGFR inhibidor de tirosina cinasa (19). 

Recientemente, se vio que las proteInas transinfectadas EGFR que contienen 

mutaciones de activación junto con la otra sustitución T790M exhiben una 

� inhibición reducida por gefitinib y erlotinib (17, 18). Aunque parece que la 

mutación T790M contribuye a la resistencia adquirida en algunos casos de 

NSCLC, los mecanismos subyacentes en el fracaso del tratamiento en los 

casos que carecen de mutaciones secundarias EGFR siguen sin explicación. 

En contraste con la cinasa citoplÆsmica BCR-ABL, la seflalización 

mediante la EGFR fijada a la membrana comprende una compleja via de 

fijaciones de ligandos, homodimerización del receptor y heterodimerización 

con ERBB2 y otros miembros de la familia, seguido por la intemalización y el 

reciclaje del receptor de fijación del ligando o la degradación  del receptor 

� 
mediada por ubiquitina (20). Se cree que una seflalización significativa 

dependiente de EGF ocurre durante el proceso de internalización, que tambiØn 

se asocia con los compuestos de EGFR, a un pH bajo de vesIculas 

intracelulares. Como tal, multiples factores modulan la fortaleza y la calidad 

de la seflal transducida por el receptor y las alteraciones en el trÆfico del 

EGFR se han relacionado estrechamente con la regulación de las respuestas 

celulares dependientes de EGF (20). 

La presente invención se basa en el descubrimiento que las neoplasias 

malignas resistentes a gefitinib pueden incluir aquellas donde la mutación 

T790M del EGFR Ænicamente estÆ presente en un subconjunto de cØlulas 

resistentes en un tumor y en aquellas donde no se observa la mutación T790M, 

pero se observa una mayor internalización del EGFR. La invención se basa 

adernÆs en el descubrimiento que los inhibidores irreversibles del EGFR, que 
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se eniazan de forma cruzada y covalente con ci receptor, son efectivos para 

inhibir las neoplasias malignas con la mutación T790M y en las neoplasias 

malignas con trÆfico alterado del EGFR que pueden hacer que estas neoplasias 

malignas sean resistentes al tratamiento con gefitinib y/o erlotinib. Por lo 

tanto, la presente invención dispone un mØtodo para tratar neoplasias malignas 

resistentes a gefitinib y/o erlotinib que comprende administrar inhibidores 

irreversibles del EGFR. 

MØtodo para Tratar un Paciente 

En una incorporación, la invención dispone un mØtodo para tratar ci 

cancer resistente a gefitinib/erlotinib. El mØtodo comprende administrar a un. 

paciente que requiere ci citado tratamiento, una cantidäd efectiva de ciertos 

inhibidores irreversibles del EGFR, incluyendo EKB-5 69 (4-anilinoquinolin-

3-carbonitrilo; Greenberger y colaboradores, 11 Simposio de Nuevos 

FÆrmacos en la Terapia del Cancer NCI- EORTC-AACR, Amsterdam, 

Noviembre 7- 10, 2000, extracto 388; Wyeth), HKI-357 (un derivado de 4-

anilinoquinolin-3’- carbonitrilo; Tsou y colaboradores J. Med. Chem. 2005, 48: 

1107-1131; Wyeth) y/o HKT-272 (un derivado de 4-aniiinoquinolin-3-

carbonitrilo; Rabindran y colaboradores, Cancer Res. 2004, 64, 3958-3965; 

Wyeth). En una incorporación preferida, la invención dispone un mØtodo que 

comprende administrar a un paciente que requiere ci citado tratamiento, una 

cantidad efectiva de EKB-569. En una incorporación preferida, la invención 

dispone un mØtodo que comprende administrar a un paciente que requiere ci 

citado tratamiento, una cantidad efectiva de FIKI-357. 

El tratamiento tambiØn puede comprender una combinación de 

tratamientos, incluyendo, pero no limitado a un inhibidor de tirosina cinasa en 

combinación con otros inhibidores de tirosina cinasa, quimioterapia, 

radiación, etc. 

Inicialmente, las neoplasias malignas se pueden diagnosticar como 

sensibles a gefitinib/ erlotinib o se puede predecir que son sensibles a 

gefitinib/ erlotinib mediante los mØtodos descritos en Lynch y colaboradores, 
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2004; 350:2129-2139. Se puede predecir la sensibilidad a gefitinib/erlotinib 

mediante La presencia en el tumor de mutaciones del EGFR incluyendo, por 

ejemplo, la eliminación de residuos 747 (lisina) a 749 (Æcido glutÆmico) 

combinada con una mutación en 750 (alan.ina), la elirninación de residuos 747 

(lisina) a 750 (alanina), la sustitución de arginina por leucina en el residuo 

858, la sustitución de glutamina por leucina en el residuo 861. 

Se pueden diagnosticar las neoplasias malignas como resistentes a 

gefitinib y/o erlotinib despuØs de iniciar el tratamiento con gefitinib yb 

erlotinib. Alternativamente, se pueden diagnosticar las neoplasias malignas 

como resistentes a gefitinib y/o erlotinib antes de iniciar el tratamiento con 

dichos compuestos. La resistencia a gefitinib y/o erlotinib en el tumor puede 

ocurrir despuØs de, por ejemplo, 6 meses o ma’s de tratamiento con gefitinib 

y/o erlotinib. Altemativamente, la resistencia del tumor a gefitinib yb 

erlotinib se puede diagnosticar menos de 6 meses despuØs de iniciar ci 

tratamiento con gefitinib y/o erlotinib. El diagnóstico de ’a resistencia a 

gefitinib y/o erlotinib se puede realizar al monitorear la evolución del tumor 

durante el tratamiento con gefitinib y/o erlotinib. La evo!ución del tumor se 

puede determinar al comparar el estado del tumor en unos periodos en el 

tiempo, una vez se haya iniciado ci tratamiento, o mediante la comparación 

del estado del tumor en un momento en ci tiempo despuØs de haber iniciado el 

tratamiento con un momento en el tiempo antes de haber iniciado ci 

tratamiento con gefitinib y/o erlotinib. La evolución del tumor se puede 

monitorear durante el tratamiento con gefitinib y/o erlotinib visualmente, por 

ejemplo, por medio de una radiografia, por ejemplo, Rayos X, una tomografia 

axial computarizada, u otros mØtodos de monitoreo conocidos por ci artesano 

con destreza en ci arte, incluyendo la palpación del cancer o unos mØtodos 

para monitorear los niveles del biomarcador del tumor. La evoiución del 

cancer durante el tratamiento con gefitinib y/o erlotinib indica la resistencia a 

gefitinib y/o erlotinib. Un aumento en el nivel de los biomarcadores del tumor 

indica la evolución del tumor. AsI que un incremento en los niveles del 

biomarcador del tumor durante ci tratamiento con gefitinib y/o erlotinib indica 

la resistencia a gefitinib y/o erlotinib. La detección de nuevos tumores o la 
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detección de metastasis indican la evolución del tumor. La cesación de la 

contracción del tumor indica la evolución del tumor. El crecimiento del 

cancer se indica, por ejemplo, por un aumento del tamaflo del tumor, 

metastasis o la detección de un nuevo cancer, y/o un aurnento en los niveles 

del biomarcador del tumor. 

El desarrollo de la resistencia a gefitinib y/o erlotinib se puede 

monitorear mediante pruebas para identificar la presencia de una mutación 

asociada a la resistencia a gefitinib y/o erlotinib en cØlulas tumorales 

circulantes obtenidas de la circulación, u otro fluido corporal, del individuo. 

La presencia de las mutaciones asociadas a la resistencia a gefitinib yb 

erlotinib en cØlulas tumorales del individuo indica un tumor con resistencia a 

gefitinib y/o erlotinib. 

En una incorporación, el tumor del individuo hospeda mutaciones que 

indican la sensibilidad a gefitinib y/o erlotinib, sin embargo es resistente al 

tratamiento con gefitinib y/o erlotinib. En una incorporación, el tumor del 

individuo hospeda unas mutaciones que indican la sensibilidad a gefitinib yb 

erlotinib y hospeda unas mutaciones que indican la resistencia a gefitinib yb 

erlotinib, por ejemplo, la rnutación T790M, es decir, donde un residuo de 

metiona se sustituye por el residuo natural de treonina, en el EGFR, por 

ejemplo una mayor internalización del EGFR. En una incorporación, el tumor 

del individuo no hospeda mutaciones que indican la sensibilidad a gefitinib 

y/o erlotinib y si hospeda mutaciones que indican la resistencia a gefitinib yb 

erlotinib, por ejemplo, la mutación T790M en el EGFR, por ejemplo, una 

mayor internalización del EGFR. 

En conexión con la administración del fÆrmaco, una "cantidad efectiva" 

indica una cantidad que resulta en un efecto benØfico, por lo menos para una 

fracción  estadIsticamente significativa de pacientes, como una mejorla de los 

sIntomas, una cura, una reducción en la carga de la enfermedad, una reducción 

de la masa del tumor o del næmero de cØlulas, la extension de la vida, una 

mejor calidad de vida u otros efectos generalmente reconocidos como 
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positivos por los doctores en medicina que estÆn familiarizados con ci 

tratarniento del tipo de enfermedad o dolencia particular. 

La dosis efectiva del ingrediente activo empleado puede variar 

dependiendo del compuesto en particular que se utiliza, del modo de 

administración y de la gravedad de la dolencia que se estÆ tratando. El 

artesano con destrezas conoce la dosis efectiva para cada paciente, la cual 

puede variar seg&i la gravedad de la enfermedad, la variación genØtica 

individual o la tasa metabólica. Sin embargo, en general, se obtienen unos 

resultados satisfactorios cuando los compuestos de la invención se administran 

a una dosis diana de airededor de 0.5 hasta airededor de 1000 mg/kg de peso 

corporal, opcionalmente administrada en dosis divididas de dos a cuatro veces 

al dIa, o en una forma de liberación sostenida. La dosis diana total se 

proyecta desde alrededor de 1 a 1000 mg, preferiblemente desde airededor de 

2 a 500 mg. Las formas de dosis apropiadas para el uso interno comprenden 

desde airededor de 0.5 a 1000 mg del compuesto activo en estrecha mezcla 

con un excipiente sólido o lIquido farmacØuticamente aceptable. Este regimen 

de dosis se puede ajustar para obtener una respuesta terapØutica optima. Por 

ejemplo, se puede administrar en varias dosis diarias divididas, o la dosis se 

puede reducir proporcionalmente segün lo indiquen las exigencias de la 

situación terapØutica. 

La via de administración puede ser intravenosa (I. V.), intramuscular 

(I.M.), subcutÆnea (S. C), intradØrmica (I.D.), intraperitoneal (I.P.), intratecal 

(I.T.), intrapleural, intrauterina, rectal, vaginal, tópica, intratumoral y 

similares. Los compuestos de la invención se pueden administrar de forma 

parenteral mediante inyecciOn o infusion gradual en ci tiempo, y se pueden 

administrar por medios peristÆlticos. 

La administración puede ser transmucosa o transdØrmica. Para la 

administración transmucosa o transdØrmica, en la formulación se emplean 

unos penetrantes apropiados para permear la barrera. Generalmente estos 

penetrantes se conocen en ci arte, e incluyen por ejemplo, para la 

administración transmucosa, unas sales biliares y unos derivados de Æcido 

fusIdico. Adicionalmente se pueden emplear detergentes para facilitar la 

permeaciOn. La adrninistraciOn transrnucosa puede ser mediante aerosoles 
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nasales, por ejemplo, o empleando supositorios. Para la administración oral, 

los compuestos de la invención se formulan en formas convencionales de 

administración como cÆpsulas, tabletas y tónicos. 

Para la administración tópica, la composición farmacØutica (inhibidor 

de la actividad cinasa) se formula en ungUentos, bÆlsamos, geles o cremas 

como se conoce de forma general en el arte. 

Las composiciones terapØuticas de esta invención, por ejemplo los 

inhibidores irreversibles del EGFR, se administran convencionalmente de 

forma intravenosa, como por la inyección de una unidad de dosis, por 

ejemplo. El tØrmino "unidad de dosis" cuando se emplea con referencia a una 

cornposicion terapØutica de la presente invención, hace referencia a unas 

unidades fisicarnente discretas apropiadas como una dosis unitaria para el 

individuo; cada unidad conteniendo una cantidad predeterminada de material 

activo calculada para producir el efecto terapØutico deseado en asocio con los 

diluyentes requeridos, es decir, excipiente o vehiculo. 

Las composiciones se administran de forma compatible con la 

formulación de la dosis, y en una cantidad terapØuticamente efectiva. La 

cantidad a ser administrada y el horario dependen del individuo que se va a 

tratar, de la capacidad del sistema del individuo para utilizar el ingrediente 

activo y el grado del efecto terapØutico deseado. Una cantidad precisa del 

ingrediente activo requerido que se va a administrar depende del concepto del 

facultativo y son particulares para cada individuo. 

En la presente se describe la composición terapØutica ütil para practicar 

los mØtodos de la presente invención, por ejemplo los inhibidores irreversibles 

del EGFR. Se puede emplear cualquier formulación o sisterna de 

administración del fÆrmaco que contiene los ingredientes activos, que es 

apropiado para el uso deseado, y que es generalmente conocido por aquellos 

con destreza en el arte. Unos excipientes apropiados, farmacØuticamente 

aceptables para la administración oral, rectal, tópica o parenteral (incluyendo 

los inhalados, subcuthneos, intraperitoneales, intramusculares e intravenosos) 

son conocidos por aquellos con destreza en el arte. El excipiente debe ser 

farmacØuticamente aceptable en el sentido de ser compatible con los otros 
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ingredientes de la formulación y no deben ser nocivos para el receptor del 

mismo. 

Como se emplean en la presente, los tØrminos "farrnacØuticarnente 

aceptable", "fisiológicamente tolerable" y variaciones gramaticales de los 

mismos, en cuanto que hacen referencia a composiciones, excipientes, 

diluyentes y reactivos, se emplean de forma intercambiable y significan que 

los materiales se pueden administrar a un mamIfero sin producir efectos 

fisiológicos indeseables. 

Las formulaciones apropiadas para la administración parenteral 

convenientemente incluyen una preparación acuosa y estØril del compuesto 

activo que es preferiblemente isotónica con la sangre del receptor. AsI que 

dichas formulaciones convenientemente pueden contener agua destilada, 5% 

dextrosa en agua destilada o sauna. Unas formulaciones ütiles tambiØn 

incluyen soluciones o sólidos concentrados que contienen el compuesto, los 

cuales, en el mornento de la dilución con un solvente apropiado, producen una 

solución apropiada para la administración parenteral descrita arriba. 

Para la administración enteral, se puede incorporar un compuesto a un 

excipiente inerte en unidades discretas como cÆpsulas, pIldoras, tabletas o 

pastillas, cada una conteniendo una cantidad predeterminada del compuesto 

activo; como un polvo o grÆnulo; o una suspension o una solución en un 

lIquido acuoso o un liquido no acuoso, por ejemplo, un jarabe, un elixir, una 

emulsion o una poción. Los excipientes apropiados pueden ser almidones o 

azücares e incluyen lubricantes, saborizantes, aglutinantes y otros inateriales 

de la misma naturaleza. 

Una tableta se puede fabricar mediante la cornpresión o el moldeo, 

opcionalrnente con uno o varios ingredientes accesorios. Se pueden preparar 

las tabletas comprimidas mediante una mÆquina apropiada que comprime el 

compuesto activo en una forma de flujo libre, por ejemplo, un polvo o 

grÆnulos, opcionalrnente mezclados con ingredientes accesorios, por ejemplo, 

aglutinantes, lubricantes, diluyentes inertes, agentes activos o dispersantes de 

superficie. Las tabletas moldeadas se pueden fabricar al moldear en una 

mÆquina apropiada, una mezcla del compuesto activo en polvo con cualquier 

excipiente apropiado. 
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Se puede preparar un jarabe o una suspension al agregar el compuesto 

activo a una solución concentrada acuosa de un azücar, por ejemplo, sacarosa, 

a la cual tambiØn se le pueden agregar ingredientes accesorios. Dichos 

ingredientes accesorios pueden incluir un saborizante, un agente para retardar 

la cristalización del athcar 0 Ufl agente para aumentar la solubilidad de 

cualquier otro ingrediente, por ejemplo, un alcohol polihIdrico, por ejemplo, 

glicerol o sorbitol. 

Las formulaciones para la administración rectal se pueden presentar 

corno un supositorio con un excipiente convencional, por ejemplo, manteca de 

cacao o Witepsol S55 (marca registrada de Dynamite Nobel Chemical, 

Alemania), para una base de supositorio. 

Las formulaciones para la administración oral se pueden presentar con 

un intensificador. Unos intensificadores de absorción oral aceptables incluyen 

tensoactivos corno lauril sulfato de sodio, camitina de palmitoilo, Laureth-9, 

fosfatidilcolina, ciclodextrina y derivados de los mismos, sales biliares como 

deoxicolato de sodio, taurocolato de sodio, glicolato de sodio y fusidato de 

sodio; agentes quelantes incluyendo EDTA, Æcido cItrico y salicilatos; y 

Æcidos grasos (por ejemplo, Æcido oleico, Æcido lÆurico, acilcarnitinas, mono- y 

diglicØridos). Otros intensificadores de absorción oral incluyen cloruro de 

� benzalconio, cloruro de bencetonio, CHAPS (3- (3-colamidopropil)-

dimetilamonio-1-propansulfonato), Big-CHAPS (N, N-bis(3 -D-

gluconamidopropil)-colamida), clorobutanol, octoxinol-9, bencil alcohol, 

fenoles, cresoles y aiquil alcoholes. Un intensificador de absorción oral 

especIficamente preferido para la presente invención es lauril sulfato de sodio. 

Alternativarnente, el compuesto se puede administrar en liposomas o 

microesferas (o micropartIculas). Los mØtodos para preparar los liposomas y 

las microesferas para la administración a un paciente son muy conocidos por 

aquellos con destreza en el arte. La Patente de Estados Unidos No. 4,789,734, 

cuyo contenido se incorpora a la presente por referenda, describe unos 

mØtodos para encapsular materiales biológicos en liposomas. Esencialmente, 

el material se disuelve en una solución acuosa, se adicionan los fosfoilpidos y 

los ilpidos adecuados, junto con tensoactivos, de ser necesario, y el material se 

somete a diÆlisis o a ultrasonido, segün sea necesario. G. Gregoriadis, 

,I A 
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Capitulo 14, "Liposomes," Drug Carriers in Biology and Medicine, pp. 2 -  

. 
jA 

341 (Academic Press, 1979) contiene una revision de los mØtodos conocidos. 

Las microesferas formadas de polImeros o protelnas son muy conocidas 

por aquellos con destreza en el arte, y se pueden adaptar para que pasen por el 

tracto gastrointestinal directamente al fluj o sanguIneo. Alternativarnente, se 

puede incorporar el compuesto y las microesferas o la composición de 

microesferas se puede implantar para obtener una liberación lenta durante un 

periodo de tiempo que varla de dias a meses. Consultar, por ejemplo, Patentes 

de Estados Unidos Nos. 4,906,474, 4,925,673 y 3,625,214, y Jein, TIPS 

19:155-157 (1998), cuyo contenido se incorpora a la presente por referencia. 

En una incorporación, el inhibidor de tirosina cinasa de la presente 

invención se puede formular en un liposorna o una microparticula que tiene un 

tamafio apropiado para alojarse en los lechos capilares despuØs de la 

administración intravenosa. Cuando el liposoma o la micropartIcula se alojan 

en los lechos capilares que rodean el tejido isquØmico, los agentes se pueden 

administrar de forma local en el sitio en el cual serÆn mÆs efectivos. Unos 

liposomas adecuados para apuntar al tejido isquØmico generalmente son de 

menos de airededor de 200 nanOmetros y tambiØn son tIpicamente vesiculas 

unilarnelares, como se divulga, por ejemplo, en la Patente de Estados Unidos 

� 
No. 5,593,688 a Baldescliweiler, titulada "Liposomal targeting of ischemic 

tissue", cuyo contenido se incorpora a la presente por referencia. 

Unas micropartIculas preferidas son aquellas que se preparan a partir de 

polimeros biodegradables como poliglicOlido, polilÆctido y copoilmeros de los 

mismos. Las personas con destreza en el arte fÆcilmente pueden determinar 

un sistema de transporte apropiado dependiendo de diversos factores, 

incluyendo la tasa deseada de liberación del fÆrmaco y la dosis deseada. 

En una incorporación, las formulaciones se administran via un catØter 

directamente en los vasos sanguIneos. La administración puede ocurrir, por 

ejemplo, mediante orificios en el catØter. En las incorporaciones en las cuales 

los compuestos activos tienen una vida media relativamente larga (del orden 

de 1 dIa a una semana o ma’s), las formulaciones se pueden incluir en 

hidrogeles polirnØricos biodegradables, como aquellos divulgados en la 

Patente de Estados Unidos No. 5,410,016 a Hubbell y colaboradores. Estos 
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hidrogeles polimØricos se pueden administrar al interior de la luz de un tejido 

y los compuestos activos se liberan en el tiempo como las degradaciones del 

poilmero. Si es deseable, los hidrogeles polimØricos pueden tener 

micropartIculas o liposomas que incluyen el compuesto activo dispersado en 

ci mismo, brindando otTo mecanismo para la liberación controlada de los 

compuestos activos. 

Las formulaciones se pueden presentar de forma conveniente en una 

forma de unidad de dosis y se pueden preparar por medio de cualquiera de los 

mØtodos muy conocidos en ci arte farmacØutico. Todos los mØtodos incluyen 

el paso de fijar el compuesto activo al excipiente, el cual constituye uno o 

varios ingredientes accesorios. En general, las formulaciones se preparan al 

lievar de forma uniforme y estrecha ci compuesto activo con un excipiente 

liquido o un excipiente sólido finamente dividido, y luego, de ser necesario, 

dar. la forma al producto de una forma de unidad de dosis deseada. 

Las formulaciones pueden incluir ademÆs uno o varios ingredientes 

opcionaies accesorios empleados en ci arte de las formulaciones 

farmacØuticas, por ejemplo, diluyentes, soluciones. amortiguadoras, agentes 

saborizantes, agiutinantes, agentes de superficie activa, espesantes, 

lubricantes, agentes de suspension, conservantes (incluyendo antioxidantes) y 

similares. 

Los compuestos de estos mØtodos (es decir los inhibidores irreversibles 

del EGFR) se pueden presentar para la adrninistración al tracto respiratorio 

como una aspiración o un aerosol o una solución para un nebulizador, o como 

un polvo de partIculas microfinas para inhalar, solos o combinados con un 

excipiente inerte como la lactosa. En dicho caso, las partIculas del compuesto 

activo adecuadamente tienen unos diÆmetros de menos de 50 micrones, 

preferiblementc menos dc 10 micrones, ma’s preferiblcmcnte entre 2 y 5 

micrones. 

Generalmente, para la administraciOn nasal, se va a preferir un pH 

levcmente Æcido. Preferibiemente las composiciones de la invención tienen un 

pH dc airededor de 3 a 5, mÆs prefcriblemente desdc alredcdor de 3.5 hasta 

airededor de 3.9 y ma’s preferiblernente 3.7. Se logra ci ajuste del pH 

mediante la adición de un Æcido apropiado, como Æcido clorhIdrico. 
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La preparación de una composición farmacológica V Atiene 

ingredientes activos disueltos o dispersos en la misma es bien entendida en el 

arte y no se debe limitar debido a la formulación. TIpicarnente estas 

composiciones se preparan para ser inyectadas, como soluciones o 

suspensiones lIquidas, sin embargo, tarnbiØn se pueden preparar formas 

sólidas apropiadas para la solución o la.suspension en un lIquido antes del uso. 

La preparación tambiØn se puede emulsificar. 

El ingrediente activo se puede mezclar con excipientes 

farmacØuticamente aceptables y compatibles con el ingrediente activo, y en 

una cantidad apropiada para el uso en los mØtodos terapØuticos descritos en la 

Spresente. Unos excipientes apropiados son por ejemplo, agua, solución salina, 

dextrosa, glicerol, etanol o similares y combinaciones de los mismos. 

Adicionalmente, si se desea, la cornposición puede contener cantidades 

menores de sustancias auxiliares como agentes hidratantes o emulsificantes, 

agentes amortiguadores del pH y similares que aumentan la efectividad del 

ingrediente activo. 

Los inhibidores irreversibles de cinasa de la presente invención pueden 

incluir sales farmacØuticamente aceptables de los componentes de la presente. 

Sales farmacØuticamente aceptables incluyen las sales de adición de Æcido 

(formadas con los grupos amino libres del polipØptido) que se forman con 

Æcidos inorgÆnicos como, por ejemplo, Æcido clorhIdrico o fosfórico, o Æcidos 

orgÆnicos como acØtico, tartÆrico, mandØlico y similares. Las sales formadas 

con los grupos carboxilo libres tambiØn se pueden derivar de bases 

inorgÆnicas como, por ejemplo, hidróxidos sódicos, potÆsicos, de amonio, 

calcio o fØrricos y dichas bases orgÆnicas como isopropilamina, trimetilarnina, 

2-etilamin etanol, histidina, procaina y similares. 

Los excipientes fisiológicamente tolerables son muy conocidos en el 

arte. Ejemplos de excipientes liquidos son soluciones acuosas estØriles que no 

contienen materiales ademÆs de los ingredientes activos y agua, o contienen 

un amortiguador como fosfato de sodio con un pH de valor fisiologico, 

solución sauna fisiolOgica o no, como solución sauna amortiguada con 

fosfato. AdemÆs, los excipientes salinos pueden contener rnÆs de una sal 
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amortiguadora, al igual que sales como cloruro de sodio y de potasi 

dextrosa, polietilenglicol, y otros solutos. 

Las composiciones lIquidas tambiØn pueden contener fases lIquidas 

ademÆs de y con la exclusion de agua. Ejemplos de estas fases lIquidas 

adicionales son la glicerina, aceites vegetales como aceite de semilla de 

algodón y emulsiones agua-aceite. 

Definiciones: 

Los tØrminos "ErbB 1", "receptor del factor de crecimiento epidØrmico" 

� y "EGFR" se emplean en forma intercambiable y hacen referencia a 

secuencias naturales de EGFR como se divulga, por ejemplo, en Carpenter y 

colaboradores Ann. Rev. Biochem. 56:881-914 (1987), incluyendo variantes 

de los mismos (por ejemplo un mutante de elirninaciOn de EGFR como en 

Humphrey y colaboradores PNAS (USA) 87:4207-4211 (1990)). erbBl hace 

referencia al gen que codifica la protelna EGFR. Como se emplea en la 

presente, la protelna EGFR se divulga como el acceso No NP_005219 (SEQ 

ID NO.: 1) en el GenBank, codificado en el gen erbB 1, acceso No. 

NM 005228 (SEQ ID NO. :2) en el GenBank. Las secuencias de nucleOtido y 

de aniinoÆcido de erbBl IEGFR se pueden encontrar en la Figura 5. 

El tØrmino "actividad de la cinasa que incrementa la varianza del Æcido 

nucleico" como se emplea en la presente, hace referencia a la varianza (es 

decir la mutación) en la secuencia nucleótida de un gen que resuilta en una 

mayor actividad de la cinasa. La mayor actividad de la cinasa es un resultado 

directo de la varianza del Æcido nucleico y se asocia con la proteina para la 

cual se codifica el gen. 

El tØrmino "fÆrmaco" o "compuesto" como se emplea en la presente, 

hace referencia a una entidad quImica o a un producto biológico o a una 

combinación de entidades quimicas o de productos biológicos administrados a 

una persona para tratar o prevenir o controlar una enferrnedad o una dolencia. 

La entidad quImica o el producto biológico es preferiblemente, pero no 

necesariamente, un compuesto de peso molecular bajo, pero tambiØn puede ser 

un compuesto ma’s grande, por ejemplo, un oligOrnero de Æcidos nucleicos, 
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aminoÆcidos o carbohidratos incluyendo sin limitación pr2s, 

oligonucleotidos, ribozymas, ADNzymas, glicoprotelnas, siARNs, 

lipoprotemnas, aptameros y modificaciones y combinaciones de los mismos. 

Como se emplea en la presente, los tØrminos "efectivo" y "efectividad" 

incluyen tanto la efectividad farmacológica como la seguridad fisiológica. La 

efectividad farmacológica hace referencia a la capacidad del tratarniento de 

producir un efecto biológico deseado en el paciente. La seguridad fisiológica 

hace referencia al nivel de toxicidad u otros efectos fisiológicos adversos a 

nivel celular, de un órgano y/u organismo (los cuales con frecuencia se 

denominan los efectos colaterales) que resultan de la administración del 

tratamiento. "Menos efectivo" significa que el tratamiento resulta en un nivel 

terapØutico significativamente menor de la efectividad farmacológica yio a un 

nivel terapØutico significativarnente mayor de los efectos fisiológicos 

� adversos. 

Se pueden aislar molØculas de Æcido nucleico de una muestra biológica 

en particular, empleando cualquier nümero de procedimientos que son muy 

conocidos en el arte; el procedimiento particular de aislamiento se escoge por 

ser el apropiado para la muestra biológica en particular. Por ejemplo, unos 

procedimientos de congelamiento-descongelarniento y de lisis alcalina pueden 

ser ütiles para obtener molØculas de Æcido nucleico a partir de niateriales 

sólidos; procedimientos de calor y de lisis alcalina puede ser ütiles para 

obtener molØculas de Æcido nucleico a partir de la orina y se puede emplear la 

extracción de proteinasa K para obtener Æcido nucleido a partir de la sangre 

(Roiff, A y colaboradores PCR: Clinical Diagnostics and Research, Springer 

(1994). 

Como se emplea en la presente, un "cancer" en un individuo o paciente 

hace referencia a la presencia de cØlulas que poseen las caracterIsticas tIpicas 

de las cØlulas que causan el cancer, como la proliferación descontrolada, la 

inmortalidad, el potencial metastÆtico, el crecimiento rÆpido y la tasa de 

proliferación y ciertas caracterIsticas morfologicas. En algunas circunstancias, 

las cØlulas cancerigenas serÆn en forma de tumor, o dichas cØlulas pueden 
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exi stir a nivel local en un animal, o circular en el flujo sanguIneo como cØlulas 

independientes. 

EJEMPLOS 

Compuestos. Los compuestos empleados en la presente, incluyendo 

EKB-569, HKJ -357y HK1-272 como se describen en la Patente de Estados 

Unidos No. 6,002,008; Greenberger y colaboradores, Proc. 11 Sirnposio de 

Nuevos FÆrrnacos en la Terapia del Cancer NCI- EORTC-AACR, Clinical 

Cancer Res. Vol. 6 Supplement, Nov. 2000, ISSN 1078-0432; en Rabindran y 

colaboradores, Cancer Res. 64: 3958- 3965 (2004); Hoibro and Hynes, Ann. 

� Rev. Pharm. Tox. 44:195-217 (2004); y Tejpar y colaboradores, J. Clin. 

Oncol. ASCO Annual Meeting Proc. Vol. 22, No. 14S: 3579 (2004). 

AnÆlisis de NSCKC Recurrente y Generación de 650 cØlulas NCI-Hl 

Resistentes a Gefitinib- Se obtuvieron muestras cilnicas de NSCLC 

recurrente en una autopsia despuØs de obtener el respectivo consentimiento. 

La totalidad del dorninio cinasa de BGFR se secuenció despuØs del anÆlisis de 

productos PCR sin clonar. Se secuenciaron multiples clones de exon 20 para 

examinar el codón 790. Igualmente se realizaron unos anÆlisis mutacionales 

de EGFR (exones 1-28), ERB132 (exones 1-24), PTEN(Qxons 1-9), Kras 

(codones 12, 13 y 61), andp53 (exones 5-8) en clones resistentes a gefitinib, al 

igual que la estirpe celular parental NCI-HI 650 mediante una secuenciación 

automatizada de los exones individuales y de la secuencia intrónica del flanco 

(condiciones PCR disponibles por solicitud) con una secuenciaciOn 

bidireccional empleando la qulmica de tinción terminal (BIGDYE version 1. 1, 

Applied Biosystems). Se realizaron reacciones de secuenciación en un 

secuenciador ABI3 100 (Applied Biosystems) 
y 

se analizaron 

electroferogramas empleando ci software SEQUENCE NAVIGATOR y 

FACTURA (Applied Biosystems). 

Para generar unos subclones resistentes de cØlulas NCI-Hl 650, estos se 

trataron con etilmetano sulfonato (EMS; 600 tg/m1), se les permitió 

recuperarse durante 72 h 
y 

luego se sembraron a una densidad de 6 x 104 

cØlulas por 10-cm2 plato en 20 jiM gefitinib. Se obtuvo una resistencia 
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relativa de estas cØlulas al gefitinib, comparado con los inhibidores 

irreversibles, al sembrar 5 x 104 cØlulas en placas de 6 pozos en 5% FCS y 100 

ng/ml EGF (Sigma), en presencia de diversas concentraciones de fÆrmacos, 

seguidos despuØs de 72 h por cØlulas de fijación con formaldebIdo al 4%, 

coloreadas con 0.1% cristal violeta, y cuantificando la masa celular empleando 

ci Odyssey Infrared Imaging System (LI-COR Biosciences, Lincoln, NE). 

Para los experimentos de inactivación de una pequefia interferencia de ARN 

(siARN), las cØlulas se transinfectaron con oligonucleotidos de ARN 

bicatenario apuntando a! EGFR, ERBB2 (ambos SMARTpoo1 de Dharrnacon, 

Lafayette, CO), o control no especIfico (LRT1B), empleando el reactivo de 

� transinfección X-treme GENE (Roche Applied Science). DespuØs de 72 h, las 

cØlulas se colorearon con violeta cristal y se analizaron en el escÆner Odyssey 

Infrared. 

Estudios de Inmunotransferencia y Seflalización. La inhibición de 

las concentraciones de EGFR mediante concentraciones mayores de gefitinib 

o los inhibidores irreversibles se deternünó al sembrar 9 x 10 cØlulas en placas 

de 24 pozos, agregando los fÆrmacos al medio que contenia 5% FCS durante 

15 mm, seguido por una pulsación de 2-h con 100 ng/ml EGF y recolectando 

los lisados. Los lisados se prepararon en un gel de solución amortiguadora de 

carga 2x, se sometieron a ultrasonido, se hirvieron y luego se separaron por 

10% SDSIPAGE, seguido por electrotransferencia a membranas de fluoruro 

de polivinilideno (PVDF) e inmunotransferencia. Los anticuerpos empleados 

fueron protelna cinasas activadas por fosfo-EGFR Yl 068 y por fosfo-

rnitógeno (MAPK) (Cell Signaling Technology, Beverly, MA), fosfo-Al"’T 

(BioSource International, Camarillo, CA), y EGFR total, MAPK, AKT y 

tubulina (Santa Cruz Biotechnology). 

AnÆlisis de Internalización de EGFR. Para comprobar la 

internalización de EGFR mediante microscopia por fluorescencia, se 

cultivaron cØlulas en cubreobjetos y se incubaron con 1 ng/ml de EGF 

recombinante humano (rh) (Molecular Probes, Eugene, OR) durante varios 

intervalos antes de su fijación en parafonnaidehido a! 4% durante 10 mm. Los 

cubreobjetos se lavaron en PBS y se montaron con reactivo antidecolorante 
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ProLong Gold (Molecular Probes). Para cuantificar la internalización  del 

EGFR mediante la biotinilización de la superficie de la cØlula, se cultivaron 

las cØlulas hasta su confluencia, se pretrataron con ciclohexamida, se 

incubaron sobre hielo durante 1 h con 1.5 mg/ml de sulfosuccinimidil-2-

(biotinamido)etil-1,3 -ditiopropionato (sulfo-NHS-SS-biotina; Pierce) y se 

lavaron con solución amortiguadora de bloqueo (50 nM NH4CL/1 mM 

MgC12A). 1 mM CaC12 en PBS) para extinguir la sulfo-NHS-SS-biotina libre, 

seguido por varios lavados posteriores con PBS. Luego las cØlulas se 

incubaron en un medio de cultivo a 37°C durante varios intervalos para 

permitir la internalización de las molØculas biotinilizadas, se lavaron dos 

veces durante 20 min en una solución de glutationa (50 mM glutationa/75 mM 

NaC1/75 mlvi NaOH/1% BSA) sobre hielo para extraer todos los grupos de 

biotinilo de la superficie de la cØlula, y luego se rasparon y se sometieron a 

lisis en 500 pM de un anÆlisis de radioinmunoprecipitación (RIPA) solución 

amortiguadora (25 mM Tris-HC1, pH 7.4, con 150 mM NaCL/0. 1% SDS/1% 

Triton X-100) adicionada con NaF, Na-orto vanadato e inhibidores de 

proteasa. Los extractos de las cØlulas se centrifugaron y los sobrenadantes se 

incubaron con glóbulos de estreptavidina, (Sigma) para recolectar las 

protemnas biotinilizadas que luego fueron analizadas por SDS/PAGE e 

inmunotransferencia con anticuerpo anti-EGFR (SC-03, Santa Cruz 

� Biotechnology) o anticuerpo contra el receptor de transferina (Santa Cruz 

Biotechnology). 

Resultados y Discusión 

AnÆlisis de Neoplasias Malignas Recurrentes de Pulmón con 

Resistencia Adquirida a Gef.tinib. Una NSCLC recurrente resistente a 

gefitinib se desarroiló en dos pacientes cuyos tumores hablan hospedado una 

mutación activante de la cinasa EGFR en ci momento del diagnóstico y que 

hablan mostrado una respuesta cilnica inicial dramÆtica al fÆrrnaco (1). En 

ambos casos, la enfermedad metastÆsica progresiva en el higado desencadenó 

ci deceso del paciente 1-2 aflos despuØs de iniciar el tratamiento. En ci caso 1, 

el anÆlisis de la metastasis de higado ma’s grande obtenida en ci momento de la 
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autopsia indicó la persistencia de la rnutación de sensibilidad del EGFR 

(L858R), al igual que la presencia de una mutación T790M de adquisición 

reciente (Fig. IA). Es interesante que el anÆlisis de los productos sin clonar 

PCR mostrara la presencia de la mutación inicial L858R de forma abundante y 

consistente con una mutación heterocigota que esta’  presente en todas las 

cØlulas del tumor, mientras que la mutación secundaria T790M se vio 

aproxirnadamente en una quinta parte de la abundancia del alelo 

correspondiente de tipo natural. AsI que, esta mutación asociada a la 

resistencia, parece estar presente en solamente una fracción de las cØlulas en el 

tumor recurrente. 

El caso 2 comprendió ocho metastasis diferentes y recurrentes en el 

hIgado despuØs del fracaso de la terapia con gefitinib. En todas estas lesiones 

independientes, la mutación de sensibilidad L861Q EGFR estaba presente en 

la proporción esperada para una mutación heterocigoto. No se pudo detectar 

una rnutación secundaria EGFR mediante el anÆlisis de productos PCR sin 

clonar de ninguna de estas metastasis. Sin embargo, despuØs de subclonar los 

productos PCR, se encontró la presencia de la mutación T790M a una 

frecuencia muy baja en dos de los cuatro tumores metastÆsicos analizados 

(T790M, 2 de 50 clones secuenciados de la lesion 1 y 1 de 56 de la lesion 2), 

� pero no de las otras dos metastasis recurrentes (0 de 55 clones de la lesion 3 y 

0 de 59 de la lesion 4), o del tumor primario (0 de 75 clones) (Fig. W y Tabla 

1). Tomados conjuntamente, estos resultados son consistentes con informes 

previos de que la mutación T790M estÆ presente en algunos pero no en todos 

los casos de resistencia adquirida al gefitinib (tres de siete tumores; consultar 

las refs. 17, 18 y 21). Adicionalmente, como se anotó previarnente, (18), 

incluso en algunos casos con esta mutación asociada a la resistencia, parece 

estar presente ünicamente en una pequefla fracción de las cØlulas del tumor en 

una lesion recurrente. Estas observaciones sugieren que hay unos mecanismos 

de resistencia adicionales comprometidos en los casos donde no hay una 

mutaciOn secundaria EGFR, y que dichos mecanismos coexisten con la 

rnutación T790M en otros casos. 
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Generación de Estirpes Celulares con Resistencia a Gefitinib con 

Susceptibilidad a Inhibidores Irreversibles. Dada la excelente correlación 

entre la respuesta cilnica del NSCLC de EGFR-mutante y de la mayor 

sensibilidad de las estirpes celulares de NSCLC al gefitinib con estas 

mutaciones (2, 6, 22, 23) y a la liniitada disponibilidad de los especimenes 

cilnicos de los pacientes con recidiva, modelamos la resistencia al gefitinib in 

vitro. Cultivamos la estirpe celular broncoalveolar cancerosa NCI-H1 650, que 

tiene una eliminación en el marco de lectura de la cinasa EGFR (delE746-

A750), en 20 jiM gefitinib, bien sea con una exposición anterior o posterior al 

mutÆgeno etilmetano sulfonato. Esta estirpe celular exhibe un aumento de la 

Isensibilidad al gefitinib multiplicado por 100, comparado con algunas estirpes 

del NSCLC que expresan el tipo natural EGFR (6). Aunque la vasta mayorIa 

de estas cØlulas se mueren con 20 jiM de gefitinib, fÆcilmente se observaron 

las colonias fÆrmaco-resistentes a una frecuencia de -’1 0, 

independienternente del tratamiento con el mutÆgeno. Se aislaron cuarenta y 

nueve clones independientes fÆrmaco-resistentes, mostrando en promedio una 

reducción de la sensibilidad al gefitinib de 50 veces (Fig. 2A). Todas estas 

mostraron una persistencia de la rnutación de sensibilidad sin una expresión 

alterada del EGFR, y ninguno habla adquirido una mutación secundaria de 

EGFR ni unas mutaciones nuevas en ERBB2, p53, Kras o PTEN. Los clones 

ID resistentes al gefitinib mostraron una resistencia comparable a los inhibidores 

relacionados de la clase de las anilinoquinazolinas. Sin embargo, 

sorprendentemente, mostraron una sensibilidad persistente a tres inhibidores 

de la familia de ERBB (Fig. 2A): FM-272 (24) y HKJ-357 (compuesto 7f en 

la ref. 25), que son inhibidores duales de EGFR y ERBB2 (IC50 valores de 92 

y 34 nM, respectivamente, para EGFR y 59 y 33 nM, respectivamente, para 

ERBB2) y EKB-569 (26), un inhibidor selectivo de EGFR (IC50 valores de 39 

nM para EGFR y 1.3 jiM para ERBB2) (Wyeth) (Fig. 2B). Los tres fÆrmacos 

son inhibidores irreversibles, ma’s probablemente por un enlace covalente con 

el residuo cys773 en el dominio catailtico del EGFR o el cys805 de ERBB2. 

Al igual que el gefitinib, estos compuestos mostraron una mayor apoptosis de 

las cØlulas del NSCLC que hospedan una mutación EGFR, comparada con las 

cØlulas que expresan el receptor del tipo natural (Fig. 2A). Sin embargo, en 
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se generan clones 

resistentes, incluso a unas concentraciones muy altas del fÆrmaco, no pudimos 

establecer clones de cØlulas que fueran resistentes a los inhibidores 

irreversibles a concentraciones superiores a 10 pM, incluso despuØs de la 

mutagØnesis etilmetano sulfonato (Fig. 2C). 

Dependencia de CØlulas Resistentes al Gefitinib En La Expresión 

de EGFR y ERBB2. Para tener una mejor comprensión de los mecanismos 

subyacentes en la adquisición de la resistencia al gefitinib y a la persistente 

sensibilidad a los inhibidores irreversibles, primero determinamos si las 

estirpes celulares resistentes conservan su dependencia en el EGFR para su 

viabilidad. Previamente hemos mostrado que la inactivación del EGFR 

mediada por el siARN dispara la apoptosis en las cØlulas que hospedan los 

EGFRs mutantes; pero no en aquellas con alelos de tipo natural (6). Es 

sigiiificativo que las cØlulas parentales NCI-Hl 650, al igual que sus derivados 

resistentes al gefitinib, muestran una reducción comparable en la viabilidad de 

las cØlulas despuØs de una transinfección con siARN dirigido a! EGFR (Fig. 

3A). AsI que la adquisición de la resistencia al gefitinib no comprende la 

activación del EGFR independiente de los efectores descendentes. Puesto que 

HKJ-272 y I-IKI-357 apuntan ambos a EGFR y a ERBB2, tambiØn ensayamos 

la supresión de este receptor relacionado. La inactivación de ERBB2 en NCI-

111650 y sus derivados resistentes al gefitinib tambiØn causó una pØrdida de 

viabilidad (Fig. 3A), sugiriendo un papel para los heterodImeros EGFR-

ERBB2 en la transducción de las sefiales esenciales de supervivencia en las 

cØlulas del tumor que hospedan las mutaciones EGFR. La inhibición del 

EGFR solo por un inhibidor irreversible parece ser suficiente para inducir la 

apoptosis en cØlulas resistentes al gefitinib, coino se demuestra por la 

efectividad de EKB-569, que principalmente apunta al EGFR (26). Sin 

embargo, dados los efectos potencialmente complementarios de apuntar tanto 

a EGFR como a ERBB2 empleando el siARN y la disponibilidad de los 

inhibidores irreversibles que apuntan a ambos miembros de esta farnilia, el 

beneficio potencial de la inhibición dual requiere consideración. 
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Comparamos la capacidad del gefitinib y de la familia de inhibidores 

irreversibles de ERBB para suprimir la seæalización mediante efectores 

descendentes de EGFR que median sus vIas de proliferación y supervivencia. 

HKT-357 fue 10 veces ma’s efectivo que el gefitinib para suprimir la 

autofosforilación de EGFR (medido en el residuo Yl 068), y la fosforilación 

AKT y MAPK en cØlulas parentales NCI-Hl 650 hospedando la mutación 

de1E746-A750 EGFR (Fig. 3B). En un derivado resistente al gefitinib, NCI-

H1 650(G7), gefitinib mostró una eficacia considerablemente reducida en la 

supresión de la fosforilación de AKT, un efector de seflalización de EGFR 

cave relacionado con la respuesta a! gefitinib (6), mientras que ci I-IKI-357 

exhibió una actividad persistente (Fig. 3B). 

Internalización Alterada del EGFR en Clones Resistentes a 

Gefitinib Debido a la ausencia de mutaciones secundarias en el EGFR y a la 

persistente susceptibilidad de las cØlulas resistentes al gefitinib a la supresión 

de EGFR mediada por siARN, analizamos si el mecanismo subyacente de la 

exhibición diferencial de la sefialización de EGFR en las cØlulas resistentes al 

gefitinib mediante inhibidores reversibles e irreversibles se podrIa 

correlacionar con alteraciones en ci trÆfico del receptor, un bien docurnentado 

modulador de la sefialización dependiente de EGFR (20). De hecho, el 

� anÆlisis del trÆfico de EGFR en cØlulas resistentes derivadas de NCI-111 650 

mostró un incrernento constante de la internalización del EGFR, comparada 

con las cØlulas parentales sensibles al fÆrmaco, medida tanto por la 

internalización de EGF marcado con fluoresceina (Fig. 3C) y por la 

cuantificación de EGFR citoplÆsmico biotinilizado (Fig. 3D). No se observó 

este efecto en ci receptor de transferina, sugiriendo que no era el resultado de 

una alteración generalizada en todos los procesamientos de los receptores. 

Aunque se requiere de un trabajo adicional para definir el mecanismo preciso 

de esta alteración en ci trÆfico del EGFR, un proceso complejo en el cual se 

han visto implicadas numerosas proteInas de regulación, estos resultados 

sugieren que la habilidad del gefitinib para inhibir la activación del EGFR estÆ 

comprometida en estas cØlulas, mientras que la acción de los inhibidores 

irreversibles no se ye afectada en forma detectable. 
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Inhibición de Seiialización de T790M EGFR y Apoptosis Mejorada 

por Inhibidores Irreversibles. La supresión mejorada de la sefialización de 

EGFR por inhibidores irreversibles del ERBB incrementó la posibilidad de 

que estos fÆrmacos tambiØn puedan exhibir una actividad persistente en el 

contexto de las cØlulas que hospedan la mutación secundaria T790M en el 

EGFR. Por lo tanto analizamos el efecto de estos inhibidores en la estirpe 

celular broncoalveolar cancerosa NCI-Hi 975, que hospeda tanto la mutación 

L858R como la mutación T790M en el EGFR (18). Significativamente, esta 

estirpe celular se derivó de un paciente que no habia sido tratado con un 

inhibidor de EGFR indicando que esta mutación no esta’  asociada iinicamente 

con la resistencia adquirida al fÆrmaco. Tanto HKI-357 como I-IKI-272 fueron 

considerablemente ma’s efectivos que el gefitinib en la supresión de la 

autofosforilación en el EGFR inducida por el ligando y su seæalización 

descendente, segün se determina por la fosforilación AKT y MAPK (Fig. 

AA). De manera similar, los tres inhibidores irreversibles suprimieron la 

proliferación en esta estirpe celular bajo unas condiciones en las cuales es 

resistente a gefitinib (Fig. 4B). AsI que los inhibidores irreversibles del ERBB 

parecen ser efectivos en las cØlulas que hospedan el T790M EGFR al igual 

que en las cØlulas con un trÆfico aiterado del receptor de tipo natural. 

Nuestros resultados confirman ci reporte de mutaciones T790M en ci 

EGFR como mutaciones secundarias que surgen en NSCLCs previarnente 

sensibles que hospedan una mutación de activación, asociada con la aparición 

de una resistencia adquirida (17, 18). Sin embargo, esta mutación ünicamente 

esta’  presente en un subconjunto de casos, e inciuso los tumores que hospedan 

la mutación T790M pueden contener Unicamente una pequefla fracción  de 

cØlulas con esta mutación. Estas observaciones implican que pueden existir 

multiples mecanismos de resistencia en tumores recurrentes despuØs de una 

respuesta inicial a gefitinib o a inhibidores reversibles similares de EGFR. 

AdemÆs estos descubrirnientos sugieren que los mecanismos de resistencia 

independientes de T790M pueden ser igualmente, si no rnÆs efectivos que la 

sustitución T790M misma al conferir una resistencia al fÆrmaco y pueden 

explicar por que’ los tumores recurrentes rara vez exhiben una clonalidad para 
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T790M (17, 18). Los mecanismos in vitro de la resistencia adquirida al 

gefitinib no comprenden las mutaciones secundarias de EGFR con una 

frecuencia significativa, pero ma’s bien se correlacionan con un trÆfico alterado 

del receptor. Sin embargo, se deberÆ notar que no hemos examinado ci trÆfico 

del EGFR en todos los clones resistentes que nosotros establecimos in vitro, y 

aiin persiste la posibilidad de que unos mecanismos adicionales puedan 

contribuir a la resistencia al gefitinib en algunos de los clones. De todas 

maneras, virtualmente todos los clones resistentes al gefitinib exhibieron una 

sensibilidad comparable a los inhibidores irreversibles de ERBB. 

� Nuestros resultados indican unas diferencias sorprendentes entre los 

inhibidores competitivos de EGFR como gefitinib, cuya efectividad estÆ 

liniitada por ci rÆpido desarrollo de la resistencia al fÆrmaco in vitro, y los 

inhibidores irreversibles, a los cuales una resistencia adquirida parece ser rara 

Fig. 2C). Nosotros especulamos que una mayor internaiización del EGFR 

fij ado al ligando en las cØlulas resistentes se puede relacionar con la 

disociación del complejo gefitinib� EGFR en ci pH bajo de las vesIculas 

intracelulares. En contraste, el enlace cruzado irreversible del receptor no se 

verla afectado por dichas alteraciones en ci trÆfico del receptor. La resistencia 

adquirida al gefitinib se mantiene establemente despuØs del paso de hasta 20 

generaciones de cØlulas en ausencia del fÆrmaco, sugiriendo que las 

alteraciones genØticas o epigenØticas en los genes que modulan la rotación del 

EGFR pueden estar subyacentes en este fenómeno. Puesto que no se puede 

estudiar fÆcilmente ci trÆfico del receptor mediante ci uso de unos 

especirnenes clInicos disponibles, la identificación de dichas alteraciones 

genómicas puede ser necesaria antes de que las correlaciones cljnicas sean 

posibles. Dc todas formas, dichos mecanismos pueden contribuir a una 

resistencia adquirida al gefitinib in vivo en pacientes con enfermedades 

recurrentes que no tienen una mutación secundaria en ci EGFR. 

Parece que los inhibidores irreversibles del ERBB tarnbiØn son efectivos 

para superar la resistencia al gefitinib mediada por la rnutación T790M, un 

efecto que presumibiemente resulta de la preservación de una fijación del 

inhibidor a pesar de su residuo crItico. Mientras se estaba ilevando a cabo este 
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trabajo, se notó que otro inhibidor irreversible de EGFR [CL-387,785, 

Calbiochem (27)] inhibIa la actividad de la cinasa del mutante T790M EGFR 

(17). Se propuso que la efectividad de CL-387,785 en el contexto de T790M 

era ci resultado de la ausencia de un cloruro en la posición 3 del grupo anilina, 

el cual estÆ presente en gefitinib y se sugi.rió que interferf a estØricamente con 

la fijación a la metionina del mutante en ci codón 790. Sin embargo, EKB-

569, HKI-272 y HKI-357 tienen fracciones de cloruro en esa la posición en el 

anillo de anilina sugiriendo que su capacidad compartida de fijarse 

irreversiblemente al EGFR seguramente explica su efectividad, en vez de la 

ausencia de una interacción estØrica especifica con T790M (24-26). AsI que 

estos inhibidores irreversibles pueden demostrar ser ampliamente efectivos 

para evitar una serie de mecanismos de resistencia, ademÆs de la mutación 

T790M. 

Tabla 1. Presencia de la mutación de EGFR T790M a una frecuencia muy 

baja en tumores recurrentes del Caso 2. 

No. de clones 

Tumor Mutante T790M Tipo natural 

Primario 0 75 

Recurrente 1 2 48 

Recurrente 2 1 55 

Recurrente 3 0 55 

Recurrente 4 0 59 

La secuenciación de grandes niimeros de productos PCR clonados 

reveló que una minorIa de alelos en dos de ôuatro lesiones de higado contiene 

la mutación T790M. 

Las referencias citadas en toda la soiicitud se incorporan a la presente 

por referenda en su totalidad. 

33 



WO 2006/084058 PCT/US2006/003 117 

REIVINDICACIONES 

1. Un mØtodo para tratar el cancer resistente a gefitinib y/o erlotinib, que 

comprende los pasos de: 

a. monitorear la e’iolución de un cancer en un individuo en un momento en el 

tiempo despuØs de que el individuo inició el tratamiento con gefitinib yb 

erlotinib, donde la evolución del cancer es una indicación de que el cancer es 

resistente al tratamiento con gefitinib y/o erlotinib; y 

b. administrar al individuo que tiene un cancer que es resistente al tratamiento 

con gefitinib y/o erlotinib, una composición farmacØutica que comprende un 

10 inhibidor irreversible del receptor del factor de crecimiento (EGFR). 

2. El mØtodo de la reivindicación 1, donde el inhibidor irreversible de EGFR 

se selecciona entre el grupo conformado por EKB-569, HKT-272 y HIIKI-357. 

3. El mØtodo de la reivindicación 1, donde el inhibidor irreversible de EGFR 

se fija a la cisteIna 773 de EGFR (SEQ ID NO.: 1). 

4. El mØtodo de la reivindicación 1, donde la evolución del cancer se 

monitorea por medio de una inspección visual del cancer. 

5. El mØtodo de la reivindicación 4, donde una inspección visual del cancer se 

realiza mediante Rayos X, una tomografia axial computarizada o una 

resonancia magnØtica. 

6. El mØtodo de la reivindicación 1, donde la evolución del cancer se 

monitorea por medio de una detección de tumor mediante biomarcador. 

7. El mØtodo de la reivindicación 1, donde el monitoreo de la evolución de un 

cancer comprende comparar el cancer en un segundo momento en el tiempo 

con ci cancer en un primer momento en el tiempo, donde el segundo momento 

en el tiempo es despuØs el primer momento en el tiempo, donde el primer 

momento en el tiempo es antes o despuØs de iniciar ci tratamiento con 

gefitinib y/o erlotinib, donde un mayor crecimiento del cancer indica la 

evolución del cancer. 
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8. El mØtodo de la reivindicación 7, donde en momentos adicionales en el 

tiempo ci cancer es comparado con momentos en ci tiempo anteriores. 

9. El mØtodo de la reivindicación 1, donde el cancer es cancer de cØlulas 

epiteliales. 

10. El mØtodo de la reivindicación 1, donde el cancer es cancer 

gastrointestinal, cancer de próstata, cancer de ovario, cancer de mama, cancer 

de cabeza y cuello, cancer de esófago, cancer de pulmón, cancer de pulmón de 

cØlulas no pequeæas, cancer del sistema nervioso, cancer de riflón, cancer de 

retina, cancer de piel, cancer de hIgado, cancer de pancreas, cancer urogenital 

y cancer de vejiga. 

11. Un mØtodo para tratar ci cancer, que comprende los pasos de: 

a. administrar gefitinib y/o eriotinib a un individuo con cancer; 

b. monitorear la evolución del cancer del individuo; y 

c. administrar al individuo un inhibidor irreversible EGFR tan pronto haya 

indicación de la evolución del cancer. 

12. El mØtodo de la reivindicación 11, donde ci inhibidor irreversible de 

� EGFR se selecciona entre ci grupo conformado por EKB-569, HKI-272 

HKI-357. 

13. El mØtodo de la reivindicación 11, donde ci inhibidor irreversible de 

EGFR se fija a la cisteIna 773 de EGFR (SEQ ID NO.: 1). 

14. El mØtodo de la reivindicación 11, donde la evolución del cancer se 

monitorea por medio de una inspección visual del cancer. 

15. El mØtodo de la reivindicación 14, donde una inspección visual del cancer 

se realiza mediante Rayos X, una tomografla axial computarizada o una 

resonancia magnØtica. 
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16. El mØtodo de la reivindicación 11, donde la evolución del cancer se 

monitorea por medio de una detección de tumor mediante biomarcador. 

17. El mØtodo de la reivindicación 11, donde el monitoreo de la evolución de 

un cancer comprende comparar ci cancer en un segundo momento en el 

tiempo con el cancer en un primer momento en el tiempo, donde el segundo 

momento en ci tiempo es despuØs ci primer momento en ci tiempo, donde el 

primer momento en el tiempo es antes o despuØs de iniciar ci tratarniento con 

gefitinib y/o eriotinib, donde un mayor crecirniento del cancer indica la 

evoiución del cancer. 

. 18. El mØtodo de la reivindicación 17, donde en momentos adicionales en ci 

tiempo el cancer es comparado con momentos en el tiempo anteriores. 

19. El mØtodo de la reivindicación 11, donde ci cancer es cancer de cØlulas 

epiteliales. 

20. El mØtodo de la reivindicación 11, donde el cancer es cancer 

gastrointestinal, cancer de próstata, cancer de ovario, cancer de mama, cancer 

de cabeza y cuello, cancer de esófago, cancer de puimón, cancer de pulmón de 

cØlulas no pequeflas, cancer del sisterna nervioso, cancer de riflón, cancer de 

retina, cancer de piel, cancer de hIgado, cancer de pancreas, cancer urogenital 

� y cancer de vejiga. 

21. El mØtodo de la reivindicación 11, donde el inhibidor irreversible de 

EGFR se administra simultÆneamente con un inhibidor reversible EGFR. 

22. El mØtodo de la reivindicación 21, donde ci inhibidor reversible EGFR es 

gefitinib o erlotinib. 

23. Un mØtodo para tratar el cancer, que comprende administrar a un 

individuo con un cancer que tide una mutación en ci EGFR (SEQ ID NO.: 1), 

donde la rnutación es una sustitución de una metionina por una treonina en la 

posición 790, una composición fannacØutica que comprende un inhibidor 

irreversible EGFR. 
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24. El mØtodo de la reivindieación 23, donde el inhibidor reversible EGFR se 

selecciona entre ci grupo conformado por EKB-569, HKI-272 y 1-11(1 -357. 

25. El mØtodo de la reivindicación 23, donde ci inhibidor irreversible de 

EGFR se fija a la cisteIna 773 de EGFR (SEQ ID NO. 1). 

26. El mØtodo de la reivindicación 23, donde el cancer es cancer de cØlulas 

epiteliales. 

27. El mØtodo de la reivindicación 23, donde ci cancer es cancer 

gastrointestinal, cancer de próstata, cancer de ovario, cancer de mama, cancer 

de cabeza y cuello, cancer de esófago, cancer de pulmon, cancer de pulmón de 

cØlulas no pequeflas, cancer del sistema nervioso, cancer de rifión, cancer de 

retina, cancer de piel, cancer de higado, cancer de pancreas, cancer urogenital 

y cancer de vejiga. 
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CCCGGCGCAGCGcGGCCGCAGCAGCCTCCGCCCCCCGCACGGTGTGAGCCCGACGCGG -185 

-125 

-65 

CACGGCCCCCTGACTCCGTCCAOTATTGATCOGGAGAGCCGGAGCGAGCTCTTCGGGGAG -5 

CAGCGATGCGACCCTCCGGGACGGCCGWGCAGCGCTCCTGGCGCTGCTGGCTGCGCTCT 55 
18 

GCCCGGCGAGTCGGGCTCTGGAGGAAAAGAAAGTTTGCCAAGGCACGAGTAACAAGCTCA 115 
38 

175 
58 

AGGTGGTCCTTGGGAATTTGGAAATTACCTATGTGCAGAGGAATTATGATCTTTCCTTCT 235 
78 

TAAAGACCATCCAGGAGGMGCTOGTTATOTCCTCATTGCCCTCAACACAGTGGAGCGAA 295 
98 

355 
118 

TAGCAGTCTTATCTAACTATGATGCAAATAAAACCGGACTGAAGGAGCTGCCCATOAGAA 415 
138 

ATTTAcAGGTCCTGCATGQCGCCGTGCGGTTCAcCACAACCCTGCCCTGTGCCG 475 
N--t--Q----I--L- -H--C--A--V--R--F--S--N--N--pA-L..._C_...N. 158 

TGGAGAGCATCCAGTGGCGGGACATAGTCAGcAGTGACTTCGCJpGpCCATGQ 535 
V--E--S--I--Q--W--R--D--I--V--S--S--D--F--L--S--N--M--S--M-- 178 

ACTTCCAGAACCACCTGGGCAGCTGCCAAAAGTGTGATCCAAGCTGTCCCAATGGGAOCT 595 
D--F--Q--W--H--L- -O--S--C--Q--K--C--D--p--$--c--p--N-_GS 198 

GCTGGGGTGCAGGAGAGGAGAAcTGCCAGAAACTGACCAMMTCATCTGTGCCCAGCAGT 655 
218 

GCTCCGGGCGCTGCCGTGOCAAGTCCCCCAGTGACTGCTGCCACAACCAGTGTGCTGCAG 715 
238 

GCTGCACAGGCCCCCCGAGAGCCACTGCcTCTGCCGCCGACG?JGCCA 775 
258 

CGTGCAAGGACACCTGCCCCCCACTCATGCTCTACAACCCCACCACGTACcAGATGGATO 835 
T--C--K--D--T--C--P--P--L--M--L--Y--N--P--T--T--Y--Q--M--D-- 278 

TGAACCCCGAGGGcAAPACAGCTTTGGTGCCACCTQGGGTGTCCCCQT2TIT 895 
298 

FIG, 5 
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955 
Y--V--V--T--D--H--G---C-V--R--A--C--G--A--D--s-y--E---- 318 

AGGAAG1CGCCGTCCGCNGTGTAAGAAGTGCGMGGCCTTGCCGCAAAGTG’PGTAACO 1015 
338 

GAAThGCTATTCCTGAA7TThMGACTCACTCTCCPAAAT3CTACGAAFA’FTAAACACT 1075 
c--I--G--1----G---E--F---K--D -S I--S--I--I’--z---T--N--I--K--H-- 358 

1135 
378 

ACTCC1TCACACATACTCCTCCTCTGGTCCACAGGAACTGGA1WPTCTGAAAACCGTAA 1195 
D--S--F--T--H--T--?--P---F.--D--P--Q----L1--D.--I--L--K--.T--v-- 398 

AGGAAATCACACGGTTTTCTCATTC1GCTTGGCCT3AMACAGGACGACCTCCATa .1255 
K--E-1--T--G--F--L,--L--I---Q--A--w--p--E--N--R--T--D--L--H- 418 

1315 
A--’--E--U--L--h--I--T- :- 1 ��R--T-----Q--c:--G--Q--p--s--r.j-- 438 

1375 
A--V--V--S--L--N--1--T--3---;,----L....-R---g--L--K--E--I-s--D-- 458 

1435 
G --i)���-�7� -I--I--S--G--!--(--N--L.--C--Y-�-A--N--T--I--N--W--K--  478 

1495 
K--I--F--O--T--SG--Q---K--T--K--I--I--S--N--R--O--E--N--S-- 498 

GcACGcCAciGGccAGGTcTccA3ccTraTGcpQccccoAGcpGcpt3t3c3GcccGG 1555 
C--K--A--T--G-Q-V--C--H--A--I--e--s--p--c-..-c--cJ--G---- 518 

1615 
538 

1675 
558 

1735 
57$ 

GTATCCAGTGTGCCCACTACATTCGGCCCCCACTGCGTCAGACCTGccCGGCAGGAG 1795 
CiQCAHYIflGpHCVKTCpAG 598 

TCAAACACCCTAGTACGCAGACGCCGCCCATOTGTGCCACC 1.855 
SVGE--N--N---T---L---V--W--K--Y,-A--D-A--G--}1--V--C--B-- 618 

TGTGCcAcccTGcAccTAcGGAcAcTGGGccAcGTcTrGMGcTQTcckAcGA 1915 
L--C--H--?--N--C--T--Y-----C--T--G--P--G--L--E---G--C--P--T-- 638 

1975 
N--G2�--I--.P---8--I--A--T--G--M--v--G----L--L--L--L--L-- 658 

TGGTGGCCCTG(GGATCGGCCTCTTCATGCGAAGGCGCCpCATCCTTCGGMGtGcACGC 2035 
V--V--A--L--G--I--G�--L -F--M--R--R--R---U--i---V--R--K--R--T-- 678 

F. 5 (eon d.) 
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ToCGGAGGcTGcTGCAGGAGAGAGCTTQToGAGçCTCPTACACCCAGTGGAGMCTC  2095 
-R E--L--V --P--L----P--S--G--E--A-- 698 

2155 
718 

GcTCCGGTGCGTTCGGcACGGTGTATAACGACTCTGATCCcACAAGGTGAGAAAGTTA 2215 
G--S--G--A--F--G---T--V--Y--K--G--L---W---I--P--*--G--E--K--V-- 738 

2275 
K--I--’--V--.--I---Ic----E--LR--E--A--T--S--P--K--A--N--K--E-- 758 

TcCTcGAToAccTAcGGATGaccAGcGTGGAcAACCcccAcTcTccaccTcCTcG 2335 
I--L--D--E--A--Y--V--M--A--S--V--D---N---P--R--V--C--R--L--L-- 778 

2395 
G--I--C--L--T--S-T--V--Q--L--I--1’--Q�L----P--F--G--C--L-- 798 

TGACThTG 2455 
818 

TGCAGATCGCAAACGGCATGAACTACrTGGAOGACCGTCGCTTGGTGCACCGCGACCTGG 2515 
. V--Q---I--A--K--G--H--N--Y--L--E--D---R--R--L--V--H--R--D--L-- 838 

CArCcGGAAcGTACTGGTGAAAACACCGCAGcApGTCAAGATCACAGATTT1rGGGcIGG 2.575 
A--A--R--N--V---L--V--K--T--P--Q--H--V--K--I--T---D--F--G--L-- 858 

2635 
878 

AGTGGATGGCArGoM.TcAAprTTAcAcAGMTcTATACccAccAGAopGATGTCTGGA 2695 
KW--M--AL-E--SI---R--R--I---Y-.T�}--Q--S--D--V--W-- 898 

GCTAcDcGTWCTGTTTGGGAGTTUATGACCTTTG. ATGACGGAATCC 2755 
918 

CTGCCAGCGAGATCTCCTCCATCCTGGAGAAAGGAGMCGCCWCCCTCAGCCACCCATAT 2815 
P--A-----E--I--S -S--I-� L- --E---K-�-G--�-E--R- - ...P--Q-.-?--P--I-- 938 

aTACCATCCATTh.ACATGCMGTCAACTGC.TGGATGATAGACGCAGATAGTCGCC 2875 
C--T--I--D--V--Y--M--I---V--K--C---W--M--I--D--A--D--S--R-- 958 

CAAAGTCCCTGAaTTGATCATCGAATTCTCCAAMPGCCCAOACCCCCAGCGCTACC 2935 
?--K--?--R---E--L--I--I--E--F--S.---K--M-A--R--D--P---Q--R--Y-- 978 

TTTCATTCAGGGGGATCAA7GATGCATTTGC.CAAQPCCTACAGACTCCAACTTCThCC 2995 
L--V--I----G--D--E--R--M-H---L---8---P--T--D--S--N--P--Y-- 998 

QTGCcCGATGTGAAGGAQATGGACGACGTGGATQCCGACGAGTACCTCATCC 3055 
R--A--L--M--D---E----E-----M---D---V--V--D---A---b--E--Y--L--I-- 1018 

CACAGCikOGGCTTCTTCAOCAGCCCCTCCACOTCACGGACTCCCCTCCTCAGCTCTCTGA 3115 
P--.Q--Q-G -F--S--S--P S--P--S-.-R--T--P--L--r--S--S--L--- 1038 

GTGCAACCAGCAikCMTTCCMCCOTGGCTTGCATTGATAGAAATGGGCTGCAAAGCTGTC 3175 
1058 

JIG. .5 (oit’d.)’ 



11112 

CCATCAAGGAAGACAGCTTCTTOCACCOATACAGCTCAGACCCCACAWCMCTTGACTG 3235 
P--I--J:--L;--j--S--F--i,----P--Y--�-S- -�--D--p-�-T--a--A----L--T�-- 1078 

3295 
1098 

AAGGcccGcG(3c’rcTG’rGcAcATccTcTcpATcAcAATcAcccTcTGAAccccGcGc 3355 
................................P ---A-- 1118 

CcAGCAGAGACCCTACCAGGACCCccAcAGcACTcAGTGCOcAACCCcGAGThTC 3415 
P--S---R---D--P--H--Y--Q--D--P--H--S--T--A--V--G--N--P--E--Y--- 1138 

TcAcALGT1.:CAGCCC,CC’GTGTCAAcCACATTcGAcAGCCc.TGcCcACTGGGCCC 3475 
1158 

3535 
Q-...T.Q.. S- i--- I--�S---L--D--N--P---D---.---’---Q---D--F--F--P-- 1178 

1GGAAGCCA2GCCAAATG4XAL.CrL.I r? GGGCTCCACPGCTG ATGCAØAATACCTAP 3595 
K--�E-��-k-���K--P---N---C--I--F--K--G--S--T--A--E--N--A--E--Y---L--

 
1198 

OG,GTCGCGCCA,CAAAGCAGTGAATTTATTGGAGCA%-3633E (SEQ ID NO 2) 
1210 (SEQ ID NO 1) 

FIG. if (con d.) 
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Fv-

1 TfE GZ$EL IOSTAL CORPORATr 

,cI3:0> 0:3.,0258-5764-2 VCT 

<240 PCT/USO6/oO377 
cl41 0O6 -O2 -Q2 

G 60/64:9,483 

1S20O5-02-O3 

15O Qf7]9 
.15l3 200-5-0415 

17...Q> PAU.entln Ver. 3,3: 

Z10i I 
il> 3878--

C2:12  DN 
<217> Homo, wp1exw. 

ci > CD 
<222’ (24,01,-.041751 

4qQ 1’ 
ccgce ccca gcagcccg ceccccac 9gttagcg cccgacgcgg 60 

cc949gc99 c cgagtccc ac:: 99g cgcc: qCCgCCcagW ccggacgaca 120 

qeCCaCCtCq t gcgtccg. CCC99tCCC ccctcgccg. ccaacgcc aaceaccgcg 190 

cggccccc gctccgtc ca9tatgat cggegcc 9agcgagct cttcggggag 240 

cagcgat.g, ega ace tcgy acg gec egg a. geg ctc, ctg geg ctg ctg 290 
Met Arg Pro $er Gly Thr Ala Gly Ala Ala Leu Len’ Ala 14eu Leu 

1 5 10 15 

ct gcg cc tgc cg 9CS agt cgg Set ctgi. gag gaa eag aaa gtt tee 338 
Ala Ala Leu Cys Pro Aia $r Irg Ala Leu Glu Glu Lys Lye V1 eye 

20 2S 30 

caa 9gc acg at, aacaag ctc ace ca9:Lg gc act ttt gas gat eat 38.6 
Gin Gly Thr Sex ken Lye Leu  Thr. Gin Leu Gly Thr Pie Glu Asp His 

35 40 45 

ttt etc age etc cag�agg atg.tc aat aaetgt, gag gtg gitc ctt ggg 434 
Phe Leu Ser Leu Gin Arg Met Phe Aan ken Cys Giu Va). Val Leu Gly 

SO 55 60 



2/11 (ik 
eat ttg gaa att ace tat tg c agg aat tat gat ctt tcc ttc tta 4$2 
An Lu Glu lie Thz Tyr Val GTh Arg Asn Tyr ASp Leu Ser Phe Leu 

65 70 15 

aag accatc cag gag gtg get j9t tat. gte ctc att gcc etc aac. aca. 530 
Lys,’J1x lie Gin Glu Vi Ala Gly Tyr Val Leu lie Ala Lea Asn Thr 
80 85 90 55 

ytg gag cga att cct ttg gaa aac ctg cg ate gtc.agagga eat atg 57$ 
Val Glu Avg lie Po Lieu Glu Asn Leu Gin Tie Tie Arg iy Asn Met 

0 105 110 

Lac LaC yaa aat icc tat gcc tta 9CS gtc tta tct aac tat gat gca 26 

Tyr Tyr Glu Asn Ser Tyr Ala Leu Ala Val Lou Ser Asn Tyr Asp Ala 
115 120 125 

aat aaa acc gga ctg aag gag cig vQ0 atqaga: aat tta cag gaa ate 674 
Asn Lys Thr Gly Leu Lye Glu Leu Pro Met Arg ken Leu Gin Glu lie 

130 13$ 140 

. 
. ctg... cat gqc qCC qtg cgg ttc age aae aae eeL gec. otgtgc. aac gtg 722 

Lea HiD Gly Ala Vi Ax-9 Phe Sr ken Asn Pro Ala lieu (ys ASn Val 

145 150 155.. 

ig age .atc .cag tgg cg gac aLa gtc agc agt gac ttt ctc age aac 770 
Glu Ser lie Gin Trp krg 7p Tie Val Ser Ser Asp Phe Lou Ser ken 
260 165 170 175 

atgtcg a:tg gac ttc cag aaa.CC ct.:9gc age t9c caa aag tgt get 818 
Met $ez’ Net Asp rhe Gin ken His Leu Gly Sex Cyo (1n Lye Cys Asp 

ISO 185 190 

ca .age tgt. ccc aat ggg agctg’gg ggt gee gga gag gag aac tge 866 
Pro $er Cys Pro Asn Gly Ser eye Tip c31y Ala Gly Glu Glu Asu Cys 

195 200 205 

cag aaa ctg ace aaa ate ate tgt gee ag.cagtgc tee ggg c9c tgc 914 
Gin  Lys,.lieu Thr.  Lys Lie Lie Cys Ala Gin in Cys Ser Gly Arg eye 

210 215 220 

cgtgyc cag tee cccet gee tgc tc cac aaccag tgt get gee ggc 962 

. Avg Gly Lye Ser Pro Ser Asp Cys Cys His ken Gin Cys Ala Ala Gly 
225 230 23.5 

tgc. aca ggc ccc cg gag age gaatgc eLy gte tgc cgc aaa tte ega 1010 

Cys Thy Gly Pre Ary Glu Ser Asp Cys lieu Val Cys Avg Lys Phe Avg 
240 245 250 255 

gee gee gee �ecg t9c aag  9ac a.-tgcccc cea ctc atg ctc tee aac 1050 
Asp Glu Ala Thr Cys Ls A Thy Cys Pro Pro Leu Met lieu Tyr ken 

26.0 265 270 

ec ccc aeg taecag atg gat gtg aac ccc gag ggc aaa tee age ttt 1106 
Pro Thy Thy Tyr Gin Net Asp Val ken Pro Clu Gly Lye Tyr Ser Phe 

275 280 285 



jc acc Ljv gtg aag aag rgt ccc LJL 4at tat gtg gtg aca gat 1154 
Cly Ala Thr CyA Val Lya La’s Cys Pro Arg Mn Tyr Val Va). flit Asp 

290 295 3.0.0 

cac yyc ecg tgc gtc cga gc. tgt..: qjjg gcc ga.c syc tat gag atg gag 1202 
His Gly ser Cys Val Arg Ala Cys Gly Ala Asp Ser Tyr Glu Met (-lu 

305 310 31$ 

aa ac ggc eta. cc aag tgt aag, sag t9c gait gg ect tgecgc. aaa 1250 

Gli.i Asp Gly Val Arg Lys Cys Lyr Lye Cy Glu Gly Pro Cys Arg Lye 

32 
35 

330 335 

gtg tgt. *a,cga sta ggt att - 9gt gee ttt aaa gac: tea etc tcc ate 1298 
Val Cys Aen Cly Xis Gly lie Gly,  Glu. Pha Lys Asp Ser Leu Sex lie 

340 345 350 

sat get ace aat att aaa cac ttc. sea. aac: tgc ac tec ate agt ggc 1346 
Aen Ala Thr ASu Ile Lys His Phe Lye Ash Cys Thr Ser lie Ser Gly 

355 360 365 

gat ct.c cec ac ctrJ ccg gtg ga ttt sg ggt gac tcC:tt.C. ace cat 1394 

. Asp Lou His lie Leu Pro Val Ala Phc Arg Gly Asp Sor Phe Thr His 
370 380 

act cct cct.. ctq qar cca,cag ja ctygat att ctg aaa. ace gta sag 1442 
Thr Pro Pro Leu Asp tro i1n Glu Lou;Asp lie Len Lye Thr Va3. Lye 

305* 390 395 

gaa atcaca ggg ttt ttg ctg att cag get tgg ect gaa eac egg: SC9 1490 

Glu tie Thr (fly Phe Leu Len lie Gin Ala Thp Pro Glu Aen Arg Thr 

400 405. 410 415 

gac etc cat gac ttt gag sac cta gee etc ata cg  gge.agg: ac aag 1538 
Asp Leu 1$ Ala Phs Glu Aen Lou Glu. tie tie Arg ly Arg Thr Lys 

420 425 430 

ca cat .99t cag LLt tctctt gca.gtc’gtcagc ctg aacataacatcc 1586 
Gin His Gly Gin Pbs Ser Ian Ala val Val Ser Lou Asa lie Thr Ser 

435 .440: 445 

tg gga tta cgc tcc etc aa gag Ata .agt gat gga get gtg ate .att 1634 
Lc ly Lou Argr Lou Lye Glu lie Ser Asp Gly Asp Va1 lie lie 

. 
45. 455 460 

tee gge sac: see eat ttg tgc tat gee set eca. eta eec tgg asa aaa 182 
Ser Gly 1en Lye Asn Lou Cy Tyr Ala Aen Thr fle Aen Trp Lye Lye 

465 4.10 415 

ctgttt 999.. ace: tccggt cag ass ace aaa att eta.. age sac ago ggt 1730. 
Lou The. Gly Thr Sex Gly Gin Lye Thr Lys lie lie Sex Asa Arg Gly 
480 485. 490 495 

gsa sac agctgc; 55g gcc sea ggc. cag gte cat gee ttg tgc tee 1718 
Glu Au Sex Cys Lye Ala Thr Gly Gin Val Cys His Ala Len Cys Sex 

SQO 505: 510 
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ccc gag qgc tgc tgg ggc CC9 gag ccc agg gao tgc gtc tet tyc cgg 1826 
Pro 11u Gly Lys Tp Qly Pro Cia Pro Mg Asp Cys Val Ser Cys Mg 

515 520 525 

aat ac agc rga yc a,jçj gsa te gtg gc cay tc cc ctt ctg gag 1874 
Asil V11 Sar Arg Gly Arg Glu Cyt3 Val Asp: Lys Cys Ass Lou Lou Glu 

3C 5 540 

ggt gag ccs agg çiag  ttt gtg aac tet gag tc ate cay tgc cac 1922 
Gly Glu Pro r.rg 1 u Phe ’.a1 Glu An Ser Glu Cys lie Gin Cys His 

545 55 55$ 

cca j.g tgc ctq cct cag Scc ri; aRC ate Dcc Lc aca gga egg gga 1970 
Pro Glu Cys Leu Pro G1  Ala Mc L Ass lIe Thr CyS Thr Gly Avg Gly 

565 570 575 

cca Sac aec tyt ate cay tyl gcc rac tae att gac ggc ccc cac tgc 2018 
Pro Asp Ass cys Tle G)n Cys Ala His Tyr lie Asp Gly Pro His Cys. 

580 585 590 

� gta aagiacctgc ceg g ygs gtc gga gaa aac sac sec ctggtc 2066 
Val Lye Thr Cys Pro Ala Gly Val Met Gly Glu AGn An Thr Lou Val 

595 600 605 

tgg aag: tac gca 9ac 9cc gyc cat gtg tgc cac ctg tc cat cca aac 2114 

Trp LyE Tyr Ala Asp Ala Gly His Val Cys His Leu Cys His Pro ASs 
6:10 515 620 

tc aec tac gga tgc act gyg cca gyt Ott: gas ggc tgt cca aeg sat 2262 
cys Thr Tyr Gly Cys Thr Gly Pro Gly Lou OXU Gly CYS Pro Thr Aan 

535: 630 635 

ggg cot sag ate ccq tcc ate gee act ggg atg 9tg ggg gec etc ctc 2210 

Gly Pro Lye Ile Pro Ser lie Ma Thr cdy Met Val Gly Ala lieu Lou 
640 645 6O 655 

ttgIct;ctg gtg gtg gee etg ggg atc gyc ctc tt. atgogaaggCgc 2258 
Lou Let’ lieu Vi Val Ala Lau Gly lie Gly Let’ PM Met Mg Mg Mg 

60 665 670 

cac ato gtt ogg sag cyc acg ctg egg egg ctg ctg cay gag syg gag 2306 
His: lie Vai. Arg Lys At-g Thr lieu Az9 Arg Lev lie1 Glfl Glu Arqo (flu 

675 60 685 

ott gg gag cot ott aca ccc agt gga gsa gct ccc sac caa got etc 2354 
Lea Val Glu Pro Lou.Thr Pro Sr Gly Glu Ala Pro A2 Gin Ala lieu 

690 65 100 

agg ate ttg sag 3aa act gaa ttc ass sag 5tcQ5a gtg ctg gyc 2403 
Lou,Argi.lie lieu Lys Glu Thr Glu Phe Lys Lye lie Lys Val Leu Gly 

705: 710 715 

tco gyt 9C9 ttc 
ogcacg= 

gtg tat. aag gga ctc: tyg Qtc 005 gaa gyt 2450 
Ser Gly Ala PJe Gly Thr Val Tyr Lys Gly lieu Trp lie Pro Glu Gly 
720 725 730 725 



a ytt c.0 att ccc gtc get ate aag gea tta age gaa Sea ace 2498 
Gi Lys Val Lys TJe Pro i/al Ala lie Lye Glu Lou Arg Glu Ala Thr 

740 745 750 

tct ccg aaa ycc aac aag gas atc tc qAt, gaa 9C tac gtg atg gac 7546 
cr Pro Lys Ala .sn Lys Glu Ile i..0 Asp., Glu Ala Tyr Val Met Ala 

755 760 7155 

ago q 9ac sac ccc ..ac::. t9 tgC C9C Cty.0t9 99c atc tgc etc aco 2594 
Ser Val, Asp ken Pro t His Val Cys Arg. Lei Lau: Gly: lie Cy8. Lau Thr 

77* 775 70 

tCC acC9tg Ca9 atc atc 5c9 Cag CtC atq ccc ttc ggc tgc’ctc Ctg 2642 
Ser Thr Vi ln Lau lie Thr Gin L0i Met Pro Phe Q1 Cys Lau Lau 

78$ ’790 795. 

9410, tat.. gtc egg gac a2it. &tt gqc tee cag tac. etg etc 2690 
Asp Tyr V1 Arg Clu His Ls Asp An lie Gly Ser Gin Tyr Lau Lau 
8.06 805 810 815 

aac t99 tgL gLy caq aLc Sca aaq qgC atg aac Lc tg ag:I.gac cgt 2739 
. Ass Trp tys Val Gin lie Ala Lys Gly Met snTyz Lau Glu Asp Arg 

820 825 830 

oçjc.  
tts 

gtg :C cgc gac erg gea gcc: egg aac gta ctg gtg: aaa ace 2766 
Arg Lou Val His Ax9 Asp Lau Ala Ala Arg Arm Val Lou Val Lye Thr 

835 840 845 

çc:...cag tc aag atc ... .ace ..:got ttt qgq UL9 gcc aaa ctg ctg 99t 2834 
1i8 Val Lyn, 1.e Thr App Phe Gly Leti Ala Lye Lau Lau Gly 
850 855 860 

gcg gaa S39 ass gas tac: cat gca gas gga ggc aaa. gtg.. cat ate aag 28.83 
Ma Glu lu Ls Glu Tyr His Ala Glu: Gly Gly Lye Val Pro lie Lye 

865 870 875. 

tg atg 9( Ltq gas tua att tt5:C5O.age. atc tat sec cac cag agt 2930 
Tip Piet Ala Lu Glu 8.er lie Lou His Arg lie Tyr Thr His Gln Cer 

880 885 890 895 gtc tgg agc tac ggg gtg ac: gtt tgg galy ttg atg ace ttt gga 2978 ksp Val Ttp S42  Tyr Gly Val Thr Val Tzp Glu Leu Met Thr Phe Gly ...� 900 90 910 t:CC aag. Cm tat gac gga:.atc cct.:.gcc agc:.:g59 tc tcc. toy sty ctg 3026

 6cr Lye Pr Tyr Asp Gly lie Pro Ala Set Glu tie Bar Bar lie Lau 9.2Q 925 gag sa gga gale cgc ctc cct ca:cca ccc ate: t.t eec etc gat gtc 3074 G1 U_ Lya Gly Glu Arg Lau Pro Gin Pro Pro lie Cys Thr. lie Asp Val 930 93 940 tac...atg etc atg 9tc eag tgc tgg atg ata...g5. gcagat agt ego oca 3122 Tyr ?let lie Met Val Lye Cys Trp Met tie Asp Ala Asp Ser Arg Pro 945 950.: .9.55 



aag ttc c1$ Liuq ttg ate atc 9aa Itc .tcc aaa tg...gcc ca gac ccc 3170 

Lys-Pis .rg Glu Li Lie Lie Glu Ph r Lys f1st Ma Arg Asp Pro 

960 965 970. 975 

ag cc tac tt gtc at.t cag qqU qat gaa aga atg eat ttg cca agt 3218 
Gin Arg Tyr Leu \Tai lie 0131 Gly ASp f,111 Arg-Met Xis teu Pro Ser 

90 9190 

cct ac gac.tce aac tc tac egt qcC ct9 atçJ:gat  !aa aagac atg 3266 
Pro Thr Asp Oar Asn Phe Tyr Axg Ala Leu Net Asp Glu, Glu Amp Met 

995 1009. 10.05 

gac gao 

gtg gtg vat cc..a:gag:.tac ct0 tccca cag cag ggc ttc 3314 
Asp As p Val Val Asp Ma Asp Glu. Tyr 1eu Ile Pro Gin Gin Gly Phe 

1010 1015 1020 

yc ccc tcc acg tca cg act cce etc ctg agc tot ctg agt 3362 
Phe Ser Ser Po Sez Thr Ser Arg Thr Pro Leu Leu Ser Ser Leu Ser 

19,25. 1030 10,35 

gca aco age ac 

at toe acc. gtg 
get tgc ott 9at:aga. eat ggg ctg 3410 � Ala Thr Ser Asn An Ser Thr Vol Aid Cys lie Asp Arg Asn

 Gly Lou 1040 1045 1050 1055 caa age tgt ccc ate aaq yao sac age ttc ttg cag ogs tao Ag. tca 3458 GIx Ser Cys Pro. Lie Lys Glu Asp Ser Phe Leu Gla.Arg Tyr Ser Ser 1060 1065 1070 ae ccc cs gc ycc ttq act gaq gac sgc eta gao gac ace ttc etc 3506 Asp Pro Thr Gly Ala Leu liar Glu Asp Ser. tie Ap Asp Thr Phe Leu 1075 1080 10*5 cca .ytg cet gaa tao eta oac cag tee gtt ccc aaaagg ccc get ggc 3554 Pro Val Pie Glu Tyr Lie Asn Gin Ser Val Pro Lys Arg. Pro Ala Gly 1090 1095 1100 tat gtg cacj act ccc gte tat Cac aat.cag oct og sac ccc gcg ccc 3602 Ser Val q1i Asn Pro Va). Tyr fls Asn G.n Pro Lou Asn Pro Ala Pro 3,105 1110 1115 agc aga gac cea eec tac cog gac ccc cac:agc act gca..gtg ggc sac 3650 Ser Arg Asp Pro His Tyr Gin Asp Pro I3tS Ser Thr Ala Val Gly Aan 110. 1125 1130 113$ ccc gag. cat etc. . sac act gte eag soc tgtgtc:.aac. ago aca ttc 3698 Pro 

G1  Tyr Leu Asn Thr Val. Gin Pro Thr Cys Val Asn Ser Thr Phe 1140 1145 1150 gao ago ct goc ceo tgg gee cagaa ggc age cac cea ett age ctg 3746 Asp Ser Pro Ala His Trp Ala Cizi Lys Gly Ser His 431n lie Ser Lee 1155 1160 1155 qac .c ert gao tac 0C9 csg qac ttc t1t ccc aag ¶J53 gcc sag cca 3794 Asp Asn Pro Asp Tyr Gin Gin Arp,Phe Phe Pro Lye Glu Ala Lys Pro 1170 1.175 1180 
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1? Q9 

ant ago atc tt sag vgc tc aca get gaa aat oca gas, tao cta agg 342 
Am Gly lie ?lie Lys Gly Ser Thr Ala Ghz Asn Ala Clu Tyr Leu Mg 

.1185 iio 1195 

gtc gcg cca caa :sgc agt na ttt att qga gca tga 3878 
V1 Ala Pre Gin Set Ser Glu Phe lie Gly Ala 
1200 1205 1210 

c210> 2 
t2U> 1210 
<12> PT 
,c2l3> HOMO eapens 

Ket Arg Pz er tiy Thr Alai 1y Ala Ala Lou Leu.. AlaLou  Lou Ala 
3.  

Ala Leu.Cyw..Pro Ala. Ser.Arg Ala Lau. Q-1u.GlU bye Lye Val,Cys Gin 
20 35 30 

Gly 7%.r$eAn LysLeu Thr Gin Leu Gly- ThrPbe Glu Asp His Phe 
.5. ’0 

Ser Lou: Gin. Ax.g Net PheAsnAey. Gju Va1..Va1 Lou. Gly Aen 
50 55 60 

l,eu Glu I3T1tx.T. V1 Gin, Arg.: Abnn Tyr Asp Lou Ser Phe: Leu Lye 
65 70 . 75 . 

Thr lie Gin Glu, V Ala Gly ..Tyr, Val. Leu. 1e JUa Lou Ann’Thr Val 
� 95 

Glu A5 lie Pro LuGi:sn Lou, GinUe. Xie Arg.Giy Aan Met Tyr 
100 los 110 

Tyr Glu . Aan Set Tyr Ala. Lou Ala. Val Leu..Ser An Tyr Asp Ala Mn 
126 125 

Lye Thr. Gly Lou: LyawLeu Aefly:LSül  Glu. lie Leu 
135 140 

Aia Val Arg c Sr Asp .Asn:ProAiLeu eAsa Val Glu 
143 10, 155 160 

$or lie Qin Trp Arg Asp: Ile. V1 Ser Ser Asp the Lou Sez Aan Mat 
ids 17.0: 175 

Ser Met. As  Pie Gin AsnMle Leu Gly er  Cys Gin Lye Cys Asp Pro 
ISO las 190 

Ser :ye Pro A!fl Gly Ser Cys : Tx-p Gly Ala Gly Glu Glu Mn Cys Gin 
IPL 200. 205 

Lye Lau Thr Lye Ile.. Ile Cys Ala Gin Gin Cys Ser Gly Arg Cys Arg 
2iO. 21S 220 
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ly Lys Ser Pro Ser Asp Cys Cya. His Asti Gin Cys Ala Ala Gly CYS 
225 230 235. 240 

Thr my PrQ A9k Glu Ser Asp cys Leu. Val Cys Arg Lye Phe Arg Asp 
245 250 255 

Olu Ala mx cys Lyrt Asp: Thr Cys Pro Pro Lou Met Lou Tyr Asn Pro 
260 264270 

Thr Thr Tyr Gin. Met Asp Val Asn Pro Giu Gly Lye Tyr Ser Phe Gly 
275 280= 25 

Alai Thr Cys Val Lye. Lys: rye Pro Arg;Asn Tyr Val Val Thr Asp His 
29,0 295 300 

iy Ser- Cysit Va2 Arg Ala C Tyr Glu Met Glu Glu 
30S 310 315 30 

Asp Gly Val Arg. Lys. Cys: Lye Lys :Cya: Glu Gly Pro Cys. Arg Lye Val 

. 

325 330 335 

Cys;Asnz Gly lie G1y. lie Ci>’ Clu Phe Lys Mp Ger Leu Ser Ile: Aen 
340 345 350 

Ala Thx. Asfl Ile,, Lye His Phe:: Lys Asn Cys ThZ Ser Ile Ser Gly Asp 
355 3O 365 

Lu. H! a. fle Lou.Pro Val: Ala Phe Arg*: :Gly  Asp 8er Phe Thr His Thr 
370 3.175 30 

Pro Pro Lou Asp Pro Gin Glu teu Ap=fla Lou Lye Thr Va3. Lye Glu 
385 390 39.5 400 

lie Thr Gly Phe Leu Iu fle Oln Ale Trp Pro- Giu Asn Arg Thr Asp 
405 410 415 

Lou His: Ala: Phe Glu. Asn LOU ,Glu lie fl,e .Arg Gly Ar 
mr Lye Gizi 

4I 42: 430 

IIis Gly Gin Phe er Lou M:* Val VAZ: Sex Leu Asn.  lie Thr Sex Lou 

. 
435 440 44$ 

1y: Let A1g S:I Leu Lye Glu fle Sex Asp Gly Asp Val lie lie Sex 
450 455 460 

Gly Aen Lye ASn:.Leu Cys Tyr Ala A5n Thr lie An Trp Lye Lye Leu 
465 470 475k 480 

PIe Gly Thr: Sex Gly Gla Lys . Thr. Lye lie Ile Ser Asn Arg Gly Glu 
48.5 40 495 

Aai Sex Cys Lys Ala Thr 31:y  Val Cys Hie’Ala. Lou Cys Sex Pro 
500 505 510 

Glu. iy Cys Trp Gly Pro Glu Pro Arg Asp eye Val Sex Cys Arg A8n 
515 520525 
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Val Ser Arg Gly Arrj Glu Cys VaLA3p Lys Cys Asn Leu Leu Glu Gly 
50 535 540 

Glu Po ALy Glu ?-e Val Glu AsriserOla cyS Us Gin Cys His Pro 
545 550 5,55 560 

G’iu eye LOU,Pro: Gin Ala Met Asn lie Thr Cys Thr Gly Arg Gly Pro 
65 570 575 

Asp .An Cys lie Gin Cys AIA:AjigTyr lie As  Gly PrQ His cys Val 
580 565. 590 

Lys Thr Cys Pro Ma Gly: 1/al:. Met.: Gly. Glu Asn Asn Thr Leu Val Trp. 
595 60-01  

Lys, Tyr Ma Asp .A1.:..Gly Nis- C: Ri, Lou. Cys- His Pro Asn Cys 
610 615 620 

Thr. yr:iy C1a. Thr Gly Pro Gly Leu Glu* Gly cys. Pro Thr Asa Gly 
6,25: 630 635 640 

Pro .kye:. lie Pro Ser lie Ala Thr Gly Met VaJ. Gly Ala’ Leu: Leu Leu 
645 655 

Leu LeU Val Val Ma LØu Gly Ile Gly 
Len. 

Pbs Met Arg Arg Arg His 
660 665 670 

Tie. 1/si Arg
 Lys .Arg. Thr Lou Arg Arg: Leu Lou In Clu ..Arg G1U. Leu 

575: 680: 685 

Val Glu Pro, Leu Thr. .xo Sex’ Gly.’Glu: Ala Pro Aen (.in Ala. Leu. Leu 
6.90 6.95 70.0 

A9:. tie Leu Lysf Gi.0 1. .Thr Giu. ?he Zys Lys tie Ly 1/al Leu Gly Sex’ 

705 7:10: 71S 720 

Gly Ala. Phe...Giy Thr 1/al’ Ty.r::Lye Gly: Leu Trp lie Pro Giu Gly Glu 
725 730 735 

Lys 1/al lie P -o Val Ala: lie Lys Glu.. Leu A9.: Glu.. Ala Thr Sex’ 
740 

’ 

45 750 

Pro Lys...AlaAsn Lys.Giu:.fle:;.. Leu Asp Gi A3.a1Tyr 1/al Met. Ala Sex’ 
755 

no: 765 

VaT. Asp. Asn: Pro His. 1/al Cys Arg Lau, Lem Gly lie Cys Leu mx’ Sex’ 
770. 775. 78.0: Thr Val Gin. Leu.. Ie Tbx, din. Leu Net Pro Phe. Giy� Cys. Leu Leu Asp 75 o. 795 800 Tyr: Val ..Ax’9..G1U...RS... Lys .:.Asp: Asn:: lie Gly SerGin. Tyr Leu Leu Asn. BOB 610 815 Trp. Cys. 1/al Gin lie: Ala Lyc.. Gly Mt Asn ryr. lieu: Glu Asp Az. Arg. 80 825W030 
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Len Val His Pxg Ap Leu Ala M A-Ts A2tl Val Len Val Lye Thr Pro 
I. 35 840 845 

Gin His V1 Lye ill Thr Pp The Gly Leu Ma Lye Len Leu Gly Ala. 
850 ass 660 

Gin Gin Lys 01uyr.. His: Ala Glu Gly Gly !,ye Val Prn tie Ty Tr-, 

865 870 815 880 

Met Ala en Glu. Ser. Ile Leu His Arg he Tyr Thr His Gin Ser Asp 
W 8,90 895 

Vi Trp Sex Tyr Gly Val Thr Val Tip. Gin. Leo Met Thr Phe Gly Ser 
900 905 010 

Lye Pro Tyr Aap. Gly lie Pro Ala Ser -Glu. Ile Ser Se; lie Leu Gin 
915 920: 925 

Lys Gly Gin. Ai9LeU Pro Gin Pro Pro Ile’Cya Thr lie Asp Val Tyr 
93.0 535 940 

Met lie Met Val; Lye Cys Trp MEt Lie:Asp Ala Asp Ser Arg. Pro Lye 
945 955 . 960 

Phe Arg Gin Len: lie lie Gin Phe: Scm Lye. Met Ala Arg Asp Pro Gin 
970 975 

Arg Tyr Len: Val fle.: Gin Gly Asp Gin Arg: Meti His: :Leu Pro Ser Pro 
980 985 990 

Thr Asp .Ser Mn. Pe..TyAg Ala Leu:Me.Asp Gin Gin Asp Met Asp 
995 1000 1005. 

Asp Val Val Asp. Aia Asp 01  Tyr Lou, :Ila: Pro Gin GIn Gly Phe Phe 
1.010 1015 1020 

Sam Ser Pro Sex: Thr... Sex Arg Thr Pro Leu Leu Ser 8cr Len Ser Ala 
1025 1.03 1035 1040 

Thr Ser, Mn.. Mn. Scr Thr Vi Aia:’Cya. lie Asp Arg Mn Gly Leo Gin 
1045 1050 1055 

Ser Cys Pro. lie: Lye .Glu. Asp:Ser. Me. Len Gin Arg Tyr Ser Sam Asp 
1060

 
10.65. 1070 

Pro Thr Gly, Ala Lsu Thr Gin Asp. Ser Ile. Asp Asp Thr Phe Leu Pro 
1075 10G. 1085 

Val Pro Giu, Tyr lie 
Asn 

Gln. .ar::.Val Pro.. Lye Arg Pro Ala Gly Ser 
1090 10 98,  

Val Gin. Mn P.m..Val Tyr His Asfl Gin . Pro Lau Mn Pro Ala Pro Her 11.05 I110: ills.,1120 Arg: Asp Pro .Uie Tyr ....Gin. Asp Pro His. Her Thr Ala Val Gly Aen Pro 1135 1130 1135 
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Gju Tyr L em 1in Tr V1 C1r Po Thr Cys Val Asa: Ser Thr Phe Asp 
1140 1145 

nsa 

Ser Pro Ala His. Tp:M.a clnTys Giyer. His Olft lie Ser Leu Asp 
1.15

 
11-6 U. 

Asa Pro Asp Tyr G1* G Asp ph,31pb !7xr- L7,., Clu Ala Lsya Pro ASfl 
1110 1115 118.0; 

Gly lie Phe rys Gly Ser Thr Ala Glu Asn Ala Glu Tyr Leu Arg Val. 
345 1190 1195 

Ma. Pro. Gi-SSer Glu Phe 1eHG1y. M - 
1206 1 ai o 

tgcrct cat 3.6 

::’1 4 
21l> 16 
12 ADN 

SEcUENcIkATwIcr 

22Q. 
c2 .DEScBWcIONDE LA SECUCIkARTIpICIM OLIGONUCLEOITDO SINTErICO 

4 
tc.rcLcet c16 

5. 
2i3. ]4� 
212 .ADN. 

c233:> sEcuENcjAAR7jpjCjAL 

<223 DEScBIPcIONDELA SEcUENcIA ARTIFICIAL oI1GowcLOTno Sn4TErIco 

<4 00: 1,  

tgcctea:t. Cta 
16 



WO 2006/084058 PCT/US2006/003 117 

En otra incorporación, la presente invención dispone un mØtodo (para 

tratar ci cancer, que comprende administrar a un individuo que tiene una 

mutación en ci EGFR, a saber, una sustitución de una metionina por una 

treonina en la posición 790 (T790M) de la SEQ ID No. 1, una composición 

farmacØutica que comprende un inhibidor irreversible EGFR. La mutación 

T790M confiere resistencia al tratamiento con gefitinib y/o erlotinib. 

BREVE DESCRIPCION DE LAS FIGURAS 

Las Figuras lA-B muestran ci anÆiisis de la secuencia de EGFR en 

lesiones metastÆsicas recurrentes de dos pacientes NSCLC con resistencia 

adquirida a gefitinib. La Figura 1A muestra el anÆiisis de secuencia del Caso 

1. La mutación T790M en ci EFGR se encuentra presente en una lesion 

recurrente de higado despuØs de desarrollar la resistencia cilnica al gefitinib. 

(Izquierda) No se detectó la mutación en la lesion primaria de pulmOn en ci 

momento del diagnOstico. (Derecha) Tanto ci tumor primario de pulmón 

como la lesion recurrente de higado hospedan la mutaciOn de sensibiiidad al 

gefitinib L858R. Se deberÆ notar que la mutaciOn L858R estÆ presente en la 

proporciOn esperada de una mutaciOn heterocigOtica tanto en la lesiOn 

primaria como en la recurrente, mientras que la L790M es detectable en 

niveies bajos cuando se compara con ci aleio de tipo natural. En ci mismo 

trazado se muestra un polimorfismo (G/A) para mostrar la representación 

equivaiente de los dos aielos en ci producto sin clonar PCR (SEQ ID Nos. 3 & 

4 divulgadas respectivamente, en orden de apariciOn). La Figura 1B muestra 

ci anÆlisis dc secuencia del Caso 2. La mutaciOn T790M estÆ presente en una 

pequefla minoria de cØluias resistentes al gefitinib. (Izquierda) La mutaciOn 

T790M no the detectable en ci tumor primario de pulmOn ni en ocho lesiones 

recurrentes de higado de este caso reaiizando la secuencia de productos sin 

clonar PCR. La heterocigocidad en un poiimorfismo adyacente (G/A) 

confirma la ampiificaciOn de ambos aielos AFGR de esos especimenes. La 

mutaciOn de sensibilizaciOn - gefitinib heterocigótica, L86 1Q, se detcctó a 

una proporción esperada dcntro del tumor primario de puimón,  al iguai que en 

cada una de ias ocho lesiones recurrentes de higado (SEQ ID Nos. 3 & 5 

divuigadas respectivamente, en orden de aparición). 

HOJA MODIFICADA 
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IN THE UNITED STATES RECEIVING OFF!CI 
International International Filing International Earliest Priority 

Application Number Date Date 

PCTIUS2006/003717 02 February 2006 03 February 2005 
(02.02.2006) (03.02.2005) 

TITLE OF INVENTION: METHOD FOR TREATING GEFIT1NIB RESISTANT 
CANCER 

APPLICANT FOR DO/US: THE GENERAL HOSPITAL CORPORATION, et al. 

CERTIFICATE OF MAILING 
1 hereby certify that this correspondence, on the dale shown below, is b9idepositeJi with the United States Postal Service with 
sufficient postage as Express Mail in an envelope Label No. EV65309602US ad4(essed/o)IAIL STOP PCT (EO/US), Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 1 / / j /1 , / 
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MAIL STOP PCT (EOIUS) 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

AMENDMENT UNDER 37 C.F.R. 6 1.825 

Applicants enclose herewith a computer readable form and a paper copy of the 

"Sequence Listing" and a statement that the content of the paper and computer readable 

copies are the same. 

Please insert the attached sequence listing into the application. 

The Commissioner is hereby authorized to charge any additional fees associated 

with this communication to Deposit Account No. 50-0850. 

Date: May 2, 2006 Respecty submitted, 

vid S. Resnick (Reg. No. 34,235) 
J. Amelia Feulner (Reg. No. 58,039) 
NIXON PEABODY LLP 
100 Summer Street 
Boston, MA 02110 
Tel. (617) 345-6057 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Atty. Docket No: 030258-57642-PcT 

In re International patent application of 

THE GENERAL HOSPITAL CORPORATION et al. 

International Application No. PcT/US06/003717 

International Filing Date: February 2, 2006 

For: METHOD FOR TREATING GEFITINIB RESISTANT CANCER 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 
Mail Stop SEQUENCE 

STATEMENT ACCOMPANYING SEQUENCE LISTING 

Dear Sir: 

The undersigned hereby states that the Sequence Listing submitted 

concurrently herewith does not include matter which goes beyond the content 

of the application as filed and that the information recorded on the 

diskette submitted concurrently herewith is identical to the written 

Sequence Listing. 

Respectfully submitted, 

DaJ James 

HARBOR CONSULTING IP SERVICES, INC. 
1500A Lafayette Road, #262 
Portsmouth, N.H. 03801 
800-318-3021 
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SEQUENCE LISTING 

<110> THE GENERAL HOSPITAL CORPORATION 
WYETH 

<120> METHOD FOR TREATING GEFITINIB RESISTANT CANCER 

<130> 030258 -57642 -PCT 

<140> PcT/US06/003717 
<141> 2006-02-02 

<150> 60/649,483 
<151> 2005-02-03 

. <150> 60/671,989 
<151> 2005-04-15 

<160> 5 

<170> Patentln Ver. 3.3 

<210> 1 
<211> 3878 
<212> DNA 
<213> Homo sapiens 

<220> 
<221> CDS 
<222> (246) . . (3875) 

<400> 1 
cccggcgcag cgcggccgca gcagcctccg ccccccgcac ggtgtgagcg cccgacgcgg 60 

ccgaggcggc cggagtcccg agctagcccc ggcggccgcc gccgcccaga ccggacgaca 120 

� ggccacctcg tcggcgtccg cccgagtccc cgcctcgccg ccaacgccac aaccaccgcg 180 

cacggccccc tgactccgtc cagtattgat cgggagagcc ggagcgagct cttcggggag 240 

cagcg atg cga ccc ccc ggg acg gcc ggg gca gcg ctc ctg gcg ctg ctg 290 
Met Arg Pro Ser Gly Thr Ala Gly Ala Ala Leu Leu Ala Leu Leu 

1 5 10 15 

gct gcg ctc tgc ccg gcg agt cgg gct ctg gag gaa aag aaa gtt tgc 338 
Ala Ala Leu Cys Pro Ala Ser Arg Ala Leu Glu Glu Lys Lys Val Cys 

20 25 30 

caa ggc acg agt aac aag ctc acg cag ttg ggc act ttt gaa gat cat 386 
Gin Gly Thr Ser Asn Lye Leu Thr Gin Leu Gly Thr Phe Glu Asp His 

35 40 45 

ttt ctc agc ctc cag agg atg ttc aat aac tgt gag gtg gtc ctt ggg 434 
Phe Leu Ser Leu Gin Arg Met Phe Asn Asn Cys Glu Val Va]. Leu Gly 

50 55 60 
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aat ttg gaa att acc tat gtg cag agg aat tat gat ctt tcc ttc tta 482 
Asn Leu Glu lie Thr Tyr Val Gin Arg Asn Tyr Asp Leu Ser Phe Leu 

65 70 75 

aag acc atc cag gag gtg gct ggt tat gtc ctc att 9CC ctc aac aca 530 
Lys Thr lie Gin Glu Val Ala Gly Tyr Val Leu lie Ala Leu Asn Thr 
80 85 90 53 

gtg gag cga att cct ttg gaa aac ctg cag atc atc aga gga aat atg 578 
Val Glu Arg lie Pro Leu Glu Asn Leu Gin lie lie Arg Gly Asn Met 

100 105 110 

tac tac gaa aat tcc tat gcc tta gca gtc tta tct aac tat gat gca 626 
Tyr Tyr Glu Asn Ser Tyr Ala Leu Ala Val Leu Ser Asn Tyr Asp Ala 

115 120 125 

aat aaa acc gga ctg aag gag ctg ccc atg aga aat tta cag gaa atc 674 
Asn Lys Thr Gly Leu Lys Glu Leu Pro Met Arg Asn Leu Gin Glu lie 

130 135 140 

ctg cat ggc gcc gtg cgg ttc agc aac aac cct gcc ctg tgc aac gtg 722 
Leu His Gly Ala Val Arg Phe Ser Asn Asn Pro Ala Leu Cys Asn Val 

145 150 155 

gag agc atc cag tgg cgg gac ata gtc agc agt gac ttt ctc agc aac 770 
Glu Ser lie Gin Trp Arg Asp lie Val Set Set Asp Phe Leu Ser Asn 
160 165 170 175 

atg tcg atg gac ttc cag aac cac ctg ggc agc tgc caa aag tgt gat 818 
Met Ser Met Asp Phe Gin Asn His Leu Gly Ser Cys Gin Lys Cys Asp 

180 185 190 

cca agc tgt ccc aat ggg agc tgc tgg ggt gca gga gag gag aac tgc 866 
Pro Set Cys Pro Asn Gly Ser Cys Trp Gly Ala Gly Glu Glu Asn Cys 

195 200 205 

S cag aaa ctg acc aaa atc atc tgt gcc cag cag tgc tcc ggg cgc tgc 914 
Gin Lys Leu Thr Lys lie lie Cys Ala Gin Gin Cys Set Gly Arg Cys 

210 215 220 

cgt ggc aag tcc ccc agt gac tgc tgc cac aac cag tgt gct gca ggc 962 
Arg Gly Lys Ser Pro Ser Asp Cys Cys His Asn Gin Cys Ala Ala Gly 

225 230 235 

tgc aca ggc ccc cgg gag agc gac tgc ctg gtc tgc cgc aaa ttc cga 1010 
Cys Thr Gly Pro Arg Glu Ser Asp Cys Leu Val Cys Arg Lys Phe Arg 
240 245 250 255 

gac gaa gcc acg tgc aag gac acc tgc ccc cca ctc atg ctc tac aac 1058 
Asp Glu Ala Thr Cys Lys Asp Thr Cys Pro Pro Leu Met Leu Tyr Asn 

260 265 270 

ccc acc acg tac cag atg gat gtg aac ccc gag ggc aaa tac agc ttt 1106 
Pro Thr Thr Tyr Gin Met Asp Val Asn Pro Glu Gly Lys Tyr Ser Phe 

275 280 285 
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ggt gcc acc tgc gtg aag aag tgt ccc cgt aat tat gtg gtg aca gat 1154 
Gly Ala Thr Cys Val Lys Lys Cys Pro Arg Asn Tyr Val Val Thr Asp 

290 295 300 

cac ggc tcg tgc gtc cga gcc tgt ggg gcc gac agc tat gag atg gag 1202 
His Gly Ser Cys Val Arg Ala Cys Gly Ala Asp Ser Tyr Glu Met Glu 

305 310 315 

gaa gac ggc gtc cgc aag tgt aag aag tgc gaa ggg cct tgc cgc aaa 1250 
Glu Asp Gly Val Arg Lye Cys Lye Lye Cys Glu Gly Pro Cys Arg Lye 
320 325 330 335 

gtg tgt aac gga ata ggt att ggt gaa ttt aaa gac tca ctc tcc ata 1298 
Val Cys hen Gly Ile Gly lie Gly Glu Phe Lye Asp Ser Leu Ser lie 

. 

340 345 350 

aat gct acg aat att aaa cac ttc aaa aac tgc acc tcc atc agt ggc 1346 
Asn Ala Thr Asn Ile Lye His Phe Lye hen Cys Thr Ser lie Ser Gly 

355 360 365 

gat ctc cac atc ctg ccg gtg gca ttt agg ggt gac tcc ttc aca cat 1394 
Asp Leu His lie Leu Pro Val Ala Phe Arg Gly Asp Ser Phe Thr His 

370 375 380 

act cct cct ctg gat cca cag gaa ctg gat att ctg aaa acc gta aag 1442 
Thr Pro Pro Leu Asp Pro Gin Glu Leu Asp lie Leu Lye Thr Val Lye 

385 390 395 

gaa atc aca ggg ttt ttg ctg att cag gct tgg cct gaa aac agg acg 1490 
Glu lie Thr Gly Phe Leu Leu lie Gin Ala Trp Pro Glu Asn Arg Thr 
400 405 410 415 

gac ctc cat gcc ttt gag aac cta gaa atc ata cgc ggc agg acc aag 1538 
Asp Leu His Ala Phe Glu hen Leu Glu lie lie Arg Gly Arg Thr Lye 

420 425 430 

. caa cat ggt cag ttt tct ctt gca gtc gtc agc ctg aac ata aca tcc 1586 
Gin His Gly Gin Phe Ser Leu Ala Val Val Ser Leu Asn lie Thr Ser 

435 440 445 

ttg gga tta cgc tcc ctc aag gag ata agt gat gga gat gtg ata att 1634 
Leu Gly Leu Arg Ser Leu Lye Glu lie Ser Asp Gly Asp Val lie lie 

450 455 460 

tca gga aac aaa aat ttg tgc tat gca aat aca ata aac tgg aaa aaa 1682 
Ser Gly Asn Lye Asn Leu Cys Tyr Ala Asn Thr lie Asn Trp Lye Lye 

465 470 475 

ctg ttt ggg acc tcc ggt cag aaa acc aaa att ata agc aac aga ggt 1730 
Leu Phe Gly Thr Ser Gly Gin Lye Thr Lye lie lie Ser Asn Arg Gly 
480 485 490 495 

gaa aac agc tgc aag 9CC aca ggc cag gtc tgc cat gcc ttg tgc tcc 1778 
Glu hen Ser Cys Lye Ala Thr Gly Gin Val Cys His Ala Leu Cys Ser 

500 505 510 
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ccc gag ggc tgc tgg ggc ccg gag ccc agg gac tgc gtc tct tgc egg 1826 
Pro Glu Gly Cys Trp Gly Pro Glu Pro Arg Asp Cys Val Ser Cys Arg 

515 520 525 

aat gte agc cgs ggc agg gas tgc gtg gac aag tgc aac ctt ctg gag 1874 
Asn Val Ser Arg Gly Arg Glu Cys Va]. Asp Lys Cys Asn Leu Leu Glu 

530 535 540 

ggt gag cca agg gag ttt gtg gag aac tet gag tgc ata cag tgc cac 1922 
Gly Glu Pro Arg Glu Phe Val Glu Asn Ser Glu Cys lie Gin Cys His 

545 550 555 

cca gag tgc ctg cct cag 9CC atg aac ate acc tgc aca gga cgg gga 1970 
Pro Glu Cys Leu Pro Gin Ala Met Asn lie Thr Cys Thr Gly Arg Gly 

. 560 565 570 575 

cca gac aac tgt ate cag tgt gee cac tac att gac ggc ccc cac tgc 2018 
Pro Asp Asn Cys lie Gin Cys Ala His Tyr lie Asp Gly Pro His Cys 

580 585 590 

gte aag acc tgc ccg gca gga gte atg gga gaa aac aac acc ctg gte 2066 
Val Lye Thr eye Pro Ala Gly Val Met Gly Glu Asn Asn Thr Leu Val 

595 600 605 

tgg aag tac gca gac gcC ggc cat gtg tgc cac ctg tgc cat cca aac 2114 
Trp Lye Tyr Ala Asp Ala Gly His Val Cys His Leu Cys His Pro Asn 

610 615 620 

tgc ace tac gga tgc act ggg cca ggt ctt gas ggc tgt cca acg sat 2162 
Cys Thr Tyr Gly Cys Thr Gly Pro Gly Leu Glu Gly Cys Pro Thr Asn 

625 630 635 

ggg cct aag ate ccg tee atc gcc act 999 atg gtg ggg 9CC etc etc 2210 
Gly Pro Lye lie Pro Ser lie Ala Thr Gly Met Va]. Gly Ala Leu Leu 
640 645 650 655 

. ttg ctg ctg gtg gtg 9CC ctg 999 ate ggc etc ttc atg cgs agg cgc 2258 
Leu Leu Leu Val Val Ala Leu Gly lie Gly Leu Phe Met Arg Arg Arg 

660 665 670 

cac atc gtt Cgg aag cgc acg ctg egg agg ctg ctg cag gag agg gag 2306 
His lie Val Arg Lys Arg Thr Leu Arg Arg Leu Leu Gin Glu Arg Glu 

675 680 685 

ctt gtg gag cct ctt aca ccc agt gga gas get ccc aac caa get etc 2354 
Leu Val Glu Pro Leu Thr Pro Ser Gly Glu Ala Pro Asa Gin Ala Leu 

690 695 700 

ttg agg ate ttg aag gas act gas ttc aaa aag ate aaa gtg ctg ggc 2402 
Leu Arg lie Leu Lys Glu Thr Glu Phe Lye Lye lie Lye Val Leu Gly 

705 710 715 

tee ggt gcg ttc ggc acg gtg tat aag gga etc tyg ate cca gas ggt 2450 
Ser Gly Ala Phe Gly Thr Val Tyr Lye Gly Leu Trp lie Pro Glu Gly 
720 725 730 735 
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gag aaa gtt aaa att ccc gtc gct atc aag gaa tta aga gaa gca aca 

Glu Lye Val Lye lie Pro Val Ala lie Lys Glu Leu Arg Glu Ala Thr 
740 745 750 

tct ccg aaa gcc aac aag gaa atc ctc gat gaa gcc tac gtg atg gcc 
Ser Pro Lye Ala Asn Lye Glu lie Leu Asp Glu Ala Tyr Val Met Ala 

755 760 765 

agc gtg gac aac ccc cac gtg tgc cgc ctg ctg ggc atc tgc ctc acc 

Ser Val Asp Asn Pro His Val Cys Arg Leu Leu Gly lie Cys Leu Thr 
770 775 780 

2498 

2546 

2594 

tcc acc gtg cag ctc atc acg cag ctc atg ccc ttc ggc tgc ctc ctg 2642 
Ser Thr Val Gin Leu lie Thr Gin Leu Met Pro Phe Gly Cys Leu Leu 

. 

785 790 795 

gac tat gtc cgg gaa cac aaa gac aat att ggc tcc cag tac ctg ctc 2690 

Asp Tyr Val Arg Glu His Lye Asp Asn lie Gly Ser Gin Tyr Leu Leu 
800 805 810 815 

aac tgg tgt gtg cag atc gca aag ggc atg aac tac ttg gag gac cgt 2738 

Ass Trp Cys Val Gin lie Ala Lye Gly Met Ass Tyr Leu Glu Asp Arg 
820 825 830 

cgc ttg gtg cac cgc gac ctg gca gcc agg aac gta ctg gtg aaa aca 2786 

Arg Leu Val His Arg Asp Leu Ala Ala Arg Asn Val Leu Val Lye Thr 
835 840 845 

ccg cag cat gtc aag atc aca gat ttt ggg ctg gcc aaa ctg ctg ggt 2834 

Pro Gin His Val Lye lie Thr Asp Phe Gly Leu Ala Lye Leu Leu Gly 
850 855 860 

gcg gaa gag aaa gaa tac cat gca gaa gga ggc aaa gtg cct atc aag 2882 

Ala Glu Glu Lye Glu Tyr His Ala Glu Gly Gly Lye Val Pro lie Lye 
865 870 875 

S tgg atg gca ttg gaa tca att tta cac aga atc tat acc cac cag agt 2930 

Trp Met Ala Leu Glu Ser lie Leu His Arg lie Tyr Thr His Gin Ser 
880 885 890 895 

gat gtc tgg agc tac ggg gtg acc gtt tgg gag ttg atg acc ttt gga 2978 

Asp Val Trp Ser Tyr Gly Val Thr Val Trp Glu Leu Met Thr Phe Gly 
900 905 910 

tcc aag cca tat gac gga atc cct gcc agc gag atc tcc tcc atc ctg 3026 

Ser Lye Pro Tyr Asp Gly lie Pro Ala Ser Glu lie Ser Ser lie Leu 
915 920 925 

gag aaa gga gaa cgc ctc cct cag cca ccc ata tgt acc atc gat gtc 3074 

Glu Lye Gly Glu Arg Leu Pro Gin Pro Pro lie Cys Thr lie Asp Val 
930 935 940 

tac atg atc atg gtc aag tgc tgg atg ata gac gca-gat agt cgc cca 3122 
Tyr Met lie Met Val Lye Cys Trp Met lie Asp Ala Asp Ser Arg Pro 

945 950 955 
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sag ttc cgt gag ttg atc atc gaa ttc tcc aaa atg gcc cga gac ccc 3170 
Lys Phe Arg Glu Leu lie lie Glu Phe Ser Lys Met Ala Arg Asp Pro 
960 965 970 975 

cag cgc tac ctt gte att cag ggg gat gaa aga atg cat ttg cca agt 3218 
Gin Arg Tyr Leu Val lie Gin Gly Asp Glu Arg Met His Leu Pro Ser 

980 985 990 

cct aca gac tcc aac ttc tac cgt gcc ctg atg gat gas gas gac atg 3266 
Pro Thr Asp Ser Asn Phe Tyr Arg Ala Leu Met Asp Glu Glu Asp Met 

995 1000 1005 

gac gac gtg gtg gat gcc gac gag tac ctc atc cca cag cag ggc ttc 3314 
Asp Asp Val Val Asp Ala Asp Glu Tyr Leu lie Prà Gin Gin Gly Phe 

. 1010 1015 1020 

ttc age agc ccc tee acg tca cgg act ccc ctc ctg agc tct ctg agt 3362 

Phe Ser Ser Pro Ser Thr Ser Arg Thr Pro Leu Leu Ser Ser Leu Ser 
1025 1030 1035 

gca ace agc aac aat tcc acc gtg get tgc att gat aga sat ggg ctg 3410 

Ala Thr Ser Asn Ass Ser Thr Val Ala Cys lie Asp Arg Asn Gly Leu 

1040 1045 1050 1055 

caa age tgt ccc atc aag gaa gac age ttc ttg cag cga tac age tea 3458 

Gin Ser Cys Pro lie Lys Glu Asp Ser Phe Leu Gin Arg Tyr Ser Ser 
1060 1065 1070 

gac ccc aca ggc gee ttg act gag gac age ata gac gac ace ttc etc 3506 

Asp Pro Thr Gly Ala Leu Thr Glu Asp Ser lie Asp Asp Thr Phe Leu 
1075 1080 1085 

cca gtg cct gaa tac ata aac cag tee gtt ccc aaa agg ccc get ggc 3554 

Pro Val Pro Glu Tyr lie Asn Gin Ser Val Pro Lye Arg Pro Ala Gly 

1090 1095 1100 

tet gtg cag aat cct gte tat cac aat cag cct ctg aac ccc geg ccc 3602 
. 

Ser Val Gin Asn Pro Val Tyr His Asn Gin Pro Leu Asn Pro Ala Pro 

1105 1110 1115 

age aga gac cca cac tae cag gac ccc cac agc act gea gtg ggc aac 3650 

Ser Arg Asp Pro His Tyr Gin Asp Pro His Ser Thr Ala Val Gly Asn 

1120 1125 1130 1135 

ccc gag tat etc aac act gte cag ccc ace tgt gte aac age aea ttc 3698 

Pro Glu Tyr Leu Asn Thr Val Gin Pro Thr Cys Val Asn Ser Thr Phe 

1140 1145 1150 

gac age cct gee cac tgg gee cag aaa ggc age cac caa att age ctg 3746 

Asp Ser Pro Ala His Trp Ala Gin Lye Gly Ser His Gin lie Ser Leu 

1155 1160 1165 

gac aac cct gac tac cag cag gac ttc ttt ccc sag gaa gee aag cca. 3794 
Asp Asn Pro Asp Tyr Gin Gin Asp Phe Phe Pro Lye Glu Ala Lye Pro 

1170 1175 1180 
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aat ggc ate ttt aag ggc tcC aca get gaa aat gca gaa tac eta agg 3842 
Asn Gly lie Phe Lye Gly Ser Thr Ala Glu Asn Ala Glu Tyr Leu Arg 

1185 1190 1195 

gte gcg cca caa ac agt gaa ttt att gga gca tga 3878 
Val Ala Pro Gin Ser Ser Glu Phe lie Gly Ala 
1200 1205 1210 

<210> 2 
<211> 1210 
<212> PRT 
<213> Homo sapiens 

<400> 2 
Met Arg Pro Ser Gly Thr Ala Gly Ala Ala Leo Leu Ala Leu Leu Ala 

1 5 10 15 

Ala Leu Cys Pro Ala Ser Arg Ala Leu Glu Glu Lys Lye Val Cys Gin 
20 25 30 

Gly Thr Ser Asn Lys Leu Thr Gin Leu Gly Thr Phe Glu Asp His Phe 
35 40 45 

Leu Ser Leo Gin Arg Met Phe Asn Asn Cys Glu Val Val Leu Gly Asn 
50 55 60 

Leu Glu lie Thr Tyr Val Gin Arg Asn Tyr Asp Leu Ser Phe Leu Lye 
65 70 75 80 

Thr lie Gin Glu Val Ala Gly Tyr Val Leu lie Ala Leo Asn Thr Val 
85 90 95 

Glu Arg lie Pro Leo Glu Asn Leu Gin lie lie Arg Gly Asn Met Tyr 
100 105 110 

. Tyr Glu Asn Ser Tyr Ala Leu Ala Val Leu Ser Asn Tyr Asp Ala Asn 
115 120 125 

Lys Thr Gly Leu Lye Glu Leu Pro Met Arg Asn Leu Gln Glu lie Leu 
130 135 140 

His Gly Ala Val Arg Phe Ser Asn Asn Pro Ala Leu Cys Asn Val Glu 
145 150 155 160 

Ser lie Gin Trp Arg Asp lie Val Ser Ser Asp Phe Leu Ser Asn Met 
165 170 175 

Ser Met Asp The Gin Asn His Lieu Gly Ser Cys Gin Lye Cys Asp Pro 
180 185 190 

Ser Cys Pro Asn Gly Ser Cys Trp Gly Ala Gly Glu Glu Asn Cys Gin 
195 200 205 

Lye Leo Thr Lye lie lie Cys Ala Gin Gin Cys Ser Gly Arg Cys Arg 
210 215 220 
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Gly Lye Ser Pro Ser Asp Cys Cys His Asn Gin Cys Ala Ala Gly Cys 
225 230 235 240 

Thr Gly Pro Arg Glu Ser Asp Cys Leu Val Cys Arg Lye Phe Arg Asp 
245 250 255 

Glu Ala Thr Cys !y’ Asp Thr Cys Pro Pro Leu Met Leu Tyr Asn Pro 
260 265 270 

Thr Thr Tyr Gin Met Asp Val Asn Pro Glu Gly Lye Tyr Ser Phe Gly 
275 280 285 

Ala Thr Cys Val Lye Lye Cys Pro Arg Asn Tyr Val Val Thr Asp His 
290 295 300  .

Gly Ser Cys Val Arg Ala Cys Gly Ala Asp Ser Tyr Glu Met Glu Glu 
305 310 315 320 

Asp Gly Val Arg Lye eye Lye Lye Cys Glu Gly Pro Cys Arg Lys Val 
325 330 335 

Cys Asn Gly lie Gly lie Gly Glu Phe Lye Asp Ser Leu Ser lie Asn 
340 345 350 

Ala Thr Asn lie Lye His Phe Lys Asn Cys Thr Ser lie Ser Gly Asp 
355 360 365 

Leu His lie Leu Pro Val Ala Phe Arg Gly Asp Ser Phe Thr His Thr 
370 375 380 

Pro Pro Leu Asp Pro Gin Glu Leu Asp lie Leu Lye Thr Val Lye Glu 
385 390 395 400 

Ile Thr Gly Phe Leu Leu lie Gin Ala Trp Pro Glu Asn Arg Thr Asp 
405 410 415 

Leu His Ala Phe Glu Asn Leu Glu lie lie Arg Gly Arg Thr Lye Gin 

. 
420 425 430 

His Gly Gin Phe Ser Leu Ala Val Val Ser Leu Asn lie Thy Ser Leu 
435 440 445 

Gly Leu Arg Ser Leu Lys Glu lie Ser Asp Gly Asp Val lie lie Ser 
450 455 460 

Gly Asn Lye Asn Leu Cys Tyr Ala Asn Thr lie Asn Trp Lye Lye Leu 
465 470 475 480 

Phe Gly Thr Ser Gly Gin Lys Thr Lye lie lie Ser Asn Arg Gly Glu 
485 490 495 

Asn Ser Cys Lye Ala Thr Gly Gin Val Cys His Ala Leu Cys Ser Pro 
500 505 510 

Glu Gly Cys Trp Gly Pro Glu Pro Arg Asp Cys Val Ser Cys Arg Asn 
515 520 525 
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Val Ser Arg Gly Arg Glu Cys Val Asp Lys Cys Asn Leu Leu Glu Gly 
530 535 540 

Glu Pro Arg Glu Phe Va]. Glu Asn Ser Glu Cys lie Gin Cys His Pro 
545 550 555 560 

Clii Cys Leu Pro Gin Ala Met Asn lie Thr Cys Thr Gly Arg C-].y Pro 

565 570 575 

Asp Asn Cys Ile Gin Cys Ala His Tyr lie Asp Gly Pro His Cys Val 
580 585 590 

Lys Thr Cys Pro Ala Gly Val Met Gly Glu Asn Asn Thr Leu Val Trp 
595 600 605 

. Lys Tyr Ala Asp Ala Gly His Val Cys His Leu Cys His Pro Asn Cys 
610 615 620 

Thr Tyr Gly Cys Thr Gly Pro Gly Leu Glu Gly Cys Pro Thr Asn Gly 

625 630 635 640 

Pro Lys lie Pro Ser lie Ala Thr Gly Met Val Gly Ala Leu Leu Leu 
645 650 655 

Leu Leu Va]. Va]. Ala Leu Gly lie Gly Leu Phe Met Arg Arg Arg His 
660 665 670 

Ile Va]. Arg Lys Arg Thr Leu Arg Arg Leu Leu Gin Glu Arg Glu Leu 
675 680 685 

Val Glu Pro Leu Thr Pro Ser Gly Glu Ala Pro Asn Gin Ala Leu Leu 
690 695 700 

Arg lie Leu Lye Glu Thr Glu Phe Lye Lye lie Lye Val Leu Gly Ser 

705 710 715 720 

. Gly Ala Phe Gly Thr Va]. Tyr Lye Gly Leu Trp lie Pro Glu Gly Glu 
725 730 735 

Lye Val Lye lie Pro Val Ala lie Lye Glu Leu Arg Glu Ala Thr Ser 
740 745 750 

Pro Lye Ala Asn Lye Glu lie Leu Asp Glu Ala Tyr Val Met Ala Ser 
755 760 765 

Val Asp Asn Pro His Va]. Cys Arg Leu Leu Gly lie Cys Leu Thr Ser 

770 775 780 

Thr Val Gin Leu lie Thr Gin Leu Met Pro Phe Gly Cys Leu Leu Asp 

785 790 795 800 

Tyr Val Arg Glu His Lye Asp Asn lie Gly Ser Gin Tyr Leu Leu Asn 
805 810 815 

Trp Cys Va]. Gin lie Ala Lye Gly Met Asn Tyr Leu Glu Asp Arg Arg 
820 825 830 
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Leu Val His Arg Asp Leu Ala Ala Arg Asn Val Leu Val Lys Thr Pro 
835 840 845 

Gin His Val Lys Ile Thr Asp Phe Gly Leu Ala Lys Leu Leu Gly Ala 
850 855 860 

Glu Glu Lys Glu Tyr His Ala Glu Gly Gly Tys Val Pro Tie T.y Trp 
865 870 875 880 

Met Ala Leu Glu Ser lie Leu His Arg lie Tyr Thr His Gin Ser Asp 
885 890 895 

Val Trp Set Tyr Gly Val Thr Val Trp Glu Leu Met Thr Phe Gly Ser 
900 905 910 

Lys Pro Tyr Asp Gly lie Pro Ala Ser Glu lie Ser Ser lie Leu Glu 
915 920 925 

Lye Gly Glu Arg Leu Pro Gin Pro Pro lie Cys Thr lie Asp Val Tyr 

930 935 940 

Met lie Met Val Lye Cys Trp Met lie Asp Ala Asp Ser Arg Pro Lye 

945 950 955 960 

Phe Arg Glu Leu lie Ile Glu Phe Ser Lye Met Ala Arg Asp Pro Gin 
965 970 975 

Arg Tyr Leu Val lie Gin Gly Asp Glu Arg Met His Leu Pro Set Pro 
980 985 990 

Thr Asp Ser Asn Phe Tyr Arg Ala Leu Met Asp Glu Glu Asp Met Asp 
995 1000 1005 

Asp Val Val Asp Ala Asp Glu Tyr Leu lie Pro Gin Gin Gly Phe Phe 

1010 1015 1020 

. Set Set Pro Ser Thr Ser Arg Thr Pro Leu Leu Ser Ser Leu Ser Ala 

1025 1030 1035 1040 

Thr Ser Asn Asn Ser Thr Val Ala Cys lie Asp Arg Asn Gly Leu Gin 
1045 1050 1055 

Ser Cys Pro lie Lys Glu Asp Ser Phe Leu Gin Arg Tyr Ser Ser Asp 
1060 1065 1070 

Pro Thr Gly Ala Leu Thr Glu Asp Ser lie Asp Asp Thr Phe Leu Pro 
1075 1080 1085 

Val Pro Glu Tyr lie Asn Gin Ser Val Pro Lye Arg Pro Ala Gly Ser 
1090 1095 1100 

Val Gin Asn Pro Val Tyr His Asn Gin Pro Leu Asn Pro Ala Pro Ser 
1105 1110 1115 1120 

Arg Asp Pro His Tyr Gin Asp Pro His Ser Thr Ala Val Gly Asn Pro 
1125 1130 1135 
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Glu Tyr Leu Asn Thr Val Gin Pro Thr Cys Val Asn Ser Thr Phe Asp 
1140 1145 1150 

Ser Pro Ala His Trp Ala Gin Lys Gly Ser His Gin lie Ser Leu Asp 
1155 1160 1165 

Asn Pro Asp Tyr Gin Gin Asp Phe Phe Pro Ly Clu Ala Lye Pro Asn 
1170 1175 1180 

Gly lie Phe Lye Gly Ser Thr Ala Glu Asn Ala Glu Tyr Leu Arg Val 
1185 1190 1195 1200 

Ala Pro Gin Ser Ser Glu Phe lie Gly Ala 
1205 1210 

<210> 3 
<211> 16 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Description of Artificial Sequence: Synthetic 

oligonucleotide 

<400> 3 
tgcarctcat cacgca 

<210> 4 
<211> 16 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Description of Artificial Sequence: Synthetic 

oligonucleotide 

<400> 4 
tgcarctcat caygca 

<210> 5 
<211> 16 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Description of Artificial Sequence: Synthetic 

oligonucleotide 

<400> 5 
tgcaactcat catgca 

16 

16 

16 



*ATENT COOPERATION TREA 
WO 2006/084058 
PCT/US2006/00371 7 

From the INTERNATIONAL BUREAU 

PCT 
FIRST NOTICE INFORMING THE APPLICANT OF 

THE COMMUNICATION OF THE INTERNATIONAL 
APPLICATION (TO DESIGNATED OFFICES WHICH 

DO NOT APPLY THE 30 MONTH TIME LIMIT 
UNDER ARTICLE 220)) 

IPCF Rule 47.1(c)) 

Date of mailing (day/mont/i/year) 
08 September 2006 (08.09.2006) 

Applicant’s or agent’s tile reference 
030258-57642 

International application No. 
PCT/US2006/00371 7 

Applicant 

To: 

RESNICK, David 
NIXON PEABODY LLP 
100 Summer Street 
Boston, Massachusetts 02110 
ETATS-UNIS D’AMERIOUE 

International tiling date (day/month/year) 
02 February 2006 (02.02.2006) 

RECEVED 

SEP 19 2006 

NXON F:AEO)Y LLP 

IMPORTANT NOTICE 

THE GENERAL HOSPITAL CORPORATION et al 

Priority date (day/month/year) 
03 February 2005 (03.02.2005) 

I. ATTENTION: For any designated Office(s), for which the time limit under Article 22(1), as in force from I April 2002 (30 months from 
the priority date), does apply, please see Form PCI’/I13/308(Second and Supplementary Notice) (to be issued promptly after the expiration 
of 28 months from the priority date). 

2. Notice is hereby given that the following designated Office(s), for which the time limit under Article 22(l), as in force from I April 2002, 
does not apply, has/have requested that the communication of the international application, as provided for in Article 20, be effected under 
Rule 93bis. I. The International Bureau has effected that communication on the date indicated below: 
10 August 2006 (10.08.2006) 

CH 

In accordance with Rule 47.1 (c-bis)(i), those Offices will accept the present notice as conclusive evidence that the communication of the 
international application has duly taken place on the date of mailing indicated above and no copy of the international application is required 
to be furnished by the applicant to the designated Office(s). 

3. The following designated Offices, for which the time limit under Article 22(I), as in force from 1 April 2002, does not apply, have not 
requested, as at the time of mailing of the present notice, that the communication of the international application be effected under Rule 
93bis.1 

LU, SE, TZ, UG, ZM 

In accordance with Rule 47.1 (c-bis)(ii), those Offices accept the present notice as conclusive evidence that the Contracting State for which 
that Office acts as a designated Office does not require the furnishing, under Article 22, by the applicant of a copy of the international 
application. 

4. TIME LIMITS for entry Into the national phase 

For the designated Office(s) listed above, and unless a demand for international preliminary examination has been filed before the 
expiration of 19 months from the priority date (see Article 390)), the applicable time limit for entering the national phase will, subject to 
what is said In the following paragraph, be 20 MONTHS from the priority date. 

In practice, time limits other than the 20-month time limit will continue to apply, for various periods of time, in respect of certain of the 
designated Offices listed above. For regular updates on the applicable time limits (20 or 21 months, or other time limit), Office by 
Office. refer to the PCT Gazette, the PCT Newsletter and the PCT Applicant’s Guide, Volume H, National Chapters, all available from 
WIPO’s Internet site, at htlp://www.wipo.inl/pcl/en/index.hLml. 

It is the applicant’s sole responsibility to monitor all these time limits. 

The International Bureau of WIPO Authorized officer 

34, chemin des Colombettes Simi Baharlou 1211 Geneva 20, Switzerland 

Facsimile No. +41 22 338 8270 e-mail: ptO9@1wipo.in1 

Form PCT/113/308(17irst Notice) (January 2004) 



PATENT COOPERATION TRW WO 
2006/084058PCT/US2006/003717 

From the INTERNATIONAL BUREAU 

PCT 
SECOND AND SUPPLEMENTARY NOTICE 

INFORMING THE APPLICANT OF THE 
COMMUNICATION OF THE INTERNATIONAL 

APPLICATION (TO DESIGNATED OFFICES 
WHICH APPLY THE 30 MONTH TIME 

LIMIT UNDER ARTICLE 22(1)) 

(PIT Rule 47.1(c)) 
Date of mailing (day/nwnth/)ear) 

07 June 2007 (07.06.2007) 

Applicant’s or agent’s file reference 
030258-57642 

International application No. 
PCT/US2006/00371 7 

Applicant 

To: 

RESNICK, David 
NIXON PEABODY LLP 
100 Summer Street 
Boston, Massachusetts 0211 
ETATS-UNIS D’AM ERIQUE 

International filing date (day/monthf)’ear) 
02 February 2006 (02.02.2006) 

r2cEVED 

JUN 18 2007 

NIXON PEABODY LIP 

IMPORTANT NOTICE 

THE GENERAL HOSPITAL CORPORATION et al 

Priority date (day/month/year) 
03 February 2005 (03.02.2005) 

1. ATTENTION: For any designated Office(s), for which the time limit under Article 22(1), as in force from 1 April 2002 (30 months from 
the priority date), does not apply, please see Form PCT/IB/308(First Notice) issued previously. 

2. Notice is hereby given that the following designated Office(s), for which the time limit under Article 22(1), as in force from 1 April 2002, 
does apply, has/have requested that the communication of the international application, as provided for in Article 20, be effected under 
Rule 93bis. 1. The International Bureau has effected that communication on the date indicated below: 
10 August 2006 (10.08.2006) 

AU, AZ, BY, CN, CO. DZ, EP, HU, KG, KP, KR, MD, MK, MZ, NA, NG, PG, RU, SY, TM, US 

In accordance with Rule 47. 1(c-b4)(i), those Offices will accept the present notice as conclusive evidence that the communication of the 
international application has duly taken place on the daze of mailing indicated above and no copy of the international application is required 
to be furnished by the applicant to the designated Office(s). 

3. The following designated Offices, for which the time limit under Article 22(1), as in force from 1 April 2002, does apply, have not 
requested, as at the time of mailing of the present notice, that the communication of the international application be effected under Rule 
93bis.1: 

AE, AG, AL, AM, AP, AT, BA, BB, BG, BR, BW, BZ, CA, CR, CU, CZ DE, DK, DM, EA, EC, EE, EG, ES, Fl, GB, GD, 
GE, GH, GM, HR, ID, IL, IN, IS, JP, KE, KM, KN, KZ, IC, LK, LA, LS, IT, LV, LV, MA, MG, MN, MW, MX, NI, NO, NZ, 
OA, OM, PH, PL, PT, RO, SC, SD, SG, SK, SL, SM, TJ, TN, TR, U, UA, UZ, VC, VN, VU, ZA, ZM, ZW 

In accordance with Rule 47. 1(c-bis)(ii), those Offices accept the present notice as conclusive evidence that the Contracting State for which 
that Office acts as a designated Office does not require the furnishing, under Article 22, by the applicant of a copy of the international 
application. 

4. TIME LIMITS for entry into the national phase 

For the designated or elected Office(s) listed above, the applicable time limit for entering the national phase will, subject to what Is said in 
the following paragraph, be 30 MONTHS from the priority date. 

In practice, time limits other than the 30-month time limit will continue to apply, for various periods of time, in respect of certain of the 
designated or elected Office(s) listed above. For regular updates on the applicable time limItS (30 or 31 months, or other time limit), 
Office by Office, refer to the PC?’ Gazette, the PC?’ Newsletter and the PCTApplicant’s Guide, Volume II, National Chapters, all available 
from WIPO’s Internet site, at hup://www.wipo.int/pct/en/index.html. 

It is the applicant’s sole responsibility to monitor all these time limits. 

The International Bureau of WIPO Authorized officer 
34, chemin des Colombettes Simi Baharlou 1211 Geneva 20, Switzerland 

Facsimile No. +41223388270 e-mail: pt09.pct@wipo.mz 

Form PCTFI13/308(Second and Supplementary Notice) (January 2004) 
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PATENT COOPERATION TREATY PCT/US2006/003717 

From the INTERNATIONAL BUREAU 

PCT To: RECEIVED 

NOV 3 0 2006 
NOTIFICATION CONCERNING RESNICK, David 

SUBMISSION OR TRANSMITTAL NIXON PEABODY LLP 
OF PRIORITY DOCUMENT 100 Summer Street NIXON PEABODY LLP 

Boston, Massachusetts 02110 
ETATS-UNIS D’AMERIQUE 

(PCT Administrative Instructions, Section 411) 

Date of mailing (day/montWyea) 
10 July 2006 (10.07.2006)  

Applicant’s or agenrs file reference 
030258-57642 IMPORTANT NOTIFICATION 

International application No. International filing date (da/month/yea.) 
PCT/US2006/00371 7 02 February 2006 (02.02.2006) 

International publication date (day/month/year) Priority date (day/montWyear) 
Not yet published 03 February 2005 (03.02.2005) 

Applicant 
THE GENERAL HOSPITAL CORPORATION at al 

1. By means of this Form, which replaces any previously issued notification concerning submission or transmittal of priority 
documents, the applicant is hereby notified of the date of receipt by the International Bureau of the priority document(s) relating to 
all earlier application(s) whose priority is claimed. Unless otherwise indicated by the letters "NR", in the right-hand column or by an 
asterisk appearing next to a date of receipt, the priority document concerned was submitted or transmitted to the International Bureau 
in compliance with Rule 17.1(a) or (b). 

2. (If applicable) The letters "NR" appearing in the right-band column denote a priority document which, an the iLth’ of mailing of 
.t.his...Eacw, had not yet been received by the International Bureau under Rule 17.1(a) or (b). Where, under Rule 17.1(a), the 
priority document must be submitted by the applicant to the receiving Office or the International Bureau, but the applicant fails to 
submit the priority document within the applicable time limit under that Rule, the attention of the applicant Is directed to Rule 
17.1(c) which provides that no designated Office may disregard the priority claim concerned before giving the applicant an 
opportunity, upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the 
circumstances. 

3. (If applicable)An asterisk () appearing next to a date of receipt, in the right-band column, denotes a priority document submitted 
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b) (the priority document was received 
after the time limit prescribed in Rule 17.1(a) or the request to prepare and transmit the priority document was submitted to the 
receiving Office after the applicable time limit under Rule 17.1(b)). Even though the priority document was not furnished in 
compliance with Rule 17.1(a) or (b), the International Bureau will nevertheless transmit a copy of the document to the designated 
Offices, for their consideration. In case such a copy is not accepted by the designated Office as the priority document, Rule 17.1(c) 
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, upon entry 
into the national phase, to furnish the priority document within a time limit which is reasonable under the circumstances. 

Priority date Priority application No (’oimtry or regional Offire Date of receipt 
or PCT receiving Office of priority docamient 

03 February 2005 (03.02.2005) 60/849,483 US 19 June 2006 (19.06.200 
15 April 2005 (15.04.2005) 

. 601671,989 
us 07 April 2008 (07.04.2006) 

The International Bureau of WIPO Authorized officer 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland SImIn Baharlou 

Facsimile No. +4122 338 71 30 
Facsimile No. +41 22 338 82 70 Telephone No. 4-4122 338 99 32 

Form PCT/IB/304 (October 2005) 1 irwnornain 
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PATENT COOPERATION TREATY 

From the INTERNATIONAL SEARCHING AUTHORITY 

To: 
DAVID S. RESNICK 
NIXON PEABODY LLP 
100 SUMMER STREET 
BOSTON, MA 02110 

PCT 
1E3.VEO l NOTIFICATION OF TRANSMITTAL OF 

THE INTERNATIONAL SEARCH REPORT AND 

SEP 2 5 2006 
THE WRITTEN OPINION OF THE INTERNATIONAL 
SEARCHING AUTHORITY, OR THE DECLARATION 

:’flpT)YL

 
(PCT Rule 44.I) 

Date of mailing 

I Applicant’s or agent’s tile reference  
030258-57642 FOR FURTHER ACTION See paragraphs I and 4 below I 
International application No. International filing date I 
PCT/US06/03717 (day/month/year) 02 February 2006 (02.02.2006) I 
Applicant 
THE GENERAL HOSPITAL CORPORATION 

I. The applicant is hereby notified that the international search report and the written opinion of the International Searching Authority 
have been established and are transmitted herewith. 

Filing of amendments and statement under Article 19: 
The applicant is drititled, if he so wishes, to amend the claims of the international application (see Rule 46): 

When? The time limit for filing such amendments is normally two months from the date of transmittal of the international 
search report. 

Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes 
1211 Geneva 20, Switzerland, Facsimile No.: (41-22) 338.82.70. 

For more detailed Instructions, see the notes on the accompanying sheet. 

2. [J The applicant is hereby notified that no international search report will be established and that the declaration under 
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith. 

3. With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

[J the protest together with the decision thereon has been transmitted to the International Bureau together with the applicant’s 
request to forward the texts of both the protest and the decision thereon to the designated Offices. 
no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 

4. Reminders 
Shortly after the expiration of 18 months from the priority date, the international application will be published by the International 
Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the 
priority claim, must reach the International Bureau as provided in Rules 90bls. 1 and 90bis.3, respectively, before the completion of the 
technical preparations for international publication. 
The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the 
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an international 
preliminary examination report has been or is to be established. These comments would also be made available to the public but not 
before the expiration of 30 months from the priority date. 
Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary 
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority date 
(in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed acts for 
entry into the national phase before those designated Offices. 
In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19 months. 
See the Annex to Form PCTIIB/301 and, for details about the applicable time limits, Office by Office, seethe PCT Applicant’s Guide. 
Volume 11, National Chapters and the WIPO Internet site. 

Name and mailing address of the ISAI US Authorized 

officerMail Stop PCT, Attn:: ISA/US I 
Commissioner for Patents I Christopher H. 

Yaenr6OOP.O. Box 
1450Alexandria. Virginia 22313.1450 Telephone No. 571-27  Facsimile No. (571)273-3201 

Form PCT/ISA/220 (January 2004) (See notes on accompanying sheet) 



PATENT COOPERATION TREATY 

From the INTERNATIONAL SEARCHING AUTHORITY 

PCT DAVID S. RESNICK 

NOTIFICATION OF TRANSMITTAL OF 

BOSTON. MA 02110 THE INTERNATIONAL SEARCI I REPORT AND 
THE WRITTEN OPINION OF THE INTERNATIONAL 
SEARCHING AUTHORITY, OR THE DECLARATION 

(PCT Rule 44.1) 

Date of mailing 
(day/month/year) 21 SE P 

2Applica006
 

n;;aent)s tile reference 
030258-642 FOR FURTHER ACTION See paragraphs I and 4 below 

International application No. International filing date 
PCT/US061037 17 (day/month/year) 02 February 2006 (02.02.2006) 
Applicant 
THE GENERAL HOSPITAL CORPORATION 

1. The applicant is hereby notified that the international search report and the written opinion of the International Searching Authority 
have been established and are transmitted herewith. 

Filing of amendments and statement under Article 19: 
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46): 

When? The time limit for filing such amendments is normally two months from the date of transmittal of the international 
search report. 

Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes 
1211 Geneva 20, Switzerland, Facsimile No.: (41-22) 338. 82.70. 

For more detailed Instructions, see the notes on the accompanying sheet. 

2. The applicant is hereby notified that no international search report will be established and that the declaration under 
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith. 

3. Z With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that 

the protest together with the decision thereon has been transmitted to the International Bureau together with the applicant’s 
request to forward the texts of both the protest and the decision thereon to the designated Offices. 

no decision has been made yet on the protest: the applicant will be notified as soon as a decision is made. 

4. Reminders 
Shortly after the expiration of 18 months from the priority date, the international application will be published by the International 
Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the 
priority claim, must reach the International Bureau as provided in Rules 90bis. I and 90bis.3, respectively, before the completion of the 
technical preparations for international publication. 

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the 
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an international 
preliminary examination report has been or is to be established. These comments would also be made available to the public but not 
before the expiration of 30 months from the priority date. 

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary 
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority date 
(in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed acts for 
entry into the national phase before those designated Offices. 

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is tiled within 19 months. 

See the Annex to Form PCTIIB/301 and, for details about the applicable time limits, Office by Office, see the PCTApplicanl’s Guide, 
Volume II, National Chapters and the WIPO Internet site. 

Name and mailing address of the ISA! US Authorized officer 
Mail Stop PCT. Attn: ISA/US 
Commissioner for Patents Christopher H. Yaen 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 Telephone No. 571-27 - 600 

Facsimile No. (57t)273-3201 
Pnrm PCT/ISAJ20 I .lanuarv 20041 (See notes on accompanying sheet) 



C] 

, , , a 

0 - 
PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/1SA1220 
030258-57642 ACTION as well as, Mere applicable, item   below. 

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year) 
PCTIUS06I037I7 02 February 2006 (02.02.2006) 03 February 2005 (03.02.2005) 

Applicant 
THE GENERAL HOSPITAL CORPORATION 

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 

according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of 4 sheets. 

It is also accompanied by a copy of each prior art document cited in this report. 

Basis of the Report 
a. With regard to the language, the international search was carried out on the basis of: 

the international application in the language in which it was filed. 

[] a translation of the international application into  , which is the language 
of a translation Ibmished for the purposes of international search (Rules 12.3(a) and 23.1(b)) 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

2. [J Certain claims were found unsearchable (See Box No. II) 

3. [Il] Unity of invention Is lacking (See Box No. III) 
4. With regard to the title, 

the text is approved as submitted by the applicant. 

[j] the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

Lnj the text is approved as submitted by the applicant. 

[I] the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. W. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. With regard to the drawings, 
a. the figure of the draw ings to be published with the abstract is Figure No. - 

[] as suggested by the applicant. 

[] as selected by this Authority, because the applicant failed to suggest a figure. 

[] as selected by this Authority, because this figure better characterizes the invention. 

b. N none of the figures is to be published with the abstract. 

Form PCTIISAi2I0 (first sheet) (AunI 2005 



0 

INTERNATIONAL SEARCH REPORT 
International application No. 

PcT/US06/037 17 

I Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of Item 1.b of the first sheet) I 

I. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and necessary to the claimed 
invention, the international search was carried out on the basis of 

a. type of material 

a sequence listing 

table(s) related to the sequence listing 

b. format of material 

on paper 

Din electronic form 

c. time of fling/furnishing 

contained in the international application as filed 

[J filed together with the international application in electronic form 

furnished subsequently to this Authority for the purposes of search 

2. [] In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto has been filed 

or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the 
application as filed or does not go beyond the application as filed, as appropriate, were furnished. 

3. Additional comments: 

Form PCT/ISA/2 10 (continuation of first sheet( 1)) (April 

110 



International application No. 
INTERNATIONAL SEARCH REPORT 

PCT/US06/037 17 

A. CLASSIFICATION OF SUBJECT MATTER 
IPC: A61K31/00( 2006.01) 

USPC: 514/1,2 
According to International Patent Classification (IPC) or to both national classification and [PC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S.: 514/1,2 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
Please See Continuation Sheet 

C. DOCUMENTS CONSIDERED TO BE RELEVANT  

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

A COLDREN ET AL Baseline Gene Expression Predicts Sensitivity to Gefitinib in Non-Small 1-27 
Cell Lung Cancer Cell Lines. 
Mol Cancer Res. 2006 July, Vol. Epub 

A HEYMACH JV et at Epidermal Gowth Factor Receptor Inhibitors in Development fir the 1-27 
Treatment of Non-Small Cell Lung Cancer. 
Clin Cancer Res. July 2006, Vol. 12, No. 14 Pt 2, pages 444 1 s4445 

A MITSUDOMI et al Biological and Clinical Implications of EGFR Mutations in Lung Cancer. 1-27 
Int J Clin Oncol. June 2006, Vol. 11, No. 3. pages 190-199. 

EFurther documents are listed in the continuation of Box C. [] See patent family annex. 

Special categories of cited documents: later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand the 

"A" document defining the general state of the art which is not considered to be of principle or theory underlying the invention 
particular relevance 

document of particular relevance; the claimed invention cannot be 
E.’ earlier application or patent published on or after the international filing date considered novel or cannot be considered to involve an inventive step 

when the document is taken alone 
"L" document which may throw doubts on priority claim(s) or which is cited to 

establish the publication date of another citation or other special reason (as "Y" document of particular relevance; the claimed invention cannot be 
specified) considered to involve an inventive step when the document is combined 

with one or more other such documents, such combination being 
"0" document referring to an oral disclosure, use, exhibition or other means obvious to a person skilled in the an 

"P’ document published prior to the international filing date but later than the "&" document member of the same patent tandy 
priority date claimed 

Date of the actual completion of the international search Date of mailing of the international searc revort 

2006 07 August 2006(07.08.2006)$EP 

Name and mailing address of the ISAIUS Authorized officer ("\  
Marl Stop PCT, Attn: ISA/US 

. I Christopher H. Yaen / Commissioner for Patents 
P.O. Box 1450 
Alexandria. Virginia 22313-1450 Telephone No. 571-272- 00 

Facsimile No. (571) 273-3201  

Form PCTlSAi210 second sheet)(April 2005) 
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Form PCT/ISAi2 10 (extra sheet) (April 2005) 
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OLNT COOPERATION TREATY 0 
From the. 
INTERNATIONAL SEARCHING AUTHOI 

To: 
DAVID S. RESNICK 
NIXON PEABODY LLP 
100 SUMMER STREET 
BOSTON, MA 02110 

PCT 
WRITTEN OPINION OF THE 

INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43b1s.1) 

Date of mailing 21 SEP 2006i (day/month/year) -
Applicant’s or agent’s file reference FOR FURTHER ACTION 

See paragraph 2 below 
030258-57642 
International application No. International filing date (day/month/year) Priority date (day/month/year) 

PCT/US06/03717 1 02 February 2006 (02.02.2006) 03 February 2005 (03.02.2005) 
International Patent Classification (IPC) or both national classification and IPC 

IPC: A6IK 31/00(2006.01).39/395(2006.01),49/00( 2006.01) AOIN 61/00( 2006.01) 
US PC: 514/1,2;424/130.1,9.1 
Applicant 

THE GENERAL HOSPITAL CORPORATION 

I. This opinion contains indications relating to the following items: 

Box No. I Basis of the opinion 

El Box No. II Priority 

EDBox No. Ill Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

EDBox No. IV Lack of unity of invention 

vN Box No. V Reasoned statement under Rule 43bis. l(a)(i) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

El] Box No. VI Certain documents cited 

[I] Box No. VII Certain defects in the international application 

ElBox No. VIII Certain observations on the international application 

2. FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the 
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an 
Authority other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66. lbis(b) 
that written opinions of this International Searching Authority will not be so considered. 

II this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the 
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing 
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later. 

For further options, see Form PCT/ISA/220. 

3. For further details, see notes to Form PCT/1SA1220. 

IName and mailing address of the ISA! US I Date of completion of this opinion I Authorized officer 
Mail Stop PCT, Attn: ISA/US I I Commissioner for Patents I 07 August 2006 (07.08.2006) Christopher It Yaen 
P.O. Box 1450 I I 

i I 
Alexandria. Virginia 22313-1450 I Telephone No. 571-27 -0600 

Facsimile No. (571) 273-3201 
 

Form PCT/1SA1237 (cover sheet)(April 2005) 

�1 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY PCT/US06/03717 

I Box No. I Basis of this opinion I 

I. With regard to the language, this opinion has been established on the basis of: 

the international application in the language in which it was tiled 

Da translation of the international application into . which is the language of a translation furnished for the purposes of 

international search (Rules 12.3(a) and 23.1(b)). 

2. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and necessary to the claimed 

invention, this opinion has been established on the basis of: 

a. type of material 

a sequence listing 

[] table(s) related to the sequence listing 

b. format of material 

on paper 

in electronic form 

c. time of filing/furnishing 

contained in the international application as filed. 

filed together with the international application in electronic form. 

furnished subsequently to this Authority for the purposes of search. 

3. [] In addition, in the case that more than one version or copy of a sequence listing and/or table(s) relating thereto has been filed 

or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the 

application as filed or does not go beyond the application as filed, as appropriate, were furnished. 

4. Additional comments: 

Form PCTfISA1237(Box No. I) 
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International application No. 
WRITTEN OPINION OF THE PCTIUS06/03717 

INTERNATIONAL SEARCHING AUTHORITY 

Box No. V Reasoned statement under Rule 43 hls. I(a)(i) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) 

Inventive step (IS) 

Industrial applicability (IA) 

Claims 1-27 YES 
Claims NONE NO 

Claims 1-27 YES 
Claims NONE NO 

Claims 1-27 YES 
Claims NONE NO 

2. Citations and explanations: 

Claims 1-27 meet the criteria set out in PCT Article 33(2)-(3). because the prior sit does not teach or fairly suggest the claimed 
invention. 

, Claims 1-27 meet the criteria set out in PCT Article 33(4), and thus meets industrial applicability because the subject matter claimed can 
be made or used in industry. 

Form 

WI 
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UNuw STATES PATENT AND TRADEMARK OFFICE 
UNDO SECRETARY OF COSIAERGEFCR INTELLECTUAL PROFNTIYAND 
DRECTCR Cc THE LJNTTED STATES PATE TAl DTRM)EM4RIC OFFICE 

DECEMBER 14, 2006 
PTAS *500194138A* 

DAVID S. RESNICK 
100 SUMMER STREET 
NIXON PEABODY LLP 
BOSTON, MA 02110 

UNITED STATES PATENT AND TRADEMARK OFFICE 

NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT 

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF 

THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS 

AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER 

REFERENCED BELOW. 

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE 

INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA 

PRESENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD 

FIND ANY ERRORS OR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY 

CONTACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS NOTICE AT 571-272-3350. 

PLEASE SEND REQUEST FOR CORRECTION TO: U.S. PATENT AND TRADEMARK OFFICE, 

MAIL STOP: ASSIGNMENT SERVICES BRANCH, P.O. BOX 1450, ALEXANDRIA, VA 22313. 

RECORDATION DATE: 12/14/2006 REEL/FRAME: 018636/0597 
NUMBER OF PAGES: 5 

BRIEF: ASSIGNMENT OF ASSIGNOR’S INTEREST (SEE DOCUMENT FOR DETAILS). 

DOCKET NUMBER: 030258-057642-PCT 

ASSIGNOR: 
HABER, DANIEL A 

ASSIGNOR: 
BELL, DAPHNE WINIFRED 

ASSIGNOR: 
SETTLEMAN, JEFFREY S. 

ASSIGNOR: 
SORDELLA, RAFFAELLA 

ASSIGNOR: 
GODIN-HE’YMANN, NADIA G. 

DCC DATE: 02/20/2006 

DCC DATE: 02/17/2006 

DCC DATE: 02/22/2006 

DCC DATE: 02/23/2006 

DCC DATE: 02/19/2006 

I awffy that dds document 
a ue pyof the odgina 
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P.O. Box 1450, AIoandr. VWnlo 22313-1450-wwUsPTo.00v 
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ASSIGNOR: 

L–,VQ Lv:)U titIJE. UVQFVV? ..FO.A JLVL 

KWAK, EUNICE L. DOC DATE: 02/28/2006 

ASSIGNEE: 
THE GENERAL HOSPITAL CORPORATION 
55 FRUIT STREET 
BOSTON, MASSACHUSETTS 02114 

SERIAL NUMBER: FILING DATE: 02/02/2006 
PATENT NUMBER: ISSUE DATE: 
PCT NUMBER: US0603717 
TITLE: METHOD FOR TREATING GEFITINIB RESISTANT CANCER 

ASSIGNMENT SERVICES BRANCH 
PUBLIC RECORDS DIVISION 



Practitioner’s Docket No, 030258-57642-PCr PATENT 

For. U.S. and Foreign Rights 
By: Multiple Inventors 

ASSIGNMT OF INVENTION CONTAINED IN PCT APPLICATION 
(’1ULTIPLE R a = TMS1 

For good and valuable consideration by Assignee to Assignor, the receipt of which is 
hereby acknowledged, 

ASSIGNORS (inventors): 

S Name: RABER, Daniel A. 

Address: 34 Monadnock Road 
Chestnut Hill, MA 02467 

Nationality: US 

Name: BELL, Daphne Winifred 

Address: 7 Arizona Terrace, Apt. 3 
Arlington, MA 02474 

Nationality: US 

Name: SET1LEMAN, Jeffrey B. 

Address: 140 Waverly Avenue 
Newton, MA 02458 

Nationality: US 

Name: SORDELLA, Raffaella 

Address: 38 Sunset Road 
Bedford, MA 01730 

Nationality: IT 

Name: GODIN.NEYMM’JN, Nadia G. 

Address: 8 Plympton Street, Apt 47 
Cambridge, MA 02138 

Nationality: US 

5392054.1 



Pradoc’s DocketNQ 93O2Sfi-57642’t 
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Name: KWMC, Eunice L. 

Address: 47 Butler Circle 
Marlborough, MA 01752 

Nationality: US 

hereby sells, assigns and transfers to 

ASSIGNEE: 

Name: 

Address: 

Nationality: 

The General Hospital Corporation 

55 Fruit Street 
Boston, MA 02114 
US 

and the successors, assigns and legal representatives of the ASSIGNEE the cadre rigX title 
and interest and in all foreign countries, including all rights to claim priority In and to any and 
all improvements which are disclosed in the invention entitled METHOD FOR TREATING 
GEFJTII4IB RESISTANT CANCER and which is found In (37 C.FIR. Section 3.21) POT 
application Serial No. PCT/US2006L°3717_International  Filing Date February 2,2006 and 
any legal equivalent thereof in a foreign country, including the right to claim priority and, in 
and to, all Letters Patent to be obtained for said invention by the above application or any 
continuation, division, renewal or substitute thereof, and as to letters patent any re-issue or 
re-examination thereof. 

ASSIGNOR hereby covenants that no assignment sale, agreement or encumbrance has 
been or will be made or entered into which would conflict with this assignment; 

OASSIGNOR Anther covenants that ASSIGNEE will, upon its request, be provided 
promptly with all pertinent facts and documents relating to said invention and said Letters 
Patent and legal equivalents as may be known and accessible to ASSIGNOR and will testify as’ 
to the same in any interference, litigation or proceeding related thereto and will promptly 
execute and deliver to ASSIGNEE or Its legal representatives any and all papers, instruments or 
affidavits required to apply for, obtain, maintain, issue and enforce said application, said 
invention and said Letters Patent and said equivalents thereof which may be necessary or 
desirable to carry out the purposes thereof. 

The undersigned hereby giant the law flim of Nixon Peabody LLP of 100 Summer 
Street, Boston, Massachusetts 02110, U.S.A., the power to insert on this Assignment any 
further identification which may be necessary or desirable in order to comply with the rules of 
the U.S. Patent and Trademark Office for recordation of this document 
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I K TESTIMONY WBBR.EOF, I, Daniel A. Haber, hereunto set my band and seal this 
di of__________ 2006. 

7O4; A 
Daniel A. Haber A 

ll4 TESTIMONY WHEREOF, I, Daphne Wix3ifred Bell, hereunto set my band and 
seal I F7 day of _6-fCU19 2006. 

1115;6d 9L4.iJ. 

Daphne Wnied Bell , 

IN rESTIMOsl? WHEREOF, I, Jeffrey B. Settlexnan, hereunto set my hand and seal 
this1 g day of 

’- 

2006. 

this 

an 

IN TESTIMONY WHEREOF, I, Raefla Sordella, hereunto set my hand and seal 
dayof_ 2006. 

IN TESTIMONY WIBREOF, I, Nadia G. GodinJ1eymiin, hereunto set my hand 
ieal this _LrL day of 2006. 

I( 
a( 

iJtAtPL_ 

Nadia ç 

IN TESTIMONY WHEREOF, I, Eunice L. Kwek, hereunto set my hand and seal this 
� day of 12006. 

� CL 4. 
Eunice L. I(wak 

1&A 
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William Francis Galvin 
Secretary of the Commonwealth 

APOSTILLE 

� 

(Convention de La Haye du 5 octobre 1961) 

1. Countiy: United States of America 
This pub/ic document 

2. has been signed by: Jill A. Edwards 
3. acting in the capacity of Notary Public 
4 bears the seal/stamp of the State of Massachusetts 

whose commission expires on February 6, 2009 
Nib 

’ .’. �’ç.. �’ ccl . 

Certified �’,’ 5. at: Boston, Massachusetts 6. the: 25 ugust. 
2ac 

7. by: the Secretary of the Commonwealth 
8. No.: 1090827 
9. Seal/stamp: great Sea(o , - mmonweaftfi 

10. Signature: 

William Francis Galvin 
Secretary of the Commonwealth 

prepared by dBic/i 



PODER I 

Yo (nosotros) WYETH 

Brigard & Castro 
BOGOTA - COLOMBIA 

domiciliado(s) en Five Giralda Farms, Madison, NJ 07940, 
Estados Unidos de America. 

Nombro(amos) a: JUAN PABLO CADENA SARMIENTO 
y/o BEATRIZ JARAMILLO y/o CARLOS H. PALACIO 
EASTMAN y/o HECTOR GOMEZ MEJIA, de Bogota, 
Colombia, apoderados verdaderos y legales con poder 
especial, amplio y suficiente, para recabar de las oficinas y 
autoridades colombianas administrativas, judiciales y de 
policla, en cualquier instancia o recurso, la obtención de 
patentes de invención, registros. de marcas, diseæos 
industriales, modelos de utilidad, depósitos de nombres 
comerciales y enseæas, registros de derechos de autor y 
contratos sobre los mismos, obtención de certificados de 
obtentor de variedades vegetales, asi como sus prórrogas, 

�enovaciones, anotaciones de traspaso, cambios de nombre 
y/o domicilio; elaborar, tramitar y registrar contratos de 
licencia y licencias de cualesquiera clases; intervenir coma 
demandante o como demandado en cualquier instancia y 
recurso ante cualquier juez, corporación, funcionario pblico 
o autoridad en acciones judiciales, administrativas y de 
policla tales como: oposiciones al registro de marcas; 
acciones de caduàidad, cancelación y nulidad; acciones 
reivindicatorias, acciones derivadas de la obtención o 
explotación de licencias; acciones de competencia desleal; 
demandas penales; acciones de indemnización de 
perjuicios, reclamos y observaciones a sólicitudes de 
patentes, diseos industriales, modelos de utilidad, en el 
ejerciclo de medidas cautelares y en otras acciones 0 
medidas similares. 

A este efecto, b(s) faculto(amos) para elevar solicitudes, 
formular descripciones, enmiendas, protestas, 
declaraciones, oposiciones, cancelaciones, nulidades, 

,pelaciones y reclamos; pagar impuestos, cuotas y 
ravÆmenes prescritos por Ia ley renunciar o desistir a 

derechos concedidos o en curso de concesión; recibir toda 
clase de documentos y valores, dando el descargo 
respectivo, y, en general, para dar ante dichas autoridades 
todos los pasos necesarios al efecto indicado y tomar todas 
las medidas que creyeren conducentes al resguardo de mis 
(nuestros intereses), con todas las demÆs facultades legales 
necesarias. 

Este poder comprende la facultad de ratificar o confirmar en 
ml (nuestro) nombre lo actuado asI como la facultad de 
desistir, transigir, comprometer, y la de sustituirlo en todo 0 
en parte y revocar sustituciones. Asimismo nombro(amos) 
a: JUAN PABLO CADENA SARMIENTO y/o BEATRIZ 
JARAMILLO ybo CARLOS H. PALACIO EASTMAN ybo 
HECTOR GOMEZ MEJIA,, domiciliado(s) en la Carrera 7 
No. 16-56 Piso 9, mis (nuestros) apoderados en Colombia, 
con facultades para recibir notificaciones y designar 
apoderados judiciales o extrajudiciales. 

Otorgado y firmado en 

hoy de de 200_ 

Firma 

Lbcirs’ 

A 
POWER OF ATTORNEY 

I (We) WYETH 

domiciled in Five Giralda Farms, Madison, NJ 07940, 
United States of America. 

Hereby appoints JUAN PABLO CADENA SARMIENTO 
and/or BEATRIZ JARAMILLO and/or CARLOS H. 
PALACIO EASTMAN and/or HECTOR GOMEZ MEJIA, of 
Bogota, Colombia, my (our) true and lawful attorneys with 
special, ample and sufficient power to obtain from the 
Colombian administrative, judicial and police offices and 
authorities, in any instance, privileges of patents of 
invention, registration of trademarks, industrial designs and 
utility models; registration of commercial names and 
emblems, registration of copyright and contracts related 
thereto, certificates of. obtainers of vegetables varieties, as 
well as extensions, renewals and recordal of assignments 
and changes of name and domicile related to the above; to 
prepare, prosecute and register licenses of any kind; to act 
as plaintiff or defendant in any instance or recourse, and 
before any judge, corporation, public official or authority in 
judicial, administrative and police actions,, such as: 
oppositions to the registration of trademarks; caducity, 
cancellation and nullity actions; claim actions derived from 
the obtaining or exploitation of licenses, action of unfair 
competition; criminal proceedings, actions for payment of 
damages: claims or observations on patent applications, 
models, industrial designs and utility models; in the exercise 
of preventive measures and in other actions or similar 
proceedings. 

To that effect they hereby empowered to file applications, 
formulate descriptions, amendments,irotests, declarations, 
oppositions, cancellations, nuiF s,’appeals and claims; to 
pay taxes, quotas ’nt’s :prescribed by law, 
renounce or Wa!tbe.’ri. ..grh " or hi the process o 
granting; to...-  [yeah kinds d 
giving the ’405-, tive,reIeasØ of 

u ’ents’ and valuabhs; 
e I, and.in generE - 

take before id authorities .th n essary steps to s 
effect, and a measures that ey 

y 

deem pertinent 
the safeauar of my (our) i ter t(s) with all 

1 
the oth 

necessary leg (powers. - - - 

This power inclu s the faculty to ratify or confirç’n 
settle and comprom on my our) behalf, and to 
this power in whole or in p and to revoke substit9ti 
the same time I (We) hereby appoints JUAN I I 
CADENA SARMIENTO and/or BEATRIZ JAR 
and/or CARLOS H. PALACIO EASTMAN and/or HI 
GOMEZ MEJIA, domiciled in Carrera 7 No. 16-56, 
my (our) attorney(s) in fact, with powers tq 
notifications and to designate judicial and extn 
attorneys. I 
Granted and signed in 

this 13th day Ju1f 2005 

Signature 

Name H. Andrea Ryan 
Title Assistant Secretary for 

Nombre 
Cargo WyetI 



CERTJFJCADO NOTARIAL (SOCIEDAD) 
If’

 
: 

NOTARIAL CERTIFICATE (COR 0 ATION) 

Hoy do do 
personalmente compareció ante ml 

a quien conozco, y do quien me consta quo firmó el anterior 
documento, debidamente juramentado declaró y dijo que Øl 
(ella) es 

de WYETH 

Sociedad legalmente constituida para un perlodo de 
duración que aün no ha terminado; que el declarante estÆ 
autorizado por dicha compaæla para conferir este poder; quo 
el sello Łstampado por 61 al pie do tal poder, on nombre y 
representación do la expresada compaæIa, es el sello oficial 
de ella; y quo el objeto para el cual se confiere este 
instrumento estÆ comprendido dentro del objeto social de Ia 
sociedad. 

El suscrito Notarlo hace constar que tuvo a la vista las 
�pruebas do la existencia de la sociedad. 

Estado do 
con fecha 

y que quien confiere el presente poder es su representante. 

Notarlo Pbiico (sello) 

On this 13th day of July of 2005 personally 
appeared before me 

N. Andrea. Ryan.. 
to me known, and Knowil to me to be the person who 
signed the foregoing instrument who being by me duly 
sworn did depose and say that he (she) is the 

of WYETH 

Which is legally constituted for a term,.not yet expired, that 
deponent is authorized by said Cbnipany t confer this 
Power of Attorney: that the seal affixed hereunto by the 
deponent in the name and on behalf of said Corporation is 
the corporate seal thereof; and that the purpose for which 
this Instrument is granted is included within the corporate 
purpose of company. 

The undersigned Notary Public attests that he has seen the 
documents that prove the existence of the company. 

State of �.: 
under date of 

and that he (she) who grants the present power of attorney 
is its Representative. 

Public Notary (Seal) 

CERTIFICADO NOTARIAL NOTARIAL 
PERSONA NATURAL NATUR 

� p 

Hoy do de , compareciO(erori) ante ml On this 13th /day of 
personally appeted before 

H. ea tya 
a quien (es) conozco y me consta quo es(son) la(s) who is(are) k4own. to. me 
persona(s) firmante(s) del documerito quip precede y foregoing do men  and 
quien(es) declara(n) quo otorgan el mismo para los fines y grant(s) the d4cument for 

-’ propósitos quo en Øl so expresan. expressed. 

Notarlo Püblico (sello) 

LEGALIZACION POR APOSTILL.A ES REQUERIDA. 

� ’T of 2005 
� 

d ho�. attest executed t 
hey) dared he (the 

uses and urposes tl1 

-JU1 Edwards 
A JILL EDWARDS Notary Public (Seal) ,.., 

Notary Public 

UI) ómmonwealthof MassachusettsMy
 Commission Expires 
February 0, 2009 

LEGALIZATION BY APOSTILLE IS REQUIRED 



TRADUCCIQN AL ESPA1I0L del Documento de Poder otorgado por WYETH 
domiciliadÆ en Five Giralda Farms, Madison, NJ 07940 Estados Unidos de 
America. 

La Mancomunidad de Massachusetts 
William Francis Galvin 

Secretarlo de la Mancomunidad 

APOSTILLA 
(Convenci6n de La Haya del 5 de octubre de 1961) 

1. Pals: Estados Unidos de America 
Este documento püblico 

2. ha sido firmado por:- Jill A. Edwards 
3. actuando en cap acidad de Notario PUblico 
4. lleva el sello/timbre de. Estado de Massachusetts 

cuya comisión  expira el: Febrero 6 de 2009 

Certificado 

5. en: Boston, Massachusetts 
7. por: el Secretario de la Mancomunidad 
8. No.: 1090827 
9. Sello/timbre 

10. Firma. 

(Firma) 

William Francis Galvin 
Secretar,o de Ia Mancomunidad 

6. e’’-’ .. ueagosto .. 

Granhij 


