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(57) Abstract: The present invention provides methods for select-
ing a subject as suitable for combination therapy with EGFR and
HER?2 inhibitors. The present invention also provides methods for
predicting whether a subject will benefit from the combination
therapy. In some embodiments, the present invention provides
methods for determining whether to administer a combination ther-
apy in a subject receiving EGFR inhibitor therapy. In other embod-
iments, the present invention provides methods for monitoring a
subject on EGFR inhibitor therapy to determine whether to admin-
ister a combination therapy of EGFR and HER2 inhibitors. The
present invention is particularly useful to facilitate the design of
personalized therapies for colorectal cancer patients with EGFR in-
hibitor sensitivity.



WO 2014/122600 A1 |00V 00T O AR

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, Published:
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK —  with international search report (Art. 21(3))

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, — before the expiration of the time limit for amending the
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, claims and to be republished in the event of receipt of
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, amendments (Rule 48.2(h))

GW, KM, ML, MR, NE, SN, TD, TG).



(v

10

30

WO 2014/122600 PCT/IB2014/058820

METHODS OF SELECTING COMBINATION THERAPY FOR
COLORECTAL CANCER PATIENTS

CROSS REFERENCE TO RELATED APPLICATIONS
16001} This application claims priority to U.S. Provisional Application No. 61/761,164,
filed February 5, 2013, the disciosure of which is hereby incorporated by reference in their

entirety for all purposes.

ACKGROUND OF THE INVENTION
[6602] The process of signal fransduction in cells 15 responsible for a variety of binlogical
functions including, but not limited to, cell division and death, metabolism, immune cell
activation, newrotransmission, and sensory perception to name but a few. Accordingly,
derangements in normal signal transduction in cells can lead to a number of discase states

such as diabetes, heart disease, aufoimmunity, and cancer.

10683] Onec well characterized signal transduction pathway is the MAP kinase pathway,
which is responsible for transducing the signal from epidermal growth factor (EGF) to the
promotion of ccll proliferation in cells. EGF binds to a transmembrane receptor-linked
tyrosine kinase, the epidermal growth factor receptor (EGFR), which is activated by the
binding of EGF. The binding of EGF to EGFR activates the tyrosine kinase activity of the
cvtoplasmic domain of the receptor. One consequence of this kinase activation is the
autophosphorvlation of EGFR on tyrosine residues. The phosphorylated tyrosine residucs on
the activated EGFR provide a docking site for the binding of SH2 domain containing adaptor
protems such as GRBZ. In its function as an adaptor, GRBZ further binds to a guanine
nucleotide exchange factor, SO5, by way of an SH3 domain on GRB2. The formation of the
complex of EGFR-GRB2-805 leads to SOS activation o a guanine nucleotide exchange
factor that promotes the removal of GDP from Ras. Upon removal of GDP, Ras binds GTP

and becomes activated.

[6604] Following activation, Ras binds to and activates the protein kinase activity of RAF
kinase, a serine/threonine-specific protein kinase. What follows is the activation of a protein
kinase cascade that leads to cell proliferation. In outline, RAF kinase then phosphorylates
and activates MEK, another serine/threonine kinase. Activated MEK phosphorylates and
activates mitogen-activated protein kinase (MAPK). Among the targets for further

phosphorylation by MAPK are 408 ribosomal protein 56 kinase {RSK). The phosphorylation
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of RSK by MAPK results in activation of RSK, which in turn phosphorviates ribosomal
protein S6. Another known target of MAPK is the proto-oncogene, c~-Myc, a gene important
for cell proliferation, which is mutated in a variety of cancers. MAPK also phosphorylates
and activates another protein kinase, MINK, which in turn phosphorviates the transcription
factor, CREB. Indirectly, MAPK also regulates the transcription of the Fos gene, which
encodes yet another transcription factor involved in cell proliferation. By altering the levels
and activitics of such transcription factors, MAPK transduces the orniginal extracellvlar signal

from EGF into altered transcription of genes that are important for cell cycle progression.

10683]  Given the central role that signal fransduction pathways play i cell growth, it is not
surprising that many cancers arise as a result of mutations and other alterations n signal
transduction components that result in aberrant activation of cell proliferation pathways. For
example, overexpression or hvperactivity of EGFR has been associated with a number of
cancers, including glioblastoma multiforme, colon cancer, and lung cancer. This has
prompted the development of anticancer therapeutics directed against EGFR, including

gefitinib and erlotimb for lung cancer, and cetuxamab for colon cancer.

[6606] Cetuxamab is an example of a monoclonal antibody inhibifor, which binds to the
extraccthular higand binding domain of EGER, thus preventing the binding of higands which
activate the EGFR tyrosime kinase. In contrast, gefitinib and erlotinib are small molecules
which inhibit the mtracellnlary-located EGFR tyrosine kinase. In the absence of kinase
activity, EGFR 1s unable to undergo antophosphorviation at tvrosine residues, which is a
prerequisite for binding of downstream adaptor proteins, such as GRB2. By halting the
signaling cascade in cells that rely on this pathway for growth, tumor proliferation and

migration is dinunished.

[6807] Additionally, other studies have shown that abowt 70% of human melanomas and a
smaller fraction of other tumors have a point mutation {(V399E) in the Raf gene which leads

to peraistent activation of the MAPK pathway {(see, e.g., Davies ef o/, Nature, 417:949-954

(20023, Soch results suggest that mutations in particular signal transduction pathways may
be characteristic of particular types of tumors and that such specific, altered signal

transduction pathways may be a pronusing target for chemotherapeutic intervention.

[60608] Given that different cancer treatments, particularly cancer chemotherapy, may
function etther directly or indirectly by means of either blocking or activating cellular signal
transduction pathways involved in ccll proliferation or death, respectively, the expression

and/or activation of a given signal transduction pathway in a particular form of cancer such
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as, for example, colorectal cancer may serve as a good indicator of the efficacy of various
cancer treatments. Accordingly, in addition to fulfilling other needs, the present invention
provides a method for evaluating the effectivencss of potential anticancer therapies for an
individual patient with colorectal cancer. As such, the present invention provides methods
for assisting a physician in selecting a suitable cancer therapy for the treatment of colorectal

cancer at the right dose and at the right time for every patient.

BRIEF SUMMARY OF THE INVENTION

[360%] In certain aspects, the present invention provides methods for selecting a subject as
suitable for combination therapy with both an EGFR (ErbB1) inhibitor and a HER2 inhibitor.
In other aspects, the present mvention provides methods for predicting whether a subject will
benefit from combination therapy. In particular embodiments of the mvention, methods are
provided for determining whether to administer a combination therapy 1n a subject receiving
therapy with an EGFR inhibitor. In further aspects, the present mvention provides methods
for monitoning a subject receiving therapy with an EGFR. mhibitor to determine whether to

administer a combination therapy comprising the EGFR inhibitor with a HERZ nhibitor.

[6616] In particular aspects, the present invention provides methods for therapy selection,
prediction, and monitoring by detecting and/or quantifyving the expression {e.g., total) levels
and/or activation levels of one or a plurality of dysregulated signal transduction molecules in
tumor tissue including complexces thercot such as ErbB dimers {e.g., heterodimers of HERZ
and HER3) and/or HER3:PI3K complexes. In certain embodiments, the expression and/or
activation levels of molecular complexes such as ErbB dimers {e.g., heterodimers of HER2
and HER3) and HER3 PI3K complexes are detected and/or quantified with an immunoassay,
e.g., a specific, multiplex, high-throughput assay, such as a Collaborative Enzyme Enhance
Reactive Immunoassay (CEER). Thus, the present invention can advantageously be used to
facilitate the design of personalized therapies for EGFR inhibitor-sensitive patients such as

colorectal cancer patients recciving EGFR mhibitor therapy.

{6611} In onc aspect, the present invention provides a method for determining whether to
adnunister combination therapy in a subject receiving therapy with an EGFR inhibttor, the
method comprising;

(a) detecting and/or quantifying the level of a complex in a sample taken
from the subject, wherein the complex comprises an ErbB dimer, a HER3:PI3K complex, or
a combination thereof, and

(b} determining whether to administer a combination therapy comprising

an EGFR inhibitor and a HER?Z inhibitor based upon the level of the complex i the sample.

2



WO 2014/122600 PCT/IB2014/058820

[B612] In some embodiments, the subject 1s sensitive to an EGFR mhibitor such as, e. g,
cetuximab. In other embodiments, the ErbB dimer is an ErbB recepior heterodimer such as,
e.g., a HER2 HERS heterodimer. In certain embodiments, the subject should be admmistered
the combination therapy when the level of the ErbB dimer or the HER3:P13K complex that is
5 detected and/or quantified in the subject’s sample 1s lugher than a refercnce level thereof. In
particular embodiments, the subject should be administered the combination therapy when
the levels of both the ErbB dimer and the HER3:PI3K complex detected and/or quantified in
the subject’s sample are higher than the reference fevels thercof. In vet other embodiments,
the method further comprises detecting and/or quantifying the expression and/or activation
10 level of HERZ and/or HER3 in the sample. In particular embodiments, the administration of
the combination therapy reduces and/or inhibits the formation of the ErbB dimer and/or the
HER3:PI3K complex. In some embodiments, the combination therapy also reduces and/or
inhibits HER? expression, HER3 expression, and/or HER3 activation (e.g., phosphorylation).
Without wishing to be bound by any particular theory, the present mventors have discovered
15 that combination therapy with EGFR and HERZ inhibitors increases the therapeutic index in
EGFR inhibitor-sensitive subjects (e.g., cetuximab-sensitive patients) due to the mhibition or

suppression of feedback mechanisms that are activated or induced upon EGFR inhibition.

[6613] 1n another aspect, the present invention provides a method for monitormg a subject
recctving therapy with an EGFR inhibitor, the method comprising:

20 {a} detecting and/or quantifying the level of a complex in a sample taken
from the subject at time (1), wherein the complex comprises an ErbB dimer, a HER3:PI3K
complex, or a combination thereof, and

(b} comparing the level of the complex detected and/or quantified at () to
the level of the complex detected and/or quantified at an earhier time {t1); and

25 {c) determimng whether to administer a combination therapy comprising
the EGFR inhibitor with a HER?2 inhibitor based upon a difference between the level of the

complex at {t;} compared to {11).

[3614] In some embodiments, the subject 18 sensitive to an EGFR inhibitor sach as, e g,
cetuximab. In other embodiments, the ErbB dimer is an ErbB receptor heterodimer such as,
30 eg, aHER2HERS? heterodimer. In some embodiments, the subject should be administered
the combination therapy when the level of the ErbB dimer or the HER3:PI3K complex that is
detected and/or quantified in the subject’s sample is higher at () compared to {11). In other
embodiments, the subject should be administered the combination therapy when the levels of

both the ErbB dimer and the HER3:PI3K complex detected and/or quantified in the subject’s
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sample arc higher at (1) compared to {t1). In ceortain other embodiments, the method further
comprises detecting and/or quantifying the expression and/or activation level of HER2 and/or
HER3 in the sample. In particelar embodiments, the administration of the combination
therapy reduces and/or inhubits the formation of the ErbB dimer and/or the HER3 PI3K
complex. In some embodiments, the combination therapy aleo reduces and/or inhibits HER?2
expression, HER3 expression, and/or HERS activation {e.g2., phosphorylation). Without
wishing to be bound by any particular theory, the present inventors have discovered that
EGFR inhibitor-sensitive subjects {e.g., cetuximab-sensitive patients) on EGFR inhibitor
therapy can be monitored for the administration of combination therapy with EGFR and
HER?2 mhibitors to increase the therapeutic index due to the mhibition or sappression of

feedback mechanisms that are activated or induced upon EGFR inhibition.

[0815] In sum, the methods of the present invention provide accurate prediction, selection,
and monttoning of EGFR inhibitor-sensitive patients, such as, e.g., colorectal cancer patients
receiving EGFR mhabitor therapy, most likely to benefit from targeted combination therapy
by performing pathway profiling on signal transduction molecules {e.g., complexes of ErbB
receptors and/or PI3K protein complexes) in paticnt temor tissue samples and determining
whether to administer a combination therapyv comprising an EGFR inhibitor together with a
HER2 mhibttor based upon the level of expression and/or activation of these molecules or

complexes thereof,

[B8156] Other objects, features, and advantages of the present invention will be apparent to

one of skill in the art from the following detailed description and figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0817] Figure 1 shows the expression and/or activation levels of HERT, HER2 HER3,
AKT, ERK, MEK, and RSK in Lim 1215 cells during the course of treatment with cetuximab,

{6018] Figare 2 shows the expression and/or activation levels of HERY, HER2, HER3,
AKT, ERK, MEK, and RSK in Lim1215 cells during the course of treatment with cetuximab,

pertuzumab, trastuzumab, a HER3 inhibitor, and combinations thercof,

{6018} Figure 3 shows the expression and/or activation levels of HERI, HER2, HER3,
AKT, ERK, MEK, and RSK in Lim 1215 cells treated with cetuximab, pertuzumab,
trastuzumab, and combinations thereof, as compared to cells treated with gefitinib and

lapatinib.
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[B026] Figure 4 shows the expression and/or activation levels of HERT, HER2, HERS,
AKT, EREK, MEK, and RSK in Lim 1213 cells treated with cetuximab, gefitinib, lapatinib,
and MEK miubitor AS7(3026.

[6621] Figure 5A, B, and D show the expression and/or activation levels of HER 1, HER2,
HER3, AKT, ERK, MEK, and RSK in Lim 1215 cells during the course of treatment with
cetuximab. Figure SC shows the level of HER heterodimers and HER3:PI3K dimers during

the course of treatment with cetuxunab.

10622] Figure 64, B, B, and E chow the expression and/or activation levels of HERT,
HER2Z, HER3, AKT, ERK, MEK, and RSK m Limi213 cells treated with cetwamab for 24
hours. Figare 6{ and F show the level of HER heterodimers and HER3:PI3K dimers treated

with cetuximab for 24 hours.

[B823] Figure 7A, B, B, and E show the expression and/or activation levels of HERT,
HER2, HER3, AKT, ERK, MEK, and RS8K in Lim 1215 cells treated with pertazumab for 24
hours. Figure 7C and F show the level of HER heterodimers and HER3 PI3K dimers treated

with pertuzumab for 24 hours.

[6024] Figure 8A, B, B, and E show the expression and/or activation levels of HERI,
HERZ, HER3, AKT, ERK, MEK, and R58K i Lim 1215 cells treated with trastuzumab for 24
hours. Figure 8C and F show the level of HER heterodimers and HER3:PI3K dimers treated

with trastuzumab for 24 hours.

[0625] Figure A, B, B, and E show the expression and/or activation levels of HERT,
HERZ, HER3, AKT, ERK, MEK, and RSK mn Lim1215 cells treated with a HER3 inhibitor
for 24 hours. Figure 9C and F show the level of HER heterodimers and HER3:PI3K dimers

treated with a HER3 inhibutor for 24 hours.

[0626] Figure 10A, B, D, and E show the expression and/or activation levels of HERI1,
HER2Z, HER3, AKT, ERK, MEK, and RSK m Lum 1215 cells treated with cetuxamab and
pertuzumab for 24 hours. Figure 180 shows the level of HER heterodimers and HER3 PI3K

dimers treated with cetuximab and pertuzumab for 24 hours.

36277 Figure 11A B, D, and E show the expression and/or activation levels of HER1,
HER2 HER3, AKT, ERK, MEK, and RSK in Lim1215 cells treated with cetuximab and
trastuzumab for 24 hours. Figure 11 shows the level of HER heterodimers and

HER3:PI3K dimers treated with cetuxamab and trastuzumab for 24 hours.
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[G028] Figure 12A, B, I}, and ¥ show the expression and/or activation levels of HER1,
HERZ, HER3, AKT, ERK, MEK, and RSK mn Lim 1215 cells treated with cetuxamab and a
HER3 inhibitor for 24 hours. Figure 12 shows the level of HER heterodimers and

HERZ PI3K dimers treated with cetuximab and a HER3 intubitor for 24 hours.

16028] Figure 13A, B, and D show the expression and/or activation levels of HER1,
HERZ, HER3, AKT, ERK, MEK, and RSK in Lim1215 cells treated with cotuximab,
pertuzumab, trastuzumab, a HER3S inhibitor, and combinations thereof for 24 hours. Figure
13 shows the level of HER heterodimers and HERSZ:PI3K dimers treated with cetusimab,

pertuzumab, trastuzumab, a HER3 inhibitor, and combinations thereof for 24 hours.

{0838} Figure 14A B, and D show the expression and/or activation levels of HERT,
HERZ, HER3, AKT, ERK, MEK, and RSK m Lim1215 cells treated with cetuxamab for 24
hours. Figure 14C shows the level of HER heterodimers and HERZ PI3K dimers treated

with cetuximab for 24 hours.

[6631] Figure 154, B, and D show the expression and/or activation levels of HERI,
HER2, HER3, AKT, ERK, MEK, and RSK 1 Lim 1215 cells treated with gefitimb for 24
hours. Figare 13C shows the level of HER heterodimers and HER3:PI3K dimers treated
with gefitinib for 24 houss.

16632] Figare 16A, B, and D show the expression and/or activation levels of HER1,
HER? HER3, AKT, ERK, MEK, and RSK in Lim1215 cells reated with fapatintb for 24
hours. Figure 16C shows the level of HER heterodimers and HER3:PI3K dimers treated

with lapatinib for 24 hours.

[G033] Figure 17A, B, and D show the expression and/or activation levels of HER 1,
HERZ, HER3, AKT, ERK, MEK, and RSK in Lim 1215 cells treated with an MEK mhnbitor
for 24 hours. Figure 17C shows the level of HER heterodimers and HER3:PI3K dimers
treated with an MEK mhibitor for 24 hours.

[6034] Figure 18A, B, and D show the expression and/or activation levels of HER1,
HERZ, HER3, AKT, ERK, MEK, and RSK m Lim1215 cells treated with cetuximab,
gefitinib, lapatinib, or an MEK inhibitor for 24 hours. Figure 18C shows the lovel of HER
heterodimers and HER3:PI3K dimers treated with cetuximab, gefitinib, lapatinib, or an MEK

nhibitor for 24 hours.
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DETAILED DESCRIPTION OF THE INVENTION
L Introduction
[6633] The present invention provides methods for selecting, identifying, and monitoring a
subject on EGFR mhibitor therapy {(e.g., an EGFR inlubitor-sensitive subject) as suitable for
combination therapy with both an EGFR inhibitor and a HER? inhibitor for the treatment of a
cancer such as colorectal cancer. The present invention 1s based, in part, upon the surprising
discovery that signal transduction pathway profiling of cancer cells using an immunoassay
such as a Collaborative Enzyme Enhanced Reactive Immunoassay {CEER) advantageously
provides critical information for selecting the most effective targeted therapeutic agents for
combination therapy to increase the therapeutic index for treating a cancer such as colorectal
cancer, €.g., when compared to monotherapy with an EGFR mhibitor alone. Therefore, the
present invention can be used to factitate the design of personalized therapies for subjects

sensitive to EGFR mhibitors (¢.2., colorectal cancer subjects on EGFR inhibitor therapy).

[3636] Example 1 below demonstrates that co-treatment of EGFR inhibitor-sensitive
colorecial cancer cells {e.g., a cetuximab-sensitive himan colon cancer cell line such as
Lim1215 cells) with a combination of EGFR and HERZ inhubitors relieves or rescues the
feedback mechanisms that are activated or induced when the cells are treated with EGFR
mhibitor alone. As illustrated 1n Example 1, feedback mechanisms that are activated or
mduced when Lim 1213 cells are treated with EGFR inhibitor alone, but arc inhibited or
suppressed when Lim 1215 cells are co~treated with a combination of EGFR and HER2
inhibitors include, without limitation, ErbB receptor dimer formation {¢.g., HER2'HER3
heterodimer formation), HER3:PI3ZK complex formation, increased expression of HERZ,
mcreased expression of HER3, mereased HER3 phosphorviation level, and combinations
thereof. These results are predictive of and support methods for combination therapy with
EGFR and HER2 inhibitors to increase the therapeutic index in EGFR mhibitor-sensitive
subjects by inlubiting or suppressing feedback signaling mechanisms that are activated or
induced when only EGFR s inhibited.

it Befinitions

[0837F An “inlubitor” includes an agent {e.g., a compound, molecule, efe.} that binds to an
analvte such as a polyvpeptide and inhibits, partially or totally blocks stimulation or enzymatic
activity, decreases, prevents, delays activation, inactivates, desensitizes, or down-regulates

the activity of the analvte.
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G038} The term “analvic” includes anv molecule of interest, tvpically a macromolecule
such as a polypeptide, whose presence, amount {expression level}, activation state or level,

and/or identity 1s determined.

[663%9] The term “signal transduction molecule™ or “signal transducer” includes proteins

5 and other molecules that carry out the process by which a cell converts an extraceliular signal
or stimulus info a response, tvpically mvolving ordered sequences of biochemical reactions
wnside the cell. Examples of signal transduction molecules include, but are not Himited to,
receptor tyrosine kinases such as EGFR {e.g., EGFR/HER/ErbB1, HER2/New/ErbB2,
HER3/ErbB3, HER4/ErbB4), VEGFRI/FLT1, VEGFRZ/FLKI/KDR, VEGFR3/FLT4,

10 FLT3/FLK2, PDGFR (e g, PDGFRA, PDGFRE), ¢-KIT/SCFR, INSR (insulin receptor),
IGEF-IR, IGF-HR, IRR (msulin receptor-related receptor), CSF-1R, FGFR 14, HGFR 1-2,
CCR4, TRK A-C, ¢-MET, RON, EPHA -8, EPHB -6, AXL, MER, TYRO3, TIE 1-2,
TEK, RYK, DDR 1-2, RET, ¢-ROS, V-cadherin, L'TK (leukocyte tyrosine kinase), ALK
{anaplastic ivmphoma kinase), ROR 1-2, MUSK, AATYK 1-3, and RTK [06; truncated

15 forms of receptor tyrosine kinases such as truncated HER2 receptors with missing aming-
terminal extracelular domains {e.g., pYSEbBZ (p93my), pl10, p95c. pY3n, efc.}, truncated
cMET receptors with missing amino-terounal extraceliular domains, and truncated HER3
receptors with missing ammo-ternunal extracellular domains; receptor tyrosine kinase dimers
{e.g., pOSHER2 HER3; pO3sHERZ.HER?Z, truncated HER3 receptor with HER1, HER2,

20 HER3, or HER4: HER2 HER2; HER3:HER3; HERZ:HER3; HER1'HERZ; HER1: HER3;
HERZHER4; HER3HERA4, eic }; non-receptor tvrosine kinases such as BCR-ABL, Sre, Frk,
Bik, Csk, Abl, Zap70, Fes/Fps, Fak, Jak, Ack, and LIMEK; tyrosine kinase signaling cascade
components such as AKT {e.g, AKT], AKT2, AKT3), MEK (MAP2K1}, ERK2 (MAPK1),
ERK1 (MAPK3), PI3K (e.z., PIK3CA (pl10), PIK3R1 (p83)), PDK I, PDK2, phosphatase

25 and tensin homolog (PTEN), SGK3, 4E-BPI, P70S6K {e.g., p70 S6 kinase splice variant
alpha 1), protein tvrosine phosphatases {e. g, PTP1B, PTPNI3, BDPL, e}, RAF, PLAZ,
MEKK, INKK, INK, p38, She (p66), Ras {e.g., K-Ras, N-Ras, H-Ras), Rho, Racl, Cdc42,
PLC, PKC, p533, cychin D1, STATI, STAT3, phosphatidylinositol 4,5-bisphosphate (PIP2},
phosphatidylinositol 3 4 5-trisphosphate (PIP3), mTOR, BAD, p21, p27, ROCK, IP3, TSP-1,

30 NOS, GSK-3B, RSK 1-3, INK, c-hun, Bb, CREB, Ki67, and paxillin; nuclear hormone
receptors such as estrogen receptor (ER), progesterone receptor (PR}, androgen receptor,
glucocorticond receptor, mincralocorticoid receptor, vitamin A receptor, vitanun D3 receptor,
retinoid receptor, thyroid hormone receptor, and orphan receptors; nuclear receptor
coactivators and repressors such as amplified 1 breast cancer-1 (AIB1) and nuclear receptor

35 corepressor I {NCOR), respectively; and combinations thereof,

g
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[G040] The term “activation state” refers to whether a particular signal transduction
molecule 1s activated. Similarly, the term “activation level” refers to what extent a particular
signal transduction molecule 1s activated. The activation state typically corresponds to the
phosphorviation, ubiquitination, and/or complexation status of one or more signal
transduction molecules. Non-limiting examples of activation states (listed in parentheses)
include: HERI/EGFR (EGFRvVIIL phosphoryviated {(p-}) EGFR, EGFR:She, ubiquitimated (u-}
EGFR, p-EGFRvill); ErbB2 (p-EbB2, p9SHER?2 (truncated ErbB2). p-p95HERZ,
ErbB2:She, ErbB2 PI3K, ErbB2.EGFR, ErbB2:ErbB3, ErbB2 ErbB4); ErbB3 (p-ErbB3,
truncated ErbB3, ExbB3:PI3K, p~-ErbB3:PI3K, ErbB3:She); ErbB4 (p-ErbB4, ErbB4:5he); ¢-
MET (p-c-MET, truncated ¢-MET, ¢-Met: HGF complex}; AKTI (p-AKTH; AKT2 {p-
AKT2), AKT3 (p-AKT3); PTEN (p-PTEN); PT0OS6K (p-P70S6K); MEK (p-MEK); ERK |
{(p-ERK1}); ERK?2 (p-ERK2). PDK1 {(p-PDK1); PBK2 (p-PDK2); SGK3 {(p-5GK3); 4E-BP!
{(p-4E-BP1); PIK3RI (p-PIK3R1); o-KIT (p-c-KIT); ER (p-ER); IGF-IR (p-IGF-1R, IGF-
IRIRS, IRSPIZK, p-IRS, IGF-1RPI3K); INSR (p-INSR); FLT3 (p-FLT3); HGFRI (p-
HGFR1), HGFRZ (p-HGFR2); RET (p-RET); PDGFRA (p-PDGFRA); PDGFRB (p-
PDGFRB);, VEGFRI (p-VEGFR]1, VEGFRI:PLCy, VEGFRI:Sre), VEGFR2 (p-VEGFRZ,
VEGFR2:PLCy, VEGFR2:5r¢, VEGFRZ heparin solphate, VEGFR2Z: VE-cadherin);
VEGFR3 (p-VEGFR3), FGFRI (p-FGFR1); FGFRZ (p-FGFR2); FGFR3 (p-FGFR3);
FGFR4 (p-FGFR4); TIEN (p-THED: TIE2 (p-TIE2), EPHA (p-EPHA), EPHB (p-EPHB}
GSK-30 (p-GSK-30); NFKB (p-NFKB), IKB (p-IKRB, p-P65.1KB); BAD (p-BAD, BAD: 14~
3-33 mTOR {(p-mTOR); Rek-1 (p-Rsk-1}; Jnk {p-Juk}; P38 (p-P38); STATI (p-STATI);
STAT3 (p-STAT3); FAK (p-FAK); RB (p-RB); Kit7; p33 (p-p53); CREB (p-CREB); c-Jun
(p~c-Jun); c-8r¢ (p-c-Srey; paxillin (p-paxilliny, GRB2 (p-GRB2), She (p-She), Ras (p-Ras),
GABI1 (p-GAB1), SHPZ (p-SHP2), GRB2 (p-GRB2), CRKL (p-CRKL), PLCy (p-PLCy),
PKC (e.g, p-PKCa, p-PRCB, p-PKCS), adducin (p-adducin), RB1 (p-RB1}, and PYK2Z {p-
PYK2).

[B041} As used herein, the term “dilution sertes” is intended to include a series of
descending concentrations of a particular sample {(e.g., cell lysate) or reagent (. 2., antibody).
A dilation series is typically produced by a process of mixing a measured amount of a
starting concentration of a sample or reagent with a diluent {e.g., dihution bufferitoc create a
lower concentration of the sample or reagent, and repeating the process enough times to
obtain the desired number of serial dilutions. The sample or reagent can be serially dituted at
least 2.3, 4, 5.6, 7.8,9. 10, 15, 20, 25, 30, 35, 40, 45, 50, 100, 300, or 1000-fold to produce
a dilution serics comprising at least 2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
28, 25, 30, 35, 40, 45, or 50 descendmg concentrations of the sample or reagent. For
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cxample, a diution series comprising a 2-fold serial dilution of a capture antibody reagent at
a I mg/ml starting concentration can be produced by muxing an amount of the starting
concentration of capture antibody with an equal amount of a dibution buffer to create 2 0.5
mg/ml concentration of the capture antibody, and repeating the process to obtain capture

antibody concentrations of 0.25 mg/ml, 0.125 mg/ml, 0.0625 mg/ml, 0.0325 mg/ml, efc.

[G042] The term “superior dynamic range” as used herein refers to the abifity of an assay to
detect a specific analvie 1 as few as one cell or in as many as thousands of cells. For
example, the immunoassays described herein possess soperior dynanuc range because they
advantagecusty detect a particular signal transduction molecule of intergst in about 1-10,000
cells (e.g.. about 1, §, 10, 25, 30, 75, 100, 250, 500, 750, 1000, 2500, 3000, 7500, or 10,000

cells) using a dilution series of capture antibody concentrations.

[B043] The term “sample” as used herein includes any biological specimen obtained from a
patient. Samples include, without limitation, whole blood, plasma, serum, red blood cells,
white blood cells (e.g., peripheral blood monoenuclear cells), ductal lavage fhud, ascites,
pleural effhux, nipple aspirate, lymph (e 2., disseminated tumor cells of the fymph node},
bone marrow aspirate, saliva, urine, stool (i.e., feces), sputum, bronchial tavage fluid, tears,
fine needle aspirate {e.g., harvested by random periareolar fine needle aspiration), any other
bodily fhud, a tissue sample (e g, tumor tissue) such as a biopsy of a tumor {e.g., needle
biopsy) or a lymph node {e.g., sentinel lvmph node biopsy), a tissue sample {e.g., tumor
tissue) such as a surgical resection of a tumor, and cellular extracts thereof. In some
embodiments, the sample is whole blood or a fractional component thereof such as plasma,
seram, or a cell pellet. In other embodiments, the sample is obtained by isolating circulating
cells of a sohid tumor from whole blood or a cellular fraction thercof using any technique
known in the art. In yet other embodiments, the sample 13 a formalin fixed parattin
embedded (FFPE) tumor tissue sample, e.g., from a solid tumor such as colorectal cancer. In
particular embodiments, the sample is a tumor lysate or extract prepared from frozen tissuc

obtained from a subject having colorectal cancer.

[6644] The term “subject” or “patient” or “individual” typicallv includes humans, but can
also include other amimals such as, e. g, other primates, rodents, canines, felines, equines,

ean]

ovines, porcines, and the ke,

[3045]  Ap “array” or “microarray” comprises a distinct set and/or dilution series of capture
antibodies immobilized or restrained on a sohid support such as, for example, glass{e.g., a

glass slide}, plastic, chips, pins, filters, beads {e.g., magnetic beads, polystyrene beads, efc ),
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paper, membrane {e.g., nylon, nitroccliulose, polyvinylidene fluonde (PVDFE), erc. ), fiber
bundles, or any other suitable substrate. The capture antibodies are generally immobilized or
restrained on the sohid support via covalent or noncovalent interactions {e.g., ionic bonds,
hydrophobic interactions, hydrogen bonds, Van der Waals forces, dipole-dipole bonds). in

5 certain instances, the capture antibodies comprise capture tags which interact with capture
agents bound to the solid support. The arrays used in the assays described herein tvpically
comprise a phurality of different capture antibodies and/or capture antibody concentrations

that are coupled to the surface of a solid support in ditferent known/addressable locations.

10846} The term “capture antibody™ is intended to include an imumobilized antibody which

10 is specific for {i.e., binds, is bound by, or forms a complex with} one or more analvies of
interest in a sample such as a cellular exiract. In particular embodiments, the capture
antibody 1s restrained on a solid support in an array. Switable capture antibodies for
tmmobilizing any of a variety of signal transduction molecules on a solid support are
available from Upstate (Temecula, CA), Biosource {Camarillo, CA), Cell Signaling

15 Technologies (Danvers, MA), R&D Systems (Minneapolis, MN), Lab Vision (Fremont, CA),
Santa Cruz Bictechnology (Santa Cruz, CA), Sigma (8t Louis, MO), and BD Biosciences

(5an Jose, CA).

{68477 The term “detection antibody™ as used herein includes an antibody comprising a
detectable label which 1s specific for (7.e., binds, is bound by, or forms a complex with} one
20 or more analytes of interest in a sample. The term also encompasses an antibody which is
specific for one or more analvtes of mterest, wherein the antibody can be bound by ancther
species that comprises a detectable label. Examples of detectable labels include, but are not
limited to, biotin/streptavidin labels, nucleic acid {e.g., olhigonmucleotide) labels, chemically

reactive labels, floorescent labels, enzyme labels, radioactive labels, and combinations

N
(4

thereof Suitabke detection antibodies for detecting the activation state and/or total amount of
any of a variety of signal transduction molecules are avatlable from Upstate (Temecula, CA),
Biosource {Camarillo, CA), Cell Signaling Technologies (Danvers, MA), R&D Systems
(Minneapolis, MN}, Lab Vision (Fremont, CA), Santa Cruz Bistechnology (Santa Cruz, CA),
Sigma (St. Louis, MO), and BD Biosciences (San Jose, CA). As a non-limiting example,

30 phospho-specific antibodies against various phosphorylated forms of signal transduction
molecules such as EGFR, ¢-KIT, ¢-Sre, FLK-1, PDGFRA, PDGEFRB, AKT, MAPK, PTEN,

Raf, and MEK are available from Santa Cruz Biotechnology.

{3848} The term “activation state-dependent antibody ™ includes a detection antibody which

ig specific for {i.e., binds, is bound by, or forms a complex with} a particelar activation state
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of one or more analvies of mterest in a sample. o preferred embodiments, the activation
state-dependent antibody detects the phosphoryvlation, ubigquitination, and/or complexation
state of one or more analytes such as one or more signal transduction molecules. In some
embodiments, the phosphorvlation of members of the EGFR family of receptor tvrosine
kinases and/or the formation of heterodimeric complexes between EGFR family members is
detected using activation state-dependent antibodies. In particular embodiments, activation
staie-dependent antibodies are useful for detecting one or more sites of phosphorylation in
one or more of the following signal transduction molecules (phosphorylation sites correspond
to the position of the amine acid in the human protein sequence). EGFR/HERV/EDBI (e.g,
tyrosine (Y) 1068); ErbB2/HER?2 (e.g., Y1248); ErbB3/HERS {e.g., Y 1289); ErbB4/HER4
{e.g., Y1284); c-Met (e.g., Y1003, Y1230, Y1234, Y1235, and/or Y1349); SGK3 (e.g,
threonine (1) 256 and/or serine (53 4223; 4E-BP1 {e.g, T70); ERK1 {e.g, TI183, Y187, T202,
and/or Y204y, ERK2 (e.g.. T185, Y187, T202, and/or Y204): MEK (e.g., 5217 and/or 8221};
PIK3R1 {e.g.. Y088}, PDK1 (e.g, S241); PT0SOK (e.g., T229, T389, and/or 8421); PTEN
{e.g., S380); AKTY (e.g., S473 and/or T308), AKTZ {e.g., 5474 and/or T309), AKT3 {e.g.,
S472 and/or T305); GRK-3P ez, $9); NFKB (e.g., 8536); IKB (e.g.. 532); BAD (e.g, S112
and/or $136); mTOR (e.g., 82448); Rsk-1 {e.g., T357 and/or 5363); Ink (e.g., T183 and/or
Y 185); P38 (e.g.. T180 and/or Y182); STAT3 (e.g, Y705 and/or 8727}, FAK (e.g, Y397,
(576, 8722, Y861, and/or 5910}, RB {e.g., 5249, T252, 8612, and/or $780); KRBl (e.g.,
87803, adducin {e.g., $662 and/or §724); PYK2 {e.g., Y402 and/or Y881);, PKCa (e.g.,
8657y PKCwB (e.g, T368 and/or T641); PKCO (e g, T505) p33 {e.g, 8392 and/or S20);
CREB (e.g, 5133); c-hun (e.g., $63); ¢-Src {e.g, Y416); and paxallin (e.g., Y31 and/or
Y118).

[6649] The term “activation state-independent antibody” includes a detection antibody
which is specitic for {J.e., binds, is bound by, or forms a complex with) one or more analvies
of interest in a sample rrespective of their activation state. For example, the activation state-
independent antibody can detect both phosphorylated and unphosphorylated forms of one or

more analvies such as one or more signal transduction molecules.

10650] The term “incubating” is used synonymously with “contacting”™ and “exposing” and
does not imply any specific time or temperature requirernents unless otherwise indicated.

[B051} The term “EGFR mhubitor-sensitive cell” includes a cell such as a colorectal cancer
cell in which the expression and/or activation of EGFR is reduced or inhibited upon exposure
to an EGFR inhibitor such as, e.g., cetwxamab. Similarly, the term “EGFR mhibitor-sensitive

subject” includes a subject having a cancer such as colorectal cancer in which the expression
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and/or activation of EGFR in the cancer cells 1s reduced or inhibited upon treatmoent with an

EGFR inhibifor such as, e.g., cetuxamab.

160521 “Receptor tyrosine kinases” or “RTKs” mclude a familv of fitty-six (36} proteins
characterized by a transmembrane domain and a tyrosine kinase motf. RTKs fimction in cell
signaling and transmit signals regulating growth, differentiation, adhesion, migration, and
apoptosis. The mutational activation and/or overexpression of receptor tyrosine kinases
transforms cells and often plays a crucial vole in the development of cancers. RTKs have
become targets of various molecularty targeted agents such as trastuzumab, cetuximab,
gefitinib, erlotinib, sunitimb, imatinib, nilotinib, and the bke. One well-characterized signal
transduction pathway is the MAP kinase pathway, which is responsible for transducing the

signal from epidermal growth factor (EGF) to the promotion of cell proliferation mn cells.
Bil.  Description of the Emboduments

[3653] In certain aspects, the present invention provides methods for selecting a subject as
suitable for combination therapy with both an EGFR (ErbB1) inhibitor and a HER2 inhibitor.
In other aspects, the present mvention provides methods for predicting whether a subject will
benefit from combination therapy. In particular embodiments of the invention, methods are
provided for determining whether to administer a combination therapy in a subject receiving
therapy with an EGFR inhibitor. In further aspects, the present mvention provides methods
for monitoning a subject receiving therapy with an EGFR. mhibitor to determine whether to

administer a combination therapy comprising the EGFR inlubitor with a HERZ2 mhibitor.

16034] In particular aspects, the present mvention provides molecular markers (biomarkers)
that cnable the deternination or prediction of whether a colorectal cancer can respond or is
likely to respond favorably o a combination of anticancer drugs. In specific embodiments,
measuring the level of expression and/or activation of at least one or more of HER1, HERZ,
HER3, PI3K, cMET, ¢KIT, IGF-1R, AKT, ERK, MEK, R5K, and/or SHC 1s particularly
useful for selecting a suitable therapeutic regimen and/or monitoring therapy for a cancer
such as colorectal cancer and/or identifving or predicting a response thercto in cancer celis
{e.g., isolated cancer cells from a colorectal tumor). In some embodiments, measurng the
formation of heterodimers and homodimers of HER1, HERZ and HERS3 is particolarly useful
for selecting a suitable therapeutic regimen and/or monitoring therapy for a cancer such as
colorectal cancer and/or identifying or predicting a responsc thereto in cancer cells {e.g.,
solated cancer cells from a colorectal tumor). In some embodiments, measuring the binding

of HER1, HER?, or HERS3 to phosphomngesitide 3-kinases (PI3K) 1s particudarly useful for
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selecting a suitable therapeutic regimen and/or monitoring therapy for a cancer such as
colorectal cancer and/or identifying or predicting a response thereto in cancer cells {e.g.,
isolated cancer colls from a colorectal tumor). In some embodiments, binding of HER3 to

PI3K 1s measured.

18038} In one aspect, the present invention provides a method for determuining whether to
administer combination therapy in a subject receiving therapy with an EGFR inhibitor, the
method comprising:

(a) detecting and/or guantifving the level of a complex in a sample taken
from the subject, wherein the complex comprises an ErbB dimer, a HER3:PI3K complex, or
a combination thercof’ and

(b} determining whether to administer a combination therapy comprising

an EGFR inhibitor and a HER2 inhibitor based upon the level of the complex in the sample.

[B856] In some embodiments, the subject has colorectal cancer. In other embodiments, the
subjeet is sensitive to an EGFR inhibitor such as, e. g, cetuximab. In yet other embodiments,
the ErbB dimer is a receptor dimer including, e. g, HER2:HER2; HER3:HER3; HERZ:HER3:
HERI:HER2; HERHERS; HERZ:HER4; HER3HER4; p9SHERZ.HERS, p95HER2:HER2;
truncated HER3 receptor with HER1, HERZ, HER3, or HER4; and combinations thereof. In

particular embodiments, the ErbB dimer is a receptor heterodimer such as, e g, HER2:HERS.

[3657] In certain embodiments, step (a) comprises detecting and/or quantifving the level of
the ErbB dimer and the level of the HER3:PI3K complex. In particular instances, the subject
should be administered the combination therapy when the level of one or both complexcs
the subject’s sample 1s higher than a reference level thereof. In preferred embodiments, the
subject should be administered the combination therapy when the levels of both complexes
{(i.e., both the ErbB dimer and the HER3:PI3K complex) in the subject’s sample are higher
than the reference levels thereof. In certain instances, the reference fevel is the level of the
complex in a sample taken from the sabject prior to EGFR inhibttor therapy or at an earlier
time dunng EGFR inhibitor therapy. In certain other instances, the reference level is the
level of the complex in a human cancer cell line {e. g, Lim1215 human colon cancer cells)

without the EGFR inhibitor or at an carly time point i the presence of the EGFR mhibitor.

[6658] In some embodiments, the method further comprises detecting and/or quantifying
the expression and/or activation {e.g., phosphoryviation} level of HER2 and/or HER3 in the
sample. In particular instances, the subiect should be admunistered the combination therapy

when the expression and/or activation level of HERZ and/or HER3 in the sample is higher
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than a reference expression and/or activation level of HERZ? and/or HER3. In one preferred
embodiment, the level of HER2 expression, HER3S expression, and/or HER3 activation (e.g.,
phosphorvlation} is higher than the reference level. In some instances, the reference level is
the level of the expression and/or activation of HERZ and/or HER3 10 a sample taken from

5 the subject cither prior to EGFR inhibitor therapy or at an earlier time during EGFR inhibitor
therapy. In other instances, the reference level is the level of the expression and/or activation
of HERZ and/or HERS3 in a human cancer cell line {e.g, Lim1215 human colon cancer cells}

without the EGFR inhibitor or at an carly time point in the presence of the EGFR inhibitor.

{065%9]  In particolar embodiments, the administration of the combination therapy reduces
10 and/or inbibits the formation of the ErbB dimer and/or the HER3:PI3K complex. in other
embodiments, the combination therapy also or alternatively reduces and/or mbubits HER2

expression, HER3 expression, and/or HER3 activation {e.g., phosphorylation).

[B866] Non-limiting examples of EGFR (ErbB1 or HER 1} inhubitors include monoclonal
antibodics such as cetuximab (Erbitux®), panitumumab (Vectibix™), matezumab (EMD-
15 72000), nimotuzumab, and zahstumumab; small molecule tyrosine kinase inhibitors such as
gefitinib (tressa®). erlotinib (Tarceva®), lapatinib {GW-572016; Tykerb@’)j canertinitb (Cl
1033), vandetamib (ZACTIMA™), pelitinib (EKB-569), CL-387783, neratinib (HKI-272),
HKI-357, afatintb (BIBW-2992), varlitinib {ARRY-334543), and INJ-26483327; ErbR1
vaccines; and combmations thereof. In particular embodiments, the EGFR inhibitor 1s

20 cetwxamab, gefitimib, erlotinth, or combinations thereof.

[B861] MNon-limiting examples of HERZ? (ErbB2) inlubitors nclude monoclonal antibodies
such as trastuzumab { Herceptin®) and pertuzumab (2C4); small molecule tyrosine kinase
inhibitors such as lapatinib (GW-572016; Tykerb™), gefitinib (fressa®™). erlotinib (Tarceva®),
pelitimb (EKB-569), CP-654577, CP-724714, canertinib {C 1033), HKI-272, PKI-166,
AEET88, BMS-399626, HKI-357, atatinib (BIBW-2992), varhtinib (ARRY-334543}, and

o
[

JNJ-26483327; and combinations thercof. In particular embodiments, the HER? inhibitor is

trastuzumab, pertuzomab, or combinations thereof.

{3062} In particular embodiments, the combination therapy comprises a dual EGFR/HERZ

inhibitor such as lapatinib (Tykerb®).

30 [0063] Insome embodiments, the method further comprises determining or recommending
that the subject be administered {in addition to the combination therapy or as an alternative to

the combination therapy) a HER3 inhibitor and/or PI3K inhibitor,
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[6064] Non-limiting examples of HER3 (ErbB3) whibitors include monoclonal antibodies
targeting the HER3 receptor such as pertuzumab (2C4), patritumab (L13-1287), GSK2849330,
R(O5479599, AV-203, MM-121/SAR256212, MM-111, LIM716, and combinations thereof.

[6665] Non-hnuting examples of PI3K inhibitors mclude BYL-719, BKM-120, PX-866,
wortmannin, LY 294002, quercetin, tetrodotoxin citrate, thioperamide maleate, GDC-0941
(9537054-30-7), IC87114, PI-103, PIK93, BEZ235 (NVP-BEZ235), TGX-115, ZSTK474, {-)-
deguelin, N 7026, myricetin, tandutinib, GDC-0941 bismesviate, GSK690693, KU-35933,
ME-2206, OSU-03012, perifosing, triciribine, XL-147, PIKT5, TGX-221, NU 7441, PI 828,

XL-765, WHI-P 134, and combinations thercof.

[8066] In other embodiments, the method further comprises detecting and/or quantifving
the expression {e.g., total amount} levels and/or activation {e.g., phosphorylation) levels na
tumor tissue sample of one or more additional signal transduction molecules such as HER],
p93HER2, ¢cMET, cKIT, IGF-1R, VEGFR, PDGFR, PRAS, RPS6, SHC, AKT, ERK, PRAS,
RPS6, MEK, RSK, 4EBPI, p70856K, and combinations thereof. In certain embodiments, the
method further comprises determining or recommending that the subject be administered (1n
addition to the combination therapy or as an alternative to the combination therapy) a pan-
HER mhibitor, MEK nhibitor, and/or ¢-Met inhibitor based upon the levels of expression

and/or activation of one or more of these molecules.

13067} Non-limiting examples of pan-HER inhibitors include PF-00299804, neratimb
(HK1-272), AC480 (BMS-599626), BMS-090154, PF-02341066, HM781-36B, (1-1033,

BIBW-2992_ and combinations thereof

[0668] Non-limiting examples of MEK inhibitors include AS703026, PD9805Y, ARRY -
162, RBEA119, U0126, GDC-0973, PD184161, AZD6244, AZDE330, PD0O325901, ARRY-

142885, and combinations thereof,

13062} DNon-limiting cxamples of ¢-Met inhibitors include monoclonal antibodies such as
AMGI02Z and MetMAb; small molecule inlubitors of ¢-Met such as ARQ197, INJF-38877605,
PF-04217903, SGX523, GSK 1363089/ X880, X184 MGCD265, and MK-2461; and

combinations thereof.

[3670] In some embodiments, the sample is a cancer cell obtained from a subject’s tumor,
e.g., as a fine needle aspirate (FNA}. In certain instances, the tumor is primary fomor tissug

or metastatic tumor tissue.
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{6071}  Inparticular crobodiments, the expression and/or activation levels of the dimers,
complexes, and signal transduction molecules 1n the sample are measured, detected, and/or
quantified by a Collaborative Enzyme Enhanced Reactive Immunoassay (CEER}. The CEER
technology is described in the followmmg published patent documents, which are cach hercin

5 mcorporated by reference in their entivety for all purposes: PUT Patent Publication Nos, WO
2008/036802, W 2005/012140, WO 2009/108637, WO 2010/132723, WO 2011/008990,
WO 2011/050069, WO 2012/088337, and WO 2013/033623.

[3672] In ancther aspect, the present invention provides a method for monitoring a subject
receiving therapy with an EGFR inhibitor, the method comprising:

16 (2) detecting and/or guantifying the level of a complex in a sample taken
from the subject at time {(t;), wherein the complex comprises an ErbB dimer, a HER3.PI3K
complex, or a combination thereof, and

{b) comparing the level of the complex detected and/or quantified at (1) 1o
the level of the complex detected and/or guantified at an carlier time (1)); and

153 {c) determining whether to administer a combination therapy comprising
the EGFR inhibitor with a HER? mhibitor based upon a difference between the level of the

complex at {t;) compared to (1))

{6873} Insome embodiments, the subject hags colorectal cancer. In other embodiments, the
subject 1s sensitive to an EGFR inhibitor such as, ¢.g., cetuximab. In vet other embodiments,
20 the ErbB dimer is a receptor dimer including, e g, HER2:HER2; HERZ:HERZ; HER2Z:HER3;
HERP:HERZ, HERT:HERS3; HER2:HER4; HER3 . HER4,; po5SHER2:HER3; p9SHER2:HERZ;
trancated HERS receptor with HER 1, HER?Z, HER3, or HER4; and combinations thereof In

particular embodiments, the ErbB dimer is a receptor heterodimer such as, e.g, HERZHERS3.

[6874] In certain embodiments, step (a) comprises detecting and/or quantifying the level of
25 the ErbB dimer and the level of the HER3:PI3K complex. fun particular instances, the subject
should be administered the combination therapy when the level of one or both complexes in
the subject’s sample is higher at {t;) compared to {t;}. In preferred embodiments, the subject
should be administered the combination therapy when the levels of both complexes (7.2, both
the ErbB dimer and HER3:PI3K complex) n the subject’s sample are higher at () compared
30 todt). Incertain embodiments, (t)) corresponds to a time before, or shortly after, initiation of
treatment with the EGFR mhibitor. In some instances, (i)} corresponds to a time within about
05,1.2,3,4,5, 6,8, 12, 16, 20, or 24 hours prior to initiation of EGFR inhibitor therapy. In
other instances, (4;} corresponds to a ime within about 05,1, 2,3, 4, 5,6, 8 12,16, 20, or 24

hours after mnitiation of EGFR inhibitor therapy. In vet other instances, (17} corresponds to a
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time between about 24 hours to about 12 months after inttiation of treatment with the EGFR
wnhibitor {e.g., about 1, 2, 3,4, 5,6, 0or Tdays, orabout 1, 2, 3,4, 5, 6, 7, or § weeks, or about

1,2,3,4.5,6,7 8,9, 10, 11, or 12 months post-treatment).

[6673] In some embodiments, the method further comprises detecting and/or guantifying
5 the expression and/or activation {e.g.. phosphorvlation} level of HER2 and/or HER3 in the
sample. In particular instances, the subject should be administered the combination therapy
when the expression and/or activation level of HERZ and/or HER3 1n the sample 1s ugher at
(t2} compared to (1), In one preferred embodiment, the level of HER2 expression, HER3

expression, and/ocr HER3 activation {e.g., phosphorylation) is higher at {t;) compared to (&}

10 [6876] In particular embodiments, the administration of the combination therapy reduces
and/or inhibits the formation of the ErbB dimer and/or the HER3:PI3K complex. In other
embodiments, the combination therapy also or altematively reduces and/or inhibits HERZ

expression, HER3 expression, and/or HER3 activation {e.g., phosphorylation).

{6677} Non-linuting examples of EGFR (ErbB1 or HER1) inhibitors include monoclonal
15 antibodies such as cetuximab (Ei‘bitux@), pamtumoemab (Vectibix™), matuzumab (EMD-

72000), nimotuzumab, and zalutumumab; small molecule tyrosine kinase inhibitors such as

gefitinib (Iressa®), erlotinib (Tarceva®), lapatinib (GW-572016; Tvkerb™), canertinib (CI

1033}, vandetanib (ZACTIMA™), pelitinib (EKB-369), CL-387785, neratinth (HKI1-272),

HKI-357, afatinib (BIBW-2992), varlitinib (ARRY-334543), and JNJ-26483327; ErbB1
20 wvaccines; and combinations thereof. In particular embodiments, the EGFR inhibitor s

cetuximab, gefitinib, erlotinib, or combinations thereof.

[6678]) Non-linuting cxamples of HER2 (ErbB2} inhibitors include monoclonal antibodies
such as trastuzumab (}-iercepml@ ¥ and pertuzumab (2C4); small molecule tyrosine kinase
inhibitors such as lapatinib (GW-572016; Tykerb/@), gefitinib (Ircasa”™), erlotinib (Tarceva®),
pelitinib (EKB-569), CP-654577, CP-724714, canertinib {(C1 1033), HKI-272, PKI-166,
AEETSR, BMS-599626, HKI-357, afatinib (BIBW-2997), varhitinib (ARRY-334543), and

N
(4

INJ-26483327; and combinations thercof. In particular embodiments, the HER2 inhibitor is

trastuzumab, pertuozumab, or combinations thereof

16079] In particular embodiments, the combination therapy compriscs a dual HGFR/HER?

30 inhibitor such as lapatinib (Tykerb”).
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G080}  In some embodiments, the method further comprises determining or recommending
that the subject be admimistered (in addition to the combination therapy or as an alternative to

the combination therapy}) a HER3 mhibitor and/or PI3K inhibitor.

[6681] Non-hnuting examples of HER3 (ErbB3) mhibitors include monoclonal antibodies
targeting the HER3 receptor such as pertuzumab (204}, patribimab (U3-1287), GSK 2849334,
ROS5479599, AV-203, MM-121/SAR256212, MM-111, LIM716, and combinations thercof.

[3682] Non-limiting examples of PI3K inhibitors melude BYL-719, BKM-120, PX-866,
wortmannin, LY 294002, quercetin, tetrodotoxin citrate, thioperamide maleate, GDC-0941
(957054-30-7), IC87114, PI-103, PIK93, BEZ235 (NVP-BEZ235), TGX-115, ZSTK474, {-)-
deguelin, NU 7026, myricetin, tandutinth, GDC-0941 bismesylate, GSK690693, KU-55933,
MIK-2206, OSU-03012, perifosine, triciribing, X1-147, PIK75, TGX-221, NU 7441 PI 828,

XL-765, WHI-P 154, and combinations thereof,

[3683] In other embodiments, the method further comprises detecting and/or quantifving
the expression {e. 2., total amount) levels and/or activation (e. 2., phosphorylation) levels ina
tumor tissue sample of one or more additional signal transduction molecules such as HER],
p9SHER2, ¢MET, cKIT, IGF-1R, VEGFR, PDGFR, PRAS, RPS6, SHC, AKT, ERK, PRAS,
RPS6, MEK, RSK, 4EBPI, p7086K, and combinations thereof. In certain embodiments, the
method further comprises determining or recommending that the subject be administered (in
addition to the combination therapy or as an alternative to the combination therapy) a pan-
HER inhibitor, MEK mhibitor, and/or ¢-Met inhibitor based upon the levels of expression

and/or activation of one or more of these molecules.

16084} Non-limiting examples of pan-HER inhibitors include PF-00299804, neratinib
{(HKI-272), AC480 (BMS-599626), BMS-690154, PF-02341066, HM781-368, CI-1033,
BIBW-2992, and combinations thereof,

[3085] Non-limiting cxamples of MEK inhibitors include AS703026, PDO3059, ARRY-
162, RDEATLO, UG126, GDC-0973, PDI84161, AZD6Z44, AZD8330, PIX03235901, ARRY -

142886, and combinations thereof.

[G086] Non-limiting examples of ¢-Met inhibitors include monoclonal antibodies such as
AMGI02 and MetMADb; small molecule ihibitors of ¢-Met such as ARQ197, INJ-38877605,
PF-04217903, SGX523, GSK 1363089/ X840, XL184, MGCD265, and MK-2461; and

combinations thereof
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[B087] In some embodiments, the sample is a cancer cell obtained from a subject’s tumor,
e.g., as a fine needie aspirate (FNA}. In certain instances, the tumor is primary tumor tissue

or metastatic tumor tissue.

[6688] In particular embodiments, the expression and/or activation levels of the dimers,
complexes, and signal transduction molecules in the sample are measured, detected, and/or
quantified by a Collaborative Enzyme Enhanced Reactive Immunoassay (CEER). The CEER
technology is described 1n the following published patent documents, which are each herein
incorporated by reference in their entirety for all purposes: PCT Patent Poblication Nos. WO
2008/036802, WO 2009/012140, WO 2009/108637, WO 2010/132723, WO 2011/008990,
WO 2011/030069, WO 2012/088337, and WO 2013/033623,

{6889} Insome embodiments, the expression level and/or activation level of the analytes of
interest {e.g., HERZ, HERS3, dimers thereof such as a HERZ:HER3 dimer, complexes thereof
such as a HER3:PI3K complex, efc.} is expressed as a relative fluorescence unit (RFU) value
that corresponds to the signal intensity for a particalar analvie of interest determined using,
e.g., a proximity assay such as CEER. In other embodiments, the expression ievel and/or
activation level of the one or more analvies 1s expressed as =7, “t7, ™47, “++7, “+++7, or
“+-4-++7 that corresponds to the increasing signal intensity for a particular analyte of interest
that ts determined using, e.g., a proximity assay such as CEER. In some mstances, an
undetectable or minimally detectable level of expression or activation of a particular analyie

of'interest that is determined using, e.g., a proxamity assay such as CEER, may be expressed

O

[T

as “-7 or “+7. In other instances, a low level of expression or activation of a particular
analyte of interest that is determined using, e.g., a proximity assay such as CEER, may be
expressed as 47, In vet other instances, a moderate level of expression or activation of a
particular analyte of interest that is determined using, e.g., a proximity assay such as CEER,
may be expressed as “++7. o still vet other instances, a high level of expression or activation
of a particular analvte of interest that is determined using, ¢.g., a proximity assav such as
CEER, may be expressed as “+++7. In further instances, a verv ligh level of expression or
activation of a particular analvte of iterest that is determined using, e.g., a proxinuty assay

>

such as CEER, may be expressed as “++++

[0898]  In other embodiments, the expression level and/or activation level of the analytes of
interest {e.g., HERZ, HER3, dimers thereof such as a HERZ:HER3 dimer, complexes thereof
such as a HER3:PI3K complex, efe.) is quantitated by calibrating or normalizing the RFU
value that is determined using, e.g., a proxinuty assay such as CEER, against a standard curve

generated for the particular analvie of interest. In certain instances, a computed units (CU)
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value can be calculated based upon the standard curve. In other instances, the CU value can

R

be expressed as ©~7, “E7, CHT, ST 47, or S+ in accordance with the description

B

above for signal intensity.

[6691] In certain embodiments, the expression or activation level of a particular analvie of
interest {e. g, HERZ, HER3, dimers thereof such as a HERZ:HER3 dimer, complexes thereof
such as a HER3:PI3K complex, efe.) corresponds fo a level of expression or activation that is
atleastabout 1.5,2,25,3,35,4,45,5,55,6,65,7,75,8,85,9,95,10, 15, 20, 25,30,
35, 40, 45, 50, or 100-fold higher or lower (e.g., about 1.3-3, 2.3, 2-4, 2.5 2-10, 2-20, 2-30,
3-3,3-10, 3-20, 3-50, 4-5, 4-10, 4-20, 4-50, 5-10, 5-15, 5-20, or 5-50-fold higher or lower)
than a reference expression or activation level of the analvite of interest, e.g., when compared
to an expression or activation level of the analvte of mterest determined in tumor tissue from
a subject sensitive to an EGFR mhibitor prior to EGFR inhibitor treatment, at an earlier timeg
in EGFR inhibitor therapy, after receiving combination therapy with an EGFR mbibitor and
HER? inhibitor, or prior to the combination therapy, or when compared to an expression or
activation level of the analyte of interest determined m a cancer cell hine (e.g., human colon
cancer cell line such as Lim1215 celis) in the absence of an EGFR inhibitor, at an cardy time
point in the presence of the EGFR inhibitor, in the presence of both the EGFR mnhibitor and
the HERZ mbibitor, or in the presence of the EGFR mhibitor only.

[6692] In particular crabodiments, the expression level or activation lovel of the analyvte of
wnterest {e.g., HERZ, HER3, dimers thereof such as a HERZ:HER3 dimer, complexes thereof
such as a HER3:PI3K complex, efc.} 1s higher in tumor tissue from a subject receiving EGFR
inhibitor treatment {(e.g., monotherapy with cetuximab) when compared to tumor tissue from

the subject prior to EGFR inhibitor treatment or at an carlier ime in EGFR mhibitor therapy,
or when compared to a cancer cell ling (e.g., a human colon cancer cell line sach as Lim1213
cells) in the absence of the EGFR hibitor or at an carly time pomnt {e.g., 0,05, 1,2, 4,6, 8,

12 bours} in the presence of the EGFR inhibitor (e.g., incubating cells from a cancer cell line

in vitro with cetuximab)}.

{6693}  In particular embodiments, the expression level or activation level of the analyie of
mterest (e. g, HER2, HER3, dimers thereof such as a HER2:HER3 dimer, complexes thereof
such as a HER3:PI3K complex, efe ) 1s higher in tumor tissue from a subject receiving EGFR
inhibitor treatment {e.g., monotherapy with cetuximab) when compared to tumor tissug from
the subject afier receiving combination therapy with an EGFR mbibitor and HER?2 inhibitor
{e.g., therapy with cetuximab and trastuzumab or with a dual EGFR/HER?Z inhibitor sach as

lapatinib}, or when compared to a cancer cell hine {e.g., a human colon cancer cell line such

27
Lo



10

20

WO 2014/122600 PCT/IB2014/058820

as Lim1213 cells) in the presence of both the HGFR inhibitor and the HER2 mhibitor (e.g.,
ncubating cells from a cancer cell line 77 virro with both cetuximab and trastuzumab or with

a dual EGFR/HER? inhibitor such as lapatinib).

160%4] In particular embodiments, the expression level or activation level of the analvie of
interest {e.g, HERZ, HER3, dimers thereof such as a HER2:HER3 dimer, complexes thereof
such as a HER3:PI3K complex, efe.} is lower in tumor tissue from a subject receiving EGFR
inhibitor treatment together with HERZ mhibitor treatment (e.g., therapy with cetuximab and
trastuzumab or with a dual EGFR/HER? inhibitor such as lapatinib} when compared to tumor
tissue from the subject prior to the combination therapy {e.g., monotherapy with cetuximab),
or when compared to a cancer cell line {e.g., a human colon cancer cell line such as Lim12135
cells) m the absence of both the EGFR mhibitor and the HER2 inhibitor {e.g., incubating cells

from a cancer cell line in vifro with cetuximab only},

[B895] In some aspects, the methods of the mvention further comprise genotyping nucleic
acid obtamed from the sample to determine the presence or absence of a variant allele i an

oncogene such as KRAS, BRAF, PIK3CA and/or EGFR.

[0896] In particular embodiments, the methods of the present imvention further comprise a

step of genotyping for the presence or absence of a variant aliele {e. g, somatic sngtation) at a
polymorphic site in an oncogene such as KRAS, BRAF, PIK3CA, and/or EGFR {e.g, onc or
more somatic mutations at one, two, three, four, five, six or more polymorphic sites such as a

single nucleotide polymorphism (SNP}) in the sample.

[6697F The presence or absence of a variant allele {e.z., somatic mutation) in an oncogene
of mterest can be determined using any genotyping assay known in the art. Assays that can
be used to determine somatic mutation or variant allele status include, but are not limited to,
clectrophoretic analysis, restriction length polymorphism analvsis, sequence analysis,
hybridization analysis, PCR analvsis, allcle-specific hybridization, oligonucleotide hgation
alicle-specific clongation/ligation, allele-specific amplification, single-base extension,
molecular inversion probe, invasive cleavage, selective termination, restriction length
polymorphism, sequencing, single strand conformation polymorphism (SSCP), single strand
chain polymorphism, mismatch-cleaving, denaturing gradient gel electrophoresis, and
combinations thercof. These assays have been well-described and standard methods are
known in the art. See, e.g., Ausubel ef al., Current Protocols in Molecular Bivlogy, John
Wiley & Sons, Ing. New York (1984-2008), Chapter 7 and Supplement 47; Theophilus er af.

“PCR Mutation Detection Protocols,” Humana Press, (2002); Innis ef al., PCR FProtocols, San
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Diego, Academic Press, Inc. (1990); Mamatis, er af., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Lab., New York, (1982); Ausubel ef al., Current Protocols in
Genetics and Genomics, John Wiley & Sons, Inc. New York (1984-2008); and Ausubel er af .,
Current Protocols in Human Generics, John Wilev & Sons, Inc. New York (1984-2008); all

incorporated herein by reference 1n their entirety for all purposes.

[B698] In certain mstances, the methods of the mvention may further comprise a step of
providing the result of the combination therapy deternmunation or recommendation to a user
{e.g., a clinician such as an oncologist or a general practitioner) in a readable format. In some
instances, the method may further comprise sending or reporting the resublt of the combination
therapy determination or recommendation to a clinician, e.g., an oncologist or a general
practifioner. In other instances, the method may further compnise recording or storing the
result of the combination therapy determination or recommendation in a compuater database

or other suitable machine or device for storing mformation, e g, at a laboratory.

[3699] To preserve the in sifu activation states, signal transduction proteins are typically
extracted shortly after the cells are isolated, preferably within 96, 72, 48, 24, 6, or 1 hr, more
preferably within 30, 15, or 5 minutes. The isolated cells may also be mcubated with growth
factors usually at nanomolar to micromolar concentrations for about 1-30 minutes to
resuscitate or stinmilate signal transducer activation {see, e.g., lrisheral., Cell, 118:217-228
(2004)). Sumulatory growth factors include epidermal growth factor (HGF), heregulin
(HRG), TGF-a, PIGF, angiopoictin {Ang), NRG1, PGF, TNF-a, VEGF, PDGF, IGF, FGF,
HGF, cvtokines, and the like. To evaluate potential anticancer therapies for an individual
patient, the isolated cells can be incubated with one or more anticancer drugs of varving
doses prior to, duning, and/or afier growth factor stimulation. Growth factor stmulation can
be performed for a fow munutes or hours {(e.g., about 1-5 nunutes to about 1-6 hours). After
isclation, treatment with the anticancer drug, and/or growth factor stimulation, the cells are
tvsed to extract the signal transduction proteins using any technique known in the art.
Preferably, the cell lysis 1s mitiated between about 1-360 minutes after growth factor
stimulation, and more preferably at two different time mtervals: (1} at about 1-5 minutes
after growth factor stimulation; and (2) between about 30-180 minutes after growth factor
stimulation. Alternatively, the lysate can be stored at -80°C until use.

[B108] Insome embodiments, determining the expression level of the one or more analytes
comprises detecting the total amount of each of the one or more analyies in the cellular
extract with one or more antibodies specific for the corresponding analyte. In particular

embodiments, the antibodies bind to the analyte irrespective of the activation state of the

24



10

]

20

30

WO 2014/122600 PCT/IB2014/058820

analyte to be detected, i.e., the antibodies detect both the non-activated and activated forms of

the analvie.

{0161} Total cxpression level and/or status can be determined using any of a variety of

techniques. In certain embodiments, the total expression level and/or status of cach of the
ong or more analvies such as signal transduction molecules in a sample is detected with an
tmmunoassay {(e.g., ELISA or CEER), a homogencous mobility shift assay (HMSA), or an

imnmunochistochemical assay.

10102] Non-linuting examples of ELISA kits for detecting the presence or level of analytes
of mterest in a sample are available from, e.g., Antigenix America Inc. (Huntington Station,
NY}, Promega (Madison, WI), R&D Systems, Inc. (Minneapolis, MN}, Invitrogen
{Camarillo, CA), Neogen Corp. (Lexangton, KY), CHEMICON Intemnational, Inc.
{Temecula, CA), PeproTech (Rocky Hill, NJ}, Alpco Diagnostics (Salem, NH), Pierce

Biotechnology, Inc. (Rockford, 1L}, and/or Abazyme (Needham, MA}.

{0103}  In particular embodiments, the presence or level of analytes of interest is detected
using a multiplesed tmmunocarray, such as CEER, also known as the Collaborative Proxamity
Immunecassay (COPIA). CEER is described in the following patent documents which are
cach herein ncorporated by reference in their entirety for all purposes: International Patent
Publication Nos. WO 2008/036802, WO 2009/012140, WO 2009/108637, WO 2010/132723,
WO 20117008990, WO 2011/050069; WO 2012/088337, WO 2012/119113; and WO
20137033623,

[6104] In particular embodiments, the presence or level of analvies of interest is detected
with a homogenecous mobility shift assay (HMSA) using size exclusion chromatography.
These methods and related technology are described i Intemational Patent Publication Nos.
WO 2011/036590, WO 2012/054532, WO 2012/154253 and WO 2013/0606810, and in US
Provisional Application No. 61/683,681, filed Aagust 15, 2012, the disclosures of which are

incorporated by reference in their entirety for all purposes.

[0105] In certain embodiments, determining the expression (e g, total) levels of the ong or
more analytes comprises:
(i} incubating {e.g., contacting} a cellular extract produced from the cell with one
or a plurality of dilution series of capture antibodies {¢.g., capture antibodies

specific for one or more analvies) to form a phirahity of captured analytes,

wherein the capture antibodies are restraimed on a solid support {e.g., 1o
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(i}

transform the analvics present in the cellular extract into complexes of captured
analvtes comprising the analytes and capture antibodies);

incubating {e.g., contacting} the plurality of captured analytes with detection
antibodies comprising one or a plurality of first and second activation state-
independent antibodies specific for the corresponding analytes (e.g., first and
second activation state-independent antibodies specific for the one or more
analytes} to form a plurality of detectable captured analytes {e. g, to transform
the complexes of captured analytes into complexes of detectable captured

analvtes comprising the captured analvies and detection antibodies),

wherein the first activation state-independent antibodies are labeled with a

facilitating motety, the second activation statc-independent antibodies are
labeled with a first member of a signal amplification pair, and the facilitating
moiety generates an oxidizing agent which channels to and reacts with the first

member of the signal amplification pair;

(it} incubating {e.g., contacting} the plurality of detectable captured analyvies with a

(i)

second member of the signal amplification pair to generate an amplified signal;
and
detecting the amplified signal generated from the first and second members of

the signal amplification pair.

[6106] In certain other embodiments, determining the expression {e.g., total} levels of the

one or more analytes that are truncated receptors (e.g.. p9SHER2) comprises:

{i)

(i)

(iii)

incubating {e.g., contacting) a ccllular extract produced from the cell with a
plurality of beads specific for an extracellular domain (ECD) binding region of
a tull-length receptor {e. g, fuli-length HERZ);

removing the plurality of beads from the ccliular extract, thereby removing the
full-length receptor {e. g, full-length HER2}to form a cellular extract devoid of
the full-length receptor {e.g.. full-length HERZ) {e.g., to transform the cellufar
extract into g cellular extract devoid of a specific full-length receptor or fanuly
of full-length receptors);

incubating {e.g., contacting) the cellular extract devoid of the full-length
receptor {(e.g., full-length HER2) with one or a plurality of capture antibodics
specific for an intracellular domain (ICD) binding region of the full-length
receptor {e.g., full-length HERZ) to form a plurality of captured truncated
receptors, wherein the capture antibodies are restrained on a solid support

{e.g., to transform the truncated receptors present in a full-length receptor-
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depleted celiular extract into complexes of truncated receptors and capture
antibodies);

(iv) 1ncubating the plurality of captured truncated receptors with detection
antibodics comprising one or a phurality of first and second activation state-
independent antibodies specific for an ICD binding region of the full-length
receptor (e.g., full-length HER?) to form a plurality of detectable captured
trumeated receptors {e.g., to transform the complexes of captured truncated
receptors imto complexes of detectable captured truncated receptors
comprising the captured truncated receptors and detection antibodies),

wherein the first activation state-independent antibodies are labeled with a

facilitating motety, the second activation statc-independent antibodies are
labeled with a first member of a signal amplification pair, and the facilitating
moiety generates an oxidizing agent which channels to and reacts with the first
member of the signal amplification pair;

(v} incubating {e.g., contacting} the plurality of detectable captured truncated
receptors with a second member of the signal amplification pair to generate an
amplified signal; and

(vi) detecting the amplified signal gencrated from the first and second members of

the signai amplification pair.

{6197} The first activation state-independent antibodics may be directly labeled with the
facilitating moiety or indirectly labeled with the facilitating moiety, e.g., via hybundization
between an oligonucleotide conjugated to the first activation state-independent antibodies and
a complementary oligonucleotide conjugated to the facilitating moiety. Sumilarly, the second
activation statc-independent antibodies may be directly labeled with the first member of the
signal amplhification pair or indirectly labeled with the first member of the signal
amplification pair, ¢.g., via binding between a first menber of a binding pair conjugated to
the second activation state-independent antibodies and a second member of the binding pair
conjugated to the first member of the signal amplification pair. In certain mstances, the first
member of the binding pair is biotin and the second member of the binding pair is an avidin

such as streptavidin or neutravidin,

[0108] In some embodiments, the factlitating motety may be, for example, glucose oxidase.
In certain mstances, the glucose oxidase and the first activation state-independent antibodics
can be conjugated to a sulfhydryi-activated dextran molecule as described 1, e.g., Examples

16-17 of PCT Publication No. W(2009/108637 the disclosure of which 1s herein
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incorporated by reference in s entirety for all purposes. The sulfhydryl-activated dexiran
molecule typically has a molecular weight of about 500kDa (e.g., about 250, 300, 330, 400,
450, 500, 550, 600, 650, 700, or 750kDa}. In other embodiments, the oxidizing agent may
be, for example, hydrogen peroxide (H,00). In vet other embodiments, the first member of
the signal amplification pair may be, for example, a peroxidase such as horseradish
peroxidase {HRP). In further embodiments, the second member of the signal amplification
pair may be, for example, a tyramide reagent {e. g, biotin-tyramide). Preferably. the
amplificd signal is generated by peroxidase oxidization of biotin-tyramide to produce an
activated tyramide {e.g., to transform the biotin-tyramide mto an activated tvranmude). The
activated tyramide may be directly detected or indirectly detected, e.g.. upon the addition of a
signal-detecting reagent. Non-luntting examples of signal-detecting reagents include
streptavidin-labeled fluorophores and combinations of streptavidin-labeled peroxidases and

chromogenc reagents such as, e.g., 3,3°.5,5 -tetramethylbenzidine (TMB3).

[310%] In certain instances, the horseradish peroxidase and the second activation state-
independent antibodies can be conjugated to a sulfhydrvl-activated dextran molecule. The
sulfhydryl-activated dextran molecule typically has a molecular weight of about 70kDa (e g,

about 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100k{a).

{6118} The truncated receptor is typically a fragment of the full-length receptor and shares
an intracellular domain (JCD) binding region with the full-length receptor. In certain
embodiments, the full-length receptor compnises an extracellular domain (ECD) binding
region, a fransmembrane domain, and an mtracellular domain (ICD) binding region. Without
being bound to any particular theory, the truncated receptor may arise through the proteclytic
processing of the ECD of the full-length receptor or by aliemative mitiation of translation
from methionine residues that are located before, within, or after the transmembrane domain,
e.g., to create a truncated receptor with a shortened ECD or a truncated receptor comprising a

membrang-associated or cvtosolic ICD fragment.

10311}  In certain preferred embodiments, the fruncated receptor is p93HER? and the
corresponding full-length receptor is HER2. However, ong skilled in the art will appreciate
that the methods descrbed herein for detecting truncated proteins can be applied to a number
of different proteins inchuding, but not himited to, the EGFR VI mutant (implicated n
glioblastoma, colorectal cancer, efc.), other truncated receptor tyrosine kinases, caspases, and
the like. Example 12 of PCT Publication No. WO2005/108637, the disclosure of which 1s
herein mcorporated by reference in ifs entirety for all purposes, provides an exemplary

embodiment of the assay methods of the present invention for detecting truncated receptors

28



10

]

20

30

WO 2014/122600 PCT/IB2014/058820

such as p95HER?2 in cells using a nwuitiplex, high-throughput, proximity dual detection

microarray ELISA having superior dynamic range.

{0112} In some embodiments, the plurality of beads specific for an ECD bindimg region
comprises a streptavidin-biotin pair, wherein the streptavidin is attached to the bead and the
biotin 1s attached to an antibody. In certain nstances, the antibody is specific for the ECD

binding region of the full-length receptor {e.g. full-length HER2).

[3113] In some embodiments, cach dilution sertes of capture antibodics comprises a series
of descending capture antibody concentrations. In certain instances, the capture antibodies
are serially diluted at teast 2-fold (e.g., 2, 5, 10, 20, 30, 100, 500, or 1000-told) to produce a
dilution series comprising a set number{e.g, 2,3,4,5, 6,7, 8, 9,10, 15, 20, 25, or more) of
descending caphure antibody concentrations which are spotted onto an array. Preferably, at

least 2, 3, 4, 5, or 6 rephicates of cach capture antibody dilution are spotted onto the array.

[3114] In other embodiments, the solid support comprises glass {e.g., a glass shide}, plastic,
chips, pins, filters, beads, paper, membrane (e.g., nylon, nitrocellulose, polyvinvlidene
fluoride (PVDF), erc.), fiber bundles, or any other suitable substrate. In a preferred
embodiment, the capture antibodies are restrained (e.g., via covalent or noncovalent
interactions) on glass shides coated with a nitrocellulose polymer such as, for example,
FAST® Slides, which are commercial v available from Whatman Inc. (Florham Park, NJ}.
Exemplary methods for constructing antibody arrays suitable for use in the mvention are
described, e.g, in PCT Publication No. WO2009/108637, the disclosure of which is herein

incorporated by reference in its entirety for all purposes.

[0115] In further embodiments, determining the activation levels of the ong or more
analvtes comprises detecting a phosphorylation level of the one or more analvies in the
cellular extract with antibodies specific for the phosphorviated form of each of the analvtes to

be detected.

[6116] Phosphorylation levels and/or status can be determined using any of a variety of
techniques. For example, it is well known in the art that phosphoryvlated proteins can be
detected via immunoassays using antibodies that specifically recognize the phosphorylated
form of the protein (see, e.g., Lineral, Br. J Cancer, 93:1372-1381 (2003)). Immunoassayvs
generally mchide immunoblotting (e.g, Westemn blotting), RIA, and ELISA. More specific
types of immunoassays include antigen capture/antigen competition, antibody capture/antigen
competition, two-antibody sandwiches, antibody capture/antibody excess, and antibody

capture/antigen excess. Methods of making antibodics are described herein and in Harlow
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and Lane, Antibodics: A Laboratory Manual, 1988, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, NY, USA. Phospho-specifc antibodies can be made de nove or obtained
from commercial or noncommercial sources. Phosphorviation levels and/or status can also
be determined by metabolically labeling cells with radioactive phosphate in the form of [y-
“PIATP or [y-"PJATP. Phosphorylated proteins become radioactive and hence traceable
and quantifiable through scintillation counting, radiography, and the like (see, e.g., Wang ef
al., J. Bicl Chem. 253.7605-7608 (1978)). For example, metabolically labeled proteins can
be extracted from cells, separated by gel electrophoresis, transferred to a membrane, probed
with an antibody specific for a particular analyte and subjected to autoradiography to detect
P or P, Alternatively, the gel can be subjected to autoradiography prior to membrane

transference and antibody probing.

0317 In particular embodiments, the activation {e.g., phosphorvlation} level and/or status
of cach of the one or more analytes in a sarople is detected with an immunoassay such as a

proximity dual detection assay {¢.g., CEER}.

10118} In certain embodiments, determining the activation {e.g., phosphorylation) level of
the one or more analytes comprises:

(1) incubating (e g., contacting} a cellular extract produced from a sample with a
dilution series of capture antibodies {e.g., capture antibodies specific for one or
more analyies) to form a plurality of captured analytes, wherein the capture
antibodies are restrained on a sohd support (2.2, to transform the analvtes
present in the cellolar extract into complexes of captured analyies comprising
the analvies and capture antibodies).

(11} incubating {e.g., contacting) the plurality of captured analytes with detection
antibodics comprising activation state-independent antibodies specific for the
corresponding analytes {e.g., activation state-independent antibodies specific
for the one or more analytes) and activation state-dependent antibodics specific
for the corresponding analytes (e.g., activation state-dependent antibodies
specific for the one or more analytes) to form a plurality of detectable captured
analvtes {e.g., to transform the complexes of captured analvies into complexes
of detectable captured analvies comprising the captured analytes and detection
antibodies),

wherein the activation state-independent antibodics are labeled with a facilitating
maoicty, the activation statc-dependent antibodics are labeled with a first

member of a signal amplification pair, and the facilitating moicty generates an
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oxidizing agent which chanucls to and reacts with the first member of the
signal amplification pair;

(i1} incubating {e.g2., contacting) the plurality of detectable captured analvtes with a
second member of the signal amplitication pair to gencrate an amplified signal;
and

(iv} detecting the amplified signal generated from the first and second members of

the signal amplification pair.

[3118] The activation state-independent antibodies may be directly labeled with the
facilitating moiety or indirectly labeled with the facilitating moiety, e g, via hybridization
between an oligonucleotide conjugated to the activation state-independent antibodics and a
complementary oligonucleotide conjugated to the facilitating moiety. Similarly, the
activation state-dependent antibodies may be directly labeled with the first member of the
signal amplification pair or indirectly labeled with the first meraber of the signal
amplification pair, e.g., via binding between a first member of a binding pair conjugated to
the activation state-dependent antibodics and a second member of the binding pair conjugated
to the first member of the signal amphification pair. in certan instances, the first member of
the binding pair 1s biotin and the second member of the binding pair is an avidin such as

streptavidin or neufravidin,

[3G126] In some embodiments, the facilitating motety may be, for example, glucose oxidase.
In certain mstances, the glucose oxidase and the activation state-independent antibodies can
be compugated to a sulfhydryl-activated dextran molecule as described 1, e.g., Examples 16-
17 of PCT Publication No. WO2009/108637, the disclosure of which is hergin mcorporated
by reference n 1ts entirety for all purposes. The sutthydryl-activated dextran molecule
typically has a molecular weight of about 500kDra (e.g., about 250, 300, 350, 400, 450, 500,
550, 600, 650, 700, or 750kDa}. In other embodiments, the oxidizing agent may be, for
example, bvdrogen peroxide (Ho (). In vet other embodiments, the first member of the
signal amplification pair may be, for example, a peroxidase such as horseradish peroxidase
(HRP). In further embodiments, the second member of the signal amphification pair may be,
for example, a tyramide reagent (¢ g., biotin-tyramide). Preferably, the amplified signal s
generated by peroxidase oxidization of biotin-tvramide to produce an activated tvramide
{¢.g., to transform the biotin-tyramide into an activated tyramide). The activated tyramide
may be directly detected or indirectly detected, e.g., upon the addition of a signal-detecting

reagent. Non-limiting examples of signal-detecting reagents include streptavidin-labeled

3i



10

20

30

WO 2014/122600 PCT/IB2014/058820

fluorophores and combinations of streptavidin-labeled peroxidases and chromogenic reagents

such as, e.g., 3,3°,5,5 -tetramethvibenzidine (TMB).

{6121} In certain instances, the horseradish peroxidase and the activation state-dependent
antibodies can be conjugaied to a sulthydrvl-activated dextran molecule. The sulfhvdryl-
activated dextran molecule typically has a molecular weight of about 70kDa (e.g., about 40,

45, 50,55, 60, 65,70, 75, 80, 85, 90, 95, or 100kDa).

[3122]  In some embodiments, cach dilution series of capture antibodics comprises a series
of descending capture antibody concentrations. In certain instances, the capture antibodies
are serially diluted at teast 2-fold (e.g., 2, 5, 10, 20, 30, 100, 500, or 1000-told) to produce a
dilution series comprising a set number{e.g, 2,3,4,5, 6,7, 8, 9,10, 15, 20, 25, or more) of
descending caphure antibody concentrations which are spotted onto an array. Preferably, at

least 2, 3, 4, 5, or 6 rephicates of cach capture antibody dilution are spotted onto the array.

[3123] In other embodiments, the solid support comprises glass {e.g., a glass shide}, plastic,
chips, pins, filters, beads, paper, membrane (e.g., nylon, nitrocellulose, polyvinvlidene
fluoride (PVDF), erc.), fiber bundles, or any other suttable substrate. In a preferred
embodiment, the capture antibodies are restrained (e.g., via covalent or noncovalent
interactions) on glass shides coated with a nitrocellulose polymer such as, for example,
FAST® Slides, which are commercial v available from Whatman Inc. (Florham Park, NJ}.
Exemplary methods for constructing antibody arrays suitable for use in the mvention are
described, e.g, in PCT Publication No. WO2009/108637, the disclosure of which is herein

incorporated by reference in its entirety for all purposes.
IV,  Single Detection Assays

[3124] In some embodiments, the assay for detecting the expression and/or activation level
of one or more analvtes of iterest in a celludar extract of cells sach as tumor cells s a
multiplex, high-throughput two-antibody assay having superior dvnamic range. As a non-
limiting example, the two antibodies used in the assay can comprise: (1) a capture antibody
specific for a particular analvie of imterest; and (2} a detection antibody specific for an
activated form of the analyte {i.e., activation state-dependent antibody). The activation state-
dependent antibody is capable of detecting, for example, the phosphorviation, ebigquitination,
and/or complexation state of the analvte. Aliemnatively, the detection antibody comprises an
activation state-independent antibody, which detects the total amount of the analvte in the
cellular extract. The activation state-independent antibody is generally capable of detecting

both the activated and nou-activated forms of the analyte.
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[3125]  In one particular embodiment, the two-antibody assay for detecting the expression
or activation level of an analyte of interest comprises:

() 1incubating the celiular extract with one or a plurality of dikution series of
capture antibodics to form a plurality of captured analytes;

(i) incubating the plurality of captured analytes with detection antibodies specific
for the corresponding analytes to form a plurahity of detectable captured
analytes, wherein the detection antibodics comprise activation state-dependent
antibodies for detecting the activation {e.g., phosphorylation) level of the
analvte or activation state-independent antibodies for detecting the expression
tevel {e.g., total amount} of the analyte;

(ui} incubating the plurality of detectable captured analvies with first and second
members of a signal amplification pair to generate an amplified signal; and

(iv}) detecting the amplified signal generated from the first and second members of

the signal amplification pair.

[#126] The two-antibody assays described herein are typically antibody-based arrays which
comprise a plurality of different capture antibodies at a range of capture antibody
concentrations that are coupled to the surface of a solid support in different addressable
locations. Examples of suttable solid supports for use n the present invention are described

above.

3127} The capture antibodies and detection antibodies are preferably sclected to minimize
competition between them with respect to analvte binding (7. e, both capture and detection

antibodies can simultanecusly bind their corresponding signal transduction molecules).

[0128] In one embodiment, the detection antibodies comprise a first member of a binding
pair {e.g., bictin} and the first member of the signal amplification pair comprises a second
member of the binding pair {e.g., streptavidin}. The binding pair members can be coupled
directly or mndirectly to the detection antibodies or to the first member of the signal
amplification pair using methods well-known in the art. In certain instances. the first member
of the signal amplification pair is a peroxidase {(¢.g., horseradish peroxidase (HRP), catalase,
chloroperoxidase, cytochrome ¢ peroxidase, cosinophil peroxidase, glutathione peroxidase,
lactoperoxidase, myeloperoxidase, thyroid peroxidase, detodinase, efc ), and the second
member of the signal amplification pair is a tyranude reagent {e.g.. biotin-tyramide). In these
instances, the amplified signal is gencrated by peroxidase oxidization of the tyramide reagent

to produce an activated tyramide m the presence of hydrogen peroxide (HO5).
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[3129] The activated tyranude is either directly detected or detected upon the addition of a
signal-detectimg reagent such as, for example, a streptavidin-labeled fluorophore ora
combination of a streptavidin-fabeled peroxidase and a chromogenic reagent. Examples of
fluorophores suitable for use in the present mvention include, but are not limited to, an Alexa
Fluot™ dye {e.2., Alexa Fluor® 555), fluorescein, fluorescein isothiocyanate (FITC), Oregon
Green™; rhodamine, Texas red, tetrarhodamine 1sothiocynate {TRITC), a CyDye™ fluor
{e.g., Cv2, Cy3, Cy5), and the like. The streptavidin label can be coupled directly or
indirectly to the flucrophore or peroxidase using methods well-known 1 the art. Non-
limiting examples of chromogenic reagents suitable for use in the present invention include
3,3°.5,5 tetramethyibenzidineg (TMB}, 3.3 -diamimobenzidine {(BAB), 2 27-azino-big(3-
cthytbenzothiazoline-6-sulfonic acid) (ABTS), 4-chloro-1-napthol (4CN), and/or

porphyrinogen.

[31306]  An exemplary protocol for performing the two-antibody assavs described herein is
provided in Example 3 of PCT Publication No. WO2009/108637, the disclosure of which 1s

herein incorporated by reference in its entirety for all purposes.

[6131] In another embodiment of a two-antibody approach, the present invention provides
a method for detecting the expression or activation level of a truncated receptor, the method
comprising:

(1}  incubating the cellular extract with a plurality of beads specific for an
extracellular domain (ECD) binding region of a full-length receptor;

(11} removing the plurality of beads from the cellular extract, thereby removing the
full-length receptor to form a cellular extract devoid of the full-length
receptor;

(11} incubating the cellular extract devoid of the full-length receptor with a dilution
series of one or a plurality of capture antibodies specific for an intracelhular
domain (1CD} binding region ot the full-length receptor to form a plurality of
captured truncated receptors;

(iv) 1incubating the plarality of captured truncated receptors with detection
antibodics specific for an ICD binding region of the full-length receptor to
forma a plurality of detectable captured truncated receptors, wherein the
detection antibodies comprise activation state-dependent antibodies for
detecting the activation {¢.g., phosphorylation) level of the truncated receptor
or activation state-independent antibodies for detecting the expression level

{e.g., total amount) of the truncated receptor;
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(v} incubating the plurality of detectable captured truncated receptors with first
and second members of a signal amplification pair to generate an amplified
signal; and

(v1) detecting an amplified signal generated from the first and second members of

5 the signal amplification pair.

3132}  In certain embodiments, the truncated receptor is p9SHERZ and the full-length
receptor is HER2. In certain other embodiments, the plurality of beads specific for an
extraceltolar domain (ECD) binding region comprises a streptavidin-biotin pair, wherein the
biotin is attached to the bead and the biotin is attached to an antibody {e.g., wherein the

10 antibody is specific for the ECD binding region of the full-length receptor).

(6133} Figure 14A of PCT Publication No. W02009/108637, the disclosure of which is
herein incorporated by reference in s entirety for all purposes, shows that beads coated with
an antibody directed to the extracellular domam (ECD) of a receptor of interest binds the full-
length receptor (e.g., HERZ2), but not the truncated recepior {e. 2., pOSHER?) to remove any
15 full-length receptor fiom the assay. Figure 14B of PCT Publication No. W(2009/108637
shows that the truncated recepior {e. g, p9SHERZ2), once bound to a capture antibody, may
then be detected by a detection antibody that is specific for the intraceliular domain (ICD} of
the full-length receptor {e.g., HERZ). The detection antibody may be directly conjugated to
horseradish peroxidase (HRP}. Tyvranmide signal amplification (TSA) may then be performed
20 to generate a signal to be detected. The expression level or activation state of the truncated
receptor {e.g., pS5SHER?) can be mterrogated to determine, ¢.g., ifs total concentration or s

phosphoryiation state, ubiquitination state, and/or complexation state.

[0134] In another embodiment, the present mvention provides kits for performing the two-
antibody assays described above comprising: {a) a dilution series of one or a plurahity of

25 capturc antibodies restrained on a solid support; and (b} one or a plurality of detection
antibodies (e.g., activation state-independent antibodics and/or activation state-dependent
antibodics). In some instances, the kits can further contain instructions for methods of using
the kit to detect the expression levels and/or activation states of one or a plurality of signal
transduction molecules of cclis such as tumor cells. The kits may also contam any of the

30 additional reagents described above with respect to performing the specific methods of the
present invention such as, for example, first and second members of the signal amplification

pair, tyramide signal amplification reagents, wash buffers, erc.
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V. Proximity Dual Detection Assays

10133] In some embodiments, the assay for detecting the expression and/or activation level
of one or more analytes of interest in a cellular extract of cells such as tumor celis s a
multiplex, high-throughput proximity (7. e, threc-antibody) assay having superior dyvnamic
5 range. Asanon-limiting example, the three antibodies used i the proxamity assay can

comprise. (1} a capture antibody specific for a particular analvie of wierest; {2} a detection
antibody specific for an activated form of the analvte (7 e., activation state-dependent
antibody); and (3} a detection antibody which detects the total amount of the analyvie (ie.,
activation state-independent antibody). The activation state-dependent antibody is capable of

10 detecting, e.g.. the phosphorylation, ubiquttination, and/or complexation state of the analvie,
while the activation state~independent antibody 1s capable of detecting the total amount (i.e.,
both the activated and non-activated forms) of the analyte. As another example, the three
antibodics used in the proximity assay can comprise: {1} a capture antibody specific fora
particular analyte complex of mterest (such as, e g, a HERT:HER2 dimer); {2} a detection

15 antibody specific for a first component of the complex; and (3) a detection antibody which
detects a second component of the complex. Detection assays for ErbB dimerization and

PI3K complexes are described, for example, in PCT Publication No. WO 2013/033623.

16136]  In one particular embodiment, the proximity assay for detecting the activation level
or status of an analvte of interest comprises:
20 (1) mcubating the celiular extract with one or a plurality of dilution series of
capture antibodies to form a plurality of captured analytes;
(4} incubating the plurality of captured analvtes with detection antibodies
comprising one or g plurality of activation state-independent antibodics and one

or a plurality of activation state-dependent antibodies specific for the

o
[

corresponding analytes to form a plurality of detectable captured analytes,

wherein the activation state-independent antibodics are labeled with a facilitating
moiety, the activation state-dependent antibodics are labeled with a first
member of a signal amplification pair, and the facilitating moicty generates an
oxidizing agent which channels to and reacts with the first member of the

30 signal amphification pair;

(11} incubating the plurality of detectable captured analvtes with a second member
of the signal amphification pair to gencrate an amplified signal; and

(iv) detecting the amplified signal generated from the first and second members of

the signal amplification pair.

36



10

30

WO 2014/122600

PCT/IB2014/058820

{6137} In another particular embodiment, the proximity assay for detecting the activation

level or status of an analvie of miterest that 1s a truncated recepior compriges:

(i)

(i)

(i)

(iv)

incubating the cellular extract with a plurality of beads specific foran
extracetlular domain (ECD) binding region of a full-length receptor;
removing the plurality of beads from the ccliular extract, thereby removing the
full-length receptor to form a celhular extract devoid of the full-length
receptor;

incubating the cellular extract devoid of the full-length receptor with onc or a
plurality of capture antibodies specific for an mtracellular domain (ICD)
binding region of the full-length receptor to form a plurality of captured
truncated receptors;

meubating the plurality of captured truncated receptors with detection
antibodics comprising ong or a phurality of activation state-independent
antibodies and one or a plurality of activation state-dependent antibodics
specific for an ICD binding region of the full-length receptor to form a

plurality of detectable captured truncated receptors,

wherein the activation state-independent antibodies are labeled with a facilitating

W)

(vi)

motety, the activation state-dependent antibodies arc labeled with a first
member of a signal amplification pair, and the facilitating moiety generates an
oxidizing agent which channels to and reacts with the first member of the
signal amplification pair;

incubating the plurality of detectable captured truncated receptors with a
second member of the signal amplification pair to generate an amplified
signal; and

detecting the amplified signal generated from the first and second members of

the signai amplification pair.

(6138] In certain embodiments, the troncated receptor is p93HER? and the full-length

receptor is HER2. In certain other embodiments, the plurality of beads specific for an

extraceltolar domain (ECD) binding region comprises a streptavidin-biotin pair, wherein the

biotin is attached to the bead and the biotin is attached to an antibody {e.g., wheremn the

antibody is specific for the ECD binding region of the full-length receptor).

(6139} Inaltemative embodiments, the activation state-dependent antibodies can be labeled

with a facilitating motety and the activation state~-independent antibodies can be labeled with

a first member

of a signal amplification pair.
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[3140] As another non-limiting example, the three antibodics used in the proximity assay
can comprise: (1} a capture antibody specific for a particular analvie of interest; {2) a first
detection antibody which detects the total amount of the analvie (i.e., a first activation state-
independent antibodv); and (3) a second detection antibody which detects the total amount of
5 the analyie (i.e., a second activation state-independent antibody). In preferred embodiments,
the first and second acthivation state-independent antibodies recognize different (e.g., distinct)

epitopes on the analyte.

13141} In one particular embodiment, the proximity assay for detecting the expression level
of an analyte of interest comprises:
10 (1) incubating the colivlar exiract with one or a plurality of dilution series of
capture antibodics to form a plurality of captured analytes;

(11} incubating the plurality of captured analytes with detection antibodics
comprising one or a plurality of first and second activation state-independent
antibodies specific for the corresponding analvtes to form a plurality of

15 detectable captured analytes,

wherein the first activation state-independent antibodies are labeled with a
facilitating motety, the second activation statc-independent antibodies are
labeled with a first member of a signal amplification pair, and the facilitating
moiety generates an oxidizing agent which channels to and reacts with the first

20 member of the signal amplification pair;

(111} mncubating the plurality of detectable captured analytes with a second member
of the signal amphfication pair to generate an amplified signal; and

{iv) detecting the amplified signal generated from the first and second members of

the signal amplification pair.

25 [8142}] In another particular embodiment, the proximity assay for detecting the expression
level of an analvite of interest that 15 a truncated receptor comprises:
(1) ncubating the cellular extract with a plurality of beads specific for an
extracellular domain (ECD) binding region of a full-length receptor;
(4} removing the plurality of beads from the cellular extract, thereby removing the
30 full-length receptor to form a cellular extract devoid of the full-length
receptor;
(i1} 1ncubating the cellular extract devoid of the full-length receptor with one or a

plurality of capture antibodics specific for an intracellular domain (ICD)
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binding region of the tull-length receptor to form a plurality of captured
truncated receptors;

(iv) 1ncubating the plurality of captured truncated receptors with detection
antibodics comprising one or a phlurality of first and second activation state-
independent antibodies specific for an ICD binding region of the full-length
receptor to form a plurality of detectable captured truncated receptors,

wherein the first activation state-independent antibodics are labeled with a

facilitating moicty, the second activation state-independent antibodics are
labeled with a first member of a signal amplification pair, and the facilitating
moiety generates an oxidizing agent which channels to and reacts with the first
member of the signal amplification pair;

{v) incubating the plurality of detectable captured truncated receptors with a
second member of the signal amplification pair to generate an amplified
signal; and

(vi) detecting the amplified signal generated from the first and sccond members of

the signal amplification pair.

{6143} In certain embodiments, the truncated receptor 15 p95HER? and the full-length
receptor is HERZ. In certain other embodiments, the plurality of beads specific for an
extraccthular domain (ECD} binding region comprises a streptavidin-biotin pair, wherein the
biotin is attached o the bead and the biotin is attached to an antibody {e.g.. wherein the

antibody is specific for the ECD binding region of the full-length receptor).

10144} In akiernative embodiments, the first activation state-independent antibodies can be
labeled with a first member of a signal amplification pair and the second activation state-

independent antibodies can be labeled with a facilitating moiety.

[3145] The proximity assays described herein are typically antibody-based arrays which
comprise oneg or a plurality of different capture antibodies at a range of capture antibody
concentrations that are coupled to the surface of a solid support in different addressable
locations. Examples of suitable solid supports for use in the present invention are described
above.

[3146] The capture antibodies, activation state-independent antibodies, and activation staie-
dependent antibodics are preferably selected to nunimize competition between them with
respect to analvie binding (7. ¢, all antibodies can simaltaneously bind their corresponding

signal transduction molecules).
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3147} In some embodiments, activation state-independent antibodics for detecting
activation levels of one or more of the analvies or, alternativelv, first activation state-~
independent antibodies for detecting expression levels of one or more of the analytes further
comprise a detectable moiety. In such instances, the amount of the detectable moicty is
correlative to the amount of one or more of the analytes n the cellular extract. Examples of
detectable moieties include, but are not hmited to, fluorescent labels, chemically reactive
labels, enzyme labels, radicactive labels, and the like. Preferably, the detectable moiety i a
fluorophore such as an Alexa Fluor® dye (e.g., Alexa Fluor® 647), fluorescein, fluorescein
isothiocyanate (FITC), Oregon Green™ rhodanune, Texas red, tetrarhodamine 1sothiocynate
(TRITCY, a CyvDve™ fluyor {e.g., Cv2, Cv3, Uy5), and the like. The detectable motety can be
coupled directly or indirectly to the activation state-independent antibodics using methods

well-known n the art.

[3148] In certain instances, activation state-independent antibodies for detecting activation
levels of one or more of the analytes or, alternatively, first activation state-independent
antibodies for detecting expression levels of one or more of the analytes are directly labeled
with the facilitating moiety. The facilitating moiety can be coupled to activation state-
mdependent antibodics using methods well-known in the art. A suitable facilitating moiety
for use in the present invention includes anv molecule capable of generating an oxidizing
agent which channels to (7 e., is directed to) and reacts with (i e, binds, is bound by, or forms
a complex with) ancther molecule in proximity (7.e., spatially near or close) to the facilitating
moiety. Examples of facilitating moicties mclude, without imutation, enzymes such as
glucose oxadase or any other enzyme that catalyzes an oxidation/reduction reaction involving
molecular oxyeen {03;) as the electron acceptor, and photosensitizers such as methylene bhue,
rose bengal, porphyrins, squarate dyes, phthalocvanines, and the like. Non-limiting examples
of oxidizing agents mclude hydrogen peroxide (HoOs), a singlet oxygen, and any other
compound that transfers oxyveen atoms or gatns glectrons in an oxidation/reduction reaction.
Preterably, in the presence of a suitable substrate (e.g., glucose, light, efc.), the facilitating
moiety {e.g.. glucose oxidase, photosensitizer, efc.) generates an oxidizing agent {e.g.,
hydrogen peroxide (H(s), single oxveen, efc.} which channels to and reacts with the first
member of the signal amplification pair {e.g., horseradish peroxidase {HRP), hapten protected
by a protecting group, an enzyme inactivated by thiocther linkage to an enzyme inhibitor,

efc. ) when the two moieties are in proximity to each other.

[3149] In certain other mstances, activation state-independent antibodics for detecting

activation levels of one or more of the analvies or, alternativelv, first activation state-~
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independent antibodies for detecting expression levels of one or more of the analvies are
ndirectly labeled with the facilitating moiety via hybridization between an oligonucleotide
inker conjugated to the activation state-independent antibodies and a complementary
oligonucleotide hinker conjugated to the facilitating moicty. The oligonucleotide linkers can
be coupled to the faciiitating moiety or to the activation state-independent antibodics using
methods well-known 1n the art. In some embodiments, the oligonucleotide linker conjugated
to the facilitating moiety has 100% complementarity to the cligonuclectide linker conjugated
to the activation statc-independent andibodies. In other embodiments, the oligonucleotide
tinker pair comprises at feast one, two, three, four, five, six, or more mismatch regions, €.g.,
upon hybridization ender stringent hybridization conditions. One skilled in the art will
appreciate that activation statc-independent antibodies specitfic for difforent analyies can

cither be conjugated to the same ohigonucleotide linker or to different ohigonucleotide hinkers.

[3156] The length of the oligonucleotide linkers that are conjugated to the facilitating
moiety or to the activation state-independent antibodies can vary. In general, the linker
sequence can be at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 75, or 100 nuclestides in
fength. Typically, random mucleic acid sequences are generated for coupling. As a non-
limiting example, a Hibrary of oligonucleotide linkers can be designed to have three distinct
contiguous domains: a spacer domain; signature domam; and conjugation domain.
Preferably, the oligomucleotide linkers are designed for efficient coapling without destroying
the function of the facilitating moiaty or activation state-independent antibodies to which they

arc conjugated.

13151} The oligonucieotide linker sequences can be designed to provent or minimize any
secondary structure formation under a variety of assay conditions. Melting temperatures are
typically carefully monitored for cach segment within the hnker fo allow their participation in
the overall assay procedures. Generally, the range of melting temperatures of the segment of
the linker sequence is between 1-10°C. Computer algonthms (e. g, OLIGO 6.0) for
determinming the melting temperature, secondary structure, and hatrpin structure under defined
tonic concentrations can be used to analvze cach of the three different domains within cach
finker. The overall combined sequences can also be analyzed for their structural
characterization and their comparability to other conjugated cligonucleotide linker sequences,
¢.g., whether they will hybridize under stringent hyvbridization conditions to a complementary

oligonucleotide hinker.

[3152] The spacer region of the cligonucleotide hnker provides adequate separation of the

conjugation domarn from the oligonucleotide crosshinking site. The conjugation domain

41



(9]

10

20

o
[

WO 2014/122600 PCT/IB2014/058820

functions to hnk molecules labeled with a complementary oligonucleotide linker sequence to
the conjugation domain via nucleic acid hyvbndization. The nucleic acid-mediated
hybridization can be performed either before or after antibody-analyte {i.e., antigen) complex
formation, providing a more tlexible assay format. Unlike many direct antibody conjugation
methods, Iimking relatively small oligonucleotides to antibodies or other molecules has
minimal impact on the specific affinity of antibodies towards their target analvte or on the

function of the conjugated molecules.

13153]  In some embodiments, the signatare sequence domam of the oligonuclectide tmker
can be used n complex multiplexed protein assayvs. Multiple antibodics can be conjugated
with oligonucieotide Hinkers with different signature sequences. In multiplex immunoassays,
reporter oligonucleotide sequences labeled with appropriate probes can be used to detect

cross-reactivity between antibodics and their antigens i the mudtiplex assay format.

[3154] Ohgonucieotide linkers can be conjugated to antibodies or other molecules using
several different methods. For example, oligonuclestide linkers can be synthesized with a
thiol group on either the 5” or 3° ¢nd. The thiol group can be deprotected using reducing
agents {e.g., TCEP-HCI) and the resulting linkers can be purified by using a desalting spin
column. The resulting deprotected oligonucleotide linkers can be conjugated to the primary
amines of antibodies or other tvpes of proteins using heterobifunctional cross hinkers such as
SMCC. Altematively, 5 -phosphate groups on oligonucleotides can be treated with water-
soluble carbodiimide EDC to form phosphate esters and subsequently coupled to amne-
containing molecules. In certain instances, the diol on the 3 -ribose residue can be oxidized
to aldehyde groups and then conjugated to the amine groups of antibodies or other types of
protems using reductive amination. In certain other mstances, the oligonucleotide hinker can
be synthesized with a biotin modification on either the 37 or 57 end and conjugated to

streptavidin-labeled molecules.

[3155] Obgonucleotide hinkers can be synthesized using any of a varicty of techniques
known in the art, such as those described in Usman ef al., J Am. Chem. Soc., 109:7845
{1987y Scaringe ef al., Nucl Acids Res., 18:5433 {(1990); Wincott ef al., Nucl Acids Res.,
23:2677-2684 (1995); and Wincott ef o, Methods Mol Bio., 74:59 (1997). In general, the
synthesis of oligonucleotides makes use of common nucleic acid protecting and coupling
groups, such as dimethoxytrityl at the 5’-cnd and phosphoramidites at the 37-end. Suitable
reagents for oligonucieotide synthesis, methods for nucleic acid deprotection, and methods

for nucleic acid purification are known to those of skill in the art.
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[3156] In certain instances, activation state-dependent antibodies for detecting activation
levels of one or more of the analvtes or, alterativelv, second activation state-independent
antibodics for detecting expression levels of one or more of the analytes are direcily labeled
with the first member of the signal amplification pair. The signal anmplification pair member
can be coupled to activation state-dependent antibodies to detect activation levels or second
activation state-independent antibodies to detect expression levels using methods well-known
in the art. In certain other instances, activation state-dependent antibodies or second
activation state-independent antibodics are indirectly labeled with the first member of the
signal amplification pair via binding between a first member of a binding pair conjugated to
the activation state-dependent antibodies or second activation state-independent antibodics
and a second member of the binding pair conjugated to the first mentber of the signal
amplification pair. The binding pair members {e.g., biotin/streptaviding can be coupled to the
signal amplification pair member or to the activation state-dependent antibodies or second
activation state-independent antibodies using methods well-known in the art. Examples of
signal amplification pair members include, but are not limited to, peroxidases such
horseradish peroxidase (HRP), catalase, chloroperoxadase, cytochrome ¢ peroxidase,
eosinophil peroxidase, ghitathione peroxidase, lactoperoxidase, myeloperoxidase, thyroid
peroxidase, deiodinase, and the hike. Other examples of signal amplification pair members
include haptens protected by a protecting group and enzymes nactivated by thioether Tinkage

to an enzyme inhibitor,

[B187]  In one example of proximity channeling, the facilitating moiety s glucose oxidase
(GO) and the first member of the signal amplification pair is horseradish peroxidase (HRP).
When the GO 1s contacted with a substrate such as glucose, it generates an oxidizing agent
(7.e., hydrogen peroxide (H,(O)). If the HRP is within chanuveling proximity to the GO, the
H20; generated by the GO is channeled to and complexes with the HRP to form an HRP-
H,0; complex, which, in the presence of the second member of the signal amplification pair
{e.g., a chemiluminescent substrate such as luminol or iscluminel or a fhusrogenic substrate
such as tyramide (e.g., bictin-tyramide), homovanillic acid, or 4-hydroxyphenyl acetic acid},
generates an amplified signal. Methods of asing GO and HRP m a proximity assay are
described in, e.g., Langry ef o/, U.S. Dept. of Energy Report No. UCRL-ID-136797 (1999,
When biotin-tyramide is used as the second member of the signal amplification pair, the
HRP-H, 07 complex oxidizes the tyramide to generate a reactive tyvramide radical that
covalently binds nearby nucleophilic residuss. The activated tyramude is either directly
detected or detected upon the addition of a signal-detecting reagent such as, for example, a
streptavidin-labeled flucrophore or a combination of a streptavidin-labeled peroxidase and a
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chromogenic reagent. Examples of fluorophores suitable for use in the present mvention

. e - ® ; & .
include, but are not himuted to, an Alexa Fluor™ dve (e.z., Alexa Fluor™ 555), fluorescein,
Huorescein isothiocyanate (FITC), Oregon Green™; rhodamine, Texas red, tetrarhodamine

isothiocynate (TRITC), a CyvDyve™ fluor {e.g., Cyv2, Cv3, Cy5), and the like. The

(9]

streptavidin label can be coupled durectly or mndirectly to the tluorophore or peroxidase using
methods well-known in the art. Non-limiting examples of chromogenic reagents suitable for
use in the present invention mclude 3,37 5,5 tetramethyibenzidine (TMB), 3.3-

diaminchenzidine {DAB), 2,2 -azino-bis{3~ethyibenzothiazoline-6-sulfonic acid) (ABTS), 4~

chioro-1-napthol (4CN}, and/or porphyrinogen.

10 [6138] In another example of proximiuty channcling, the facilitating moiety is a
photosensitizer and the first member of the signal amplification pair is a large molecule
labeled with multiple haptens that are protected with protecting groups that prevent binding
of the haptens to a specific binding partner {e.g, ligand, antibody, efc.). For example, the
signal amplification pair member can be a dextran molecule labeled with protected biotin,

15 coumarnin, and/or fluorescein molgcules. Suitable protecting groups include, but are not
fimited to, phenoxy-, analino-, olefin-, thioether-, and selenoether-protecting groups.
Additional photosensitizers and protected hapien molecules suitable for use in the proximity
assays of the present invention are desernibed in U.S. Patent No. 3,807,675, When the
photosensitizer 1s excited with light, it generates an oxidizing agent (7.e., singlet oxygen). If

20 the hapten molecules are within chaoneling proximity to the photosensitizer, the singlet
oxvgen generated by the photosensitizer 18 channeled to and reacts with thioethers on the
protecting groups of the haptens to vield carbonyl groups (ketones or aldehydes) and
sulphinic acid, releasing the protecting groups from the haptens. The unprotected haptens are
then available to specifically bind to the second member of the signal amplification pair {e.g.,

25 aspecific binding partner that can generate a detectable signal). For example, when the
hapten 1s biotin, the specific binding partner can be an enzyme-labeled streptavidin,
Exemplary enzymes include alkaline phosphatase, B-galactosidase, HRP, efe. After washing
to remove unbound reagents, the detectable signal can be generated by adding a detectable
(e.g., Hluorescent, chemiluminescent, chromogenic, efe.} substrate of the enzyme and detected

30 using suitable methods and instramentation known in the art. Alternatively, the detectable
signal can be amplificd using tyranude signal amplification and the activated tyramide erther
directly detected or detected upon the addition of a signal-detecting reagent as described

above.
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[3159]  In vet another example of proximity chamncling, the facilitating moictv is a
photosensitizer and the first member of the signal amphification pair is an enzyme-inhibitor
complex. The enzyme and inhibitor {e.g., phosphonic acid-labeled dextran) are hinked
together by a cleavable linker (e. g, thioether). When the photosensitizer is excited with light,
it generates an oxidizing agent {7.¢., singlet oxygen). If the enzyme-inhibitor complex is
within channeling proximity to the photosensitizer, the singlet oxygen generated by the
photosensitizer is channeled to and reacts with the cleavabie linker, releasing the inhibitor
from the enzyme, thereby activating the cnzvme. An enzvme substrate is added to generate a
detectable signal, or alternatively, an amplification reagent is added to generate an amphified

signal.

16168] In a further example of proximity channeling, the facilitating moiety is HRP, the
first member of the signal amplification pair 1s a protected hapten or an enzyme-inhibitor
complex as described above, and the protecting groups comprise p-alkoxy phenol. The
addition of phenylenediamine and H,O, generates a reactive phenviene diimine which
channels to the protected hapten or the enzyme-inhibitor complex and reacts with p-alkoxy
phenol protecting groups to yield exposed haptens or a reactive enzyme. The amplified
signal 1s generated and detected as described above (see, e g, U.S. Patent Nos. 5,532,138 and

5.445.944).

3161}  An exemplary protocol for performing the proxumity assays described herein is
provided in Example 4 of PCT Publication No. WO2009/108637, the disclosure of which 1s

herein mcorporated by reference in its entirety for all purposes.

16162] In another embodiment, the present invention provides kits for performing the
proximity assays described above comprising: (8} a dilution series of one or a plurality of
capture antibodies restrained on a solid support; and (b) one or a plurality of detection
antibodies {(e.g., a combination of activation statc-independent antibodies and activation state-
dependent antibodies for detecting activation levels and/or a combination of first and second
activation state-independent antibodies for detecting expression levels). In some instances,
the kits can further contain instructions for methods of using the kit to detect the expression
and/or activation status of one or a plurality of signal transduction molecules of cells such as
tumor cells. The kits may also contain any of the additional reagents described above with
respect to performing the specific methods of the present invention such as, for example, first
and second members of the signal amplification pair, tyramide signal amplification reagents,

substrates for the facilitating moiety, wash buffers, etc.
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A. Detection Assays for Dimerization

10163} In certain aspects, the present invention provides an assay for detecting and/or
quantitating homo- or heterodumerization of receptor tyrosine kinases including, but not
Iimted to, HERIHER2 dimers, HER1HER3 dimers, HERZ2:HER3 dimers, HER2.HER2
5 dimers, HERZ HER4 dimers, p95SHERZ:HER3S dimers, pOSHER2 HERZ2 dimers, and the like.

A homodimer is formed by two identical molecules such as HER2:HER?Z n a process called
homodimerization, whercas a heterodimer s formed by two different macromolecules such as
HERIHER3 or HERZ HER3 in a process called heterodimertzation. In this aspect, the assay
comprises three antibodies: {1} a capture antibody specific for one member of the dimer pair;

16 (2) a first detection antibody specific for a first member of the dimer pair, wherein the first
detection antibody is specific for a different domain than the capture antibody; and a (3) a

second detection antibody specific for a second member of the dimer pair.

[3164] (ertain of the CEER technigues are described above and disclosed in U.S. Patent

WNo. 8,163,299, U5, Patent Publication Nos. 20080261829, 20090435792, 20100167945,
15 20110071042 and 20110281748, Further details can be found, e g, in WO 2010/132723,

WO 20117008990, and WO 2013/033623, the disclosures of which are herebv incorporated

by reference in their entiretics.

[3165] In onc embodiment of the foregoing proximity assav for detection of dimerization
of recepior tyrosine kinases, a capture antibody 1s used to capture a member of the RTK

20 dimer, for example, HERZ. A first detection antibody 1s then used to bind to a different
portion {e.g., epitope) on HER2. A second detection antibody is thereafter used to bind to the
dimenized second receptor tyrosine kinase, for example, HER3. The first detection antibody
comprises one or a plurality of first activation state-independent antibodies specific for one
member of the dimer, whereas a second detection antibody or a plurality of second detection

25 antibodies is specific for the other member of the dimer. The first detection antibody is
labeled with a facilitating moiety, e.g., glucose oxidase (GO) and the second detection
antibody 1s labeled with a first member of a signal amplification pair, e.g., horseradish
peroxidase (HRP). The facilitating moiety generates an oxidizing agent, e.g., hydrogen
peroxide, which channels to and reacts with the first member of the signal amplification pair.

30 Thereafter, the plurality of detectable captured analvtes are incubated with a second member
of the signal amplification pair, e.g. tyramide or tyramide biotin to generate an amplified

signal, which is then detected.
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[B166] Suitable activation state-independent antibodics for measuring dimerization of
receptor tyrosine kinases mclude any antibody that binds o an epitope on a receptor tyrosing
kinase having an aming acid residuc that has not been activated {e.g., phosphoryiated).
Activation state-independent antibodics that bind to RTKs such as members of the ErbB
family, ¢cMET, IGF-IR, and the like that are suitable for use m the present invention are
commercially available from, but not limited to, Cell Signaling FTochnology (Banvers, MA),
Therme Scientific {Waltham, MA}, Abcam (Cambridge, MA), Santa Cruz Biotechnology

(Santa Cruz, CA), Sigma-Aldnch (St. Louis, MO}, and EMD Millipore (Billerica, MA).

10167} Soitable activation state-dependent antibodies for measuring dimerization of
receptor tyrosine kinases inciude any antibody that binds to an epitope of a receptor tyrosine
kinase having an amuno acid residue that has been activated {e.g., phosphorviated).
Activation state-dependent antibodies that bind to RTKs such as members of the ErbB
familv, cMET, IGF-1R, and the like that are suitable for use 1 the prescnt invention are
commercially available from, but not himited to, Cell Signaling Technology (Danvers, MA),
Therme Scientific (Waltham, MA), Abcam (Cambridge, MA), Santa Cruz Biotechnology
(Santa Cruz, CA), Sigma-Aldrich (5t Lows, MO), and EMD Millipore (Billerica, MA).

[0168] Insome embodiments, the assay method for detecting and/or quantitating homo- or
heterodimenzation of receptor tvrosine kinases (RTKs) comprises:

{a) measuring the dimerization of at least two receptor tyrosing kinases (RTKs),
wherein measuring comprises: (1) imcubating a cellular extract with one or a plurality of
dilution series of capture antibodies to form a plurality of captured analvies; (11} incubating
the plurality of captured analvtes with detection antibodies comprising a first or a plurality of
first activation state-independent antibodies and a second or a plurality of second activation
state-independent antibodies specific for a first member and a second member, respectively,
of a dimerized pair of analvics to form a plurality of detectable captured dimerized analytes,
wherein the first activation state-independent antibodies are labeled with a facilitating moiety,
the second activation state-independent antibodies are labeled with a first member of a signal
amplification pair, and the facilitating moiety gencrates an oxidizing agent which chamnmnels to
and reacts with the first member of the signal amplification pair; {111} incubating the plurality
of detectable captured dimerized analytes with a second member of the signal amplification
pair {o generate an amplified signal; and (iv}) detecting the amplified signal generated from

the first and second members of the signal amplification pair; and

{31691  In certain mstances, the dimenzation of the at least two RTKs 18 compared to a

reference dimerization profile of the same two RTKs, wherein the reference dimenzation
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profile is optionally generated in the absence of an anticancer drug. In other instances, the
method further comprises calibrating the level of dimerization of the at least two RTKs

against a standard curve generated for the at least two RTKs.

[G378]  In certain embodiments, the cellular extract is isolated from a cetuxamab-sensitive
subject with colorectal cancer. In other embodiments, the cellular extract is 1solated from a

subjoct with colorectal cancer receiving therapy (e g., monotherapy} with cetuximab.

[3171]  In some mstances, the amount of amplified signal is correlative to the amount of

dimerized receptor tvrosine kinase.

16172} The capture antibodies and detection antibodies are preferably selected to minimize
competition between them with respect to analyte binding {i.e., both capture and detection

antibodies can simultancously bind their corresponding signal transduction molecules).

10373} A varety of facilitating moieties are useful in the present invention. A suitable
facilitating moiety for use in the present invention includes any molecule capable of
generating an oxidizing agent which channels to (e, 1s directed to) and reacts with (F.e.,
binds, is bound by, or forms a complex with} another molecule in proxamity {(i.e., spatially
near or close) to the facilitating moiety. Examples of facilitating moieties include, without
timitation, enzyvmes such as glucose oxidase or any other enzyme that cataiyzes an
oxidation/reduction reaction involving molecular oxygen (0;) as the electron acceptor, and
photosensitizers sach as methylene blue, rose bengal, porphyrins, squarate dygs,
phthalocvanines, and the hike. Non-limiting examples of oxidizing agents include hvdrogen
peroxide (Hy(,), a singlet oxveen, and anv other compound that transfers oxygen atoms or
gains electrons in an oxidation/reduction reaction. Preferably, in the presence of a suitable
substrate (e.g., glucose, hight, erc.}, the facilitating moiety {e.g., glucose oxidase,
photosensitizer, efe.) generates an oxidizing agent {e.g., hydrogen peroxade (Hy (), single
oxygen, efc.) which channels 1o and reacts with the first member of the signal amphification
pair {e.g., horseradich peroxidase (HRP), hapten protected by a protecting group, an enzyme
mactivated by thiocther linkage to an enzyme mhibttor, efe. ) when the two moicties are in

proximity to each other.

{3174} Suitable signal amplification patr members include, but arc not imited to,
peroxidases such horseradish peroxidase (HRP), catalase, chloroperoxidase, cvtochrome ¢
peroxidase, cosinophil peroxidase, glutathione peroxidase, lactoperoxidase, myeloperoxidase,

thyroid peroxidase, deiodinase, and the like. Other examples of signal amplification pair
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members include haptens protected by a protecting group and enzymes inactivated by
thioether linkage to an enzyme inlubitor.

16175} Non-limiting cxamples of proxumity channcling suitable for detecting dimerization
of receptors arc described above and incorporated herein by reference 1n their entirety for all
purposes. In one example of proximity channeling, the facilitating moiety is glucose oxidase
{GO) and the first member of the signal amplification pair is horseradish peroxidase (HRP).
In another example of proxinuty channeling, the facilitating moiety is a photosensitizer and
the first member of the signal amplification pair is a large molecule labeled with multiple
haptens that are protected with protecting groups that prevent binding of the haptens to a
specific binding partner {e.g., ligand, antibody, efc.). In vet another example of proximity
channeling, the facilitating moiety 1s a photosensitizer and the first member of the signal
amplification pair is an enzyvme-inhibitor complex. In vet a further example of proximity
channeling, the facilitating moiety is HRP, the first member of the signal amplification pair is
a protected hapten or an enzyme-inhibitor complex as described above, and the protecting

groups comprise p-alkoxy phenol.

16176} The methods of the mvention are parficularly useful for determuning the presence or
level of receptor dimerization {e.g., HERZ/HER3 dimers) in cetuximab-sensitive subjects
with colorectal cancer to select or identify subjects for combination therapy, to optimize
therapy, to reduce toxicity, to monttor the efficacy of therapeutic treatment, and/or to detect
adaptive non-responsivenes or resistance o therapy. In particular embodiments, combination
therapy comprises an EGFR (ErbB 1) inhibitor in combination with a HERZ2 (ErbB2)

inhibitor.
B. Detection Assays for PISK Compleses

{3177 The assays described herein can be used to detect and quantitate the amount of PISK
complex and the amount of activation and/or phosphorylation of a PI3K complex. The PI3K
complex comprises: (1) a dimerized receptor tyrosine kinase patr; and (i1} a PI3K p85 subunit
and a PI3K p110 {e.g, aor B} subunit. In particular embodiments, the assay comprises three
antibodies: (1) a capture antibody specific for cither the PI3K p835 or the PI3K pl10 subunit;
(2 a first detection antibody specific for a first member of the dimerized receptor tyrosine
kinase pair or a PI3K subunit, wherein the first detection antibody is specific for a different
domain than the capture antibody and wherein the PI3K subunit may be activated; and (3} a

second detection antibody specific for a second member of the dimer pair or a PI3K subunit.
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{3178} In some embodiments, a PI3K complex is detectable by the assays deseribed herein
as follows: (1} the PI3K p&5 subunit is bound by the capture antibody; (2} a first detection
antibody is specific for the PI3K p110 o or B subunit; and (3) a second detection antibody is

specific for a tirst member of the dimer pair.

5 [817%1  In other embodiments, an activated PI3K complex is detectable by the assays
described herein as follows: (1) the PI3K p85 subunit is bound to the capture antibody; (2) a
first detection antibody 1s specific tor the PI3K p110 « or B subumnit; and (3) a second
detection antibody comprises an activation state-dependent antibody specific for a
phosphorylation site on a PI3K subumit such as p85 (e.g.. Y452, Y438, Y460, Y463, Y467,

10 Y638, Y470, or other pTyr site).

[B188] In vet other embodiments, an activated PI3K complex is detectable by the assays
described herein as follows: (1) the PI3K p85 subunit 1s bound by the capture antibody; (2} a
first detection antibody comprises an activation state-mdependent antibody specific for a one
member of a dimerized receptor tyrosing kinase {(e.g., HERI, HERZ HER3, ¢MET, IGF-1R

15 and the like); and (3} a second detection antibody comprises an activation state-dependent
antibody specific for a phosphorylation site on a PI3K subunit such as p85 {e.g., Y452, Y4538,
Y460, Y463, Y467, Y688, Y470, or other pTyr site).

[G181] Instll vet other embodiments, a PI3K complex is detectable by the assays described
herein as follows: (1) the PISK p85 subunit 1s bound by the capture antibody; (23 a furst

20 detection antibody comprises an activation state-independent antibody is specific fora one
member of a dimerized receptor tyrosine kinase {e.g, HERI, HERZ, HER3, cMET, IGF-1R,
and the hike); and (3} a second detection antibody comprises an activation state-independent

antibody specific for the other member of the dimenized pair.

[B182] In some embodiments, the detection of PISK complexes will also correlate with the

25 detection of activated {e.g., phosphorviated) PI3K.

[0183] In further embodiments, a PI3K complex is detectable by the assays described
herein as follows: (1) the PI3K p110 subunit is bound by the capture antibody: (2} a first
detection antibody comprises an activation state-independent antibody specific for a one
member of a dimenzed receptor tyrosing kinase (e g, HER1, HERZ2, HER3, cMET, IGF-1R,
30 and the bke); and (3) a second detection antibody comprises an activation state-dependent
antibody specific for a phosphorylation site on a PI3K subunit such as p85 (e.g.. Y452, Y458,

Y460, Y463, Y467, Y688, Y470, or other pTyr site).
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[6184] In vet further embodiments, a PI3K complex is detectable by the assays described
herein as follows: (1) the PISK p8S subunit 1s bound by the capture antibody; (2} a first
detection antibody comprises an activation state-independent antibody specific for one
member of a dimer of a receptor tyrosine kinase (e.g., HER1, HERZ, HER3, cMET, IGF-IR,
and the hike); and (3} a second detection antibody comprises an activation state-dependent
antibody specific for a phosphorylation site on a PI3K subunit such as p85 {e.g., Y452, Y4358,

Y460, Y463, Y467, Y688, Y470, or other pTyr site).

[3185] Soitable antibodics for measuning the level of a PI3K complex include any antibody
that is specific for {i.e., recognizes, binds to, or forms a complex with) an epitope of the PI3K
p110 subunit {e.g., o or B}, the PI3K p85 subunit, or the dimerized receptor tyrosine kinase

pair.

[G186] Suitable activation state-independent antibodics bind to an epitope of the PI3K p110
subunit, the PI3K p8S subunit or the dimerized receptor tyrosime kinase pair, wherein the
epitope is free of phosphorylated amino acid residuss. Such activation state-mndependent
antibodics include PI3K p85 subunit antibodies (Cat. #4257, #4292 from Cell Signaling
Technology: Cat. Nos. sc~12929, s¢-56934, 5¢-56938, sc-71892, s¢-718Y1, and 5¢-376112,
5¢-292114, and sc~131325 from Santa Cruz Biotechnology; Cat. Nos. ab86714, ab22633,
ab40735, ab230, ab135233, ab71925, ab63040, ab90578, ab133593, ab133952, ab65261, and
ab71522 from Abcam), PI3K p110 o subunit antibodies {Cat. #4249 and #4249 from Cell
Signaling Technology; Cat. Nos. sc-7248, s¢c-7189, s¢-8010,8¢-7174, sc~1332, 5¢-1331), and
PI3K p110 B subunit antibodies (Cat. #3011 from Cell Signaling Technology; Cat. Nos. sc-
7248, 5c-7189, s5c-8010, 5¢-376641, 5¢-376412, s¢-376492, 5¢-603, s5¢-7173, s¢-602 from
Santa Cruz Biotechnology: Cat. Nos. ab32569, ab35593, ab97322, and ab32874 from
Abcam).

[B187] Suitable activation state-independent antibodics specific for dimerized RTKs
include antibodies to HERI (Cat. #2646, #2239, #2239, #2963, #3265, and #2232 from Cell
Signaling Technology; Cat. Nos. sc-374607, 5¢-365829, 5¢-80543, s¢-120, 5¢-03, 5¢-101, s¢-
373476, sc-31155, 8¢-71031, s¢-81451 and s¢-71037 from Santa Cruz Biotechnology),
antibodies to HER2 (Cat. #2165, #2248, #3250 and #2242 from Cell Signaling Technology),
antibodies to HER3 (Cat. #4754 from Cell Signaling Technology; Cat. Nos. sc-415, s¢-7350,
$c-292357, s¢-81455, 5¢-81454, c-71067, s¢-53279, and s¢-285 from Santa Cruz
Biotechnology), and antibodies to HER4 (Cat. # 4795 from Cell Signaling Technology; Cat.
Nos. 8¢-31150, s¢-8050, s¢c-81456, s¢-71071, s¢-T1070, 5¢-33280, s¢c31151, s¢-283, and se-

31149 from Santa Cruz Bictechnology).



10

20

WO 2014/122600 PCT/IB2014/058820

[G188] In some embodiments, an antibody that binds to the PI3K p110 o subunit is used in
the assays of the present invention. In some embodiments, an antibody that binds to the PI3K
p110 B subunit is used in the assays of the present invention. Suitable activation-dependent
antibodics against PI3K arc described in U.S. Patent Publication No. 20080014593, the
disclosure of which is hereby incorporated by reference m s entirety for all purposes.
Antibodies to PI3K are also commercially available from, but not himited to, Upstate
{Temecula, CA), Biosource (Camanllo, CA), Cell Signaling Technologies (Danvers, MA),
R&D Systems (Minncapolis, MN}, Lab Vision (Fremont, CA}), Santa Cruz Biotechnology
{Santa Cruz, CA), BD Biosciences {San Jose, CA), Thermo Scienftific (Waltham, MA),
Abcam (Cambridge, MA), Sigma-Aldrich (5t. Lows, M), and EMD Millipore {Billerica,
MAJ.

1618%] As anon-limiting example, suitable activation state-dependent antibodies bind to an
cpitope on the PI3K pli0 subunit or the PI3K p&S subunit, wherein the epitope has at least
one phosphorviated amino acid residue (e.g., pTyr). Such activation state~-dependent
antibodies include a p-PI3K p83 {Tvrd58y/p35 (Tyri99}) antibody (Cat. #4228 from Cell
Signaling Technology), a p-PI3K p85 {Tvr67) antibody (Cat. # s¢c-293115 from Santa Cruz
Biotechnology), and a p-P13K p83 (Tyro07) antthody (Cat. No. abo1801 from Abcam).
Phospho-PI3EK p835 antibodics useful in the present invention are described in LS, Patent
Publication. No. 20080014593, the disclosure of which 1s hereby incorporated by reference m
its entirety for all purposes. Likewise, PI3K pl10 antibodies useful in the present invention
are described m U.S. Patent No. 6,274,327, the disclosure of which is herebv incorporated by

reference in its entirety for all purposes.

16198] In some embodiments, antibodies specitic to PI3K antigens or fragments thereof can

be used in the methods for measuring PI3K complexation.

{3191} Suitable activation state-dependent antibodies for measuring dimerization of RTKs
include any antibody that binds to an epitope of a receptor tyrosing kinase having an amino
acid residue that has been activated {e.g., phosphorvlated}. Activation state-dependent
antibodics that bind to RTKs such as members of the ErbB fanuly, cMET, IGF-1R, and the
like that are suttable for use m the present invention are commercially available from but not
himited to Upstate (Temecula, CA), Biosource {Camarillo, CA}, Cell Signaling Technologies
(Danvers, MA), R&D Systems {Minneapolis, MN}, Lab Vision (Fremont, CA}, Santa Cruz
Biotechnology {(Santa Cruz, CA), BD Biosciences {(San Jose, CA), Thermo Scientific
(Waltham, MA)}, Abcam (Cambrdge, MA), Sigma-Aldrich (8t. Louis, MO), and EMD
Millipore (Billerica, MA}.
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[6192] For example, suitable activation state~-dependent antibodics specific for dimerized
RTKs mclude antibodies to HER (Cat. #8808, #3056, #6963, #2231, #2641, #2235, #2237,
#2238, #2236, #2234, #2220, #4404, and #4407 from Cell Signaling Technology; Cat. Nos.
sc-16802, sc-12351, sc-16804, s¢c-16803, sc-101663, s¢101668, s¢-101667, and sc-101669

5 from Santa Cruz Biotechnology), antibodies to HERZ (Cat. #2244, #2241, #6942, #2249, and
#2247 from Cell Signaling Technology}, ), antibodies to HER3 (Cat. # 4561, #4787 #4791,
#2842 and #8017 from Cell Signaling Technology; Cat. No. s¢-133654 from Santa Cruz
Biotechnology), and antibodies to HER4 (Cat. # 3790 and #4757 from Cell Signaling

Technology; Cat. Nos. 5¢-33040 and sc-81491 from Santa Cruz Biotechnology).

16 [6193] In one particular embodiment, the proximity assay for measuring {e.g., detecting
and quantitating} the level of a PI3K complex, wherein the PI3K complex comprises (a) a
dimerized receptor tyrosine kinase pair; (b} a PI3K p83 subunit and a PI3K p110 subunit,
COMPIISEs:

(1) ncubating a cellular extract with one or a plurality of ditution series of capture

15 antibodies to form a plurality of captured analvtes;

{4} incubating the plurality of captured analyies with first detection antibodies
comprising a first or a plurality of first activation state-independent antibodics
specific tor either one member of a dimerized receptor tyrosme kinase pair or a
PI3K p110 subunit; and second detection antibodies comprising (a) a second or

20 a plurality of second activation state-independent antibodies specific for either
one member of a dimerized receptor tyrosine kinase pair, a PI3K p8&S ora PIZK
1110 subunit or (b} a second or a plurality of second activation state-dependent
antibodies specific for a PI3K p835 subunit and/or a PI3K p110 subunit, to form
a plurality of detectable captured dimenized and complexed analytes,

25 wherein the first detection antibodies are labeled with a facilitating moiety, the
second detection antibodies are labeled with a first member of a signal
amplification pair, and the facilitating moiety generates an oxidizing agent
which channels to and reacts with the first member of the signal amplification
pair,

30 (i1} incubating the plurality of detectable captured dimerized analytes with a second

member of the signal amplitication pair to gencrate an amplified signal; and

(1v) detecting the amplified signal generated from the first and second members of

the signal amplification pair.
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[3194] In cortain mstances, the level of the PI3K complex activation is compared to a
reference PI3K complex activation profile, wherein the reference PI3K complex profile is
optionally generated in the absence of an anticancer drug. In other tnstances, the level of
PI3K complex is calibrated agamnst a standard curve generated for the PISK complex. In
further instances, the amount of amplified signal is correlative to the amount of the PI3K

complex.

[3395]  In certain embodiments, the celiular extract is 1solated from a cetuximab-sensitive
subject with colorectal cancer. In other embodiments, the cellular extract s isolated from a

subject with colorectal cancer receiving therapy (e.g., monotherapy) with cetuxamab.

[0196] In some embodiments, the level of PI3K complex activation is determined by {a}
comparing the amount of phospho-PI3K to the total level of PI3K present in the sample, and
(b} cstablishing a ratio of activated PI3K complex to total PI3K. In some instances, the level
of'the PI3K complex activation 1s deternuned based on the ratio. In some instances, the level
of the PI3K complex activation is below a cut-off threshold. In other instances, the level of

the PI3K complex activation is above the cut-off threshold.

{01971 In certain embodiments, af least two RTKs is selected form the group consisting of
a HERI/HER2 dimer, a HERI/HERS dimer, a HER2/HER3 dimer, a HER2Z/HERZ dimer, a
HERZ/HERY dimer, a p9SHERZ2/HERS dimer, and a p95SHERZ2/HER? dimer.

13198} The capture antibodies and detection antibodies are preferably selected to minimize
competition between them with respect to analvte binding (i.e., both capture and detection

antibodies can simultaneously bind their corresponding signal transduction molecules).

[3199] A variety of facilitating moictics are uscful in the present invention. A suitable
facilitating moiety for use in the present invention includes any molecule capable of
generating an oxidizing agent which channels to (i.e., 18 directed to) and reacts with (i.e.,
binds, 13 bound by, or forms a complex with) another molecule 1n proximity {7.e., spatially
near or close) to the facilitating moiety. Examples of facilitating moieties include, without
himitation, enzymes such as glucose oxidase or any other enzyme that catalyzes an
oxidation/reduction reaction involving molecular oxygen (O} as the ¢lectron acceptor, and
photosensitizers such as methylene blue, rose bengal, porphyrins, squarate dyes,
phthalocvanines, and the like. Non-hinuting examples of oxidizing agents include hydrogen
peroxide (Ha0s), a singlet oxygen, and any other compound that transfers oxygen atoms or
gains electrons in an oxidation/reduction reaction. Preferably, in the presence of a suitable

substrate {e.g., glucose, light, efc.}, the facilitating moicty (e.2., glucose oxidase,

S0
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photosensitizer, efe.) generates an oxidizing agent {¢.g., hvdrogen peroxide (H, (), single
oxvgen, efc.) which channels to and reacts with the first member of the signal amphification
pair {e.g., horseradich peroxidase (HRP), hapten protected by a protecting group, an enzyme
mactivated by thiocther linkage to an enzyme mhibttor, efe. ) when the two moicties are in

proximity to each other.

§200]  Suitable signal amplification parr members nclude, but are not linuted to,
g
peroxidases such horseradish peroxidase (HRP), catalase, chloroperoxidase, cvtochrome ¢
peroxidase, eosinophil peroxidase, glutathione peroxidase, lactoperoxadase, myeloperoxidase,
thyroid peroxidase, deiodinase, and the like. Other examples of signal amplification pair
members include haptens protected by a protecting group and enzymes mactivated by

thioecther linkage to an enzyme nhibitor.

G201} Non-limiting examples of proxinuty channcling suitable for detecting dunerization
of recepiors are described above and mcorporated herein by reference in their entirety for all
purposes. In one example of proximity channeling, the facilitating moiety is glucose oxidase
(GO} and the first member of the signal amplification pair is borseradish peroxidase (HRP}).
In another example of proximity channehing, the facilitating moiety is a photosensitizer and
the first member of the signal amplification pair is a large molecule labeled with multiple
haptens that are protected with protecting groups that prevent binding of the haptensto a
specific binding partoer (e.g., ligand, antibody, efc.). In yet another example of proximity
channeling, the facilitating moiety is a photosensitizer and the first member of the signal
amplification pair is an enzyme-inhibitor complex. In yet a further example of proximity
channeling, the facilitating moiety is HRP, the first member of the signal amplification pair is
a protecied hapten or an enzyme-inhibitor complex as described above, and the protecting

groups comprise p-alkoxy phenol.

[6202] The methods of the invention are particularly useful for determining the presence or
level of PI3K complex activation {e.g., phosphorviation} in cetuximab-sensttive subjects with
colorectal cancer to select or identify subjects for combination therapy, to optimize therapy,
to reduce toxicity, to monitor the ctficacy of therapeutic treatment, and/or to detect adaptive
non-responsivenes or resistance o therapy. In certain nstances, the activation of the PI3K
complex comprises one or more activated RTKs {e. g, HERI, HERZ, HER3, p95HER2,
cMET, and IGF-1R), a PI3K p85 subumit, and a PI3K pl10 subunit. In particular instances,
the combination therapy compnses an HGFR (ErbB1) inhibitor in combiation with a HERZ

{(ErbB2) inhibitor.
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Vi. Production of Antibodies

10283} The generation and selection of antibodics not afready commercially available for
analyzing the levels of expression and activation of signal transduction molecules in tumor
cells in accordance with the immunoassays of the present invention can be accomplished
several ways. For example, one way is to express and/or purify a polvpeptide of mnterest {i.e.,
antigen} using protein expression and puafication methods known in the art, while another
way 1s 1o synthesize the polvpeptide of interest using solid phase peptide synthesis methods
known in the art. See, e.g., Guide io Protein Purification, Murray P. Deuicher, ed ., Meth.
Fnzvmol.,, Vol 182 (1990); Solid Phase Feptide Synthesis, Greg B. Fields, ed., AMeth.
Fnzyvmol., Vol 289 (1997, Kiso er af., Chem. Pharm. Bull, 38:1192-99 (1990); Mostafavi ef
al., Biomed. Pept. Proteins Nucleic Acids, 1:255-60, {1995); and Fupiwara ef al., Chem.
Pharm. Bull | 44:1326-31 (1996}, The purified or synthesized polypeptide can then be
imjected, for example, into mice or rabbits, to generate polyelonal or monoclonal antibodies.
One skilled in the art will recognize that many procedures are available for the production of
antibodies, for example, as described m Antibodies, 4 Laboratory Manua!, Hardow and Lane,
Eds., Cold Spring Harbor Laboratory, Cold Spring Harbor, NY . (1988). One skilled in the
art will also appreciate that binding fragments or Fab fragments which numic (e g., retain the
functional binding regions of) antibodies can also be prepared from genetic mformation by
various procedures. See, e.g., Anfibody Engineering: A Practical Approach, Borrebaeck,
Ed.. Oxford University Press, Oxford (1995); and Huse ef ¢l J Immunol | 149.3914-3920
(1992).

16204} Those skilled in the art will recognize that many approaches can be taken in
producing antibodies or binding fragments and screening and selecting for affinity and
specificity for the various polypeptides of interest, but these approaches do not change the

scope of the present mvention.

[3205] A more detailed description of polyclonal antibodies, monoclonal antibodies,
humanized antibodies, human antibodies, bispecific antibodies, fragments thereof, and
methods of purifving antibodies is found in PCT Publication No. W0 2010/132723, the

disclosure of which is herein incorporated by reference in its entirety for all purposes.
Vil. Methods of Administration

[3206] According to the methods of the present invention, the anticancer drugs described
herein are administered to a subject by any convenient means known in the art. One skilled

10 the art will appreciate that the EGFR and HER2 inhibitor therapy described herein can be
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administered as part of a combined therapeutic approach with other therapies such as, e.g.,

chemotherapy, radiotherapy, hormonal therapy, immunotherapy, and/or surgery.

{0207}  Anticancer drugs can be administered with a suitable pharmaccutical excipient as
necessary and can be carried out via any of the accepted modes of administration. Thus,
administration can be, for example, oral, buccal, sublingual, gingival, palatal, intravenocus,
topical, subcutancous, transcutancous, transdermal, indramuscular, intra~joint, parenteral,
infra-arteriole, intradermal, intraventricular, mtracranal, intraperitoneal, mtravesical,
intrathecal, tntralesional, intranasal, rectal, vaginal, or by inhalation. By “co-admimister” it 18
meant that an anticancer drug is administered at the same time, just prior to, or just after the

adnunistration of a sccond drug {e.g.. another anticancer drug in the combination therapy).

[0208] A therapeutically effective amount of an anticancer drug may be administered
repeatedly, ez, atleast 2, 3, 4, 5, 6, 7, 8, or more times, or the dose may be adnunistered by
continuous infusion. The dose may take the form of solid, semi-solid, lvophilized powder, or
igquid dosage forms, such as, for example, tablets, pills, pellets, capsules, powders, solutions,
suspensions, emulsions, suppositories, refention enemas, creams, ointments, lotions, gels,
aerosols, foams, or the hike, preferably in unit dosage forms suitable for simple administration

of precise dosages.

[0209]  As used herein, the term “unit dosage form”™ refers to physically discrete units
suitable as unmitary dosages for haman subjects and other mammals, cach umit containing a
predetermined quantity of an anticancer drug caleulated to produce the desired onset,
tolerability, and/or therapeutic cffects, in association with a suitable pharmaceutical excipiont
{¢.g., an ampoule}. In addition, more concentrated dosage forms may be prepared, from
which the more dilute unit dosage forms may then be produced. The more concentrated
dosage forms thus will contain substantially more than, e g, at least 1,2, 3,4, 5,6, 7, 8, 9, 10,

or more times the amount of the anticancer drug.

13218} Metbods for preparing such dosage forms are known to those skilled in the art (see,

2.2, REMINGTON 5 P HARMACEUTICAL SCiENCES, 18TH ED., Mack Publishing Co., Easton, PA
(1990}3. The dosage forms typically include a conventional pharmaceutical carrier or
excipient and may additionally imchide other medicinal agents, carriers, adjuvants, diluents,
tissuc permeation enhancers, solubilizers, and the like. Appropriate excipients can be tailored
to the particutar dosage tform and route of adnunistration by methods well known i the art

{(see, e.g., REMINGION'S PHARMACEUTICAL SCIENCES, supra).
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3211} Examples of suitable excipients include, but are not limited 1o, lactose, dextrose,
sucrose, sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth,
gelatin, calenum silicate, microcrystalline cellulose, polyvinvipyerolidone, cellulose, water,
saling, syrup, methvicelulose, ethylcellulose, hydroxypropylmethylcellulose, and polyacrylic
acids such as Carbopols, e.g., Carbopol 941, Carbopol 980, Carbopol Y81, etc. The dosage
forms can additionally include lubricating agents such as talc, magnesium stearate, and
muneral oil; wetting agents; emulsifyving agents; suspending agents; preserving agents such as
methyl-, ethyi-, and propvl-hydroxy-benzoates (i.e., the parabens); pH adjusting agents such
as morganic and organic acids and bases; sweetening agents; and flavoring agents. The
dosage forms may also comprise biodegradable polymer beads, dextran, and cvclodextrin

inclusion complexes.

16212} For oral administration, the therapeutically effective dose can be in the form of
tablets, capsules, emulsions, suspensions, solutions, syrups, spravs, lozenges, powders, and
sustained-rejease formulations. Suitable excipients for oral administration include
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium saccharine,

talcum, cellulose, glucose, gelatin, sucrose, magnesium carbonate, and the like.

[0213] In some embodiments, the therapeutically effective dose takes the form of a pill,
tablet, or capsule, and thus, the dosage form can contain, along with an anticancer drug, any
of the following: a diluent such as lactose, sucrose, dicalcium phosphate, and the like; a
disintegrant such as starch or derivatives thereof; a lubricant such as magnesium stearate and
the Iike; and a binder such a starch, gum acacia, polvvinylpyrrolidone, gelatin, cellulose and
derivatives thereof. An anticancer drug can also be formulated into a suppository disposed,

for exarople, in a polvethylene glveol (PEG) carrier.

6214} Liguid dosage forms can be prepared by dissolving or dispersing an anticancer drug
and optionallv one or more pharmaccutically acceptable adjuvants in a carner such as, for
example, agueous saline {e.g., 0.9% w/iv sodium chloride}, agueous dextrose, glveerol,
cthanol, and the like, to form a sohution or suspension, ¢. 2., for oral, topical, or intravenous

adounistration. An anticancer drug can also be formulated into a retention enema.

[0215] For topical adnunistration, the therapeuntically effective dose can be i the form of
emulsions, lotions, gels, foams, creams, jellics, solutions, suspensions, ointments, and
transdermal patches. For administration by inhalation, an anticancer drug can be delivered as
a dry powder or in Hguid form via a nebulizer. For parenicral admimistration, the

therapeutically effective dose can be in the form of stenle injectable solutions and sterile
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packaged powders. Preferably, injectable solutions are formulated at a pH of from about 4.5

to about 7.5,

16216] The therapeutically effective dose can also be provided i a Ivophilized form. Such
dosage forms may include a buffer, e g, bicarbonate, for reconstitution prior to
administration, or the buffer may be mncluded in the lyophilized dosage form for
reconstitution with, e.g., water. The lyophilized dosage form may further comprise a suitable
vasoconstrictor, e.g., epinephrine. The lvophilized dosage form can be provided in a syringe,
optionally packaged in combination with the buffer for reconstitution, such that the

reconstituted dosage form can be immediately administered to a subject.

[0217} A subject can also be monttored at periodic time intervals to assess the efficacy of a
certain therapeutic regimen. For example, the expression levels or activation states of certain
signal transduction molecules or complexes thercof may change based on the therapeutic
effect of treatment with one or more of the anticancer drugs described herein. The subject
can be monitored to assess response and understand the effects of certain drugs or treatments
in an individualized approach. Additionally, subjects who mitially respond to a specific
anticancer drug or combmation of anticancer drugs may become refractory to the drug or
drug combination, indicating that these subjects have developed acquired drug resistance.
These subjects can be discontinued on their current therapy and an alternative treatment
prescribed in accordance with the methods of the invention, such as, e.g., combination

therapy with EGFR and HER? mmhibitors or therapy with a dual EGFR/HER2 mhibitor.
Vili. Example

16218] The following example is offered to illastrate, but not to limit, the claimed

mvention.

Example 1. EGFR inhibition leads to HER¥PI3K activation by feedback induction of

ErbB heterodimers in cetuximab-sensitive colon cancer cells,

{6219} Even though cetuximab treatment has been successful for the treatment of KRAS
wild-type colorectal cancers, complete remissions are rarely scen in patients, leading
altimately to resistance due to acquired mutations. We hypothesized that, even in cetuximab-
sensitive patients, the ErbB network is msufticiently targeted since HER network plasticity

may occur by relief of feedback signaling.

W
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Methods

[3228] We bave used EGFR-sensitive colorectal cancer cells and investigated ErbB
network activity and adaptations by RTK arrays, Western blot and Collaborative Enzyme
Enhance Reactive ImmunoAssay (CEER). These were complemented by ErbB
heterodimenzation assavs using CEER. Effects on cell survival were measured using colony
formation and cell viability assays. mRNA expression of EGFR ligands EREG and AREG
was performed using g-RT-PCR.

Results

10221} While EGFR wags potently inhibited by both cetuximab and gefitinib, we cbserved a
steady mcrease i HER?2 and HER3 protein levels up to 24h of treatment of EGFR sensitive
colorectal cancer cell hines with cetuximab or gefitinib. Sce, for example, Figure 6B and

Figure 15B.

3222} While EGFR, Akt and Erk phosphorviation were potently mhibited, this association
was linked with increased HER3 phosphorvlation. Sec Figure 6A and 6D, as well as Figore

15A and 15D,

[0223] Concurrent with these results, we observe increased ErbB heterodimer formation
upon EGFR inhibition in these cells. This heterodimer induction was accompanied by
increased PI3K binding to HER3, resulting in enbanced HER3 signaling. Sec Figure 6C and

15C.

[0224] We next explored whether co-treatment of these cells with the HER2 inhibitor
trastuzumab and lapatinib could rescue the feedback activation of HER3 in this context. Tn
fact, co-treatment with cetuximab and trastuzumab blocked the induction of HER2-HER3
dimers induced by cetuximab, and blocked HER3 phosphorviation and HER3-PI3K binding.
See, for example, Figure 11A-C. Similar effects were observed for pHERS and the HER3-
PI3K interaction by treatment with the dual EGFR/HERZ? mhibitor lapatinib. See Figure
13A-C. Data for treatment of cells with cotuximab, pertuzumab, trastuzumab, a HER3
inhibitor, gefitintb, lapatinib, a MEK nhibitor, and various combinations thereof is

summarized in Tables §-3 below.
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HER2HER3 | HERUHERZ | HERI:HER3 | HER3.PRRK
Assay Range 30-1500 7.8-1000 200-20000 3.9-500
HERZ:3 HERI:2 HERI1:3 HER3:PI3K

(Zug) (2ug) (0.5ug) (4ug)
121

Cetuximab Oh 808 46.2 {(<LLOG) 214
128

Cetuximab 30min 816 36.9 (<LLOGQ) 57.3
107

Cetuximab th 1611 493 {(<LLOG) 352

Cetuximab 2h 80.9 354 89 (<LLOG) 46.2
116

Cetuximab4dh 735 34.5 {(<LLOG) 39.0
147

Cetuximab 6h 1266 38.0 {(<LLOG) 53.0
129

Cetuximab 8h 1122 36.7 {(<LLOO) 39.4

Coutrol 250.9 128.5 387 53.0

Cetuximab 24h 13431 978 645 264.4

Pertuzumab 24h 704.6 161.7 458 432

Cetuximab + Pertuzumab 14119 246.1 1172 130.0

Trastuzumab 2617 42.4 487 36.3

Cetuximab + Trastuzumab 8049 86.4 764 167.4

iHER3 1692 126.0 105 (<LLOG) 104

Cetuximab + iHER3 4495 167.8 305 382

control 2118 46.0 398 572

Cetuximab 24h 9528 79.5 1090 122.6

Pertuzumab 4721 64.8 412 495

Cetuximab + Perfuzumab 7443 £35.0 561 97.3

Trastuzumab 2809 30.6 374 37.7

Cetuximab + Trastuzumab 648.2 78.4 1162 145.4

Gefitinib 1167.6 454.5 3069 1854

Lapatinib 4936 63.6 2015 115.7

DMSO 172.5 42.7 186 247

Cetuximab + DMSO 434 .0 583 333 1737

Gefitinib 460.8 3677 1020 4473

Lapatinib 3613 29.6 459 23.0

IMEK AB703026 3132 2.1 226 278
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Table 2. ErbB HExpression and Activation Levels

Total Total Total Phos Phos Phos
HER1 | HER2 | HER3 HERI1 HER?2 HER3
350- 390- 0.14- 20 .48- 12.8-
Assay Range | 7.8-500 | 25000 § 23000 10.67 2000 1500
Total Phespho
HER HERZ  HER3 HER] HER2 HER3
(Ougy  (0.2ug)  (02ug) | (30ug) (2.5ug) (10ug)
Cetuximab Ch 74.4 2127 3832 1.8 346 257
Cetuximab 30min 409 2532 41158 03 103 223
Cetuximab Ih 67.4 2833 3073 0.4 93 263
Cetuximab 2h 46.9 2625 4707 0.5 86 261
Cetuximabdh 528 2529 5219 0.5 101 264
Cetuximab 6h 60.2 2229 4976 0.4 129 200
{etuximab 8h 144 3109 5360 0.4 163 273
Control 171.4 4212 7787 7.1 504 236
Cetuximab 24h 129.2 9079 16238 0.8 140 651
Pertuzumab 24h 198.5 7200 10665 5.9 300 313
Cetuximab +
Pertuzumab 141.3 10363 17121 0.8 634 351
Trastuzumab 1842 884 G488 5.7 437 255
Cetuximab +
Trastuzumab 147.7 943 14195 0.9 966 549
iHER3 165.0 3542 1254 4.5 293 356
{Cetuximab + iHER3 123.8 9273 2646 0.3 133 830
2068
control 137.2 3025 4282 7.4 CULOGH 373
Cetuximab 24h 86.9 5678 8514 3.0 1547 1450
3187
Pertuzumab 1151 5568 3501 4.0 (ULOG) {26
Cetuximab +
Pertuzumab 79,8 5929 4843 2.0 1908 1212
238%
Trastuzommab 148 4 592 3743 6.4 CULOGH 754
Cetuximab +
Trastuzumab 88.6 839 11236 1.2 1843 1417
Gefitinib 172.% 5980 3789 1.5 544 954
Lapatinib 1403 5361 3711 1.2 49 677
DMSO 96.8 2581 3388 4.7 447 204
Cetuximab + DMIO 46.5 4147 7789 0.7 385 637
Gefitinib 116.6 3476 8247 0.5 11l 338
13
Lapatinib 98.2 4135 6907 0.4 LLOG) 234
IMEK AS703026 699 2546 3317 2.9 480 300
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Table 3. Expression and Activation Levels of Signal Cascade Members

Phos AKT Phos ERK | Phos MEK | Phos RSK
Assav Range §.02-40 1.02-100 1.02-100 2.56-100
Phospho {(pg/ug)
MEK
AKT (10ug) ERK (10ug} (10ug) RSK (10ug)
Cetuximab Oh 35 3.3 16.6 76.0
Cetuximab 30min 0.92 <LLOO) 1.1 9.0 46.8
Cetuximab th 3.6 1.9 73 437
Cetuximab 2h 1.8 1.4 7.0 229
Cetuximabdh 1.3 1.1 3.4 10.9
$.56
Cetuximab 6h 1.7 {(<LLOG) 29 8.4
Cetuxnimab 8h 1.7 {(<LLOG) 2.5 5.2
289
Control 9.6 5.7 38.0 CULOY
.87
Cetuximab 24h 1.8 (<LLOY) 70 54
199
Pertuzumab 24h 6.1 5.6 17.1 CULOY
464
Cetuximab + Pertuzumab 0.35 (<LLOOQ) {(<LLOO) 4.0 4.6
Trastuzumab 0.79 (<LLOQ) 2.6 198 758
Cetuximab + Trastuzumab 0.56 (<LLOG) 1.2 2.9 5.8
286
iHER3 6.4 31 i85 >ULOG)
Cetuximab + {HER3 1.2 1.7 i2.8 3.1
122
control it4 53 16.3 CULOCO)
Cetuximab 24h 10 1.1 2.7 7.1
Pertuzumab 1.2 22 8.6 971
Cetuximab + Pertuzumab 0.47 (<LLOO) 1.3 2.2 5.1
Trastuzumab 2.6 36 9.0 60.2
Cetuximab + Trastuzumab 0.31 (<LLOQ) i1 37 42
Gefitinib 0.64 (<LLOOY 1.1 2.9 6.3
.84
Lapatinib 0.66 (<LLOO,) (<LLOWG) 3.1 3.9
DMSO 10.0 33 9.8 914
0.49
Cetuximab + DMSO 7.6 {(<LLOO) 1.5 4.4
0.68
Gefitindb 4.1 {(<LLOO) 1.7 4.7
0.56
Lapatinib 14 {<LLOO) 1.4 33
iMEK AS703026 26.2 1.1 74.9 350

Per ug data is normalized from the ug saruple concentration shown

Conclusion
{0225} Combination of HER2 and EGFR inhibitors can increase the therapeutic index in
cetuximab sensitive patients, due to inhibition of feedback mechamsms that are activate

upon EGFR inhibition.
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3226}  All publications and patent applications cited in this specification are herein
incorporated by reference as 1t each individual publication or patent application were
specifically and individually indicated to be incorporated by reference. Although the
foregoing invention has been described 1 some detail by way of illustration and example for
purposes of clarity of understanding, it will be readily apparent to those of ordinary skill in
the art in light of the teachings of this invention that certain changes and modifications may

be made thereto without departing from the spirit or scope of the appended claims.

64



b

w3

]

WO 2014/122600 PCT/IB2014/058820

WHATIS CLAIMED IS:

i A method for determining whether to admunister combination therapy
in a subject receiving therapy with an EGFR inhibitor, the method comprising:

{2 detecting and/or quantifving the level of a complex in a sample taken
from the subject, wherein the complex comprises an ErbB dimer, a HER3:PI3K complex, or
a combination thereof; and

{b} determining whether fo administer a combination therapy comprising

an EGFR inhibitor and a HER? mhibitor based upon the level of the complex in the sample.
2. The method of claim 1, wherein the subject has colorectal cancer.

3. The method of claim 1 or 2, wherein the subject is sensitive to the
EGFR mhibitor.

4. The method of any one of claims 1 to 3, wherein the ErbB dimerisa

HER2-HERS3 beterodimer.

5. The method of any one of claims 1 1o 4, wherem step (a) comprises
detecting and/or quantifving the level of the ErbB dimer and the level of the HER3:PI3K

complex.

6. The method of any one of claims 1 to 3, wherein the subject should be
administered the combination therapy when the level of one or both of the complexes in the

sample 1s higher than a reference level of the complex.

7. The method of claim 3, wherein the subject should be administered the
combination therapy when the levels of both the ErbB dimer and the HER3:PI3K complex in
the sample are higher than reference levels of the ErbB dimer and the HER3:PI3K complex,

respectively.

8. The method of claim 6 or 7, wherein the reference level is the level of
the complex in a sample taken from the subject prior to therapy with the EGFR inhibitoror at

an carlier time during EGFR inhibitor therapy.
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9. The method of claim 6 or 7, wherein the reference level is the level of
the complex in a human cancer cell line without the EGFR mhubitor or at an carly time pomt

in the presence of the EGFR mhibttor.

18, The method of any one of claims 1 to 9, wherem adnunistration of the
combination therapy reduces and/or inhibits the formation of one or both of the ErbB dimer

and the HER3:PI3K complex.

i1, The method of any one of claims 1 to 16, wherein the method further
comprises detecting and/or guantitying the expression level and/or activation level of HER2

and/or HER3 1n the sample.

iz The method of claim 11, wherein the subject should be administered
the combination therapy when the expression and/or activation level of HERZ and/or HER3
in the sample is higher than a reference expression and/or activation level of HERZ and/or

HER3.

13 The method of claim 12, wherein the reference level is the level of the
expression and/or activation of HER?2 and/or HERS i1 a sample taken from the subject prior

to therapy with the EGFR whibitor or at an earlier time during EGFR inhibitor therapy.

14, The method of claim 12, wherein the reference level 1s the level of the
expression and/or activation of HER2 and/or HER3 in a human cancer cell line without the

EGFR inhibitor or at an early timic point in the presence of the HGFR nhibitor.

is The method of any one of ¢laims 11 (o 14, wherein administration of
the combination therapy reduces and/or inhibits the level of expression and/or activation of

HER?2 and/or HER3.

i6. The method of any one of claims 1 to 15, wheremn the EGFR inhibitor
is selected from the group consisting of cetuximab (Erbitux®), gefitinib (Iressa®), erlotinib

(Tarceva' }, and a combination thereof,

i7. The method of any one of claims 1 to 16, wherein the HERZ mhibiior
ts selected from the group consisting of trastuzumab { Hercepﬁn@ ), pertuzumab (2C4), and a

combination thereof,
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i8. The method of any onc of claims 1 to 15, whercin the combination

therapy comprises a dual EGFR/HER? inhibitor such as lapatinib (Tykerb™).

19, The method of any one of claims 1 to 18, whereimn the sample is a

cancer cell obtamed from a tumor of the subject.

26, The method of any one of claims 1 to 19, wherein the level of the
complex 1s detected and/or quantified by a Collaborative Enzyme Enhanced Reactive

Immuncassay {CEER).

21, A method for moniforing a subject recerving therapy with an EGFR
inhibitor, the method comprising:

{a) detecting and/or guantifying the level of a complexin a sample taken
from the subject at time {t;), wherein the complex comprises an ErbB dimer, a HER3:PI3K
complex, or a combination thereof, and

(b} comparing the level of the complex detected and/or quantified at {(t:) to
the level of the complex detected and/or quantitied at an earlier time {t;); and

{(c) determining whether to administer a combination therapy comprising
the EGFR inhibitor with a HERZ inhibitor based upon a difference between the level of the

complex at {t;) compared to (t1).

22. The method of claim 21, wherein the subject has colorectal cancer.

23 The method of claim 21 or 22, wherein the subject is sensitive to the
EGFR mhibitor.

24. The method of any one of claims 21 to 23, wherein the ErbB dimeris a

HER2-HER3 heterodimer.

25, The method of any one of claims 21 to 24, wherein step {a) comprises
detecting and/or quantifyving the level of the ErbB dimer and the level of the HER3.PI3K

complex.

26.  The method of any one of claims 21 to 25, wherein the subject should
be administered the combination therapy when the level of one or both of the complexes in

the sample 1s hagher at (t;) compared to (1;).
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27, The method of claim 25, wherein the subject should be administered
the combnation therapy when the level of the ErbB dimer and the level of the HER3:PI3K

complex n the sample are both higher at ;) compared to {4;}.

28. The method of any one of claims 21 to 27, wherein {t)) corresponds to

a time before, or shortly after, tmitiation of treatment with the EGFR inhibitor.

29. The method of any one of claims 21 to 28, wherein (t)) corresponds to
atime within about 0.5, 1, 2. 3.4, 5, 6, 8, 12, 16, 20, or 24 hours after initiation of treatment

with the EGFR inhibitor.

34. The method of any one of claims 21 to 29, wherein {1;) corresponds to
a time between about 24 hours to about 12 months after imtiation of treatment with the EGFR

inhibitor.

31.  The method of any one of claims 21 to 38, wherein adnministration of
the combination therapy reduces and/or inhibits the formation of one or both of the ExbB

dimer and the HER3:PI3K complex.

32. The method of any one of claims 21 to 31, wherein the method further
comprises detecting and/or guantitying the expression level and/or activation level of HER2

and/or HER3 1n the sample.

o

33. The method of claim 32, wherein the subject should be administered
the combination therapy when the expression and/or activation level of HERZ and/or HER3

in the sample is higher at {t;) compared to (4).

34. The method of any one of claims 32 or 33, wherein administration of
the combination therapy reduces and/or inhibits the level of expression and/or activation of

HER? and/or HER3.

35, The method of any one of claims 21 to 34, wherein the EGFR inhibitor
i3 selected from the group consisting of cetuximab {(Erbitux™), gefitinib (Tressa’), erlotinib

- ® S
{Tarceva' }, and a combination thereof.
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36. The method of any one of claims 21 to 35, wherein the HERZ inhibitor
is selected from the group consisting of trastuzumab (Herceptin®), pertuzumab (2C4), and a

combination thereof.

37. The method of any one of claims 21 to 34, wherein the combination

therapy comprises a dual EGFR/HER? inhibitor such as lapatinib (Tvkerb®).

38. The method of any one of claims 21 to 37, wherein the sample is a

cancer cell obtamed from a tumor of the subject.

3%, The method of any one of claims 21 to 38, wherein the level of the
complex is detected and/or quantified by a Collaborative Enzvme Enhanced Reactive

Immunoassay {CEER).
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