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(57) Abstract: The invention is directed to methods, reagents, and kits for the detection of MAPK/ERK pathway mutations in a pa -
o tient diagnosed for cancer. In one embodiment, the invention comprises a sensitive and selective method to identify mutations to the

BRAF, KRAS, and NRAS genes in a single reaction. In another aspect of this embodiment, the invention comprises primers and
probes for the detection of the BRAF, KRAS, and NRAS mutations using a single nucleotide primer extension assay. In another em
bodiment the invention is used to identify and select patients amenable for treatment with an ERK inhibitor.
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Box No. I Nucleotide and/or amino acid scquence(s) (Continuation of item l.c of the first sheet)

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search
carried out on the basis of a sequence listing filed or furnished:

a. (means)□ on paper

in electronic form

in the international application as filed

together with the international application in electronic form

subsequently to this Authority for the purposes of search

2. I I In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

SEQ ID NOs:1-42 were searched.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. □ Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I I Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See Extra Sheet.

□ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

□ As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

□ As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-3, 5-8, 10-12, 14, and 15 to the extent that they read on SEQ ID NO's: 1, 2, and 15.

The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/2 10 (continuation of first sheet (2)) (July 2009)



INTERNATIONALSEARCH REPORT International application No.

PCT/US20 14/032745

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group l+: claims 1-15 are drawn to a method and kit for identifying an ERK mutation.

The first invention of Group l+ is restricted to a method or kit for identifying an ERK mutation or treating a patient diagnosed with cancer
with an ERK inhibitor comprising: (a) contacting a biological sample from a patient diagnosed with cancer with a plurality of polymerase
chain reaction (PCR) primers selected to be PCR primers SEQ ID NOs: 1 and SEQ ID NOs: 2 of Table 1, which target one or more ERK
Mutations; (b) amplifying the section of said sample targeted by the PCR primers to form a PCR template containing one or more
targeted ERK Mutations; (c) contacting the PCR template of step (b) with a plurality of single nucleotide primer extension (SNPE)
probes, selected to be the SNPE probe SEQ ID NO: 15 of Table 2, under hybridization conditions suitable to form a duplex between the
template and the SNPE probe, such that the first unpaired nucleotide base in the template immediately downstream of the 3' end of the
probe in said duplex is a nucleotide base to be identified, wherein the nucleotide base to be identified is an ERK Mutation; (d) contacting
the PCR template-SNPE duplex of step (c) with (i) a reaction mixture comprising a DNA polymerase; and (ii) a mixture of ddNTP
terminators of a nucleic acid template-dependent primer extension reaction, wherein each terminator is capable of specifically
terminating the extension reaction in a manner strictly dependent on the identity of the unpaired nucleotide base in the PCR template
that is immediately downstream of the 3' end of the primer, wherein each terminator in the mixture is complementary to the nucleotide
base to be identified, and wherein each terminator is labeled with a detectable marker; under conditions sufficient to carry out a
template-dependent primer extension reaction to form an SNPE product, wherein said conditions permit base pairing of a
complementary terminator with the nucleotide base to be identified and incorporation of the complementary terminator onto the 3' end of
the primer, thereby extending said 3' end of the primer by one terminator; (e) determining the presence and identity of the nucleotide
base to be identified at the specific position in the SNPE product by detecting the detectable marker of t e 'incorporated terminator of
step (d) while said terminator is incorporated at the 3' end of the extended primer. It is believed that claims 1-3, 5-8, 10-12, 1 , and 15
read on this first named invention and thus these claims will be searched without fee to the extent that they read on SEQ ID NO's: 1, 2,
and 15.

Applicant is invited to elect additional PCR primers an SNPE probes with specified SEQ ID NOs for each polynucleotide to be searched.
An exemplary election would be a method or kit for identifying an ERK mutation or treating a patient diagnosed with cancer with an ERK
inhibitor comprising: (a) contacting a biological sample from a patient diagnosed with cancer with a plurality of polymerase chain reaction
(PCR) primers selected to be PCR primers SEQ ID NOs: 3 and SEQ ID NOs: 4 of Table 1, which target one or more ERK Mutations; (b)
amplifying the section of said sample targeted by the PCR primers to form a PCR template containing one or more targeted ERK
Mutations; (c) contacting the PCR template of step (b) with a plurality of single nucleotide primer extension (SNPE) probes, selected to
be the SNPE probe SEQ ID NO: 16 of Table 2, under hybridization conditions suitable to form a duplex between the template and the
SNPE probe, such that the first unpaired nucleotide base in the template immediately downstream of the 3' end of the probe in said
duplex is a nucleotide base to be identified, wherein the nucleotide base to be identified is an ERK Mutation; (d) contacting the PCR
template-SNPE duplex of step (c) with (i) a reaction mixture comprising a DNA polymerase; and (ii) a mixture of ddNTP terminators of a
nucleic acid template-dependent primer extension reaction, wherein each terminator is capable of specifically terminating the extension
reaction in a manner strictly dependent on the identity of the unpaired nucleotide base in the PCR template that is immediately
downstream of the 3' end of the primer, wherein each terminator in the mixture is complementary to the nucleotide base to be identified,
and wherein each terminator is labeled with a detectable marker; under conditions sufficient to carry out a template-dependent primer
extension reaction to form an SNPE product, wherein said conditions permit base pairing of a complementary terminator with the
nucleotide base to be identified and incorporation of the complementary terminator onto the 3' end of the primer, thereby extending said
3' end of the primer by one terminator; (e) determining the presence and identity of the nucleotide base to be identified at the specific
position in the SNPE product by detecting the detectable marker of the incorporated terminator of step (d) while said terminator is
incorporated at the 3' end of the extended primer. Additional PCR primers an SNPE probes will be searched upon the payment of
additional fees. Applicants must specify the claims that read on any additional elected inventions. Applicants must further indicate, if
applicable, the claims which read on the first named invention if different than what was indicated above for this group. Failure to clearly
identify how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be .
searched/examined.

The inventions listed in Groups l+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups l+ formulas do not share a significarit structural element responsible for amplyfying an ERK mutation requiring the selection
of alternatives for the PCR primers or SNPE probes selected from "the group consisting of SEQ ID NOs: 1-42."

Form PCT/ISA/2 10 (extra sheet) (July 2009)
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The Groups l+ share the technical features of a method for identifying an ERK Mutation in a patient diagnosed with cancer;
contacting a biological sample from a patient diagnosed with cancer with a plurality of polymerase chain reaction (PCR) primers, which
target one or more ERK mutations; amplifying the section of said sample targeted by the PCR primers to form a PCR template
containing one or more targeted ERK mutations; contacting the PCR template of step (b) with a plurality of single nucleotide primer
extension (SNPE) probes under hybridization conditions suitable to form a duplex between the template and the SNPE probe, such that
the first unpaired nucleotide base in the template immediately downstream of the 3' end of the probe in said duplex is a nucleotide base
to be identified, wherein the nucleotide base to be identified is an ERK mutation; contacting the PCR template-SNPE duplex of step (c)
with a reaction mixture comprising a DNA polymerase; and a mixture of ddNTP terminators of a nucleic acid template-dependent primer
extension reaction, wherein each terminator is capable of specifically terminating the extension reaction in a manner strictly dependent
on the identity of the unpaired nucleotide base in the PCR template that is immediately downstream of the 3' end of the primer, wherein
each terminator in'the mixture is complementary to the nucleotide base to be identified, and wherein each terminator is labeled with
a detectable marker; under conditions sufficient to carry out a template-dependent primer extension reaction to form an SNPE product,
wherein said conditions permit base pairing of a complementary terminator with the nucleotide base to be identified and incorporation of
the complementary terminator onto the 3' end of the primer, thereby extending said 3' end of the primer by one terminator; determining
the presence and identity of the nucleotide base to be identified at the specific position in the SNPE product by detecting the detectable
marker of the incorporated terminator of step (d) while said terminator is incorporated at the 3' end of the extended primer;
identifying a patient previously diagnosed with cancer as a patient who should undergo treatment with an ERK inhibitor; treating a patient
diagnosed with an ERK associated cancer with an ERK inhibitor; determining the presence and identity of an ERK mutation from the
identified nucleotide base at the specific position in the SNPE product and treating the patient identified as having an ERK Mutation with
an ERK inhibitor. However, these shared technical features do not represent a contribution over the prior art.

Specifically, US 201 1/0158944 A 1 to Hosted et al. discloses a method for identifying an ERK Mutation in a patient diagnosed with cancer
(An important feature and advantage of the present invention is that the V600 BRAF mutation genotype status may be used as a
predictive biomarker for sensitivity to additional ERK1/2 or MEK inhibitor compounds, Para. [0012]; The present invention further
provides a method for treating a medical condition mediated by malignant or neoplastic cells with an ERK1 or ERK2 or MEK inhibitor
comprising evaluating sensitivity of the malignant or neoplastic cells to said inhibitor. Para. [0009]) contacting a biological sample from a
patient diagnosed with cancer with a plurality of polymerase chain reaction (PCR) primers which target one or more ERK mutations
(PCR primers useful for allelic determination may be included in such a kit, e.g., primers or other reagents useful for performing the allele
detection methods set forth below under analysis and determination of V600E or V600D BRAF alleles, Para. [0256]), amplifying the
section of said sample targeted by the PCR primers to form a PCR template containing one or more targeted ERK mutations (The
primer extension method comprises amplifying the target region by PCR followed by a single base sequencing reaction using a primer
that anneals one base shy of the polymorphic site, Para. [0260]); contacting the PCR template of step (b) with a plurality of single
nucleotide primer extension (SNPE) probes under hybridization conditions suitable to form a duplex between the template and the SNPE
probe, such that the first unpaired nucleotide base in the template immediately downstream of the 3' end of the probe in said duplex is a
nucleotide base to be identified, wherein the nucleotide base to be identified is an ERK mutation; contacting the PCR template-SNPE
duplex of step (c) with a reaction mixture comprising a DNA polymerase (primer extension is a two-step process that first involves the
hybridization of a probe to the bases immediately upstream of the SNP nucleotide followed by a 'mini-sequencing' reaction, in which
DNA polymerase extends the hybridized primer by adding a base that is complementary to the SNP nucleotide, Para. [0260]); and a
mixture of ddNTP terminators of a nucleic acid template-dependent primer extension reaction, wherein each terminator is capable of
specifically terminating the extension reaction in a manner strictly dependent on the identity of the unpaired nucleotide base in the PCR
template that is immediately downstream of the 3' end of the primer, wherein each terminator in the mixture is complementary to the
nucleotide base to be identified, and wherein each terminator is labeled with a detectable marker; under conditions sufficient to carry out
a template-dependent primer extension reaction to form an SNPE product, wherein said conditions permit base pairing of a
complementary terminator with the nucleotide base to be identified and incorporation of the complementary terminator onto the 3' end of
the primer, thereby extending said 3' end of the primer by one terminator (there are. two main approaches which use the incorporation of
either fluorescently labeled dideoxynucleotides (ddNTP) or fluorescently labeled deoxynucleotides (dNTP). When using the ddNTP
primer extension method, oligonucleotide probes hybridize to the target DNA immediately upstream of SNP nucleotide, and a single,
ddNTP complementary to the SNP allele is added to the 3' end of the probe. Para. [0260]); determining the presence and identity of the
nucleotide base to be identified at the specific position in the SNPE product by detecting the detectable marker of the incorporated
terminator of step (d) while said terminator is incorporated at the 3' end of the extended primer (detection of an extension product with a
particular fluorescent signal will indicate that one ddNTP or another was added to the 3' end of the primer. This, in turn, will indicate
which nucleotide is present at the position of interest, Para. [0260]); identifying a patient previously diagnosed with cancer as a patient
who should undergo treatment with an ERK inhibitor (The scope of the present invention also encompasses a method for selecting a
therapy for a patient having a medical condition mediated by malignant or neoplastic cells comprising evaluating sensitivity of the cells to
an ERK1 or ERK2 or MEK inhibitor by methods discussed herein; wherein said inhibitor is selected as the therapy if said cells are
determined to be sensitive to the inhibitor, Para. [0010]); treating a patient diagnosed with an ERK associated cancer with an ERK
inhibitor (An important feature and advantage of the present invention is that the V600 BRAF mutation genotype status may be used as
a predictive biomarker for sensitivity to additional ERK1/2 or MEK inhibitor compounds and, thus, aid in the development of novel
chemotherapeutics for human cancer including melanoma, Para. [0012]; The ERK1 and ERK2 and MEK inhibitors set forth herein may
be used to treat any hyperproliferative disorder such as cancer, Para. [0212]); determining the presence and identity of an ERK mutation
from the identified nucleotide base at the specific position in the SNPE product and treating the patient identified as having an ERK
mutation with an ERK inhibitor (Sequencing is a common method for SNP detection, Para. [0263]; An important feature and advantage
of the present invention is that the V600 BRAF mutation genotype status may be used as a predictive biomarker for sensitivity to
additional ERK1/2 or MEK inhibitor compounds and, thus, aid in the development of novel chemotherapeutics for human cancer
including melanoma, Para. [0012]; The ERK1 and ERK2 and MEK inhibitors set forth herein may be used to treat any hyperproliferative
disorder such as cancer, Para. [0212]).

The inventions listed in Groups l+ therefore lack unity under Rule 13 because they do not share a same or corresponding technical
features.

Form PCT/ISA/2 0 (extra sheet) (July 2009)
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