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USE OF BIOMARKERS IN DETERMINING SUSCEPTIBILITY TO DISEASE
TREATMENT

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]  This application claims the benefit of priority of US provisional application No.
62/345,081, filed 03 June 2016, the contents of it being hereby incorporated by reference in

its entirety for all purposes.

FIELD OF THE INVENTION
[0002]  The present invention relates generally to the field of molecular biology. In
particular, the present invention relates to the use of biomarkers for determining treatment

modalities for various diseases, such as cancer.

BACKGROUND OF THE INVENTION

[0003]  Pathway-directed therapeutics, for example those targeting the epidermal growth
factor receptor (EGFR)-related pathways, have established clinical activity in various types,
of cancer, for example, head and neck squamous cell cancers (HNSCC). It is noted that site-
specific differences in treatment outcomes have been observed.

[0004]  Although there have been significant improvements in multimodality approaches
to the treatment of cancer, these so far appear to have a full remission rate of only 50%, that
is to say only 50% of the cancers are cured. To date, the standard of care provides limited
options for the treatment of recurrent, metastatic disease, for example with platinum-based
chemotherapy which are known to confer a median overall survival of 6 to 9 months. Despite
evidence that a large subset of, for example, HNSCC cancers are dependent on EGFR-
signalling, so far only moderate success has been achieved with known treatments based on
monoclonal antibodies and/or tyrosine kinase inhibitors (TKI). For example, in the metastatic
setting, cetuximab monotherapy is associated with response rates of 13%, while efficacy of
epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors across several phase 11
trials are more heterogencous, with response rates ranging from 1.8-20 %.

[0005]  Thus, there is a need for biomarkers, genetic, protein or otherwise, that are capable

of predicting a subjects susceptibility to a specific drug treatment.
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SUMMARY
[0006]  In one aspect, the present invention refers to a method of predicting susceptibility
of a subject suffering from cancer to a treatment with an anti-cancer drug, wherein the
method comprises detecting the presence or absence of a genetic alteration in long non-
coding RNA (IncRNA) that resides in an antisense strand of an oncogene, wherein the
genetic alteration alters or disrupts expression of the oncogene; wherein in case the genetic
alteration is present, the subject is predicted to show improved susceptibility to the treatment
with the anti-cancer drug compared to a subject not carrying the mutation.
[0007] In another aspect, the present invention refers to a method of predicting the
susceptibility of a subject suffering from cancer related to EGFR to a treatment with an
EGFR inhibitor, the method comprising determining whether either one or two or all of the
following is given: i) the subject has a silent G>A mutation (genetic alteration) at Q787Q
position in exon 20 of EGFR (nucleotide 2361; as shown in NCBI sequence ID:
NM_005228.4 and SEQ ID NO: 27); ii) the subject has lower EGFR-AS1 or EGFR-AS1
IncRNA expression level compared to subject that does not respond to treatment with an
EGFR inhibitor; iii) the subject has higher EGFR isoform D/isoform A ratio compared to
subject that does not respond to treatment with an EGFR inhibitor; wherein in case one or
two or all of 1) to iii) is given the subject is predicted to show improved susceptibility to a
treatment with an EGFR inhibitor compared to a subject not showing any of i) to iii).
[0008]  In yet another aspect, the present invention refers to a method of treating cancer in
a subject suffering from said cancer, wherein the method comprises detecting the presence or
absence of a mutation in a long non-coding RNA on an antisense strand of an oncogene
related to the cancer, wherein the genetic alteration alters or disrupts expression of the
oncogene; administering an anti-cancer drug for the cancer type the subject suffers from in
case the presence of the genetic alteration is confirmed.
[0009] In a further aspect, the present invention refers to a method of treating a subject
suffering from cancer, comprising administering to the subject an effective amount of a
therapeutic agent affecting expression of a non-coding RNA an oncogene, wherein the
genetic alteration alters or disrupts expression of the oncogene; and administering to the
subject an effective amount of an anti-cancer drug specific for the cancer related to the

oncogene.
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[0010] In one aspect, the present invention refers to a method of treating a subject
suffering from an EGFR-related cancer, comprising administering to the subject an effective
amount of a therapeutic agent affecting EGFR-AS1 IncRNA expression, or affecting EGFR-
AS1 expression, or increasing the amount of EGFR isoform D and/or decreasing EGFR
isoform A or a combination thereof; and administering to the subject an effective amount of a

tyrosine kinase inhibitor used to treat the EGFR-related cancer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]  The invention will be better understood with reference to the detailed description
when considered in conjunction with the non-limiting examples and the accompanying
drawings, in which:

[0012]  FIG. 1 is a collection of FIG. 1A — FIG. 1E showing the correlation of a point
mutation in a IncRNA of EGFR, referred to herein as Q787Q, with sensitivity of primary
HNSCC cell lines to EGFR tyrosine kinase inhibitors. FIG. 1A is a set of line graphs
showing the result of a cell proliferation assays and the effect of a treatment with gefitinib,
erlotinib or afatinib on the inhibition of cell proliferation. Error bars indicate one standard
deviation. FIG. 1B is a set of DNA sequence trace chromatograms of Sanger sequencing,
showing the disclosed AA genotype in cell lines with increased sensitivity to EGFR tyrosine
kinase inhibitors (NCC-HN19 and NCC-HN64). FIG. 1C is a set of images of western blot
results showing EGFR pathway activation with and without tyrosine kinase inhibitors
treatment in HNSCC cell lines with the indicated Q787Q genotype. Each cell line is
compared in terms of rate of phosphorylation and also in terms of the effect of a treatment of
gefitinib on the rate of phosphorylation, that is the presence of the p-version of the protein,
versus the unphosphorylated version of the protein. For example, the first two rows compare
the level of phosphorylation between EGFR and p-EGFR (that is the phosphorylated version
of EGFR). As gefitinib is a known tyrosine kinase inhibitor, it is expected that the rate of
phosphorylation is anti-proportional to the amount of gefitinib administered. That is to say
the rate of phosphorylation will decrease with an increase in the amount of gefitinib
administered. GAPDH acts as a loading control. FIG. 1D is a graph of ICsy values showing
sensitivity to gefitinib in correctly targeted G/A**Y clones (CL16, CL19 and CL63)
compared to GIG*Y negative controls (clones CL12, CL76 and CL77). This shows that the

presence of the G/A mutation results in a stark difference in ICsy values for gefitinib. In terms
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of ICsq values for drugs, it is noted that the lower the ICsg value, the more effective a drug is
considered to be. Error bars indicate one standard deviation and p-value as indicated based on
student s t-test. FIG. 1E is a set of images of western blot results showing inhibition of
EGFR pathway activation with 0.1 pM gefitinib in G/A®*Y clones CL16, CL63, CL19
compared to G/G**Y
[0013]  FIG. 2 is a collection of FIG. 2A — FIG. 2E showing the implication of the long

non-coding RNA EGFR-AS1 as the mechanism for EGFR tyrosine kinase inhibitors

negative control (clone CL12).

sensitivity. FIG. 2A is a schematic showing the genomic position of the EGFR-AS1 IncRNA
relative to exon 20 of the EGFR gene, and position of the Q787Q SNP, with arrows
indicating position of the siRNA designed to knockdown this EGFR-AS1 IncRNA. FIG. 2B
is a set of column graphs showing expression levels of the EGFR-AS1 IncRNA transcripts
measured by real-time RT-PCR. in lines with AA (NCC-HN19 and NCC-HN64) and G/G
genotypes (NCC-HN1 and NCC-HN43), and the isogenic NCC-HNI clones with correct
targeting (G/A**Y: CL16, CL63, and CL19) and negative controls (G/G**V: CL CL12, CL76,
and CL77). Error bars indicate one standard deviation. Asterisks denote significance by
student t-test (*- p<0.05, **- p<0.01, ***- p<0.001). FIG. 2C is a set of line graphs showing
trend of EGFR-ASI levels (measured by real-time RT-PCR) after Actinomycin D treatment
in lines with AA (NCC-HN19 and NCC-HN64) and G/G genotypes (NCC-HN1 and NCC-
HN43), and the isogenic NCC-HNI1 clones with correct targeting (G/IA**V: CL16, and CL19)
and negative controls (G/G**Y: CL12 and CL77). Error bars indicate one standard deviation.
FIG. 2D is a graph showing ICso values of gefitinib in cell lines with knockdown of EGFR-
AS1 (siAS1) compared to non-targeting controls (NT). As stated previously, it is noted that
the lower the ICsq value, the more effective a drug is considered to be. Error bars indicate one
standard deviation. Asterisks denote significance by student t-test (*- p<0.05, **- p<0.01,
*#%. p<0.001). FIG. 2E is a line graph showing tumour growth levels in AS1-high PDXs
HN124 and HN159 after treatment with AS1-targeting LNA and non-targeting control. Error
bars indicate one standard deviation.

[0014]  FIG. 3 is a collection of FIG. 3A — FIG. 3F showing effect of EGFR-AS1 long
non-coding RNA on EGFR isoforms and sensitivity to tyrosine kinase inhibitors (TKI). FIG.
3A is a bar graph showing ratio of EGFR isoform D to A transcripts measured by real-time
RT-PCR in the different lines and targeted NCC-HN1 (G/A**Y) clones, with Q787Q

genotype as indicated. Error bars indicate one standard deviation. Asterisks denote
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significance by student t-test (*- p<0.05, **- p<0.01, ***- p<0.001). FIG. 3B is a bar graph
showing ratio of EGFR isoform D to A transcripts measured by real-time RT-PCR after
knockdown of EGFR-AS1 (siAS1) compared to non-targeted controls (NT). Error bars
indicate one standard deviation. Asterisks denote significance by student t-test (*- p<0.05,
*+. p<0.01, **¥*- p<0.001). FIG. 3C is a set of graphs showing ICs values of the different
HNSCC cell lines and NCC-HN1 clones (G/A**Y and G/G**Y; genotypes as indicated) after
successful isoform D knockdown (shIsoD) compared to non-targeted controls (NT) treated
with gefitinib. Error bars indicate one standard deviation. Asterisks denote significance by
student t-test (*- p<0.05, **- p<0.01, ***- p<0.001). FIG. 3D is a set of images showing
western blot results of the EGFR pathway activation after treatment with gefitinib after
isoform D knockdown (shlsoD), compared to non-targeting controls. GAPDH is used here as
a loading control. FIG. 3E is a graph showing ICsg values of the different HNSCC cell lines
and NCC-HNI1 clones (G/A**Y and G/G**; genotypes as indicated) after successful isoform
D knockdown (shlsoD), with additional knockdown of EGFR-AS1 (siAS1). The clones being
referred to herein are CL16 and CL19 (G/A**Y) and negative controls CL12 and CL77
(G/GAAV). Error bars indicate one standard deviation. Asterisks denote significance by
student t-test (*- p<0.05, **- p<0.01, ***- p<0.001). FIG. 3F is a set of graphs showing ICsq
values for the AA cell lines (NCC-HN19 and NCC-HN64) and G/A HN1 clones treated with
gefitinib in RPMI with serum (FCS), serum-free (SF), or serum-free but with added EGF
(EGF). Error bars indicate one standard deviation. Asterisks denote significance by student t-
test (*- p<0.05, **- p<0.01, ***- p<0.001).

[0015]  FIG. 4 is a collection of FIG. 4A — FIG. 4D showing in vivo correlation of Q787Q
genotype with EGFR-AS1 and EGFR isoform transcript and response to gefitinib treatment.
FIG. 4A is a set of photographs showing the result of RNA-in situ hybridization using
RNAscope showing levels of AS1, EGFR isoform A and D in two tumour specimen which
have a A/A and G/G genotypes. PPIB is the positive control and DAPB is the negative
control. FIG. 4B is a table showing correlation between Q787Q genotype, relative transcript
levels of AS1 and isoform D/A ratio (by real-time RT-PCR), along with the formalin-fixed
paraffin embedded (FFPE) tissue score (RNA-scope scoring) and ICsg levels for a panel of
patient derived tumour tissue and cell lines, thereby summarising the information provided in
previous figures. FIG. 4C is a set of photographs and a line graph showing patient-derived

xenograft models for HN137 primary (pri) and metastatic (met) tumours treated with control
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or gefitinib. The arrow on the line graph indicates when treatment was initiated. FIG. 4D is a
set of clinical and CT-scan images showing response of patient HN137 to gefitinib treatment.
Arrows indicate location of lung metastasis that subsequently responded to treatment.

[0016] FIG. 5 is a set of column graphs showing the relative change in EGFR copy
number in various cell lines, based on real-time PCR, with the gefitinib ICsy values as
indicated. This graph indicates that there is no association between EGFR copy number and
the ICsq values. Error bars indicate one standard deviation.

[0017]  FIG. 6 is a schematic showing the targeting construct and strategy designed to
alter the Q787Q genotype from G to A. The binding location of the primers used for PCR
screening and location of EGFR-AST1 in this construct are indicated.

[0018] FIG. 7 is a set of DNA gel images showing the PCR screening results showing
correct targeting in clones CL16, CL63 and CL19 with random integration in CL12, CL76
and CL77. Random integration means that the clones CL12, CL76 and CL77do not have the
desired effect of a ‘knock-in’ for the G>A switch, but instead have randomly integrated into
the cell line genome, thereby producing a negative control.

[0019]  FIG. 8 is a bar graph showing the relative fold change in levels of EGFR-AS1, as
measured by real-time RT-PCR after knockdown (siAS1), compared to non-targeting
controls (NT) in cell lines as indicated. The LNA control is a non-targeting LNA. Error bars
indicate one standard deviation. Asterisks denote significance by student t-test (*- p<0.05,
**- p<0.01, *¥*- p<0.001).

[0020] FIG. 9 is a bar graph showing real-time RT-PCR result showing relative fold
change in the transcript levels of AS1 and isoform D/A ratio after in vivo targeting of EGFR-
AS1 in HN124 and HN159 patient-derived xenografts. Error bars indicate one standard
deviation. Asterisks denote significance by student t-test (*- p<0.05, **- p<0.01, ***-
p<0.001).

[0021] FIG. 10 is an alternative splice diagram of the EGFR gene showing the four
commonly described isoforms (A, B, C, and D) and the relevant exons.

[0022]  FIG. 11 is a bar graph showing the relative fold change in levels of the EGFR
isoform A and D transcripts, as measured by real-time RT-PCR after knockdown of isoform
D with targeted shRNA (shlsoD, also referred to as shEGFR4) compared to non-targeting

controls (NT) in cell lines and isogenic NCC-HNI1 clones. Error bars indicate one standard
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deviation. Asterisks denote significance by student t-test (*- p<0.05, **- p<0.01, ***-
p<0.001).

[0023]  FIG. 12 is a table showing clinico-pathologic characteristics of patients from
which cell lines were derived.

[0024]  FIG. 13 is a table showing mutational status of EGFR in the cell lines NCC-HNI1,
NCC-HN43, NCC-HN19, NCC-HN64, NCC-HN26, and NCC-HN73.

DEFINITION OF TERMS

[0025] The term “genotype switching” refers to a genetic recombination event (also
termed a “knock-in”) where a nucleotide at a given position is switched with another
nucleotide, thereby changing the genotype of the subject from one genotype to another. For
example, in the experiments has shown herein, the nucleotide residue for position Q787Q at
position 2361 on the EGFR gene (as shown in NCBI sequence ID: NM_005228.4) has been
switched from a G to an A.

[0026]  The term “tyrosine kinase” refers to an enzyme that can transfer a phosphate group
from adenosine triphosphate (ATP) to a target protein in a cell. It functions as an "on" or
"off" switch in many cellular functions. Tyrosine kinases are a subclass of protein kinase, of
which the tyrosine kinase is named as such because it transfers the phosphate group from
ATP to a tyrosine residue within the target protein. There are two known families of tyrosine
kinase, namely receptor tyrosine kinase (RTK) and non-receptor or cytoplasmic tyrosine
kinase, whereby receptor tyrosine kinases comprise a transmembrane domain and one or
more extracellular ligand-binding domains. Cytoplasmic tyrosine kinases do not possess such
a transmembrane domain or any extracellular ligand-binding domains.

[0027]  The term “oncogene” refers to a gene that has the potential to cause cancer. An
oncogene can also refer to a dominant mutant allele of a cellular gene (a proto-oncogene) that
disrupts cell growth and division and is capable of transforming a normal cell into a
cancerous cell. In tumour cells, oncogenes are often mutated or expressed at high levels.
Proto-oncogenes typically encode proteins involved in, but not limited to, positive control of
the cell division cycle, such as, for example, growth factor receptors, signal transduction
proteins and transcription factors. Mutations in these genes tend to relax control mechanisms
and accelerate cell division, leading to the cell proliferation that is characteristic of cancer.

Some oncogenic mutations cause inhibition of programmed cell death (apoptosis), so that
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cancerous cells are less likely to be destroyed by the host s immune system. Most normal
cells will undergo apoptosis when critical functions are altered. Instead, activated oncogenes
can cause those cells designated for apoptosis to proliferate and survive. Some oncogenes can
require an additional step, for example, such as mutations in another gene, or environmental
factors, such as viral infection, to cause cancer.

[0028] The term “RNA”, that is “ribonucleic acid” refers to an organic molecule
consisting of along chain of nucleotides in which the sugar is ribose (or variations thereof)
and the bases are adenine, cytosine, guanine, and uracil. There are various types of RNA, for
example, but not limited to, messenger RNA (mRNA), transfer RNA (tRNA), ribosomal
RNA (rRNA), transfer-messenger RNA (tmRNA), small nuclear RNA (snRNA), antisense
RNA (asRNA) and Piwi-interacting RNA (piRNA). All types of RNA are either coding or
non-coding, that is the RNA either results in expression of a protein (for example, messenger
RNA) or it does not (for example, transfer RNA). A particular example of non-coding RNA
is long, non-coding RNA (IncRNA), which refers to non-coding RNA transcripts of 200
nucleotides or longer in length (at least 200 nucleotides). LncRNA are transcripts that range
from 200 nucleotides to 100 000 nucleotides (or 200 bases to 100 kb), and distributed are
throughout the genome. In some example, the IncRNAs are between 200 nucleotides to
100000 nucleotides, between 200 to 400 nucleotides, between 300 to 700 nucleotides,
between 500 to 1000 nucleotides, between 900 to 1300 nucleotides, between 1200 to 2500
nucleotides, between 2400 to 3600 nucleotides, between 3500 to 4800 nucleotides, between
4500 to 10 000 nucleotides, between 9000 and 50000 nucleotides, between 50000 to 75000
nucleotides, between 70000 to 100000 nucleotides in length. In another example, the
IncRNAs are at least 200 nucleotides, at least 250 nucleotides, at least 280 nucleotides, at
least 320 nucleotides, at least 480 nucleotides, at least 520 nucleotides, at least 550
nucleotides, at least 640 nucleotides, at least 760 nucleotides, at least 830 nucleotides, at least
950 nucleotides, at least 1100 nucleotides, at least 1250 nucleotides, at least 1400
nucleotides, at least 1600 nucleotides, at least 1800 nucleotides, at least 2100 nucleotides, at
least 2800 nucleotides, at least 5500 nucleotides, at least 10500 nucleotides, at least 25000
nucleotides, at least 35000 nucleotides, at least 48000 nucleotides, at least 55000 nucleotides,
at least 68000 nucleotides, at least 80000 nucleotides in length. Although having little or no
known protein-coding capability, they have diverse functions including transcriptional

regulation, epigenetic modulation through chromatin modification, and post-transcriptional
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regulation. Several of these functions relate to direct (homology-based) binding to DNA, pre-
mRNA and mature mRNA. However, it is believed that the three-dimensional structural
conformation of IncRNAs plays an important role in extending their wide ranging repertoire
and also influences stability of these molecules themselves.

[0029]  The term “RNAi” refers to RNA interference, a process in which RNA molecules
inhibit gene function. This interference is based on the ability of double-stranded RNA to
interfere with, or suppress, the expression of a gene with a corresponding base sequence. For
example, two types of small ribonucleic acid (RNA) molecules — microRNA (miRNA) and
small interfering RNA (siRNA) — are important to RNA interference. RNA molecules (or
RNAs) are the direct products of genes, and these small RNAs can bind, for example, to other
specific messenger RNA (mRNA) molecules, thereby either increase or decrease their
activity, for example by preventing an mRNA from producing a protein. RNA interference
plays an important role in development and in defending cells against parasitic nucleotide
sequences from, for example, viruses and transposons.

[0030]  The term “sense strand”, also known as a coding strand, refers to a segment within
double-stranded DNA that runs from 5” to 3, and which is complementary to the antisense
strand of DNA, which runs from 3” to 5°. The sense strand is the strand of DNA that has the
same sequence as the mRNA, which takes the antisense strand as its template during
transcription, and eventually (albeit typically, not always) undergoes translation into a
protein. The antisense strand is thus responsible for the RNA that is later translated to protein,
while the sense strand possesses a nearly identical makeup to that of the mRNA. It is noted
that for each segment of double-stranded DNA (dsDNA), there will possibly be two sets of
sense and antisense, depending on which direction one reads the DNA, since the naming of
sense and antisense is relative to perspective. It is ultimately the gene product, or mRNA, that
dictates which strand of one segment of dsDNA is called sense or antisense. However, it is
noted that, for example in prokaryotes, overlapping genes on opposite strands means the
sense for one mRNA can be the antisense for another mRNA. In the context of the present
invention, the antisense strand obtained from the DNA refers to the RNA segment running in
37 to 57 direction.

[0031] The term “mutation” or “mutated” or “genetic alteration” refers to a natural or
artificial modification, or genetic alteration of the genome or part of a nucleic acid sequence

of any biological organism, virus or extra-chromosomal genetic element. This mutation can
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be induced artificially using, but not limited to, chemicals and radiation, but can also occur
spontaneously during nucleic acid replication in cell division. Mutations may or may not
produce discernible changes in the observable characteristics (phenotype) of an organism.
There are various types of mutations known, which can either be small-scale mutations or
large-scale mutations. Examples of small-scale mutations are, but are not limited to,
substitution mutations, silent mutations, missense mutations, nonsense mutations, insertions,
and deletions. Examples of large-scale mutations are, but are not limited to, amplifications,
deletions, chromosomal translocations, interstitial deletions, chromosomal inversions and
mutations that result in a loss of heterozygosity. Mutations can also be grouped by their effect
on the function of the resulting product. These include, but are not limited to, loss-of-function
(inactivating) mutations, gain-of-function (activating) mutations, dominant-negative
(antimorphic) mutations, lethal mutations and back or reverse mutations. Point mutations, for
example, also known as single base modification, are a type of mutation that causes a single
nucleotide base substitution, insertion, or deletion of the genetic material, DNA or RNA. The
term “frame-shift mutation” indicates the addition or deletion of a base pair.

[0032]  For example, silent mutations are mutations in DNA that do not significantly alter
the phenotype of the organism in which they occur. Silent mutations can occur in non-coding
regions (outside of genes or within introns), or they may occur within exons. When they
occur within exons, they either do not result in a change to the amino acid sequence of a
protein (also known as a synonymous substitution), or they result in the insertion of an
alternative amino acid with similar properties to that of the original amino acid. In either
case, there is no significant change in the resulting phenotype. The phrase silent mutation is
often used interchangeably with the phrase synonymous mutation. However, synonymous
mutations only occur within exons, and are not always silent mutations. Synonymous
mutations are mutations that can affect transcription, splicing, mRNA transport, and
translation, any of which could alter phenotype, rendering the synonymous mutation non-
silent.

[0033] The term “polymorphism” refers to the existence of two or more distinctly
different forms (morphs) within, for example an animal species. In genetics, a (genetic)
polymorphism is used to describe essentially inter-individual, functionally silent differences
in DNA sequence that make each human genome unique. In other words, a genetic

polymorphism is the occurrence, in the same population, of multiple discrete allelic states, of
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which at least two have high frequency. Conventionally, the high frequency is defined as
being of 1% or more of the population in question. One example of a genetic polymorphism
is a single nucleotide polymorphism (SNP), which is a variation in a single nucleotide that
occurs at a specific position in the genome, where each variation is present to some
appreciable degree within a population (for example, more than 1% of said population).
[0034]  The term “susceptibility” refers to the propensity of something, for example a
disease, to be likely affected by something else, for example, a treatment for said disease.
This effect can be either positive or negative, depending on what is being referenced. For
example, if a disease is sensitive to a particular treatment, then the susceptibility of said
disease to a particular treatment is a positive effect. It can then be said that the disease is
susceptible (or sensitive) to the treatment. On the other hand, if a disease is not susceptible to
a given treatment, the disease is then considered to be unresponsive or resistant to said
treatment.

[0035]  As defined above, the term “predicting susceptibility” refers to the propensity of
something, for example a disease, to be likely affected by something else, for example, a
treatment for said disease. In other words, to predict susceptibility of a cancer to a particular
treatment is to determine whether the cancer would react to a treatment with a certain
medicament or anti-cancer drug. It is of note that the term “determining susceptibility” is not
synonymous with, for example, “making a prognosis”. The former term only looks at the
possible reaction of a disease to a specific drug or therapy, while the latter describes the
likelihood of the patient to survive the disease or disease progression as a whole. While, in
some cases, it may be possible to correlate the effect of one term on the other, that is to say
that a disease reacting well to a given treatment (that is, the disease is susceptible to the
treatment) may increase the likelihood of said patient receiving a positive prognosis in
regards to the overall disease progression, this is not to be taken as a rule. As a person skilled
in the art would appreciate, a positive prognosis depends on many factors patient-specific
factors in addition to the disease’s susceptibility for treatment, for example, overall wellbeing
of the patient prior to treatment, metabolism, diet, aggressiveness of the (primary) disease,
secondary diseases and/or infections and the like.The term “expression” refers to either gene
expression, that is the transcription of DNA into messenger RNA (mRNA) by the RNA
polymerase, or protein expression, which is the translation of mRNA into a (functional)

protein. An expression may be considered up-regulated (or over-expression) or down-
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regulated (suppression, low or decreased expression, also termed under-expression),
depending on whether an increase or decrease in expression is present, usually compared to a
wild-type or a disease-free subject.

[0036]  The term “isoform” or “protein isoform” refers to the different forms of a protein
encoded from one and the same gene. These proteins are different in both structure and
composition, whereby these differences are regulated by alternative splicing of mRNA. This
alternative splicing has been shown to have a large impact in proteome diversity. The
specificity of produced proteins is derived by protein structure/function, development stage
and even the cell type. Isoform formation becomes more complicated when a protein has
multiple subunits and each subunit has multiple isoforms.

[0037]  The term “alternative splicing” refers to a regulated process during gene expression
that results in a single gene coding for multiple proteins. In this process, particular exons (that
is, parts of the genetic code that become part of the mature RNA) of a gene may be included
within or excluded from the final, processed messenger RNA (mRNA) produced from that
gene. The excluded sequences are termed introns, from intragenic region, that is a region
inside a gene. The term intron and exon refers to both the DNA sequence within a gene and
the corresponding sequence in RNA transcripts Consequently, the proteins translated from
alternatively spliced mRNAs will contain differences in their amino acid sequence and, often,
in their biological functions.

[0038] The term “therapeutic agent” refers to a chemical compound or composition
capable of inducing a desired therapeutic effect when properly administered to a patient. For
example, an anti-diabetic agent is considered a therapeutic agent, in the sense that it is
administered to treat, for example, diabetes in a patient.

[0039] The term “locked nucleic acid”, “LNA” or “inaccessible RNA”, refers to a
modified RNA nucleotide, in which the ribose moiety of an LNA nucleotide is modified with
an extra bridge connecting the 2' oxygen and 4' carbon. The bridge "locks" the ribose in the
3'-endo (North) conformation, which is the same confirmation often found in the A-form
duplexes. The, usually synthetic, locked nucleic acid nucleotides can be mixed with DNA or
RNA residues in the oligonucleotide, whenever desired, and hybridize with DNA or RNA
according to Watson-Crick base-pairing rules. The locked ribose conformation enhances base
stacking and backbone pre-organization. This significantly increases the hybridization

properties (melting temperature) of oligonucleotides.
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[0040]  The term “EGFR inhibitor” refers to compounds that are capable of inhibiting or
blocking the activity of epidermal growth factor receptors. Various compounds and drugs are
not limited to a single effect and can therefore be considered to be EGFR inhibitors, even if
they are structurally different. That is to say, the inhibition of EGFR is the combining
characteristic of these compounds.

[0041]  The term “EGFR-AS1” refers to a 2.8 kb sequence that corresponds to intron and
exon 20 (FIG. 2A) expressed by the EGFR gene.

[0042] As used herein, the term “haematological malignancy” or ‘“haematological
malignancies” refers to usually malignant neoplasms or cancers which are derived from
blood-forming tissue, such as the bone marrow, or in the cells of the immune system. These
cancers are also known in the art as blood cancers, or liquid cancers. Haematological
malignancies may derive from either of the two major blood cell lineages: myeloid and
Iymphoid cell lines. The myeloid cell line normally produces granulocytes, erythrocytes,
thrombocytes, macrophages and mast cells; the lymphoid cell line produces B, T, NK (natural
killer cells) and plasma cells. Lymphomas, lymphocytic leukaemia, and myeloma are derived
from the lymphoid line, while acute and chronic myelogenous leukaemia, myelodysplastic
syndromes and myeloproliferative diseases are considered to be myeloid in origin. Examples
of hematologic cancer are, but are not limited to, leukaemia, lymphoma, and multiple
myeloma. Types of leukaemia are, but are not limited to, acute lymphoblastic leukaemia
(ALL), acute myelogenous leukaemia (AML), chronic lymphocytic leukaemia (CLL),
chronic myelogenous leukaemia (CML), and acute monocytic leukaemia (AMoL). Types of
lymphomas are, but are not limited to, Hodgkin's lymphomas, which includes all four

subtypes of Hodgkin’s lymphomas; and all subtypes of Non-Hodgkin's lymphomas.

DETAILED DESCRIPTION OF THE PRESENT INVENTION
[0043] The success of targeted therapeutics is predicated based on high-precision
predictive biomarkers. For example, cohort-based sequencing studies have failed to
demonstrate activating mutations in exons 18 to 21 of epidermal growth factor receptor
(EGFR), or demonstrate the presence of known predictors of (treatment) response, for
example, EGFR amplifications, thereby highlighting a subset of tumours that remain EGFR-
driven through non-genomic mechanisms. For example, in a completed phase II trial that

examined the impact of induction gefitinib prior to chemo-radiotherapy for unresectable oral
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squamous cell cancer, two patients who responded dramatically to gefitinib were observed. In
both cases, the performed targeted EGFR-sequencing did not reveal “activating” mutations,
thereby showing no apparent correlation between, for example, the treatment response and
EGFR amplification, thereby underlining the need for biomarkers, whereby the presence or
absence of these biomarkers serves as an indicator of how well a subject will respond to a
certain treatment, or if a patient will respond to the intended treatment at all. Thus, in a one
example, the present invention refers to a method of predicting susceptibility of a subject
suffering from cancer to a treatment with an anti-cancer drug.

[0044]  The basis for determining subject susceptibility to treatment with a particular drug
can be, for example, the presence or the absence of, for example genetic alternations or
mutations within the genome, within genetic transcripts, such as RNA or within proteins
expressed by genes. The genetic mutation or alteration in question may or may not result in a
change in for example protein or RNA sequence, depending on the type of mutation in
question. For example, different from an activating mutation, a silent mutation will not result
in any discernible change in metabolism or expression product, as the mutation is silent. A
point mutation may or may not be silent, depending on the exact mutation at hand and the
result of said mutation. For example, if a point mutation results in the change of one amino
acid for another, wherein the new amino acid results in a different tertiary structure of the
resulting protein, then such a mutation is not considered to be a silent mutation. However, if
the point mutation results in a different RNA sequence, which still results in the same amino
acid at that point of the protein (due to the redundancy in the genetic code, that is the fact that
multiple codons encode for the same amino acid), the point mutation will be considered a
silent mutation.

[0045]  The present application also discloses a method, which comprises detecting the
presence or absence of a genetic alteration in an antisense strand of a long non-coding RNA
(IncRNA). This long, non-coding RNA (IncRNA) sequence can reside in an antisense strand
of an oncogene. In another example, the long non-coding RNA (IncRNA) sequence resides in
the coding strand of an oncogene. Thus, in one example, a method is disclosed herein, which
comprises detecting the presence or absence of a genetic alteration in an antisense strand of a
long non-coding RNA (IncRNA). In another example, the genetic alteration alters or disrupts
expression of the oncogene. In another example, disclosed herein is a method of predicting

susceptibility of a subject suffering from cancer to a treatment with an anti-cancer drug,
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wherein the method comprises detecting the presence or absence of a mutation in an antisense
strand of a non-coding RNA of an oncogene, wherein the mutation alters or disrupts
expression of the oncogene. In another example, the long non-coding RNA (IncRNA)
sequence resides in the coding strand of an oncogene. In yet another example, if the genetic
alteration or mutation is present, the subject is predicted to show improved susceptibility to
the treatment with the anti-cancer drug compared to a subject not carrying the mutation. In
one example, there is disclosed a method of predicting susceptibility of a subject suffering
from cancer to a treatment with an anti-cancer drug, wherein the method comprises detecting
the presence or absence of a genetic alteration in a long non-coding RNA (IncRNA) that
resides in an antisense strand of an oncogene, wherein the genetic alteration alters or disrupts
expression of the oncogene; wherein in case the genetic alteration is present, the subject is
predicted to show improved susceptibility to the treatment with the anti-cancer drug
compared to a subject not carrying the genetic alteration.

[0046]  As used herein, the term “alters” refers to a change in a characteristic, usually in
comparison to the same characteristic in a different state. A difference in, for example,
expression level of a known gene can be considered to be an alteration of the gene expression
of said gene. This is usually given in comparison to the disease-free (or healthy) state of the
gene. Such a difference in expression, gene protein or otherwise can be given in absolute or
in relative terms. For example, gene Z is expressed at a level of 50 in a disease-free state,
given in absolute terms. In a diseases state, gene Z is expressed at a level of 25. In relative
terms, the gene expression of gene Z would be 0.5 in the diseased state relative to the disease-
free state (also termed to be a down-regulation of the expression of gene Z). In another
example, gene Z is expressed at a level of 50 in a disease-free state, given in absolute terms.
In a diseases state, gene Z is expressed at a level of 100. In relative terms, the gene
expression of gene Z would be 2 in the diseased state relative to the disease-free state (also
termed to be up-regulation of the expression of gene Z). In both of these examples, the gene
expression of Z is altered.

[0047]  As used herein, the term “disrupt” refers to the interruption, interference or
termination of a process. For example, the presence of a mutation within a gene sequence can
result in the disruption of the translation process, thereby usually resulting in either the

truncation of the resulting protein (protein is only partially expressed, for example through
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the introduction of a premature stop codon via the mutation) or the complete absence of the
protein (no protein is expressed).

[0048]  In another example, there is described a method of treating cancer in a subject
suffering from said cancer, wherein the method comprises detecting the presence or absence
of a mutation or a genetic alteration in a non-coding RNA on an antisense strand of an
oncogene related to the cancer, wherein the mutation alters or disrupts expression of the
oncogene; administering an anti-cancer drug for the cancer type the subject suffers from in
case the presence of the mutation is confirmed. In another example, there is disclosed use of
an anti-cancer drug in the manufacture of a medicament for treating cancer in a subject
suffering from said cancer, wherein the medicament is to be administered to the subject when
the presence or absence of a mutation or a genetic alteration in a non-coding RNA on an
antisense strand of an oncogene related to the cancer is detected, wherein the mutation alters,
or disrupts expression of the oncogene.

[0049]  There are various targets known to function as oncogenetic switches in a cell.
These target genes are, but are not limited to, regulatory genes within any given pathway
involved in cell growth and regulation of cell proliferation and/or apoptosis. As
phosphorylation is one of the best known examples of cellular switches used for regulating
cellular pathways, genes that express kinases (enzymes responsible for the transfer of
phosphor groups from one protein to another protein) are prominent targets in the
development of anti-cancer drugs and regimens. Other categories of oncogenes include, but
are not limited to, receptor tyrosine kinases, tyrosine kinases, cytoplasmic tyrosine kinases,
cytoplasmic serine/threonine kinases, cytoplasmic serine/threonine kinases regulatory
subunits, cyclin-dependent kinases, regulatory GTPases and transcription factors. Thus, in
one example, the oncogene is a gene that results in, but is not limited to, the expression of a
receptor tyrosine kinase, a protein target of a receptor tyrosine kinase or in a cytoplasmic
tyrosine kinase. In another example, the oncogene is a gene that results in the expression of a
receptor tyrosine kinase. In another example, the oncogene that results in the expression of a
receptor tyrosine kinase is, but is not limited to, EGFR, IGF1R, PIK3CD, PIK3R3, PIK3CD,
ERBB4, FGFR2, FGFR3, FGFR4, c-Kit, PDGFRA, PDGFRB, PIK3CA, PIK3Ra, PIK3R2,
PIK3R3, ERBB2, ERBB3 and INSR. In one example, the oncogene is a gene that results in

the expression of a cytoplasmic tyrosine kinase. In another example, the oncogene that results
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in the expression of a cytoplasmic tyrosine kinase is, but is not limited to, mMTOR, MAP3K1
(MEKK) MAPKS (JNK) and BRAF.

[0050]  In another example, an oncogene includes, but is not limited to, epidermal growth
factor receptor (EGFR), platelet-derived growth factor receptor (PDGFR), vascular
endothelial growth factor receptor (VEGFR), PIK3CB, PIK3R3, PIK3CD, ERBB4, BRAF,
FGFR2, FGFR3, FGFR4, c-Kit, MAPK3K1 (MEKK), MAPKS (JNK), PDGFRA, PDGFRB,
PIK3CA, PIK3R1, PIK3R2, ERBB3, INSR, abl, afd4/hrx, akt-2, alk, alk/npm, amll,
aml1/mtg8, axl, bcl-2, bel-3, bel-6, ber/abl, c-myc, dbl, dek/can, E2A/pbx1, enl/hrx, erg/TLS,
erbB, erbB-2/ HER2/neu, ets-1, ews/flil, fms, fos, fps, gli, gsp, hox11, hTERT, hst, IGF1R,
IL-3, int-2, jun, kit, kmt2b, kmt2c, kmt2d, KS3, K-sam, Lbc, Ick, imol, Imo2, L-myc, lyl-1,
Iyt-10, 1yt-10/C-alpha-1, mas, mdm2, mll, mos, mtg8/aml1, myb, MYH11/CBFB, n-myc, ost,
pax-5, pbx1/EA2, pim-1, PRAD-1, raf, rar/pml, ras, rasH, rasK, rasN, rel/nrg, ret, rhoml,
rhom2, ros, ski, SRC, sis, tall, tal2 (SCL), tan-1, tiam1, TSC2, and trk. In another example,
the oncogene can include, but is not limited to, of EGFR, IGF1R, mTOR, PIK3CB, PIK3R3,
PIK3CD, ERBB4, BRAF, FGFR2, FGFR3, FGFR4, c-Kit, MAPK3K1 (MEKK), MAPKS
(JNK), PDGFRA, PDGFRB, PIK3CA, PIK3R1, PIK3R2, ERBB2, ERBB3 and INSR. In yet
another example, the oncogene can be, but is not limited to, EGFR, IGF1R, mTOR, PIK3CB,
PIK3R3, PIK3CD, and ERBB4. In a further example, the oncogene is EGFR.

[0051]  As defined above, various genes become oncogenes, in some examples, due to a
mutation within their genetic sequence, thereby resulting in deviations from the usual
function of said gene. In terms of gene targeting, there are multiple levels which can be
targeted using available technology. That is to say, influencing gene expression and/or the
resulting protein expression can be done on different levels. For example, one can influence
the expression of a certain gene by silencing said gene using, for example, siRNA. Thus, the
present disclosure describes methods of detecting differences in gene expression, based on
which a susceptibility of a subject to a particular treatment is inferred.

[0052]  In one example, this inference is performed based on the presence or absence of a
mutation within the oncogene, or in any expression products of the oncogene. In one
example, the presence of a mutation has an effect on the functionality of the resulting protein.
In another example, the presence of the mutation does not have an effect on the functionality

of the resulting protein.
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[0053] Determination of the differences in gene expression can be performed using
methods known to those skilled in the art. For example, gene sequencing can be used to
ascertain if a mutation is present on a nucleic acid level. In another example, the comparison
of gene expression can be done on a RNA level, that is for example, by ascertaining and
comparing the levels of an RNA transcript of one or more target genes. In another example,
the comparison of expression levels of a gene is made on the protein level. This can be
performed, for example, by comparing the level of a protein expressed by a target gene in a
diseased subject and comparing the level of the same protein in a disease-free subject.

[0054]  In one example, the presence or absence of the mutation is determined in the RNA
transcript of the gene. In another example, the presence or absence of the mutation is
determined on the antisense strand of the RNA. In yet another example, the presence or
absence of the mutation is determined in a non-coding region of the antisense strand of the
RNA. In another example, the presence or absence of the mutation is determined on the
antisense strand of a long non-coding RNA region (IncRNA) of the oncogene in question.
The antisense strand of a long non-coding RNA region (IncRNA) of an oncogene can be, but
is not limited to, EGFR-AS1 for EGFR gene; IRAIN for IGF1R gene, MTOR-AS1 for
MTOR gene; GAPDHP39 and RPL23AP40 for PIK3CB gene; LOC101929626 for PIK3R3
gene; PIK3CD-AS1, PIK3CD-AS2 and RPL26P7 for PIK3CD gene and RNASSP119 for
ERBB4 gene. In another example, the mutation is determined in exon 20 of EGFR-AS1 of
EGFR. In yet another example, the mutation is a silent mutation at position Q787Q of exon
20 in exon 20 of EGFR-AS1 of EGFR. In another example, the silent mutation is a G>A
mutation at position Q787Q of exon 20 in exon 20 of EGFR-AS1 of EGFR.

[0055]  Mutations on a genetic level, for example in the mRNA or in the gene itself, can
result in the expressed protein or RNA being different from that which is usually expressed in
the majority of the population. This difference can be seen in various ways, for example
when a genetic mutation results in the over- or under-expression of the resulting (functional)
protein or RNA transcript. In one example, the genetic mutation results in an over- or under-
expression of the resulting RNA transcript in a subject. In a further example, the genetic
mutation results in the expression of a truncated RNA transcript or no expression of an RNA
transcript. In another example, the genetic mutation results in a non-functional protein being
expressed. In yet another example, the genetic mutation results in a truncated protein being

expressed. In another example, the genetic mutation results in a different isoform of the
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protein being expressed. In yet another example, the genetic mutation results in a change in
ratio of various proteins, for example, the increased expression of a normally under-expressed
isoform. In one example, a mutation in the antisense strand of the long non-coding RNA of
EGFR (EGFR-AS1) results in the increased expression of EGFR isoform D. In another
example, a mutation in the antisense strand of the long non-coding RNA of EGFR (EGFR-
AS1) results in an increased EGFR isoform D to EGFR isoform A ratio (EGFR isoform
D/A). In yet another example, there is disclosed a method of treating a subject suffering from
an EGFR-related cancer, comprising administering to the subject an effective amount of a
therapeutic agent affecting EGFR-AS1 IncRNA expression, or affecting EGFR-AS1
expression, or increasing the amount of EGFR isoform D and/or decreasing EGFR isoform A
or a combination thereof; and administering to the subject an effective amount of a tyrosine
kinase inhibitor used to treat the EGFR-related cancer. In another example, there is disclosed
the use of a tyrosine kinase inhibitor in the manufacture of a medicament for treating a
subject suffering from an EGFR-related cancer.

[0056]  In another example, there is described a method of predicting the susceptibility of a
subject suffering from cancer related to EGFR to a treatment with an EGFR inhibitor, the
method comprising determining whether either one or two or all of the following is given: i)
the subject has a silent G>A mutation at Q787Q position in exon 20 of EGFR; ii) the subject
has lower EGFR-AS1 or EGFR-AS1 IncRNA expression level compared to subject that does
not respond to treatment with an EGFR inhibitor; iii) the subject has higher EGFR isoform
D/isoform A ratio compared to subject that does not respond to treatment with an EGFR
inhibitor; wherein in case one or two or all of i) to iii) is given the subject is predicted to
show improved susceptibility to a treatment with an EGFR inhibitor compared to a subject
not showing any of 1) to iii).

[0057] A genetic alteration or mutation within a genome can result in a genotype that is
either homozygous or heterozygous for said mutation. As used herein, the terms
“homozygous” and “heterozygous” refer to the degree of similarity between the alleles of a
certain characteristic, or trait, of an organism. This is based on the fact that most eukaryotes
are diploid, that means they have two matching sets of chromosomes. Both sets of
chromosomes have the same loci on each of them. Thus, an organism that has a homozygous
genotype is describing an organism (or cell) in which the alleles at a given locus are identical.

On the other hand, if an organism is described as being heterozygous for a certain allele, this
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means that in the same locus, one chromosome shows one genotype (for example the
nucleotide A), while the other chromosome shows a different genotype (for example, the
nucleotide T) in the same locus. The question of homo- or heterozygosity can also be
determined based on the presence or absence of genetic alterations or mutations in the
respective RNA or RNA transcripts from each allele. Thus, in one example, if the RNA
transcripts from alleles show the same mutation in the same locus, then the organism is
considered to be homozygous for that mutation. In a preferred example, the mutation or
genetic alternation is homozygous. In yet another example, the mutation or genetic alteration
is heterozygous.

[0058] It is also possible to determine the presence or absence of a genetic alteration or
mutation on, for example, the corresponding antisense RNA strand or in long non-coding
RNA (IncRNA). The present examples disclose a mutation or genetic alteration at a specific
position within the EGFR-AS1 sequence. Thus, in one example, a defined locus within an
antisense strand of a long non-coding RNA sequence is homozygous for a mutation or
genetic alteration. In another example, the genetic alteration or mutation in long non-coding
RNA (IncRNA) that resides in an antisense strand of an oncogene is homozygous. In one
example, the mutation or genetic alteration is present in the EGFR-AS1 sequence. In another
example, the mutation or genetic alteration is present in the Q787Q locus of the EGFR-AS1
sequence. In one example, this locus is homozygous for a mutation or genetic alteration. This
means that at this location, the mutation or genetic alteration (and as a result the genotype) on
both alleles are the same. In another example, this locus is heterozygous for the mutation or
genetic alteration. In a further preferred example, the homozygous mutation or genetic
alteration is AA. In a further example, the heterozygous mutation or genetic alteration is GA.
[0059]  The basis of comparison for determining the presence or absence of a mutation
and/or the effect of such a mutation on the expression of the resulting protein or RNA is the
comparison with a subject who is either healthy, that is disease-free, or a subject who has the
same disease as the subject in question, but who is known not to respond to the treatment
being assessed for the subject in question. For example, subject A has head and neck cancer.
A mutation is found within the oncogene closely related to the cancer, for example EGFR.
Subject B also has head and neck cancer and was treated with anti-cancer drug X, which was
not effective in the treatment of the cancer. Subject C also has head and neck cancer and was

successfully treated with anti-cancer drug X. Genetic comparison of the oncogene closely
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related to the cancers in subjects B and C (in this example, EGFR) show that the oncogene of
subject B does not have a mutation in a relevant, pre-determined region of the oncogene,
while subject C does present a mutation in the relevant, pre-determined region of the
oncogene. Thus, subject A, having a mutation present in the same region as subject C, is
shown to be susceptible to treatment with anti-cancer drug X. In another example, the
determination of possible susceptibility to treatment with a given anti-cancer drug can be
done based on the comparison of, for example, protein or RNA levels, or in the case of
multiple proteins or RNA transcripts, and/or ratios of the proteins concerned. In one example,
it is determined whether the subject has a higher EGFR isoform D/isoform A ratio compared
to a subject that does not respond to treatment with the anti-cancer drug. In one example, it is
determined whether the subject has a lower RNA transcript level compared to a subject that
does not respond to treatment with the anti-cancer drug. In another example, it is determined
whether the subject has lower EGFR-AS1 or EGFR-AS1 IncRNA expression level compared
to a subject that does not respond to treatment with the anti-cancer drug. In yet another
example, the method as described herein further comprises measuring of either one or both of
the following for predicting the susceptibility: 1) whether the subject has lower EGFR-AS1 or
EGFR-AS1 IncRNA expression level compared to a subject that does not respond to
treatment with the anti-cancer drug; ii) whether the subject has higher EGFR isoform
Df/isoform A ratio compared to a subject that does not respond to treatment with the anti-
cancer drug, wherein the anti-cancer drug is a tyrosine kinase inhibitor or an EGFR inhibitor.

[0060]  Thus, in one example an increase in the amount of EGFR isoform D in a patient is
indicative of an increased sensitivity to treatment with, for example, a tyrosine kinase
inhibitor for EGFR-related cancers, or treatments used for other gene specific cancers. In
another example, a decrease in the amount of EGFR isoform A in a patient is indicative of an
increased sensitivity to treatment with a tyrosine kinase inhibitor. In other words, a high ratio
of EGFR isoform D to EGFR isoform A is considered to be indicative an increased
sensitivity to treatment with, for example, a tyrosine kinase inhibitor for EGFR-related
cancers, or treatments used for other gene specific cancers. Conversely, a low ratio of EGFR
isoform D to EGFR isoform A is considered to be indicative of a possible resistance to
treatment with, for example, a tyrosine kinase inhibitor for EGFR-related cancers, or

treatments used for other gene specific cancers.
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[0061] It is known that certain oncogenes are more closely associated with some types of
cancer than others. For example, the gene HER2 is a known oncogene most closely
associated, but not only associated, with certain subtypes of breast cancer. Thus, in the
present disclosure, the absence or presence of a mutation in an oncogene is understood to
have an effect on the subject s susceptibility to a treatment for, for example, a cancer related
to said oncogene. In one example, the cancer related to EGFR, PIK3CB, PIK3R3 and
PIK3CD is, but is not limited to, non-small cell lung carcinoma, head and neck cancer,
colorectal carcinoma, breast cancer, brain malignancies including glioblastomas,
haematological malignancies, prostate cancer, bladder cancer, renal cell carcinoma, pancreas
cancer, cervical cancer, oesophageal cancer, gastric cancer and ovarian cancer. In another
example, the cancer related to EGFR is head and neck cancer, or lung cancer. In yet another
example, the head and neck cancer can be head and neck squamous cell cancer (HNSCC) or
oral squamous cell cancer (OSCC). IN yet another example, the lung cancer is non-small cell
lung cancer (NSCLC). In one example, the cancer related to PIKCD is haematological
malignancies. In one example, the cancer related to ERBB4 is breast cancer. In one example,
the cancer related to EGFR is, but is not limited to, non-small cell lung cancer (NSCLC),
head and neck cancer, colorectal carcinoma, breast cancer, brain malignancies including
glioblastoma, prostate cancer, bladder cancer, renal cell carcinoma, pancreas cancer, cervical
cancer, oesophageal cancer, gastric cancer and ovarian cancer.

[0062]  Just as there are known genes closely related to particular types of cancer, there are
also treatments, for example anti-cancer treatments that are known to work better with certain
cancer types compared to other treatments for the same type of cancer. Without being bound
by theory, it is thought that such differences in treatment susceptibility are the result of the
anti-cancer treatment pinpointing, for example, a defective cellular or signalling pathway. For
example, a cancer related to the HER2 gene, wherein the HER2 gene is defective or results in
a defective product (for example, RNA or protein RNA or protein), said cancer related to the
HER?2 gene can be more susceptible to treatment with for example trastuzumab, compared to
a treatment with other anti-cancer drugs. Therefore, in one example, the anti-cancer drug is,
but is not limited to gefitinib, erlotinib and afatinib for the treatment of cancer related to
EGFR; OSI-906 (linsitinib) for the treatment of cancer related to IGF1R; everolimus (also
known as RADOO1) and sirolimus for the treatment of cancer related to mTOR; BKM120
(buparlisib) and BYL719 (alpelisib) for the treatment of cancer related to PIK3CB and
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PIK3R3; idelalisib for the treatment of cancer related to PIK3CD and dacomatinib and
lapatinib for the treatment of cancer related to ERBB4, or combinations thereof. In one
example, the anti-cancer drug used for treating EGFR-related cancers is, but is not limited to,
gefitinib, erlotinib, afatinib or combinations thereof. In another example, the anti-cancer drug
used for treating mTOR-related cancers is, but is not limited to, everolimus (RADO0O1),
sirolimus, or combinations thereof. In another example, the anti-cancer drug used for treating
IGF1R-related cancers is, but is not limited to, linsitinib. In another example, the anti-cancer
drug used for treating PIK3CB and PIK3R3-related cancers is, but is not limited to, BKM120
(buparlisib), BYL719 (alpelisib) or combinations thereof. In another example, the anti-cancer
drug used for treating PIK3CD-related cancers is, but is not limited to, idelalisib. In another
example, the anti-cancer drug used for treating ERBB4-related cancers is, but is not limited
to, dacomatinib, lapatinib, or combinations thereof. In one example, the anti-cancer drug is a
tyrosine kinase inhibitor. In another example, the tyrosine kinase inhibitor is an EGFR
inhibitor. In yet another example, the tyrosine kinase inhibitor is, but is not limited to,
gefitinib, erlotinib, erlotinib HCI, lapatinib, dacomitinib, TAE684, afatinib, dasatinib,
saracatinib, veratinib, AEE788, WZ4002, icotinib, osimertinib, BI1482694, ASP8273,
EGF816, AZD3759, cetuximab, necitumumab, pannitumumab, nimotuzumab and
combinations thereof. In a further example, the tyrosine kinase inhibitor is, but is not limited
to, gefitinib, erlotinib, lapatinib and combinations thereof.

[0063] It is understood that some drugs/therapeutic agents, some of which are disclosed
herein, can be used to treat most cancer types, albeit with differing efficacies. While, for
example, gefitinib is not usually used in the treatment of, for example, head and neck
squamous cell cancer (HNSCC), it is shown that according to the present invention, head and
neck squamous cell cancer (HNSCC) can indeed be treated with gefitinib.

[0064]  Some approaches are based on multi-pronged approached for treating a disease,
while other may be based on a single-pronged approach, that is single treatment regimen, for
a particular disease. In one example, the disease is treated using a single treatment. In another
example, the disease is treated using at least two, at least three, at least four or more
treatments. These treatments may be given subsequently, simultaneously or in combinations
thereof. In one example, the disease is treated using at least two, at least three, at least four or

more drugs.
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[0065] Many types of anti-cancer drugs or treatments are available based on the specific
type of cancer to be treated. For example, breast cancer can be treated with, but not limited
to, any one of the following anti-cancer drugs, or with combinations thereof: everolimus
(RADOO1), tamoxifen, toremifene, trastuzumab, fulvestrant, anastrozole, exemestane,
lapatinib, letrozole, pertuzumab, ado-trastuzumab emtansine, and palbociclib. A known
mutation in an oncogene can therefore result in a more effective anti-cancer being chosen, as
opposed to any of the above listed drugs being chosen. For example, if a mutation is detected
in the HER2 gene in a breast cancer sample obtained from a subject, then the selection of
trastuzumab for treating said cancer would be made, as trastuzumab is known for its high
success rate in the treatment of HER2-mutation positive breast cancers.

[0066]  The following provides various types of cancer and those anti-cancer drugs used to
treat them. For example, adenocarcinomas of the stomach or gastro-oesophageal junction can
be treated with, but not limited to, trastuzumab, ramucirumab or combinations thereof. Basal
cell carcinomas can be treated with, but not limited to vismodegib, sonidegib or combinations
thereof. Bladder cancer can be treated with, for example but not limited to, atezolizumab,
everolimus, sirolimus and combinations thereof. Brain cancer can be treated with, but not
limited to, bevacizumab, everolimus or combinations thereof. Breast cancer can be treated
with, but not limited to, everolimus, tamoxifen, toremifene, trastuzumab, fulvestrant,
anastrozole, exemestane, linsitinib, lapatinib, letrozole, pertuzumab, ado-trastuzumab
emtansine, palbociclib, alpelisib and combinations thereof. Cervical cancer can be treated
with, for example, but not limited to, bevacizumab. Colorectal cancer can be treated with, but
not limited to, cetuximab, panitumumab, bevacizumab, ziv-aflibercept, regorafenib,
ramucirumab and combinations thereof. Dermatofibrosarcoma protuberans can be treated
with, for example, but not limited to, imatinib mesylate. Endocrine/neuroendocrine tumours
can be treated with, for example, but not limited to, lanreotide acetate. Head and neck cancers
can be treated with, but are not limited to, cetuximab, gefitinib, erlotinib, afatinib, alpelisib,
linsitinib, buparlisib, idelalisib, dacomitinib, lapatinib and combinations thereof.
Gastrointestinal stromal tumours can be treated with, but are not limited to, imatinib
mesylate, sunitinib, regorafenib, and combinations thereof. Giant cell tumour of the bone can
be treated with, for example, but not limited to, denosumab. Kaposi sarcoma can be treated
with, for example, but not limited to, alitretinoin. Kidney cancer can be treated with, but not

limited to bevacizumab, sorafenib, sunitinib, pazopanib, temsirolimus, everolimus, axitinib,
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nivolumab, cabozantinib, lenvatinib mesylate and combinations thereof. Leukaemia can be
treated with, for example, but not limited to, tretinoin, imatinib mesylate, dasatinib, nilotinib,
bosutinib, rituximab, alemtuzumab, ofatumumab, obinutuzumab, ibrutinib, idelalisib,
blinatumomab, venetoclax and combinations thereof. Liver cancer can be treated with, for
example, but not limited to, sorafenib. Lung cancer can be treated with, for example, but not
limited to, bevacizumab, crizotinib, erlotinib, gefitinib, afatinib dimaleate, ceritinib,
ramucirumab, nivolumab, pembrolizumab, osimertinib, necitumumab, alectinib and
combinations thereof. Lymphomas can be treated with, for example, but not limited to,
ibritumomab tiuxetan, denileukin diftitox, brentuximab vedotin, rituximab, vorinostat,
romidepsin, bexarotene, bortezomib, pralatrexate, ibrutinib, siltuximab, idelalisib, belinostat,
obinutuzumab, nivolumab and combinations thereof. Melanomas can be treated with, for
example, but not limited to, ipilimumab, vemurafenib, trametinib, dabrafenib,
pembrolizumab, nivolumab, cobimetinib, everolimus, sirolimus and combinations thereof.
Multiple myelomas can be treated with, for example, but not limited to, bortezomib,
carfilzomib, panobinostat, daratumumab, ixazomib citrate, elotuzumab and combinations
thereof. Myelodysplastic/myeloproliferative disorders can be treated with, for example, but
not limited to, imatinib mesylate, ruxolitinib phosphate and combinations thereof.
Neuroblastomas can be treated with, for example, but not limited to, dinutuximab. Ovarian
epithelial/fallopian tube/primary peritoneal cancers can be treated with, for example, but not
limited to, bevacizumab, olaparib and combinations thereof. Pancreatic cancer can be treated
with, for example, but not limited to, erlotinib, everolimus, sunitinib and combinations
thereof. Prostate cancer can be treated with, for example, but not limited to, cabazitaxel,
enzalutamide, abiraterone acetate, radium 223 dichloride, linsitinib and combinations thereof.
Soft tissue sarcoma can be treated with, for example, but not limited to, pazopanib. Systemic
mastocytosis can be treated with, for example, but not limited to, imatinib mesylate. Thyroid
cancer can be treated with, for example, but not limited to, cabozantinib, vandetanib,
sorafenib, lenvatinib mesylate and combinations thereof. The listing of a particular anti-
cancer drug in the categories above does not preclude its use for treating other types of
cancer.

[0067]  Specific methods disclosed herein further comprise the administration of an
additional therapeutic agent (i.e., a therapeutic agent other than the anti-cancer treatment

disclosed herein). In certain examples, the anti-cancer treatments can be used in combination



10

15

20

25

30

WO 2017/209697 PCT/SG2017/050284

26

with at least one other therapeutic agent. Therapeutic agents include, but are not limited to
antibiotics, anti-emetic agents, antidepressants, anti-fungal agents, anti-inflammatory agents,
antiviral agents, other anticancer agents, immunomodulatory agents, expression modulating
agents, alpha-interferons, gene silencing agents, agents capable of suppressing expression of
RNA transcripts or proteins, agents capable of affecting RNA or protein expression,
B-interferons, alkylating agents, hormones, or cytokines. Inone example, the method
encompasses the administration of an additional therapeutic agent that demonstrates gene
silencing activity. In another example, the therapeutic agent is capable of RNA interference.
In yet another example, the therapeutic agent is selected from, but not limited to, antisense
oligonucleotides, short hairpin RNA (shRNA), small interfering RNA (siRNA), double
stranded RNA (dsRNA), microRNA (miRNA), locked nucleic acids (LNAs) ribozymes,
histone modification, RNA-directed DNA methylation, paramutations or combinations
thereof. In one example, the therapeutic agent affects RNA expression. In yet another
example, a method of treating a subject suffering from cancer is disclosed, comprising
administering to the subject an effective amount of a therapeutic agent affecting expression of
a non-coding RNA an oncogene, wherein the mutation alters or disrupts expression of the
oncogene; and administering to the subject an effective amount of an anti-cancer drug
specific for the cancer related to the oncogene. In another example, the therapeutic agent
affects EGFR-AS1 expression. In a further example, the therapeutic agent affecting EGFR-
AS1 expression comprises, but is not limited to, miRNA, shRNA, locked nucleic acids
(LNAs), for example locked RNA or DNA, or siRNA. In yet another example, the
therapeutic agent is one or more locked nucleic acids (LNAs). In another example, the
therapeutic agent suppressing EGFR-AS1 expression comprises EGFR-AS]1 targeting locked
nucleic acids (LNA). In another example, the therapeutic agent increasing EGFR isoform D
or decreasing EGFR isoform A comprises an agent modulating the alternative splicing of
EGEFR.

[0068]  The drugs and treatments as disclosed herein and the other therapeutics agent can
act additively or, synergistically. In one example, an anti-cancer drug is administered
concurrently with the administration of another therapeutic agent, which can be part of the
same composition or in a different composition. In another example, the anti-cancer agent is
administered prior to or subsequent to administration of another therapeutic agent.

In a separate example, an anti-cancer drug is administered to a subject who has not previously
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undergone or is not currently undergoing treatment with another therapeutic agent. In one
example, the methods of the invention comprise the administration of one or more anti-cancer
treatments without an additional therapeutic agent. In another example, the methods of the
invention comprise the administration of one or more anti-cancer treatments with at least one
or more additional therapeutic agents.

[0069]  The methods and the treatments disclosed herein may be performed or carried out
simultaneously, separately, one after the other, or in combination with other treatments. In
one example, these treatments are, but are not limited to, radiation therapies, chemo-
radiation, surgery, and combinations thereof. In case, for example, multiple treatments are
implemented, these treatments can be performed or carried out, for example, one after the
other, with a time interval between each treatment step, wherein, for example, the time
interval between the first and the second treatment step is at least 1 to 24 hours, or at least 1,
at least 4, at least 6, at least 8, at least 12, at least , or at least 1 or 2 or 3 or4 or 5 or 6 or 7

days, or at least one week.

Differential sensitivity to EGFR tyrosine kinase inhibitor is mediated by a silent
polymorphism in EGFR exon 20 in patient derived oral squamous cell carcinoma cell lines
[0070]  Six patient-derived cell lines established in the laboratory were tested for
sensitivity to EGFR inhibitors using gefitinib, erlotinib and afatinib (FIG. 1A). As shown,
majority of cell lines were insensitive to EGFR inhibition, except for NCCWHN19 and
NCCWHNG64, each with gefitinib ICsg values within the therapeutic range (0.07 and 0.26 pM
respectively). Targeted re-sequencing did not identify sensitizing EGFR mutations, nor was
any correlation between drug sensitivity and EGFR copy number demonstrated (FIG. 5).
Instead, the two sensitive lines were homozygous for the same synonymous SNP identified in
a phase 2 trial (rs10251977, 2361 G>A, Q787Q; SEQ ID NO: 27) with the A/A genotype,
while the insensitive cell lines were either homozygous wild type (G/G) or heterozygous
(G/A) (FIG. 1B). In line with the observed phenotype, Western blots performed on the
gefitinib-sensitive cell lines NCC-HN19 and NCC-HN64 (A/A genotype) showed a
significant and consistent reduction in EGFR, AKT, ERK and S6 phosphorylation, after
treatment with therapeutic doses of gefitinib (FIG. 1C). In contrast, cell lines with the G/G
genotype (NCC-HN1 and NCC-HN43) required much higher drug doses to show effect on
phosphor-AKT and phosphor-S6 levels, with modest, if any effect on phosphor-ERK.
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Single nucleotide targeting reverse EGFR tyrosine kinase inhibitor resistant phenotype in
isogenic cell lines

[0071] The Horizon AAV targeting system was utilized to genetically knock-in the
single nucleotide alteration and convert a resistant line (NCC-HN1) to a sensitive line in an
isogenic cell line system (FIG. 6 and 7). Sanger sequencing of the expressed EGFR cDNA
confirmed that the A genotype was expressed in the successfully targeted clones
(G/A*Y:NCC-HN1 CL16, 63 and 19 respectively), compared to negative controls where the
vector has integrated randomly (G/G**V:NCC-HN1 CL12, 76 and 77 respectively) (data not
shown). Drug treatment of the G/A™*Y clones showed an increased sensitivity to gefitinib
AAV

compared to negative controls. ICsy values of G/A

compared to negative controls (G/G**V) ranged from 6.4-7.2 uM (ICso for NCC-HN1

clones ranged from 0.1-0.3 pM,

parental cell line ranged from 7-11 pM; FIG. 1D), with consistent modulation of downstream

pathways (FIG. 1E).

EGFR-AS1 long non-coding RNA drives in vitro and in vivo EGFR addiction

[0072]  In silico analyses showed no potential miRNA targeting sites that could affect
EGFR mRNA transcription or translation (data not shown). However, it was found that this
described SNP was within the transcribed portion of the EGFR-AS1 IncRNA (FIG. 2A).
Real-time RT-PCR showed that transcript levels of EGFR-AS1 IncRNA were significantly
higher in the resistant lines with the G/G genotype (NCC-HN1 and NCC-HN43), compared
to the sensitive A/A genotype (NCC-HN19 and NCC-HN64; FIG. 2B). Similar findings were
seen in the NCC-HNI isogenic clones: lower EGFR-AS1 transcript levels in G/A®*Y

compared to control GIGMY

clones. Using Actinomycin D to block transcription, it was next
demonstrated that the EGFR-AS1 IncRNA transcript was more stable in lines with the G/G
genotype compared to the A/A genotype, which was recapitulated in the isogenic NCC-HN1
clones with genotype switch (FIG. 2C). Finally, knockdown of EGFR-AS1 (FIG. 9) was
shown to be sufficient to significantly increase sensitivity of G/G cell lines to gefitinib, with
reduction in mean ICsy values from 8.9 to 2.3 pM for NCC-HN1 and from 9.6 to 2.8 uM for
NCC-HN43 (FIG. 2D). To test if EGFR-AS1 was a bona fide driver, it was determined
whether tumours with G/A or G/G genotype were dependent on the IncRNA levels by in vivo

knock-down in a patient-derived xenograft (PDX) system. A panel of locked nucleic acid
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(LNA) against EGFR-AS1 was designed and the most effective candidate selected through in
vitro screens for effective knock-down (data not shown). In vivo grade version of this AS1-
targeting LNA and control non-targeting LNA were subsequently injected (weekly dose of
Smg/kg) into the tail veins of NOD-scid-gamma (NSG) mice harbouring patient-derived
xenografts of a tumour (HN124) with G/A Q787Q genotype and high AS1 levels (FIG. 4B).
After one week of LNA-only treatment, mice were started on daily gefitinib doses (25 mg/kg)
for the rest of the experiment. Successful knock-down of AS1 levels was seen in patient-
derived xenografts one week after treatment with AS1-targeting LNA compared to non-
targeting controls (FIG. 8). AS1-knockdown in vivo was sufficient to cause tumour regression
even before gefitinib was initiated, but this regression was sustained after treatment,
compared to controls where neither control LNA nor gefitinib showed any effect (FIG. 2E).
The same experiment was repeated in a different patient-derived xenograft (HN159-G/G
genotype, high AS1 levels), this time omitting the gefitinib treatment. Again, it was shown
that mice treated with AS1-targeting LNA (with successful knockdown) resulted in sustained

tumour regression compared to controls, demonstrating tumour addiction to the IncRNA.

EGFR tyrosine kinase inhibitor sensitivity mediated through differential expression of
EGFR isoforms

[0073]  Given that the IncRNA had no effect on transcript, protein stability, or results in
aberrant splicing of EGFR (data not shown), it was proceeded to examine the effect on
expression levels of the four known EGFR isoforms (A-D) (FIG. 10). Real-time PCR showed
that there was a higher ratio of isoform D:A transcript levels in both lines with the A/A
genotype (NCC-HNI19 and NCC-HN64), compared to the lines with the G/G genotype
(NCC-HN1land NCC-HN43; FIG. 3A). These results were recapitulated in the NCC-HN1

genotype switched G/A**Y

clones. Moreover, targeted knock-down of the EGFR-AS1
IncRNA was sufficient to increase isoform D:A ratio in all lines examined, although this was
more dramatic in the G/G genotype (NCC-HN1 and NCC-HN43) (FIG. 3B). The same effect
of increase in isoform D:A ratio was also seen in vivo with LNA-mediated knockdown of
EGFR-AST in the two patient-derived xenografts (HN124 and HN159; FIG. 8). Next, it was

determined whether isoform D expression was necessary for EGFR sensitivity. Using the

unique sequence of exon 16B, isoform D specific targeting shRNAs were designed. Stable
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transfectants in NCC-HN19, NCC-HN64, NCC-HN1 and NCC-HN43 showed specific
targeting of isoform D but not isoform A (FIG. 11).

[0074]  In these models, previously gefitinib-sensitive NCC-HN19 and NCC-HN64 (A/A)
were rendered more resistant (FIG. 3C), with no significant effect on the G/G genotype lines
(NCC-HN1 and NCC-HN43). Similarly, targeting isoform D in the genotype switched
G/A*Y clones showed reduced sensitivity, while having no effect on negative controls.
Relative to non-targeting controls, reduced expression of isoform D also attenuated the
impact of gefitinib on downstream pathway modulation in the HNSCC cell lines with the
AA-genotype (FIG. 3D). Importantly, the effect of EGFR-AS1 knock-down promoting
gefitinib sensitivity was abrogated by concurrent isoform D knockdown in the cell lines with
the G/G genotype (FIG. 3E). In order to determine whether sensitivity to gefitinib was ligand-
dependent, cell lines were cultured in normal media with serum, serum-free media and media
supplemented with epidermal growth factor (EGF), and treated with gefitinib. ICsy values in

cell lines with the A/A genotype and genotype switched G/IAMY

clones were significantly
lower in serum- and EGF-enriched media, compared to serum-free conditions (FIG. 3F). This
data confirms that the effect of the EGFR-AS1 IncRNA is mediated through alteration of the

EGFR isoforms A and D, and this effect is likely ligand dependent.

EGFR-ASI levels and isoform D:A ratio determine gefitinib response

[0075] To evaluate potential biomarkers, semi-quantitative assessment of AS1(1+ or 0)
(FIG. 4A) and relative EGFR isoform A and D levels in primary tumour tissue using RNA-in
situ hybridization using RNAscope technology and real-time PCR, respectively, was
performed. In A/A genotype, AS1 was not detected with increased isoform D/A ratio.
Conversely, in either G/A or G/G genotypes, AS1 levels were high (1+), with low isoform
D/A ratios. Where available, ICsp values for patient-derived tumour lines were consistent
with both genotype statuses, AS1 levels and isoform D/A ratios (FIG. 4B). From this cohort,
one patient presented with recurrent, metastatic disease, and hence amenable to a co-clinical
trial under IMPACT-SG. This patient (HN137) was initially diagnosed with T4AN2BMO oral
squamous cell cancer and underwent surgery followed by adjuvant chemo-radiation therapy.
He subsequently developed dermal and lung metastases six months after adjuvant therapy.
Sequencing confirmed the A/A genotype for Q787Q, and real-time PCR showed low EGFR-

AS1 levels and high EGFR isoform D:A ratio in his original primary and metastatic tumour
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compared to controls (FIG. 4B). Both original and metastatic tumours had been engrafted as
patient derived xenografts (PDXs), and these were expanded and a clinical trial using oral
gefitinib (50 mg/kg by oral gavage) was conducted in NSG mice. Both primary and
metastatic patient derived xenograft tumours showed significant tumour regression when
treated with gefitinib, compared to untreated controls (FIG. 4C). The patient was
concurrently initiated on a 250 mg daily dose of gefitinib; clinical and radiological
assessment showed significant regression of dermal and lung metastases after six weeks of
gefitinib monotherapy (FIG. 4D).

[0076]  Despite the availability of FDA-approved EGFR targeting therapies in squamous
cell carcinoma of head and neck and lung origin, no robust predictive biomarkers have been
established. Reported here is a mechanism of EGFR addiction mediated by an IncRNA
EGFR-AS1. It is also further demonstrated how a synonymous single nucleotide variant can
mediate EGFR tyrosine kinase inhibitor sensitivity through modulation of the IncRNA
EGFR-AS1, with consequent increase in isoform D:A ratios, resulting in ligand-driven
EGFR-dependency. This is supported by three patients with EGFR wild type oral squamous
cell cancer, who were exceptional responders to gefitinib, all of whom were A/A genotype.
To date, majority of predictive biomarkers in cancer are genomic based and largely confined
to non-synonymous mutations that alter protein structure and function. Without being bound
by theory, this report describes how a “silent” SNP can impact on IncRNA levels, with
dramatic effect on vulnerability to EGFR inhibitors. Further depicted is a possible roadmap
for EGFR activation, defining a comprehensive biomarker suite to precisely predict which
patients might respond to EGFR tyrosine kinase inhibitors.

[0077]  Several recent studies have also identified IncRNAs critical to tumourigenesis, and
suggest that these may be targeted with therapeutic intent. Without being bound by theory,
the data shown herein points to a critical role to an exon 20 SNP that results in a single
nucleotide variant within the IncRNA, that influences the stability of EGFR-AS1 — possibly
due to changes in higher order structure. One consequence is a cis-mediated effect on
alternative splicing of EGFR, with increased isoform D:A ratio. Certainly, the localization of
EGFR-AS1 transcripts in the nucleus lends geographic support to this effect (seen by RNA in
situ hybridisation; FIG. 4A), where it can affect transcription and/or pre-mRNA processing.
[0078] Manipulating the genotype from AA to GA, or reducing the levels of AS-1

IncRNA was sufficient to increase sensitivity to EGFR tyrosine kinase inhibitors in a
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consistent and predictable manner, and this effect could be abrogated by knockdown of
EGFR isoform D, which is likely the effector of this phenotype.

[0079]  Naturally occurring EGFR isoforms have been poorly studied to date, with a few
studies suggesting that alternate isoforms are secreted in plasma (as secreted EGFR or
sEGFR) and may be prognostic in lung and cervical cancers. Analysis of sSEGFR levels in
non-small cell lung cancer patients treated with erlotinib supported the notion that higher
levels of sSEGFR was predictive of tyrosine kinase inhibitor response, although no distinction
was made between the particular isoform measured. The relative increase in isoform D that
lacks the tyrosine kinase domain seen here, over full length isoform A, as well as the
requirement for ligand-driven EGFR activation, suggests a mechanism involving the extra-
cellular domain region, for example, receptor dimerization. While the lack of specific
antibodies for each EGFR isoform imposes limitations on spatial localisation and
quantification, analysis of mRNA transcripts is a viable alternative as shown here using real-
time RT-PCR or RNAscope. Notwithstanding, the precise mechanism through which EGFR-
AS1 augments alternative splicing to result in high isoform D:A ratios, remains unclear.
[0080]  There are several important implications to the data disclosed herein. Notably, the
prevalence of this SNP (homozygous A/A genotype) is 4% in the Asian context (as examined
herein) but 30% in Caucasian populations (http://exac.broadinstitute.org), highlighting
important geographical disparities of genomic biomarkers. Furthermore, the biomarker
roadmap for EGFR pathway activation — starting with genotype, levels of EGFR-ASI1
IncRNA, relative EGFR isoform expression, and ligand expression — has been established,
thereby underscoring the need to establish multi-dimensional biomarker suites for high
precision patient enrichment strategies. Also, the ability for “silent” synonymous alterations
to influence EGFR addiction opens new avenues to discover novel biomarkers of existing
targeted therapies, with enormous potential for immediate re-purposing and clinical impact.
[0081]  Finally, the IncRNA EGFR-ASI has been demonstrated as a bona fide driver of
EGFR addiction, and represents a novel therapeutic target in a subset of squamous cell
cancers, potentially through RNAI1 based strategies that have entered clinical testing.

[0082]  The invention illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed
herein. Thus, for example, the terms "comprising”, "including", "containing", etc. shall be

read expansively and without limitation. Additionally, the terms and expressions employed
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herein have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible
within the scope of the invention claimed. Thus, it should be understood that although the
present invention has been specifically disclosed by preferred embodiments and optional
features, modification and variation of the inventions embodied therein herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are
considered to be within the scope of this invention.

[0083] The invention has been described broadly and generically herein. Each of the
narrower species and sub-generic groupings falling within the generic disclosure also form
part of the invention. This includes the generic description of the invention with a proviso or
negative limitation removing any subject matter from the genus, regardless of whether or not
the excised material is specifically recited herein.

[0084]  Other embodiments are within the following claims and non- limiting examples. In
addition, where features or aspects of the invention are described in terms of Markush groups,
those skilled in the art will recognize that the invention is also thereby described in terms of
any individual member or subgroup of members of the Markush group.

[0085]  Throughout this disclosure, certain embodiments may be disclosed in a range
format. It should be understood that the description in range format is merely for convenience
and brevity and should not be construed as an inflexible limitation on the scope of the
disclosed ranges. Accordingly, the description of a range should be considered to have
specifically disclosed all the possible sub-ranges as well as individual numerical values
within that range. For example, description of a range such as from 1 to 6 should be
considered to have specifically disclosed sub-ranges such as from 1 to 3, from 1 to 4, from 1
to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual numbers within that

range, for example, 1, 2, 3, 4, 5, and 6. This applies regardless of the breadth of the range.

EXPERIMENTAL SECTION
Tumour specimens and primary cell cultures
[0086]  Patient-derived tumours were collected and processed as previously described
(Leong HS, et al. Stem Cells Translational Medicine 2014; 3:1055-65). All lines were
cultured in RPMI media (Sigma Aldrich, St. Louis, MO) supplemented with 10% fetal bovine
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serum (FBS) (Hyclone, Thermo Scientific Inc., Fremont, CA) and 1% Penicillin-
Streptomycin (Life Technologies, Amsterdam, Netherlands) in a humidified atmosphere of
5% CO2 at 37 °C. Details of cell line origin and clinico-pathologic characteristics of the
patient they were derived from are outlined in FIG. 12. Cell line identity was authenticated by
targeted sequencing of the line and primary tumour, to determine identical SNPs, with

significant mutations shown in FIG. 13.

Cell proliferation assay and determination of I1Csy values

[0087]  Cells were seeded in 100 pl complete growth medium at a density of 2,000 - 4,000
cells/well in 96-well tissue culture plates. After serial dilutions, 100ul of complete growth
medium containing Gefitinib or Erlotinib (BioVision, Milpitas, CA) were added to cells.
DMSO was used as controls. Plates were incubated for 48 hours after which cell viability was
assessed using CellTitre-Glo® Luminescent Assay according to the manufacturer s protocol

(Promega, Madison, WI).

Inhibition of RNA replication

[0088] Cells were starved in serum free media for 24 hours. A final concentration of
5 ng/ml of Actinomycin D (Sigma Aldrich, St. Louis, MO), dissolved in dimethyl sulfoxide,
was added with fresh serum free media and cells were harvested at 0 hours, 1 hours, 2 hours,

and 4 hours intervals.

Mutational Analysis

[0089]  Total genomic DNA was extracted from primary cell lines using QIAamp DNA
Mini kit according to the manufacturer s instructions (Qiagen, Valencia, CA). 10ng of DNA
was used to run the Ion AmpliSeq Colon and Lung Cancer Panel v1 (Life Technologies,
Amsterdam, Netherlands) on the Ion Torrent platform (Life Technologies, Amsterdam,
Netherlands). The Panel consists of primer pairs targeting hotspots in 22 known genes
implicated in colon and lung cancer. The 22 genes are KRAS, EGFR, BRAF, PIK3CA,
AKTI1, ERBB2, PTEN, NRAS, STK11, MAP2K1, ALK, DDR2, CTNNB1, MET, TP53,
SMAD4, FBX7, FGFR3, NOTCHI, ERBB4, FGFR1, FGFR2.
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rAAYV production

[0090]  In primary patient-derived cell lines, targeted knock-in of the Q787Z genotype in
for example NCC-HNlcell line was performed using the Horizon AAV system (Horizon
Discovery Group, Cambridge, UK). 1x10° HEK293 cells were seeded in 100 mm dishes
24 hours prior to transfection in DMEM (Sigma Aldrich, St. Louis, MO) with 10% fetal
bovine serum, 1% Penicillin-Streptomycin in a 5% CO; incubator. The pAAV EGFR(G or A)
transfer vector (Horizon Discovery Group, Cambridge, UK) was co-transfected with pAAV-
RC and pHelper plasmids (10ug of each) from the AAV Helper-Free System (Stratagene, La
Jolla, CA) using Lipofectamine 2000 (Life Technologies, Amsterdam, Netherlands)
according to manufacturer s instruction . The virus was harvested 48 hours after transfection
in accordance with the manufacturer s protocol. In brief, the media was aspirated from the
flask together with HEK293 cells, and subjected to three freeze and thaw cycles. The lysate
was clarified by centrifugation at 13,000 rpm at 4°C to remove cell debris, and the
supernatant containing rAAV was divided into aliquots and frozen at -80°C for subsequent

use.

Viral infection and screening for recombinants

[0091]  Cells were grown in 100 mm dishes until 70-80% confluence. After removing
existing media, 200ul of rAAV lysate and 4ml of Opti-MEM media (Life Technologies,
Amsterdam, Netherlands) were added to the cells. The virus was allowed to infect cells at
37°C for 4 hours after which the media was replaced with Sml fresh media. Infected cells
were allowed to grow for 48 hours and then harvested by trypsinization, and distributed into
twelve 96-well plates with media containing Geneticin (Life Technologies, Amsterdam,
Netherlands). Plates were incubated at 37°C for 2 to 3 weeks prior to harvest and screening
for recombinant events. To verify successful integration of the Horizon vector into the EGFR
gene at the expected site, primers flanking part of the Neomycin open reading frame that is
present in the vector and Intron 20 of the EGFR were designed as presented in FIG. 6. PCR
using genomic DNA was performed as previously described (Zhao Y, et al. Oncogene 2008;
27:1-8).
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Lentivirus shRNA knockdown

[0092]  In primary patient-derived cell lines, targeted knockdowns of the Q787Z genotype
in cell line, for example NCC-HN1, were performed using shRNA lentiviral system (Sigma
Aldrich, St. Louis, MO). Cells were seeded with density of 1 x 10° in a 6-well tissue culture
plate 24 hours prior infection. The media was removed and the cells were infected with 1
MOI (multiplicity of infection) of pLKO. 1-EGFR Isoform D-puro Lentiviral particles
(Sigma Aldrich, St. Louis, MO) and 4ml of Opti-MEM media were added to the cells.
Lentival pLKO.1-puro empty vector control transduction particles were used as controls. The
virus was allowed to infect cells at 37°C for 4 hours and replaced with 5 ml fresh media.
Infected cells were allowed to grow for 48 hours and then selected with Puromycin-

containing media (Life Technologies, Amsterdam, Netherlands).

DNA, RNA and Protein analysis

[0093] Genomic DNA extraction and PCR/sequencing were performed as previously
described (Zhao Y, et al. Oncogene 2008; 27:1-8). Real-time PCR of genomic DNA and
cDNA was performed using iTaq Universal SYBR Green Supermix (Bio-Rad Laboratories,
Hercules, CA) and a CFX96 Real-time PCR system (Bio-Rad Laboratories, Hercules, CA)
according to the manufacturer s instructions. Reactions were carried out in triplicate with
Actin served as the normalizing control. Primer sequences usesd are presented in Table 1 and
Sanger sequencing was used to confirm identity of all transcripts. SDS-PAGE Western
blotting was performed as previously described (Leong HS, et al. Stem Cells Translational
Medicine 2014; 3: 1055-65 and Zhao Y, et al. Oncogene 2008; 27:1-8). Antibodies used were
as follow: rabbit polyclonal antibodies to EGFR, phosphor-EGFR (Tyr 1068), AKT,
phosphor-AKT (Ser 473), Erk 1/2, phosphor-Erk 1/2 (Thr 202/204), S6, phosphor-S6 (Ser
235/236) (Cell Signalling Technology, Danvers, MA) and GAPDH (Cell Signalling
Technology, Danvers, MA). Total RNA extraction and reverse transcription was performed

as previously described (Zhao Y, et al. Oncogene 2008; 27:1-8).

RNA in situ hybridization (ISH) using RNAscope
[0094]  In situ hybridization for EGFR AS1 was performed using the RNAscope 2.0 FFPE
Assay according to the manufacturer s protocols (Advanced Cell Diagnostics, Hayward, DA).

Sum patient-derived formalin fixed paraffin embedded (FFPE) sections were sent to
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Singapore Health Services Pte. Ltd. to perform the RNA in situ hybridization. Positive
staining was observed as brown, punctate dots. A positive control probe, Homo sapiens
peptidylprolyl isomerase B (PPIB), and a negative control probe for the bacterial gene DapB

(DAPB) were performed for each tissue sample.

Patient-derived xenograft (PDX) and treatment studies

[0095]  Primary and metastatic tumour tissue were placed in DMEM/F-12 medium and cut
into small pieces (diameter 0.8 mm to 1.5 mm) using dissection scissors. These were mixed
with 20% Matrigel (Corning, Tewksbury, MA) and subcutaneously injected into the flanks of
male NOD-scid gamma (NSG) mouse (NOD.Cg—PrkchCiGl I]2rgtm1wjl/SzJ ; 005557; Jackson
Laboratory, Bar Harbor, ME). When tumour size reached 1.5 cm3, tumours were harvested,
processed and re-injected for expansion (passage 1 or P1). This process was repeated to
expand the tumour tissue. For the co-clinical trial, the P4 passage was used. Gefitinib (Iressa)
(AstraZeneca, London, UK) was prepared by dissolving a 250 mg clinical grade tablet in
sterile water containing 0.05% Tween-80 (Sigma Aldrich, St. Louis, MO) to a concentration
of 20 mg/ml. When tumours reached 0.5 cm? in size (24 days for HN137 met and 12 days for
HN137 pri), mice were started on treatment with 100mg/kg Gefitinib or controls with the
same amount of 0.05% tween-80 in water. Tumour size was measured with a calliper once
every 3 days. 12 days post treatment with Gefitinib (n=5 mice), when the tumours size of

treated group reached 2.0cm’, the mice were euthanized and analysed.

In vivo Locked nucleic acid (LNA) treatment

[0096]  In vivo EGFR-AS1 knockdown was performed using custom locked nucleic acid
(LNA) oligonucleotide (Exiqon, Vedbaek, Denmark). Treatments with custom LNA
oligonucleotides were performed according to the manufacturer’s protocol. The custom
sequence of the LNA (15-mer RNA/LNA oligonucleotide) against EGFR-AS1 (LNA-AS1)
used was ATCGCAAAGGTAATC (SEQ ID NO: 25). Negative control LNA 15-mer
oligonucleotide (LNA-i-miR-NC) sequence was AACACGTCTATACGC (SEQ ID NO: 26).
Both oligonucleotides contain phosphorothioate backbone modifications and were purified by
HPLC followed by Na* salt exchange and lyophilisation for in vivo use. Selected patient-
derived xenografts were passaged, and when tumour growth was deemed to reach a size of

0.5 cm®, LNA treatment was initiated. LNA treatment was delivered as weekly tail vein
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injections of 5 mg/kg, and after the first week of treatment, one mice from the experimental
and control arms were sacrificed to confirm knock-down. Treatment was stopped when the
tumours in the experimental arm were unmeasurable or when tumours in the control arms

exceeded 2.0 cm®.

Study Conduct

[0097]  The study and protocols for tissue collection for cell line/ patient-derived xenograft
propagation have been approved by the Singhealth Centralized Institutional Review Board
(CIRB 2007/441/B). The co-clinical trial in a patient with oral squamous cell cancer (OSCC)
and the corresponding patient-derived xenograft implanted to a NSG mouse was initiated
under the IMPACT-SG (Individualized Molecular Profiling for Allocation of Clinical Trials)
(CIRB 2011/441/B).

Tables
[0098] Table 1: Table of sequences

Amplicon

SEQ .

1D Targe_t/ . Primer Sequence 5'-3' s1ze (bp),
description if

NO .

applicable

EGFR

1 Exon 18 Forward CTGAGGTGACCCTTGTCTCTGTGTTCTT 186

2 Reverse AGAGGCCTGTGCCAGGGACCTTA
EGFR

3 Forward ~ TCACTGGGCAGCATGTGGCA 241
Exon 19

4 Reverse CAGCTGCCAGACATGAGAAA

5 EGFR Forward ~ CCATGCGAAGCCACACTGA 248
Exon 20

6 Reverse CGTATCTCCCTTCCCTGATTACC

7  EGR Forward ~ AGCAGGGTCTTCTCTGTTTCA 200
Exon 21

8 Reverse TGACCTAAAGCCACCTCCTT

9 EGFR VIII Forward  GGGCTCTGGAGGAAAAGAAA 952

10 Reverse ATTCCGTTACACACTTTGCGGC

11 Neo ORF Forward ~ CTGGCTGCTATTGGGCGAAG 2131

12 Reverse TGCTGGAGTAAAAGGGGCTG
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13
14

15
16

17
18

19
20

21
22

23
24

25

26

27

EGFR
Copy

Actin
(genomic)

EGFR
Isoform A

EGFR
Isoform D

Actin
(mRNA)

EGFR AS1

LNA
against
EGFR-AS1
(LNA-
AS1)
Negative
control
(LNA-i-
miR-NC)

EGEFR as
shown in
NCBI
sequence
ID:
NM_00522
8.4

Forward

Reverse

Forward

Reverse

Forward

Reverse

Forward

Reverse

Forward

Reverse

Forward
Reverse

n.a.
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CCAAGGCACGAGTAACAAGCT
GCACATAGGTAATTTCCAAA

GTCCCCTTCCCTCCTCAGAT
CGGACTCGTCATACTCCTGC

ACTCTGAGTGCATACAGTGC
TCGTTGGACAGCCTTCAAGAC

ACTCTGAGTGCATACAGTGC
TGAAGGCATGAGGCTCAGTG

ATGTTTGAGACCTTCACACC
AGGTAGTCAGTCAGGTCCCGG

TCCAGGTGAAGACGCATGAA
GTCTTTTGCAGGCACAGCTT

ATCGCAAAGGTAATC

AACACGTCTATACGC

GTCCGGGCAGCCCCCGGCGCAGCGCGGCC
GCAGCAGCCTCCGCCCCCCGCACGGTGTG
AGCGCCCGACGCGGCCGAGGCGGCCGGA
GTCCCGAGCTAGCCCCGGCGGCCGCCGCC
GCCCAGACCGGACGACAGGCCACCTCGTC
GGCGTCCGCCCGAGTCCCCGCCTCGCCGC
CAACGCCACAACCACCGCGCACGGCCCCC
TGACTCCGTCCAGTATTGATCGGGAGAGC
CGGAGCGAGCTCTTCGGGGAGCAGCGATG
CGACCCTCCGGGACGGCCGGGGCAGCGCT
CCTGGCGCTGCTGGCTGCGCTCTGCCCGGC
GAGTCGGGCTCTGGAGGAAAAGAAAGTTT
GCCAAGGCACGAGTAACAAGCTCACGCAG
TTGGGCACTTTTGAAGATCATTTTCTCAGC
CTCCAGAGGATGTTCAATAACTGTGAGGT
GGTCCTTGGGAATTTGGAAATTACCTATGT
GCAGAGGAATTATGATCTTTCCTTCTTAAA
GACCATCCAGGAGGTGGCTGGTTATGTCC
TCATTGCCCTCAACACAGTGGAGCGAATT

119

130

261

478

198

78

n.a.
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CCTTTGGAAAACCTGCAGATCATCAGAGG
AAATATGTACTACGAAAATTCCTATGC
CTTAGCAGTCTTATCTAACTATGATGCAAA
TAAAACCGGACTGAAGGAGCTGCCCATGA
GAAATTTACAGGAAATCCTGCATGGCGCC
GTGCGGTTCAGCAACAACCCTGCCCTGTG
CAACGTGGAGAGCATCCAGTGGCGGGACA
TAGTCAGCAGTGACTTTCTCAGCAACATGT
CGATGGACTTCCAGAACCACCTGGGCAGC
TGCCAAAAGTGTGATCCAAGCTGTCCCAA
TGGGAGCTGCTGGGGTGCAGGAGAGGAG
AACTGCCAGAAACTGACCAAAATCATCTG
TGCCCAGCAGTGCTCCGGGCGCTGCCGTG
GCAAGTCCCCCAGTGACTGCTGCCACAAC
CAGTGTGCTGCAGGCTGCACAGGCCCCCG
GGAGAGCGACTGCCTGGTCTGCCGCAAAT
TCCGAGACGAAGCCACGTGCAAGGACACC
TGCCCCCCACTCATGCTCTACAACCCCACC
ACGTACCAGATGGATGTGAACCCCGAGGG
CAAATACAGCTTTGGTGCCACCTGCGTGA
AGAAGTGTCCCCGTAATTATGTGGTGACA
GATCACGGCTCGTGCGTCCGAGCCTGTGG
GGCCGACAGCTATGAGATGGAGGAAGAC
GGCGTCCGCAAGTGTAAGAAGTGCGAAGG
GCCTTGCCGCAAAGTGTGTAACGGAATAG
GTATTGGTGAATTTAAAGACTCACTCTCCA
TAAATGCTACGAATATTAAACACTTCAAA
AACTGCACCTCCATCAGTGGCGATCTCCA
CATCCTGCCGGTGGCATTTAGGGGTGACT
CCTTCACACATACTCCTCCTCTGGATCCAC
AGGAACTGGATATTCTGAAAACCGTAAAG
GAAATCACAGGGTTTTTGCTGATTCAGGCT
TGGCCTGAAAACAGGACGGACCTCCATGC
CTTTGAGAACCTAGAAATCATACGCGGCA
GGACCAAGCAACATGGTCAGTTITTICTCITG
CAGTCGTCAGCCTGAACATAACATCCTTG
GGATTACGCTCCCTCAAGGAGATAAGTGA
TGGAGATGTGATAATTTCAGGAAACAAAA
ATTTGTGCTATGCAAATACAATAAACTGG
AAAAAACTGTTTGGGACCTCCGGTCAGAA
AACCAAAATTATAAGCAACAGAGGTGAAA
ACAGCTGCAAGGCCACAGGCCAGGTCTGC
CATGCCTTGTGCTCCCCCGAGGGCTGCTGG
GGCCCGGAGCCCAGGGACTGCGTCTCTTG
CCGGAATGTCAGCCGAGGCAGGGAATGCG
TGGACAAGTGCAACCTTCTGGAGGGTGAG
CCAAGGGAGTTTGTGGAGAACTCTGAGTG
CATACAGTGCCACCCAGAGTGCCTGCCTC
AGGCCATGAACATCACCTGCACAGGACGG
GGACCAGACAACTGTATCCAGTGTGCCCA
CTACATTGACGGCCCCCACTGCGTCAAGA
CCTGCCCGGCAGGAGTCATGGGAGAAAAC
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AACACCCTGGTCTGGAAGTACGCAGACGC
CGGCCATGTGTGCCACCTGTGCCATCCAA
ACTGCACCTACGGATGCACTGGGCCAGGT
CTTGAAGGCTGTCCAACGAATGGGCCTAA
GATCCCGTCCATCGCCACTGGGATGGTGG
GGGCCCTCCTCTTGCTGCTGGTGGTGGCCC
TGGGGATCGGCCTCTTCATGCGAAGGCGC
CACATCGTTCGGAAGCGCACGCTGCGGAG
GCTGCTGCAGGAGAGGGAGCTTGTGGAGC
CTCTTACACCCAGTGGAGAAGCTCCCAAC
CAAGCTCTCTTGAGGATCTTGAAGGAAAC
TGAATTCAAAAAGATCAAAGTGCTGGGCT
CCGGTGCGTTCGGCACGGTGTATAAGGGA
CTCTGGATCCCAGAAGGTGAGAAAGTTAA
AATTCCCGTCGCTATCAAGGAATTAAGAG
AAGCAACATCTCCGAAAGCCAACAAGGAA
ATCCTCGATGAAGCCTACGTGATGGCCAG
CGTGGACAACCCCCACGTGTGCCGCCTGC
TGGGCATCTGCCTCACCTCCACCGTGCAGC
TCATCACGCAGCTCATGCCCTTCGGCTGCC
TCCTGGACTATGTCCGGGAACACAAAGAC
AATATTGGCTCCCAGTACCTGCTCAACTGG
TGTGTGCAGATCGCAAAGGGCATGAACTA
CTTGGAGGACCGTCGCTTGGTGCACCGCG
ACCTGGCAGCCAGGAACGTACTGGTGAAA
ACACCGCAGCATGTCAAGATCACAGATTIT
TGGGCTGGCCAAACTGCTGGGTGCGGAAG
AGAAAGAATACCATGCAGAAGGAGGCAA
AGTGCCTATCAAGTGGATGGCATTGGAAT
CAATTTTACACAGAATCTATACCCACCAG
AGTGATGTCTGGAGCTACGGGGTGACTGT
TTGGGAGTTGATGACCTTTGGATCCAAGC
CATATGACGGAATCCCTGCCAGCGAGATC
TCCTCCATCCTGGAGAAAGGAGAACGCCT
CCCTCAGCCACCCATATGTACCATCGATGT
CTACATGATCATGGTCAAGTGCTGGATGA
TAGACGCAGATAGTCGCCCAAAGTTCCGT
GAGTTGATCATCGAATTCTCCAAAATGGC
CCGAGACCCCCAGCGCTACCTTGTCATTCA
GGGGGATGAAAGAATGCATTTGCCAAGTC
CTACAGACTCCAACTTCTACCGTGCCCTGA
TGGATGAAGAAGACATGGACGACGTGGTG
GATGCCGACGAGTACCTCATCCCACAGCA
GGGCTTCTTCAGCAGCCCCTCCACGTCACG
GACTCCCCTCCTGAGCTCTCTGAGTGCAAC
CAGCAACAATTCCACCGTGGCTTGCATTG
ATAGAAATGGGCTGCAAAGCTGTCCCATC
AAGGAAGACAGCTTCTTGCAGCGATACAG
CTCAGACCCCACAGGCGCCTTGACTGAGG
ACAGCATAGACGACACCTTCCTCCCAGTG
CCTGAATACATAAACCAGTCCGTTCCCAA
AAGGCCCGCTGGCTCTGTGCAGAATCCTG
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TCTATCACAATCAGCCTCTGAACCCCGCGC
CCAGCAGAGACCCACACTACCAGGACCCC
CACAGCACTGCAGTGGGCAACCCCGAGTA
TCTCAACACTGTCCAGCCCACCTGTGTCAA
CAGCACATTCGACAGCCCTGCCCACTGGG
CCCAGAAAGGCAGCCACCAAATTAGCCTG
GACAACCCTGACTACCAGCAGGACTTCIT
TCCCAAGGAAGCCAAGCCAAATGGCATCT
TTAAGGGCTCCACAGCTGAAAATGCAGAA
TACCTAAGGGTCGCGCCACAAAGCAGTGA
ATTTATTGGAGCATGACCACGGAGGATAG
TATGAGCCCTAAAAATCCAGACTCTTTCG
ATACCCAGGACCAAGCCACAGCAGGTCCT
CCATCCCAACAGCCATGCCCGCATTAGCT
CTTAGACCCACAGACTGGTTTTGCAACGTT
TACACCGACTAGCCAGGAAGTACTTCCAC
CTCGGGCACATTTTGGGAAGTTGCATTCCT
TTGTCTTCAAACTGTGAAGCATTTACAGAA
ACGCATCCAGCAAGAATATTGTCCCTTTG
AGCAGAAATTTATCTTTCAAAGAGGTATA
TITGAAAAAAAAAAAAAGTATATGTGAGG
ATTTTTATTGATTGGGGATCTTGGAGTTTT
TCATTGTCGCTATTGATTTITTACTTCAATG
GGCTCTTCCAACAAGGAAGAAGCTTGCTG
GTAGCACTTGCTACCCTGAGTTCATCCAGG
CCCAACTGTGAGCAAGGAGCACAAGCCAC
AAGTCTTCCAGAGGATGCTTGATTCCAGT
GGTTCTGCTTCAAGGCTTCCACTGCAAAAC
ACTAAAGATCCAAGAAGGCCTTCATGGCC
CCAGCAGGCCGGATCGGTACTGTATCAAG
TCATGGCAGGTACAGTAGGATAAGCCACT
CTGTCCCTTCCTGGGCAAAGAAGAAACGG
AGGGGATGGAATTCTTCCTTAGACTTACTT
TTGTAAAAATGTCCCCACGGTACTTACTCC
CCACTGATGGACCAGTGGTTTCCAGTCAT
GAGCGTTAGACTGACTTGTTTGTCTTCCAT
TCCATTGTTTTGAAACTCAGTATGCTGCCC
CTGTCTTGCTGTCATGAAATCAGCAAGAG
AGGATGACACATCAAATAATAACTCGGAT
TCCAGCCCACATTGGATTCATCAGCATTTG
GACCAATAGCCCACAGCTGAGAATGTGGA
ATACCTAAGGATAGCACCGCTTTTGTTCTC
GCAAAAACGTATCTCCTAATTTGAGGCTC
AGATGAAATGCATCAGGTCCTTTGGGGCA
TAGATCAGAAGACTACAAAAATGAAGCTG
CTCTGAAATCTCCTTTAGCCATCACCCCAA
CCCCCCAAAATTAGTTTGTGTTACTTATGG
AAGATAGTTTTCTCCTTTTACTTCACTTCA
AAAGCTTTTTACTCAAAGAGTATATGTTCC
CTCCAGGTCAGCTGCCCCCAAACCCCCTCC
TTACGCTTTGTCACACAAAAAGTGTCTCTG
CCTTGAGTCATCTATTCAAGCACTTACAGC
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TCTGGCCACAACAGGGCATTTTACAGGTG
CGAATGACAGTAGCATTATGAGTAGTGTG
GAATTCAGGTAGTAAATATGAAACTAGGG
TTTGAAATTGATAATGCTTTCACAACATTT
GCAGATGTTTTAGAAGGAAAAAAGTTCCT
TCCTAAAATAATTTCTCTACAATTGGAAGA
TTGGAAGATTCAGCTAGTTAGGAGCCCAC
CTTTTTTCCTAATCTGTGTGTGCCCTGTAA
CCTGACTGGTTAACAGCAGTCCTTTGTAAA
CAGTGTTTTAAACTCTCCTAGTCAATATCC
ACCCCATCCAATTTATCAAGGAAGAAATG
GTTCAGAAAATATTTTCAGCCTACAGTTAT
GTTCAGTCACACACACATACAAAATGTTC
CTTTTGCTTTTAAAGTAATTTITTGACTCCC
AGATCAGTCAGAGCCCCTACAGCATTGTT
AAGAAAGTATTTGATTTTTGTCTCAATGAA
AATAAAACTATATTCATTTCCACTCTATTA
TGCTCTCAAATACCCCTAAGCATCTATACT
AGCCTGGTATGGGTATGAAAGATACAAAG
ATAAATAAAACATAGTCCCTGATTCTAAG
AAATTCACAATTTAGCAAAGGAAATGGAC
TCATAGATGCTAACCTTAAAACAACGTGA
CAAATGCCAGACAGGACCCATCAGCCAGG
CACTGTGAGAGCACAGAGCAGGGAGGTTG
GGTCCTGCCTGAGGAGACCTGGAAGGGAG
GCCTCACAGGAGGATGACCAGGTCTCAGT
CAGCGGGGAGGTGGAAAGTGCAGGTGCAT
CAGGGGCACCCTGACCGAGGAAACAGCTG
CCAGAGGCCTCCACTGCTAAAGTCCACAT
AAGGCTGAGGTCAGTCACCCTAAACAACC
TGCTCCCTCTAAGCCAGGGGATGAGCTTG
GAGCATCCCACAAGTTCCCTAAAAGTTGC
AGCCCCCAGGGGGATTTTGAGCTATCATC
TCTGCACATGCTTAGTGAGAAGACTACAC
AACATTTCTAAGAATCTGAGATTTTATATT
GTCAGTTAACCACTTTCATTATTCATTCAC
CTCAGGACATGCAGAAATATTTCAGTCAG
AACTGGGAAACAGAAGGACCTACATTICTG
CTGTCACTTATGTGTCAAGAAGCAGATGA
TCGATGAGGCAGGTCAGTTGTAAGTGAGT
CACATTGTAGCATTAAATTCTAGTATTTTIT
GTAGTTTGAAACAGTAACTTAATAAAAGA
GCAAAAGCTAAAAAAAAAAAAAAAAA
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A method of predicting susceptibility of a subject suffering from cancer to a treatment
with an anti-cancer drug, wherein the method comprises detecting the presence or
absence of a genetic alteration in a long non-coding RNA (IncRNA) that resides in an
antisense strand of an oncogene, wherein the genetic alteration alters or disrupts
expression of the oncogene; wherein in case the genetic alteration is present, the
subject is predicted to show improved susceptibility to the treatment with the anti-

cancer drug compared to a subject not carrying the genetic alteration.

The method of claim 1, wherein the genetic alteration is homozygous.

The method of claim 1, wherein the oncogene is selected from the group consisting of
EGFR encoding epidermal growth factor receptor, IGF1R encoding insulin growth
factor 1 receptor, mTOR encoding mechanistic target of rapamycin, PIK3CB
encoding phosphatidylinositol-4,5-bisphosphate  3-kinase catalytic subunit beta
isoform, PIK3CD encoding phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic
subunit delta isoform, PIK3R3 encoding phosphatidylinositol 3-kinase regulatory

subunit gamma and ERBB4 encoding receptor tyrosine-protein kinase erbB-4.

The method of any one of the preceding claims, wherein the antisense strand of the
non-coding RNA of the oncogene is selected from the group consisting of EGFR-AS1
for EGFR gene; IRAIN for IGF1R gene, MTOR-AS1 for mTOR gene; GAPDHP39
and RPL23AP40 for PIK3CB gene; LOC101929626 for PIK3R3 gene; PIK3CD-AS1,
PIK3CD-AS2 and RPL26P7 for PIK3CD gene and RNA5SP119 for ERBB4 gene.

The method of claim 3 to 4, wherein the cancer related to EGFR is head and neck

cancer or lung cancer.

The method of claim 5, wherein the head and neck cancer is head and neck squamous

cell carcinoma (HNSCC) or oral squamous cell carcinoma (OSCC).

The method of claim 5, wherein the lung cancer is non-small cell lung cancer

(NSCLC).
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The method of any one of claims 3 to 4, wherein the cancer related to PIK3CD is

haematological malignancy.

The method of any one of claims 3 to 4, wherein the cancer related to ERBB4 is

breast cancer.

The method of claim 1, wherein the genetic alteration is a silent G>A mutation

(genetic alteration) at Q787Q position in exon 20 of the oncogene EGFR.

The method of claim 10, wherein the genetic alteration results in a homozygous

mutation (AA).

The method of claim 10, further comprising measuring of either one or both of the
following for predicting the susceptibility: i) whether the subject has lower EGFR-
AS1 or EGFR-AS1 IncRNA expression level compared to a subject that does not
respond to treatment with the anti-cancer drug; ii) whether the subject has higher
EGFR isoform Df/isoform A ratio compared to a subject that does not respond to
treatment with the anti-cancer drug, wherein the anti-cancer drug is a tyrosine kinase

inhibitor or an EGFR inhibitor.

The method of claim 10 or 12, wherein the anti-cancer drug, is selected from the

group consisting of gefitinib, erlotinib and afatinib.

A method of predicting the susceptibility of a subject suffering from cancer related to
EGFR to a treatment with an EGFR inhibitor, the method comprising determining
whether either one or two or all of the following is given:

i) the subject has a silent G>A mutation (genetic alteration) at Q787Q position in
exon 20 of EGFR (nucleotide 2361);

i) the subject has lower EGFR-AS1 or EGFR-AS1 IncRNA expression level
compared to subject that does not respond to treatment with an EGFR inhibitor;

iii) the subject has higher EGFR isoform D/isoform A ratio compared to subject

that does not respond to treatment with an EGFR inhibitor;
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wherein in case one or two or all of 1) to iii) is given the subject is predicted to show
improved susceptibility to a treatment with an EGFR inhibitor compared to a subject

not showing any of i) to iii).

A method of treating cancer in a subject suffering from said cancer, wherein the
method comprises:

a) detecting the presence or absence of a mutation in a long non-coding RNA on
an antisense strand of an oncogene related to the cancer, wherein the genetic alteration
alters or disrupts expression of the oncogene;

b) administering an anti-cancer drug for the cancer type the subject suffers from

in case the presence of the genetic alteration is confirmed.

The method of claim 15, wherein the oncogene is selected from the group consisting
of EGFR encoding epidermal growth factor receptor, IGFIR encoding insulin growth
factor 1 receptor, mTOR encoding mechanistic target of rapamycin, PIK3CB
encoding phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit beta
isoform, PIK3CD encoding phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic
subunit delta isoform, PIK3R3 encoding phosphatidylinositol 3-kinase regulatory

subunit gamma and ERBB4 encoding receptor tyrosine-protein kinase erbB-4.

The method of claim 15 or 16, wherein the non-coding RNA on an antisense strand of
an oncogene is selected from the group consisting of EGFR-AS1 for EGFR gene;
IRAIN for IGFIR gene, MTOR-AS1 for MTOR gene; GAPDHP39 and RPL23AP40
for PIK3CB gene; LOC101929626 for PIK3R3 gene; PIK3CD-AS1, PIK3CD-AS2
and RPL26P7 for PIK3CD gene and RNA5SP119 for ERBB4 gene.

The method of claim 16 to 17, wherein the cancer related to EGFR is head and neck

cancer or lung cancer.

The method of claim 18, wherein the head and neck cancer is head and neck

squamous cell carcinoma (HNSCC) or oral squamous cell carcinoma (OSCC).
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The method of claim 18, wherein the lung cancer is non-small cell lung cancer

(NSCLO).

The method of any one of claims 15 to 17, wherein the cancer related to PIK3CD is

haematological malignancy.

The method of any one of claims 15 to 17, wherein the cancer related to ERBB4 is

breast cancer.

The method of any one of claims 15 to 17, wherein the cancer is an EGFR related
cancer and the mutation (genetic alteration) is a silent G>A mutation at Q787Q

position in exon 20 of EGFR.

The method of claim 15 or 23, wherein the method further comprises determining if
the subject has lower EGFR-AS1 or EGFR-AS1 IncRNA expression level compared

to subject that does not respond to treatment with a tyrosine kinase inhibitor.

The method of claim 15 or 23 or 24, wherein the method further comprises
determining if the subject has higher EGFR isoform D/isoform A ratio compared to

subject that does not respond to treatment with an EGFR inhibitor.

The method of any of the preceding claims, wherein the anti-cancer drug is selected
from the group consisting of gefitinib, erlotinib and afatinib for the treatment of
cancer related to EGFR; OSI-902(Linsitinib) for the treatment of cancer related to
IGF1R; everolimus (RADQOO1) and sirolimus for the treatment of cancer related to
mTOR; BKM120(Buparlisib) and BYL719(Alpelisib) for the treatment of cancer
related to PIK3CB and PIK3R3; Idelalisib for the treatment of cancer related to
PIK3CD and dacomatinib and lapatinib for the treatment of cancer related to ERBB4.

The method any of one of claims 15 to 26, wherein the oncogene related to cancer is
EGFR; wherein the mutation in a) of claim 15 is a silent G>A mutation at Q787Q

position in exon 20 of EGFR; and wherein the anti-cancer drug is gefitinib.
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A method of treating a subject suffering from cancer, comprising:

a) administering to the subject an effective amount of a therapeutic agent
affecting expression of a non-coding RNA an oncogene, wherein the genetic
alteration alters or disrupts expression of the oncogene; and

b) administering to the subject an effective amount of an anti-cancer drug

specific for the cancer related to the oncogene.

The method of claim 28, wherein a) and b) are carried out simultaneously or b) is

carried out after a).

The method of claim 29, wherein when b) is carried out after a), the time interval
between a) and b) is at least 1 to 24 hours, or at least 1 or 2 or 3 or 4 or 5 or 6 or 7

days, or at least one week.

The method of claim 28, wherein the therapeutic agent is selected from the group
consisting of miRNAs (microRNAs), siRNA (small interfering RNA), locked nucleic
acids (LNAs) and shRNA (short hairpin RNA).

A method of treating a subject suffering from an EGFR-related cancer, comprising:
administering to the subject an effective amount of a therapeutic agent affecting
EGFR-AS1 IncRNA expression, or affecting EGFR-AS1 expression, or increasing the
amount of EGFR isoform D and/or decreasing EGFR isoform A or a combination
thereof; and

administering to the subject an effective amount of a tyrosine kinase inhibitor used to

treat the EGFR-related cancer.

The method of claim 32, wherein a) and b) are carried out simultaneously or b) is

carried out after a).

The method of claim 33, wherein when b) is carried out after a), the time interval
between a) and b) is at least 1 to 24 hours, or at least 1 or 2 or 3 or 4 or 5 or 6 or 7

days, or at least one week.
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The method of any one of claims 32 to 34, wherein the therapeutic agent affecting
EGFR-ASI expression comprises miRNA, shRNA, LNAs, siRNA or combinations

thereof.

The method of any one of claims 32 to 34, wherein the therapeutic agent suppressing

EGFR-AS1 comprises EGFR-AS1 targeting LNA.

The method of any one of claims 32 to 34, wherein the therapeutic agent increasing
EGFR isoform D or decreasing EGFR isoform A comprises an agent modulating the

alternative splicing of EGFR.

The method of any one of claims 32 to 37, wherein the tyrosine kinase inhibitor is an

EGFR inhibitor.

The method of claim 38, wherein the tyrosine kinase inhibitor is selected from the
group consisting of gefitinib, erlotinib, erlotinib HCI, lapatinib, dacomitinib, TAE684,
afatinib, dasatinib, saracatinib, veratinib, AEE788, WZ4002, icotinib, osimertinib,
BI1482694,  ASP8273, EGF816, AZD3759, cetuximab, necitumumab,

pannitumumab, nimotuzumab and combinations thereof.

The method of claim 38, wherein the tyrosine kinase inhibitor is selected from the

group consisting of gefitinib, erlotinib and lapatinib.



