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GENE FUSIONS AND GENE VARIANTS ASSOCIATED WITH CANCER

FIELD OF THE INVENTION

[0001] The present invention relates generally to gene fusions and gene variants

that are associated with cancer.

BACKGROUND

[0002] Aberrations such as chromosomal translocations and gene variants are
frequently found in human cancer cells. Chromosomal translocations may result in a
chimeric gene expressing a fusion transcript which is then translated into a fusion
protein that affects normal regulatory pathways and stimulates cancer cell growth.
Gene variants may also result in aberrant proteins that affect normal regulatory

pathways.

[0003] The identification of new fusion genes, new variants of known fusion genes, and
gene variants or alleles provides an opportunity for additional diagnostics and cancer

treatment targets.

BRIEF SUMMARY OF THE INVENTION

[0004] The disclosure provides novel gene fusion variants and gene fusion-disease
state associations. The gene fusions provided herein are associated with certain
cancers. The disclosure further provides probes, such as amplification primer sets and
detection probes, as well as methods and systems of detection, diagnosis, and

treatment and kits that include or detect the gene fusions disclosed herein.

[0005] In certain embodiments, novel mutations and fusions associated with cancer

are disclosed in Tables 41-44.

[0006] | The disclosure further provides reaction mixtures, sets of probes, Kkits,
methods, isolated nucleic acids comprising or to detect the novel mutations and fusion
events of Tables 41-44.

[0007] In one embodiment, the disclosure provides a reaction mixture comprising a

probe or a set of probes that specifically recognize a gene fusion selected from Table 1

- Table 3, Table 19, and Table 22. The set of probes can be, for example a set of

amplification primers. In another embodiment, provided herein is a reaction mixture that

includes a set of primers that flank a gene fusion selected from Table 1 - Table 3, Table
1
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19, and Table 22 in a target nucleic acid. For example, the set ot primers can each bind
to a target sequence in the human genome within 1000, 750, 500, 250, 100, 90, 80, 75,
70, 65, 50, or 25 nucleotides of opposite sides of the one of the fusion breakpoints
identified in Tables 4-6, 20, and 23. The reaction mixture of this embodiment can
further include a detector probe that binds to either side of a breakpoint in a gene fusion
selected from Table 1 - Table 3, Table 19, and Table 22, or that binds a binding region
that spans the breakpoint in a gene fusion selected from Table 1 - Table 3, Table 19,
and Table 22, including specific embodiments where the breakpoint is identified in
Tables 4-6, 20, and 23. In exemplary embodiments, the detector probe binds to a target
sequence in the human genome within 1000, 750, 500, 250, 100, 90, 80, 75, 70, 60, 50,
or 25 nucleotides of one of the fusion breakpoints identified in Tables 4-6, 20, and 23.
The reaction mixture that includes a detector probe, or does not include a detector
probe, can further include a polymerase, a reverse transcriptase, dNTPs, and/or a uracil
DNA deglycosylaseé (UDG). The polymerase, the reverse transcriptase, and the UDG
are typically not from human origin. The polymerase in illustrative embodiments is a
thermostable polymerase such as a Taq polymerase. In certain embodiments, the
dNTPs in the reaction mixture include dUTP, and the reaction mixture can in cerfain
examples, be devoid of dTTP. Furthermore, the reaction mixture can include an
amplicon, such as a DNA amplicon that includes one or more deoxyuridine (“dU”)
residues. In certain embodiments the reaction mixture includes a DNA amplicon that
includes one or more dU residues for every deoxythymidine residue in the
corresponding human genomic sequence. In certain embodiments, the amplicon
includes a segment for which a corresponding sequence is not found in the human
genome, such as, for example, a DNA barcode sequence. The non-human segment
can be.for example, 5-10,000, 5-5000, 5-1000, 5-500, 5-100, 5.50, 5-25, 5-10, 10-
10,000, 10-5000, 10-1000, 10-500, 10 -100, 10-50, or 10-25 nucleotides in length. In
certain embodiments, the amplicon includes segment that corresponds to the region of
the human genome that spans an intron, but the amplicon does not include a segment
corresponding to the intron. The reaction mixture can further include a target nucleic
acid, for example a human target nucleic acid. The human target nucleic acid cah be,
for example, isolated from a biological sample from a person suspected of having a
cancef selected from: BLCA = bladder carcinoma, BRCA = breast carcinoma, CESC =
cervical cell carcinoma, COAD = colon adenocarcinoma, GBM = glioblastoma
multiforme, HNSC = head and neck squamoﬁs cell carcinoma, KIRK = clear cell renal

cell carcinoma, KIRP = kidney renal papillary cell carcinoma, LAML = acute myeloid
2
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leukemia, LGG = brain lower grade glloma, LIHC = liver hepatocellular carcinoma,
LUAD = lung adenocarcinoma, LUSC = squamous cell lung carcinoma, OV = ovarian
serous adenocarcinoma, PRAD = prostate adenocarcinoma, READ = rectal
adenocarcinoma, SKCM = cutaneous melanoma, STAD = stomach adenocarcinoma,
THCA = thyroid carcinoma, and UCEC = uterine corpus endometrioid carcinoma. In
certain embodiments, the target nucleic acid is from a tumor, for example a tumor of

one of the cancer types listed in the preceding sentence.

[0008] In another embodiment, a set of probes that specifically recognizes a nucleic
acid cdmprising at least one of SEQ ID NOs: 1-289 (gene fusions) is provided. In
another embodiment, provided herein is a set of primers that specifically amplify a
target nucleic acid that includes at least 25, 30, 40, 50, 75, 100, 125, 150, 200, or all of
SEQ ID NOs: 1-289, or that amplifies up to 25, 30, 40, 50, 75, 100, 125, 150, 200, or all
of SEQ ID NOs: 1-289. In another embodiment, provided herein is a qPCR assay, such
és a TagMan™ assay or a Molecular Beacons™ assay, that specifically amplifies and
detects a target nucleic acid that includes at least 25, 30, 40, 50, 75, 100, 125, 150,
200, or all of SEQ ID NOs: 1-289.

[0009] 'The disclosure also provides an isolated nucleic acid comprising at least one
sequence selected from a segment that includes at least 25, 30, 40, 50, 75, 100, 125,
150 200, or all of SEQ ID NOs: 1-2890r that includes up to 25, 30, 40, 50, 75, 100, 125,
150, 200, or all of SEQ ID NOs: 1-289. The isolated nucleic acid can include a first
primer on a 5' end. Furthermore, the nucleic acid can be single stranded or double
stranded. In certain embodiments, the isolated nucleic acid includes a segment for
which a corresponding sequence is not found in the human genome, such as, for
example, a DNA barcode sequence. The segment can be for example, 5-10,000, 5-
5000, 5-1000, 5-500, 5-100, 5-50, 5-25, 5-10, 10-10,000, 10-5000, 10-1000, 10-500, 10
-100, 10-50, or 10-25 nucleotides in length.

[0010] The disclosure, in other embodiments, provides a kit that includes a detector
probe and/or a set of probes, for example, a set of amplification primers, that
specifically recognize a nucleic acid comprising a breakpoint for a gene fusion selected
from Table 1 - Table 3, Table 19, and Table 22. For example, in certain embodiments
the detector probe or set of amplification primers are designed to amplify and/or detect
a nucleic acid t‘hat includes up to 25, 30, 40, 50, 75, 100, 125, 150, 200, or all of at least
one of SEQ ID NOs: 1-289. The kit can further include, in one or more separate or in
the same vessel, at least one component from an amplification reaction mixture, such
3
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as a polymerase, dNTPs, a reverse transcriptase, and/or UDG, typically the reverse
transcriptase, polymerase and UDG are not from human origin. In certain embodiments,
the dNTPs include dUTP, and in illustrative examples are devoid of dTTP. The
polymerase in illustrative embodiments is a thermostable polymerase such as a Taq
polymerase. Furthermore, the kit can include a controi nucleic acid. For example the
control nucleic acid can include a sequence that includes the break: point in a gene
fusion selected from Table 1 - Table 3, Table 19, and Table 22, such as a nucleic acid
that includes at least 25, 30, 40, 50, 75, 100, 125, 150, 200, or all of SEQ ID NOs: 1-
289 or a nucleic acid that includes up to 25, 30, 40, 50, 75, 100, 125, 150, 200, or all of
SEQ ID NOs: 1-289.

[0011] A method of detecting a cancer is provided cofnprising amplifying a nucleic
acid that spans a breakpoint in a gene fusion selected from Table 1 - Table 3, Table 19,
and Table 22, for example the nucleic can include a sequence selecfed from SEQ ID -
NOs: 1-289, and detecting the presence of the nucleic acid, wherein the presence of the
nucleic acid indicates a cancer is present in the sample. In another method, provided
herein is a method of detécting a cancer selected from, bladder, colon, breast,
endometrial, melanoma, ovarian, glioblastoma, glioma, leukemia, renal cell carcinoma,
thyroid, and prostate adenocarcinoma that includes generating an amplicon that
includes a sequence selected from SEQ 1D NOs: 1-289 and detecting the presence of
the amplicon, wherein the presence of the amplicon indicates bladder, colon,
melanoma, ovarian, glioblastoma, lung, glioma, leukemia, renal cell carcinoma, thyroid,
endometrial endometrioid adenocarcinoma, breast and prostate adenocarcinoma is
present in the sample. The amplicon typically includes primers that were extended to
form the amplicon. The cancer is selected from bladder urothelial carcinoma, breast
carcinoma, endometrial endometrioid adenocarcinoma, colon adenocarcinoma,
glioblastoma multiforme, clear cell renal cell carcinoma, papillary renal cell carcinoma,
acute myeloid leukemia, brain lower grade glioma, lung adenocarcinoma, ovarian
serous cystadenocarcinoma, prostate adenocarcinoma, rectal cutaneous melanoma,
and thyroid gland carcinoma. The amplicon that is generated, in certain illustrative
embodiments is a DNA amplicon that includes dU residues, and in certain examples
includes no dT residues. In the methods provided in this paragraph, the amplicon can
be generated using reaction mixtures provided herein. In certain embodiments, the
method includes detecting expression of a nucleic acid that spans a breakpoint in a
gene fusion selected from Table 1 - 'Table 3, Table 19, and Table 22. Methods for

4
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detecting expression typically include a step of isolating RNA from a sample, such as a

tumor sample, which can be a formalin fixed sample in illustrative embodiments.

[0012] In one embodiment, the reaction mixture includes a dye selected from SYBR
Green, SBYR Greener, Fluorescein, Oregon Green, FAM, TET, JOE, VIC, Yakima
Yellow, HEX, Cy3, Bodipy TMR, NED, TAMRA, Cy3.5, ROX, Texas Red, LightCycler
Red, Bodipy 630/650, Alexa Fluor 647, Cy5, Alexa Fluor 660, or Cy 5.5. In certain
embodiments, the dye is attached to a detably-labeled probe in the reaction mixture. In
other embodiments, the dye is bound to the amplicon directly or through a detectably-

labeled probe.

[0013] A kit comprising a probe or a set of probes, for example, a detectable probe
or a set of amplification primers that specifically recognize a nucleic acid comprising a
break point from Tables 4-6, 20, and 23 is provided. The kit can further include, in the
same vessel, or in certain preferred embodiments, in a separate vessel, a component
from an amplification reaction mixture, such as a polymerase, typically not from human
origin, dNTPs, and/or UDG. Furthermore, the kit can include a control nucleic acid. For
example the control nucleic acid can include a sequence that includes a break point
selected from Tables 4-6, 20, and 23.

[0014] In another embodiment, provided herein a gene fusion that includes the
gene fusions identified in Tables 1-3, 19, and 22. In illustrative embodiments, the gene
fusions include one of the breakpoints-identified in Tables 4-6, 20, and 23. Accordingly,
provided herein is an isolated gene fusion nucleic acid of between 100 and 10,000
nucleotides in length and comprising at least 25 nucleotides on either side of one of the
break points in Tables 4-6, 20, and 23.

[0015] In a related embodiment, provided herein is an isolated gene fusion necleic
. acid comprising at least one of the break points in Tables 4-6, 20, and 23. In certain
embodiments, the isolated gene fusion nucleic acid comprises at least 25, 30, 40, 50,
75, 100, 125,. 150, 200, or all of SEQ ID NOs: 1-289 or a nucleic acid that includes up to
‘ 25, 30, 40, 50, 75, 100, 125, 150, 200, or all of SEQ ID NOs:'1-289. The isolated gene
fusion nucleic acid can have a length, for example, of between 50 and 100,000
nucleotides, between 100 and 50,000 nucleotides, between 100 and 25,000
nucleotides, between 100 and 10,000 nucleotides, between 100 and 5,000 nucleotides,
between 100 and 2500 nucleotides, between 100 and 1,000 nucleotides, between 100
and 500 nucleotides, between 100 and 250 nucleotides, between 100 and 200

nucleotides, between 250 and 10,000 nucleotides, between 250 and 5,000 nucleotides,
5 )
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between 250 and 1,000 nucleotides, or between 250 and 500 nucleotides. In certain
aspects, the isolated gene fusion nucleic acid is DNA. In certain illustrative
embodiments, the isolated nucleic gene fusion is devoid of intron sequences but spans
a region that in the genome includes one or more introns. In certain embodiments, the

isolated gene fusion nucleic acid is a cDNA.

[0016] In another embodiment, an isolated gene fusion nucleic acid is provided

comprising at least one of the break points in Tables 4-6, 20, and 23.

[0017] In another embodiment is a method to detect a cancer selected from bladder
urothelial carcinoma, breast carcinoma, endometrial endometrioid adenocarcinoma,
colon adenocarcinoma, glioblastoma muitiforme, clear cell renal cell carcinoma,
papillary renal cell carcinoma, acute myeloid leukemia, brain lower grade glioma, lung
adenocarcinoma, ovarian serous cystadenocarcinoma, prostate adenocaréinoma, rectal
cutaneous melanoma, and thyroid gland carcinoma in a sample by detecting the

presence of a gene fusion selected from Table 1 - Table 3, Table 19, and Table 22.

[0018] The disclosure provides novel gene variants and gene variant-disease state
associations. The gene variants can have one or more mutations that result in a variant
protein. The gene variants provided herein are associated with certain cancers. The
gene variants result in protein variants. The disclosure further provides probes, such as
amplification primer sets and detection probes, as well as methods of detection,
diagnosis, and treatment.and kits that include or detect the gene variants disclosed

herein.

[0019] In one embodiment, the disclosure provides a composition and a kit
comprising a set of probes that specifically recognize the nucleotide sequence that
encodes a gene variant selected from Table 7 and/or Table 11. The set of probes can
be, for example a set of amplification primers. In another embodiment, provided herein
is a composition that includes a set of primers that flank a gene variant that encodes
one or more variants in Table 7 and/or Table 11. The reaction mixture of this
embodiment can further include a detector probe that binds to a nucleotide sequence
including a gene variant selected from Table 7 and/or Table 11. The reaction mixture
. that includes a detector probe or does not include a detector probe, can further include
a polymerase, dNTPs, and/or a uracil DNA deglycosylase (UDG). The polymerase and
UDG are typically not from a human origin. The reaction mixture can further include a
target nucleic acid, for example a human target nucleic acid. The human target nucleic

acid can be, for example, isolated from a biological sample from a person suspected of
6
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having a cancer. The cancer can be selected from: BLCA = bladder carcinoma, BRCA
= breast carcinoma, CESC = cervical cell carcinoma, COAD = colon adenocarcinoma,
GBM = glioblastoma multiforme, HNSC = head and neck squamous cell carcinoma,
KIRK = clear cell renal cell carcinoma, KIRP = kidney renal papillary cell carcinoma,
LAML = acute myeloid leukemia, LGG = brain lower grade glioma, LIHC = liver
hepatocellular carcinoma, LUAD = lung adenocafcinoma, LUSC = squamous cell lung
carcinoma, OV = ovarian serous adenocarcinoma, PRAD = prostate adenocarcinoma,
READ = réctal adenocarcinoma, SKCM = cutaneous melandma, STAD = stomach
adenocarcinoma, THCA = thyroid carcinoma, and UCEC = uterine corpus endometrioid

carcinoma.

[0020] The nucleotide sequence that encodes one or more gene variants in Table 7
and/or Table 11 can be any. size that encompasses the variation. For example, the
nucleotide sequence can be any size that can be easily copied using a primer and/or

detected using a probe.

[0021] In another embodiment, a set of probes that specifically recognize a nucleic
acid coding for a gene variant selected from Table 7 and/or Table 11 (gene variants) is
provided. In another embodiment, provided herein is a set of primers that specifically
amplify a target nucleic acid that codes for a gene variant selected from Table’ 7 and/or
Table 11. In another embodiment, provided herein is a qPCR assay, such as, but not
~limited to, a TagMan™ assay, a Scorpions assay, or a Molecular Beacons™ assay that
specifically amplifies and detects a target nucleic acid that codes for a gene variant

selected from Table 7 and/or Table 11.

[0022] The disclosure also provides an isolated nucleic acid comprising at least
one sequence that codes for one or more gene variants selected from Table 7 and/or
Table 11. The isolated nucleic acid can include a first primer on a 5 end. Furthermore,

the nucleic acid can be single stranded or double stranded.

[0023] The disclosure, in other embodiments, provides a kit that includes a detector
probe and/or a set of probes, for example, a set of amplification primers that specifically
recognize a nucleic acid that codes for a gene variant selected from Table 7 and/or
Table 11. For example, in certain embodiments the detector probe or set of
amplification primers are designed to amplify and/or detect a nucleic acid that codes for
a variant in Table 7 and/or Table 11. The kit can further include, in a separate or in the
same vessel, a component from an amplification reaction mixture, such as a

polymerase, typically not from human origin, dNTPs, and/or UDG. Furthermore, the kit
7
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can include a control nucleic acid. For example the control nucleic acid can include a

sequence that includes the gene variant selected from Table 7 and/or Table 11.

[0024] A method of detecting a cancer is provided comprising amplifying a nucleic
acid that encodes a gene variant selected from Table 7 and/or Table 11, for example
the nucleic can include a sequence from or;e of the accession numbers in Table 7
and/or Table 11 except that the sequence contains the variant that codes for the gene
variants in Table 7 and/or Table 11, and detecting the presence of the nucleic acid,
wherein the presence of the nucleic acid indicates a cancer is present in the sample. In
another method, provided herein is a method of detecting a cancer that includes
generating an amplicon that includes a sequence encoding a variant selected from
Table 7 and/or Téble 11, and detecting the presence of the nucleic acid, wherein the
presence of the nucleic acid indicates a cancer or cancer cell is present in the sample.
The amplicon typically includes primers that are extended to form the amplicon. The
cancer is selected from bladder carcinoma, breast carcinoma, cervical cell carcinoma,
colon adenocarcinoma, glioblastoma multiforme, head and neck squamous cell
carcinoma, clear cell renal cell carcinoma, kidney renal papillary cell carcinoma, acute
myeloid leukemia, brain lower grade glioma, liver hepatocellular carcinoma, lung
adenocarcinoma, squamous cell lung carcinoma, ovarian serous adenocarcinoma,
prostate adenocarcinoma, rectal adenocarcinoma, cutaneous melanoma, stomach

adenocarcinoma, thyroid carcinoma, and uterine corpus endometrioid carcinoma.

[0025] A kit comprising a set of probes, for example, a set of amplification primers
that specifically recognize a nucleic acid comprising a gene variant from Table 7 and/or
Table 11 is provided. The kit can further include, in a separate or in the same vessel, a
component from an amplification reaction mixture, such as a polymerase, typically not
from human origin, ‘dNTPs, and/or UDG. Furthermore, the kit can include a control
nucleic acid. For example the control nucleic acid can include a sequence that includes

the gene variant from Table 7 and/or Table 11.

[0026] In certain embodiments, a set of probes that specifically recognize a nucleic

acid comprising a gene variant from Table 7 and/or Table 11 is provided.

[0027] In another embodiment, a gene variant is provided comprising at least one

of the gene variants in Table 7 and/or Table 11.

[0028] In another embodiment is a method to detect a cancer selected from bladder

carcinoma, breast carcinoma, cervical cell carcinoma, colon adenocarcinoma,
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glioblastoma multiforme, head and neck squamous cell carcinoma, clear cell renal cell
carcinoma, kidney renal papillary cell carcinoma, acute myeloid leukemia, brain lower
grade glioma, liver hepatocellular carcinoma, lung adenocarcinoma, squamous cell
lung carcinoma, ovarian serous adenocarcinoma, prostate adenocarcinoma, rectal
adenocarcinoma, cutaneous me_lanoma, stomach adenocarcinoma, thyroid carcinoma,
and uterine corpus endometrioid carcinoma in a sample by detecting the presence of a
gene variant selected from Table 7 and/or Table 11. Gene variants can include, but are
not limited to, ZNF479 variants R11Q, R295K, R295T, R295I, R345l, R345T, K438T,
and T466K.

[0029] In another embodiment, a method of delivering a drug to a subject is
provided, wherein the method includes detecting a genetic event identified in Table 15,
and treating the subject with a drug, wherein the drug is believed to positively affect the
clinical outcome of patients having the genetic event. In illustrative embodiments, the
genetic event is associated with a gene found in Table 8 and the drug is listed in Table
8 as a companion for that gene. In another embodiment, provided herein is a method
for determining if a subject receives a drug, the method includes detecting a genetic
event identified in Table 15, and then delivering a drug to the subject if the detected
genetic event is listed in Table 15 as associated with a poor prognosis, wherein the
drug is believed to positively affect the clinical outcome of patients having the genetic
event. In illustrative embodiments, the genetic event is associated with a gene found in

Table 8 and the drug is listed in Table 8 as a companion for that gene.

[0030] In one embodiment, a kit is provided, wherein the kit cc;mprises a set of
probes, wherein each probe specifically hybridizes to a nucleic acid comprising a
breakpoint from Tables 4-6, 20, and 23.

[0031] In one embodiment, a method is provided, the method comprising:
amplifying a nucleic acid comprising at least one gene fusion from Tables 1-3, 19, and
22 from a sample; and detecting the presence of the at least one gene fusion by at least
one of: contacting the composition with at least one probe, wherein each probe
specifically hybridizes to the nucleic acid, or obse.rving the presence of a non-natural or
non-native chemical structure in the nucleic acid; wherein defecting the presence of the
at least one gene fusion indicates that at least one cancer from Tables 1-3, 19, and 22

is present in the sample.

[0032] In one embodiment, a system is provided, the system comprising a nucleic

acid amplifier configured to amplify a nucleic acid comprising at least one gene fusion
9
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from Tables 1-3, 19, and 22 from a sample, to yield an amplified nucleic acid; a detector
configured to detect the presence of the at least one gene fusion in the amplified nucleic
acid by at least one of (i) contacting the composition with at least one probe, wherein
each probe specifically hybridiies to the nucleic acid, or (ii) observing the presence of a

non-natural or non-native chemical structure in the nucleic acid, and further configured
| to transmit a detection indication; and a computer system configured to receive the
detection indication and determine that at least one cancer from Tables 1-3, 19, and 22

is present in the sample, based on the detection indication.

[0033] In one embodiment, a non-transitory computer readable program storage
unit is provided, the non-transitory computer readable program storage unit encoded
with instructions that, when executed by a computer, perform a method, comprising
receiving an input comprising at least a cancer type and an event type, wherein the
cancer type is sele_cted from Table 15 and the event type is selected from Table 15;
querying a database for at least one entry comprisifig a plurality of fields, wherein the
plurality of fields comprises at least one of the cancer type and the event type; and
transmitting an output comprising at least one field of the plurality from the at least one
entry, wherein the at least one field comprises at least one gene, at least one druggable

gene, at least one drug targeting the at least one druggable gene, or a prognosis.

[0034] In one embodiment, a method is provided, wherein the method comprises
administering to a patient having at least one gene fusion selected from the gene
fusions listed in Tables 1-3, 19, and 22 at least oné drug selected from the drugs listed
in Tables 8, 16-17, 21, and 24.

[0035] In one embodiment, a method is provided, wherein the method comprises
contacting a nucleic acid sample from a patient with a reaction mixture comprising a first
primer complementary to a first gene and a second primer complementary to a second
gene, wherein a fusion of the first gene and the second gene is detectable by the
presence of an amplicon generated by the first primer and the second primer, wherein
the fusion comprises a breakpoint selected from the breakpoints listed in Tables 4-6,
20, and 23.

[0036] In one embodiment, a non-transitory computer readable program storage unit is
provided, the non-transitory computer readable program storage unit encoded with
instructions that, when executed by a computer, perform a method, comprising
receiving RNA sequence data from gt least one cancer cell line; running at least one

gene fusion caller on the sequence data, to identify possible breakpoints between fused
10 ‘
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genes in the processed data; filtering said possible breakpoints, to retain candidate
breakpoints, wherein each candidate breakpoint is in a §' untranslated region (UTR) or
a coding DNA sequence (CDS) of a functional gene region and.each candidate
breakpdint does not occur in an intron; and annotating the candidate breakpoints with at
least one annotation useful in determining a relevance of a gene fusion for at least one
of cancer diagnosis, cancer prognosis,~or cancer treatment, wherein the gene fusion

comprises the candidate breakpoint.

[0037]In one embodiment, a non-transitory computer readable program storage unit is
provided, the non-transitory computer readable program storage unit encoded with
instructions that, when, executed by a computer, perform a method, comprising
receiving mutation data from at least one cancer cell line; anhotating the mutation data
with at least one of variant classification, variant position, or variant change, to yield
annotated mutation data; filtering the annotated mutation data, to yield gene region
mutation data; classifying the gene region mutation data as hotspot, deleterious, or
other; and nominating a gene comprising the gene region mutation as a gain of
function, loss of function, or recurrent other gene, based on the relative frequency of

mutations in the gene and the classifications of all gene region mutations in the gene.

[0038]In one'embodimeﬁt, a method is provided, the method comprising detecting one
or more gene fusions in a sample from a subject, to yield gene fusion detection data,
wherein at least one of the gene fusions is selected from the gene fusions listed in
Tables 1-3, 19, and 22, receiving by a computer system the gene fusion detection data,
and identifying by the computer system at least oné therapeutic option recommended

for the subject, based on the gene fusion detection data.

[0039]In one embodiment, a system is provided, the system comprising a detector
configured to (i) detect one or more gene fusions in a sample from a subject, to yield
gene fusion detection data, wherein at least one of the gene fusions is selected from the
gene fusions listed in Tables 1-3, 19, and 22 and (i) transmit the gene fusion detection
data; and a computer system configured to receive the gene fusion detection data and
identify at least one therapeutic option recommended for the subject, based on the gene

fusion detection data.

[0040] In another embodiment, a novel TP53 WT gene signature is provided as well as
methods of detecting expression levels of one or more of the TP53 WT gene signature

genes in Table 40.
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DESCRIPTION OF THE DRAWINGS

[0041] Figure 1 provides a workflow for gene fusion RNASeq data processing.

[0042] Figure 2 shows the classification scheme for gene variants for Gain of

Function and Loss of Function genes.

[0043] Figure 3 summarizes the data flow that integrates the various data types
into a Genetic Event Database (GEDB).

[0044] Figure 4 is a flowchart showing the roll up of genetic events

[0045] Figure 5 is a graph showing the TP53 WT expression signature is
significantly elevated in TP53 WT breast cancer compared to breast cancer samples

harboring a TP53 point mutation.

[0046]  Figure 6 is a graph showing the TP53 WT expression signature is
significantly elevated in TP53 WT lung cancer compared to lung cancer samples

harboring a TP53 mutation.

[0047] Figure 7 is a graph showing the TP53 WT expression signature is
significantly elevated in HP53 WT ovarian cancer compared to ovarian cnacer samples

. harboring a TP53 mutation.

[0048] Figure 8 A-D are gréphs depicting is Raw RPKM expression values (A-B) vs. z-
score normalized values for PLXNB21 and COL7A1 in Ovarian Serous Carcinoma
patients (C-D). The population-wide dips in PLXNB1 expression at exons 12, 17 and 23
are smoothed out in the normalized data. A sample predicted to harbor a fusion

between these genes, the red diamond indicates the caller-predicted breakpoint exon.

[0049] Figures 9 A-B is a table of frequent TP53 mutations by amino acid position.
Mutations displayed that occur with overall frequency in patients of >0.25% in the pan-
cancer analysis. A recurrent splice site mutation was identified at the intron-exon

junction affecting T-125

[0050] Figures 10 A-B is a table of Tp53 in-frame insertion and deletion mutations. The
maximum detected in-frame insertion-deletions identified was 21 bp. Greater than 99%

of non-transposon indels across the genome are <100bp.

12



WO 2015/149034 PCT/US2015/023197

DETAILED DESCRIPTION

[0051] The disclosure provides novel gene fusions and variants, as well as novel
associations of gene fusions and/or gene variants with certain types of cancers. Further
provided are probes, reaction mixtures, assays and kits that relate to the gene fusions

and/or variants disclosed herein.
Definitions

[0052] The term “marker’ or “biomarker” refers to a molecule (typically protein,
nucleic acid, carbohydrate, or lipid) that is expressed in the cell, expressed on the
surface of a cancer cell or secreted by a cancer cell in comparison to a non-cancer cell,
and which is useful for the diagnosis of cancer, for providing a prognosis, and for
preferential. targeting of a pharmacological agent to the cancer cell. Oftentimes, such
markers are molecules that are overexpressed in a cancer cell in comparison to a non-
cancer cell, for instance, 1-fold overexpression, 2-fold. overexpression, 3-fold
overexpression or more in comparison to a normal cell. Further, a marker can be a
molecule that is inappropriately synthesized in the cancer cell, for instance, a molecule
that contains deletions, additions or mutations in comparison to the molecule expressed
on a normal cell. Alternatively, such biomarkers are molecules ‘that are underexpressed
in a cancer cell in comparison to a non-cancer cell, for instance, 1-fold underexpression,
2-fold underexpression, 3-fold underexpression, or more. Further, a marker can be a_
molecule that is inappropriately synthesized in cancer, for instance, a molecule that
contains deletions, additions or mutations in comparison to the molecule expressed on

a normal cell.

[0053] It will be understood by the skilled- artisan that markers may be used in
combination with other markers or tests for any of the uses, e.g., prediction, diagnosis,

or prognosis of cancer, disclosed herein.

[0054] “Biological sample” includes sections of tissues such as biopsy and autopsy
samples, and frozen sections taken for histologic purposes. For example, the biological
sample can include a Fresh-Frozen Paraffin-Embedded (FFPE) sample. Alternatively, a
biological sample can include blood and blood fractions or products (e.g., serum,
plasma, platelets, red blood cells, and the like), sputum, bronchoalveolar lavage,
cultured cells, e.g., primary cultures, explants, and transformed cells, stool, urine, etc. A

biologiéal sample is typically obtained from a eukaryotic organism, most preferably a
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mammal such as a primate e.g., chimpanzee or human; cow; dog; cat; a rodent, e.g.,

guinea pig, rat, Mouse; rabbit; or a bird; reptile; or fish.

[0055] A “biopsy” refers to the process of removing a tissue sample for diagnostic
or prognostic evaluation, and to the tissue specimen itself. Any biopsy technique known
in the art can be applied to the diagnostic and prognostic methods of the present
invention. The biopsy technique applied will depend on the tissue type to be evaluated
(e.g., lung efc.), the size and type of the tumor, among other factors. Representative
biopsy techniques include, but are not limited to, excisional biopsy, incisional biopsy,
needle biopsy, surgical biopsy, and bone marrow biopsy. An “excisional biopsy” refers
to the removal of an entire tumor rﬁass with a small margin of normal tissue surrounding
it. An “incisional biopsy” refers to the removal of a wedge of tissue from within the
tumor. A diagnosis or prognosis made by endoscopy or radiographic guidance can
require a “core-needle biopsy”, or a “fine-needle aspiration biopsy” which generally
obtains a suspension of cells from within a target tissue. Biopsy techniques are
di'scussed, for example, in Harrison’s Principles of Internal Medicine, Kasper, et al.,
eds., 16th ed., 2005, Chapter 70, and throughout Part V.

[0056] The terms ‘“overexpress,” “overexpression,” or ‘“overexpressed”
interchangeably refer to a protein or nucleic acid (RNA) that is translated or transcribed
at a detectably greater level, usually in a cancer cell, in comparison to a normal cell.
The term includes overexpression due to transcription, post transcriptional processing,
translation, post-translational processing, cellular localization (e.g., organelle,
cytoplasm, nucleus, cell surface), and RNA and protein stability, as compared to a
normal cell. Overexpression can be- detected using conventional- techniques for
detecting mRNA (ie., RT-PCR, PCR, hybridization) or proteins (i.e., ELISA,
immunohistochemical techniques). Overexpression can be 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90% or more in comparison to a normal cell. In certain instances,
overexpression is 1-fold, 2-fold, 3-fold, 4-fold or more higher levels of transcription or

translation in comparison to a normal cell.

[0057] The terms “underexpress,” ‘underexpression,” or “underexpressed” or
“downregulated” interchangeably refer to a protein or nucleic acid that is translated or
transcribed at a detectébly lower level in a cancer cell, in comparison to a normal cell.
The term includes underexpression due to transcription, post transcriptional processing,
translation, post-translational processing, cellular localization (e.g., organelle,
cytoplasm, nucleus, cell surface), and RNA and protein stability, as compared to a

14
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control. Underexpression can be detected using conventional techniques for detecting
mRNA (i.e., RT-PCR, PCR, hybridization) or proteins (i.e., ELISA, immunohistochemical
techniques). Underexpression can be 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90% or less in comparison to a control. In certain instances, underexpression is 1-fold,
2-fold, 3-fold, 4-fold or more lower levels of transcription or translation in comparison to

a control.

[0058] The term ‘“differentially expressed” or “differentially regulated” refers
generally to a protein or nucleic acid that is overexpressed (upregulated) or
underexpressed (downregulated) in one sample compared to at least one other sample,
generally in a cancer patient compared to a sample of non-cancerous tissue in the

context of the present invention.

[0059] The term “system” sets forth a set of components, real or abstract, comprising a
whole where each component interacts with or is related to at least one other

component within the whole.

[0060] The terms “polypeptide,” “peptide” and “protein” are used interchangeably herein
to refer to a polymer of émino acid residues. The terms apply to amino acid polymers in
which one or more amino acid residue is an artificial chemical mimetic of a
corresponding naturally occurring amino acid, as well as to naturally occurring amino

acid polymers and non-naturally occurring amino acid polymer.

[0061] The term “amino acid” refers to naturally occurring and synthetic amino
acids, as well as amino acid analogs and amino acid mimetics that function in a manner
similar to the naturally occurring amino acids. Naturally occurring amino acids are those
encoded by the genetic code, as well as those amino acids that are later modified, e.g.,
hydroxyproline, y-carboxyglutamate, and O-phosphoserine. Amino acid analogs refers
to compounds that have the same basic chemical structure as a naturally occurring
amino acid, i.e., a carbon that is bound to a hydrogen, a carboxyl group, an amino
group, and an R group, e.g., homoserine, norleucine, methionine sulfoxide, methionine
methyl sulfonium. Such analogs have modified R groups (e.g., norleucine) or modified
peptide backbones, but retain the same basic chemical structure as a naturally
occurring amino acid. Amino acid mimetics refer to chemical compounds that have a
structure that is different from the general chemical structure of an amino acid, but that

functions in a manner similar to a naturally occurring amino acid.
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[0062] Amino acids may be referred to herein by either their commonly known three
letter symbols or by the one-letter symbols recommended by the IUPAC-IUB
Biochemical Nomenclature Commission. Nucleotides, likewise, may be referred to by

their commonly accepted single-letter codes.

[0063] As to amino acid sequences, one of skill will recognize that individual
sut_)stitutions, deletions or additions to a nucleic acid, peptide, polypeptide, or protein
sequence which alters, adds or deletes a single amino acid or a small percentage of
amino acids in the encoded sequence is a “conservatively modified variant” where the
alteration results in the substitution of an amino acid with a chemically similar amino
acid. Conservative substitution tables providing functionally similar amino acids are well
known in the art. Such conservatiilely modified variants are in addition to and do not

exclude polymorphic variants, interspecies homologs, and alleles of the invention.

[0064] The following eight groups each contain amino acids that are conservative
substitutions for one another: 1) Alanine (A), Glycine (G); 2) Aspartic acid (D), Glutamic
acid (E); 3) Asparagine (N), Glutamine (Q); 4) Arginine (R), Lysine (K), 5) Isoleucine (l),
Leucine (L), Methionine (M), Valine (V); 6) Phenylalanine (F), Tyrosine (Y), Tryptophan
(W); 7) Serino (S), Threonine (T); and 8) Cysteine (C), Methionine (M). See, e.g.,
Creighton, Proteins (1984). .

[0065] The phrase “specifically (or selectively) binds” when referring to a protein,
nucleic acid, antibody, or small molecule compound refers to a binding reaction that is
determinative of the presence of the protein or nuclei_c acid, such as the differentially
expressed genes of the present invention, often in a heterogeneous population of
proteins or nucleic acids and other biologics. In the case of antibodies, under
designated immunoassay conditions, a specified antibody may bind to a particular
protein at least two times the background and more typically more than 10 to 100 times
background. Specific binding to an antibody under such conditions requires an antibody
that is selected for its specificity for a particular protein. For example, polyclonal
antibodies can be selected to obtain only those polyclonal antibodies that are
specifically immunoreactive with the selected antigen and not with other proteins. This
selection may be achieved by subtracting out antibodies that cross-react with other
molecules. A variety of immunoassay formats may be used to select antibodies
specifically immunoreactive with a particular protein. For example, solid-phase ELISA
immunoassays are routinely used to select antibodies specifically immunoreactive with
a protein (see, e.g., Harlow & Lane, Antibodies, A Laboratory Manual (1988) for a
16
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description of immunoassay formats and conditions that can be used to determine

specific immunoreactivity).

[0066] The phrase “functional effects” in the context of assays for testing
compounds that m'odulate a marker protein includes the determination of a parameter
that is indirectly or directly under the influence of a biomarker of the invention, e.g., a
chemical or phenotypic. A functional effect therefore includes Iiga\nd binding activity,
transcriptional act_ivation or repression, the ability of cells to proliferate, the ability to
migrate, among others. “Functional effects” include in vitro, in vivo, anq ex vivo

activities.

[0067] By “determining the functional effect” is meant assaying for a compound that
increases or decreases a parameter that is indirectly or directly under the influence of a
biomarker of the invention, e.g., measuring physical and chemical or phenotypic effects.
Such functional effects can be measured by any means known to those skilled in the
art, e.g., changes in spectroscopic characteristics (e.g., fluorescence, absorbance,
refractive index); hydrodynamic (e.g., shape), chromatographic; or solubility properties
for the protein; ligand binding assays, e.g., binding to antibodies; measuring inducible
markers or transcriptional activation of the marker; measuring changes in enzymatic
activity; the ability to increase or decrease cellular proliferation, apoptosis, cell cycle
arrest, measuring changes in cell surface markers. The functional effects can be
evaluated by many means known to those skilled in the art, e.g., microscopy for
quantitative or qualitative measures of alterations in morphological features,
measurement of changes in RNA or protein levels for other genes expressed in
placental tissue, measurement of RNA stability, identification of downstream or reporter
gene expression (CAT, |uciferase, B-gal, GFP and the like), e.g., via
chemiluminescence, fluorescence, colorimetric reactions, antibody binding, inducible

markers, etc.

[0068] “Inhibitoré,” “activators,” and “modulators” of the markers are used to refer to
activating, inhibitory, or modulating molecules identified using in vitro and in vivo assays
of cancer biomarkers. Inhibitors are compounds that, e.g., bind to, partially or totally
block activity, decrease, prevent, delay activation, inactivate, desensitize, or down
regulate the activity or expression of cancer biomarkers. “Activators” are compounds
that increase, open, activate, facilitate, enhance activation, sensitize, agonize, or up
regulate activity of cancer biomarkers, e.g., agonists. Inhibitors, activators, or
modulators also include genetically modified versions of cancer biomarkers, e.g.,
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versions with altered activity, as well as naturally occurring and synthetic ligands,
antagonists, agonists, antibodies, peptides, cyclic peptides, nucleic acids, antisense
molecules, ribozymes, RNAi and siRNA molecules, small organic molecules and the
like. Such assays for inhibitors and activators include, e.g., expressing cancer
biomarkers in vitro, in cells, or cell extracts, applying putative modulator compounds,

and then determining the functional effects on activity, as described above.

[0069] A "probe" or "probes" refers to a pblynucleotide that is at least eight (8)
nucleotides in length and which forms a hybrid structure with a target sequence, due to
complementarity of at least one sequence in the probe with a sequence in the target
_region. The polynucleotide can be composed of DNA and/or RNA. Probes in certain
embodiments, are detectably labeled, as discussed in more detail herein. Probes can
vary significantly in size. Generally, probes are, for example, at least 8 to 15
nucleotides in length. Other probes are, for example, at least 20, 30 or 40 nucleotides
long. Still other probes are somewhat longer, being at least, for example, 50, 60, 70,
80, 90 nucleotides long. Yet other probes are longer still, and are at least, for example,
100, 150, 200 or more nucleotides long. Probes can be of any specific length that falls
within the foregoing ranges as well. Preferably, the probe does not contain a sequence
complementaryvto the sequence(s) used to prime for a target sequence during the

polymerase chain reaction.

[0070] The terms "complementary" or "complementarity”" are used in reference to
polynucleotides (that is, a sequence of nucleotides) related by the base-pairing rules.
For example, the sequence "A-G-T," is complementary to the sequence "T-C-A."
Complementarity may be "partial," in which only some of the nucleic acids' bases are
matched according to the base pairing rules. Alternatively, there may be "complete” or
“"total" complementarity between the nucleic acids. The degree of complementarity
between nucleic acid strands has significant effects on the efficiency and strength of

hybridization between nucleic acid strands.

[0071] "Oligonucleotide" or “polynucleotide” refers to a polymeric form of
nucleotides of any length, either deoxyribonucleotide or ribonucleotide. These terms
include, bu_t are not limited to, a single-, double- or triple-stranded DNA, genomic DNA,
cDNA, RNA, DNA-RNA hybrid, or a polymer comprising purine and pyrimidine bases or
other natural chemically, biochemically modified non-natural or derivatized nucleotide

bases.
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[0072] “Amplification detection assay” refers to a primer pair and matched probe
wherein the primer pair flanks a region of a target nucleic acid, typically a target gene,

that defines an amplicon, and wherein the probe binds to the amplicon.

[0073] The terms “‘genetic variant” and “nucleotide variant” are used herein
interchangeably to refer to changes or alterations to the reference human gene or cDNA
sequence at a particular Ibcus, including, but not limited to, nucleotide base deletions,
insertions, inversions, and substitutions in the coding and noncoding regions. Deletions
may be of a single nucleotide base, a portion or a region of the nucleotide sequence of
the gene, or of the entire gene sequence. Insertions may be of one or more nucleotide
bases. The “genetic variant” or “nucleotide variant’” may occur in transcriptional
regulatory regions, untranslated regions of mRNA, exons, introns, or exon/intron
junctions. The “genetic variant” or “nucleotide variant” may or may not result in stop
codons, frame shifts, deletions of amino acids, altered gene transcript splice forms or

altered amino acid sequence.

[0074] The term “gene” refers to a polynucleotide (e.g., a DNA segment), that
encodes a polypeptide and includes regions preceding and following the .coding regions
as well as intervening sequences (introns) between individual coding segments (exons).
Parent genes or protein sequences are presented as Entrez Gene IDs or accession
numbers. For example, the ZNF479 Entrez Gene ID is 90827. If any changes have
been made to the sequénce in the Gene ID in Entrez, the change is indicated after the
Gene ID with a decimal and the number of the change (e.g., 90827.1). Further, for
example, TPM1 has the accession number NM_004304.

[0075] The term “allele” or “gene allele” is used herein to refer generally to a
naturally occurring gene having a reference sequence or a gene containing a specific

nucleotide variant.

[0076] As used herein, “haplotype” is a combination of genetic (nucleotide) variants
in a region of an mRNA or a genomic DNA on a chromosome found in an individual.
Thus, a haplotype includes a number of genetically linked polymorphic variants which

are typically inherited together as a unit.

[0077] As used herein, the term “amino acid variant” is used to refer to an amino
acid change to a reference human protein sequence resulting from “genetic variant” or -
“nucleotide variant” to the reference human gene encoding the reference protein. The

term “amino acid variant’ is intended to encompass not only single amino acid
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substitutions, but also amino acid deletions, insertions, and other signincant changes or
amino acid sequence in the reference protein. Variants of the invention are described
by the following nomenclature: [original amino acid residue/position/substituted amino
acid residue]. For example, the substitution of leucine for arginine at position 76 is

represented as R76L.

[0078] The term “genotype” as used herein means the nucleotide characters at a
particular nucleotide variant marker (or locus) in either one allele or both alleles of a
gene (or a particular chromosome region). With respect to a particular nucleotide
position of a gene of interest, the nucleotide(s) at that locus or equivalent thereof in one
or both alleles form the genotype of the gene at that locus. A genotype can be
homozygous or heterozygous. Accordingly, “genotyping” means determining the
genotype, that is, the nucleotide(s) at a particular gene locus. Genotyping can also be
done by determining the amino acid variant at a particular position of a protein which

can be used to deduce the corresponding nucleotide variant (s).

[0079] A set of probes typically refers to a set of primers, usually primer pairs,
and/or detectably-labeled probes that are used to detect the target genetic variations.
The primer pairs are used in an amplification reaction to define an amplicon that spans
a region for a target genetic variation for each of the aforementioned genes. The set of
amplicons are detected by a set of matched probes. In an exemplary embodiment, the
invention is a set of TagMan™ (Roche Molecular Systems, Pleasanton, CA) assays that
are used to detect a set of target genetic variations used in the methods of the

invention.

[0080] In one embodiment, the set of probes are a set of primers used to generate
amplicons that are detected by a nucleic acid sequencing reaction, such as a next
generation sequencing reaction. In these embodiments, for example, AmpliSEQ™ (Life
Technologies/lon Torrent, Carlsbad, CA) or TruSEQ™ (lllumina, San Diego, CA)
technology can be employed. In other embodiments, the two or more probes are primer

pairs.

[0081] A modified ribonucleotide or deoxyribonucleotide refers to a molecule that
can be used in place of naturally océurring bases in nucleic acid and includes, but is not
limited to, modified purines and pyrimidines, minor bases, converti.b|e nucleosides,
structural analogs of purines and pyrimidines, labeled, derivatized and modified
nucleosides and nucleotides, conjugated nucleosides and nucleotides, sequence

modifiers, terminus modifiers, spacer modifiers, and nucleotides with backbone
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modifications, including, but not Ilimited to, nbose- modimed nucieouaes,
phosphoramidates, phosphorothioates, phosphonamidites, methyl phosphonates,
" methyl phosp7horamidites, methyl phosphonamidites, 5'-B- cyanoethyl
phosphoramidites, methylenephosphonates, phosphorodithioates, peptide nucleic

acids, achiral and neutral internucleotidic linkages.

[0082] "Hybridize" or "hybridization" refers to the binding between nucleic acids.
The conditions for hybridization can be varied according to the sequence homology of
the nucleic acids to be bound. Thus, if the sequence homology between the subject
nucleic acids is high, stringent conditions are used. If the sequence homology is low,
mild conditions are used. When the hybridization conditions are stringeni, the
hybridization specificity increases, and this increase of the hybridization specificity leads
to a decrease in the yield of non-specific hybridization products. Howevér, under mild
Ahybridizatibn conditions, the hybridization specificity decreases, and this decrease in the
hybridization specificity leads to an increase in the yield of non-specific hybridization

products.

[0083] "Stringent conditions” refers to conditions Qnder which a probe will hybridize
to its target subsequence, typically in a complex mixture of nucleic acids, but to no other
sequences. Stringent conditions are sequence-dependent and will be different in
different circumstances. Longer sequences hybridize specifically at higher
temperatures. An extensive guide to the hybridization of nucleic acids is found in
Tijssen, Techniques in Biochemistfy and Molecular Biology--Hybridization with Nucleic
Probes, "Overview of principles of hybridization and the strategy of nucleic acid assays"
(1993)- Generally, stringent conditions are selected to be about 5-10°C lower than the
thermal melting point (Tnm) for the specific sequence at a defined ionic strength pH. The
Tm is the temperature (under defined ionic strength, pH, and nucleic concentration) at
which 50% of the probes complementary to the target hybridize to the target sequence
at equilibrium (as the target sequences are present in excess, at Tm, 50% of the probes
are occupied at equilibrium). Stringent conditions may also be achieved with the
addition of destabilizing agents such as formamide. For selective or specific
hybridization, a positive signal is at least two times background, preferably 10 times
background hybridization. Exemplary stringent hybridization conditions can be as
following: 50% formamide, 5x SSC, and 1% SDS, incubating at 42°C, or, 5x SSC, 1%
SDS, incubating at 65°C, with wash in 0.2x SSC, and 0.1% SDS at 65°C.
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[0084] Nucleic acids that do not hybridize to each other under stringent conditions
are still substantially identical if the polypeptides which they encode are substantially
identical. This occurs, for example, when a copy of a nucleic acid is created using the
maximum codon degeneracy permitted by the genetic code. In such cases, the nucleic
acids typically hybridize under moderately stringent hybridization conditions. Exemplary
"moderately stringent hybridization conditions" include a hybridization in a buffer of
40% formamide, 1 M NaC1, 1% SDS at 37°C, and a wash in 1X SSC at 45°C. A
positive hybridization is at least twice background. Those of ordinary skill will readily
recognize that alternative hybridization and wash conditions can be utilized to provide
conditions- of similar stringency. Additional guidelines for determining hybridization
parameters are provided in numerous reference, e.g., and Current Protocols in

Molecular Biology, ed.

[0085] Hybridization between nucleic acids can occur between a DNA molecule
and a DNA molecule, hybridization between a DNA molecule and a RNA molecule, and

hybridization between a RNA molecule and a RNA molecule.

~ [0086] A "mutein" or "variant" refers to a polynucleotide or polypeptide that differs
relative to a wild-type or the most prevalent form in a population of individuals by the
exchange, deletion, or insertion of one or more nucleotides or amino acids, respectively.
The number of nucleotides or amino acids exchanged, deleted, or inserted can be 1, 2,
3,4,56,7,8,9 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more such as 25, 30, 35,
40, 45 or 50. The term mutein can also encompass a translocation, for example the
fusion of the polypeptides encoded by the ALK and TPM1 genes (TPM1/ALK).

[0087]  “Gene fusion” refers to a chimeric genomic DNA resulting from the fusion of
~ at least a portion of a first gene to a portion of a second gene. The point of transition
between the sequence from the first gene in the fusion to the sequence from the second

gene in the fusion is referred to as the “breakpoint” or “fusion point.”
[0088] Transcription of the gene fusion results in a chimeric mMRNA.

[0089] “Single nucleotide polymorphism” or “SNP” refers to a DNA sequence
variation that occurs when a single nucleotide (A, T, G, or C) in the genome differs

between members of a biological species or paired chromosomes in a human.

[0090] “Mutation” is defined herein as a specific change at a genomic location, i.e.
Chromosome, start, stop, reference base, alternate base, variant type (SNP, INS, DEL)

etc.
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[0091] “Annotation” is defined herein as a transcript-specitic set ot properties that
describe the effect of the mutation, i.e.: Gene, transcript, variant classification, variant

change, variant codon position, etc.

[0092] A "primer" or "primer sequence" refers to an oligonucleotide that hybridizes
to a target nucleic acid sequence (for example, a DNA template to be amplified) to
prime a nucleic acid synthesis reaction. The primer may be a DNA oligonucleotide, a
RNA oligonucleotide, or a chimeric sequence. The primer may contain natural,
synthetic, or modified nucleotides. Both the upper and lower limits of the length of the
primer are empirically determined. The lower limit on primer length is the minimum
length that is required to form a stable duplex upon hybridization with the target nucleic
acid under nucleic acid amplification reaction conditions. Very short primers (usually
less than 3-4 nucleotides long) do not form thermodynamically stable duplexes with
target nucleic acids under such hybridization conditions. The upper limit is often
determined by the possibility of having a duplex formation in a region other than the pre-
determined nucleic acid sequence in the target nucleic acid. Generally, suitable primer
lengths are in the range of about 10 to about 40 nucleotides long. In certain
embodiments, for example, a primer can be 10-40, 15-30, or 10-20 nucleotides long. A
primer is capable of acting as a point of initiation of synthesis on a polynucleotide

sequence when placed under appropriate conditions.

[0093] The primer will be completely or substantially complementary to a region of
the target polynucleotide sequence to be copied. Therefore, under conditions conducive
toL hybridization, the primer will anneal to the complementary region of the target
sequence. Upon addition of suitable reactants, including, but not limited to, a
polymerase, nucleotide triphosphates, etc., the primer is extended by the polymerizing
agent-to form a copy of the target sequence. The primer may be single-stranded or

alternatively may be partially double-stranded.

[0094] "Detection," "detectable" and grammatical equivalents thereof refers to ways
of determining the presence and/or quantity and/or identity of a target nucleic acid
sequence. In some embodiments, detection occurs amplifying the target nucleic acid
sequence. In other embodiments, sequencing of the target nucleic acid can be
characterized as "detecting" the target nucleic acid. A label attached to the probe can
include any of a variety of different labels known in the art that can be detected by, for
example, chemical or physical means. Labels that can be attached to probes may
include, for example, fluorescent and luminescence materials.
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[0095] "Amplifying,"” "amplification,” and grammatical equivalents thereot refers to
any method by which at least a part of a target nucleic acid sequence is reproduced in a
template-dependent manner, including without limitation, a broad range of techniques
for amplifying nucleic acid sequences, either linearly or exponentially. Exemplary means
for performing an amplifying step include ligase chain reaétion (LCR), ligase detection
reaction (LDR), ligation followed by Q-replicase émplification, PCR, primer extension,
strand displacement amplification (SDA), hyperbranched strand:- displacement
amplification, multiple displacement amplification (MDA), nucleic acid strand-based
amplification (NASBA), two-step multiplexed amplifications, rolling circle amplification
(RCA), recombinase-polymerase amplification (RPA)(TwistDx, Cambridg, UK), and self-
sustained sequence replication (3SR), including multiplex versions or combinations
thereof, for example but not limited to, OLA/PCR, PCR/OLA, LDR/PCR,
PCR/PCR/LDR, PCR/LDR, LCR/PCR, PCR/LCR (also known as combined chain
reaction-CCR), and the like. Descriptions of such techniques can be found in, among
other places, Sambrook et al. Molecular Cloning, 3 Edition; Ausbel et al.; PCR Primer:
A Laboratory Manual, Diffenbach, Ed., Cold Spring Harbor Press (1995); The Electronic
Protocol Book, Chang Bioscience (2002), Msuih et al., J. Clin. Micro. 34:501-07 (1996);
The Nucleic Acid Protocols Handbook, R. Rapley, ed., Humana Press, Totowa, N.J.
(2002).

[0096] Analysis of nucleic acid markers can be performed using techniques known
in the art including, without limitation, sequence analysis, and electrophoretic analysis.
Non-limiting examples of sequence analysis include Maxam-Gilbert sequencing, Sanger
sequencing, capillary array DNA sequencing, thermal cycle sequencing (Sears et al.,
Biotechniques, 13:626-633 (1992)), ‘solid-phase sequencing (Zimmerman et al.,
Methods Mol. Cell Biol., 3:39-42 (1992)), sequencing with mass spectrometry such as
matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-
TOF/MS; Fu et al, Nat. Biotechnol., 16:381-384 '(1998)), and sequencing by
hybridization. Chee et al., Science, 274:610-614 (1996), Drmanac et al., Science,
260:1649-1652 (1993); Drmanac et al., Nat. Biotechnol., 16:54-58 (1998). Non-limiting
examples of electrophoretic analysis include slab gel electrophoresis such as agarose
“or polyacrylamide gel electrophoresis, capillary electrophoresis, and denaturing gradient
gel electrophoresis. Additionally, - next generation sequencing methods can be
performed using commercially available kits and instruments from companies such as
the Life Technologies/lon Torrent PGM or Proton, the lllumina HISEQ or MiSEQ, and

the Roche/454 next generation sequencing system.
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[0097] In some embodiments, the amount of probe that gives a fluorescent signal in
response to an excited light typically relates to the amount of nucleic acid produced in
the amplifiéation reaction. Thus, in some embodiments, the amount of fluorescent signal
is_related to the amount of product created in the ampliﬂcétion reaction. In such
embodiments, one can therefore measure the amount of amplification product by

measuring the intensity of the fluorescent signal from the fluorescent indicator.

[0098] "Detectably labeled probe" or “detector probe” refers to a molecule used in
an amplification reaction, typically for quantitative or real-time PCR analysis, as well as
end-point analysis. Such detector probes can be used to monitor the amplification of the
target nucléic acid sequence. In some embodiments, detector probes present in an
amplification reaction are suitable for monitoring the amount of amplicon(s) produced as
a function of time. Such detector probes include, but are not limited to, the 5'-
exonuclease assay (TAQMAN® probes described herein (see also U.S. Pat. No.
5,538,848) various stem-loop molecular beacons (see for example, U.S. Pat. Nos.
6,103,476 and 5,925,517 and Tyagi and Kramer, 1996, Nature Biotechnology 14:303-
308), stemless or linear beacons (see, e.g., WO 99/21881), PNA Molecular Beacons™
(see, e.g.; U.S. Pat. Nos. 6,355,421 and 6,593,091), linear PNA beacons (see, for
example, Kubista et al., 2001, SPIE 4264:53-58), non-FRET probes (see, for example,
U.S. Pat. No. 6;150,097), Sunrise®/Amplifluor™ probes (U.S. Pat. No. 6,548,250),
stem-loop and duplex Scorpion probes (Solinas et al., 2001, Nucleic Acids Research
29:E96 and U.S. Pat. No. 6,589,743), bulge loop probes (U.S. Pat. No. 6,590,091),
pseudo knot probes (U.S. Pat. No. 6,589,250), cyclicons (U.S. Pat. No. 6,383,752),
MGB Eclipse™ probe (Epoch Biosciences), hairpin probes (U.S. Pat. No. 6,596,490),
peptide nucleic acid (PNA) light-up probes, self-assembled nanoparticle probes, and
ferrocene-modified probes described, for example, in U.S. Pat. No. 6,485,901, Mhlanga
et al., 2001, Methods 25:463-471, Whitcombe et al., 1999, Nature Biotechnology.
17:804-807; Isacsson et al., 2000, Molecular Cell Probes. 14:321-328; Svanvik et al,,
2000, Anal Biochem. 281:26-35; Wolffs et al., 2001, Biotechniques 766:769-771,
Tsourkas et al., 2002, Nucleic Acids Research. 30:4208-4215; Riccelli et al., 2002,
Nucleic Acids Research 30:4088-4093; Zhang et al., 2002 Shanghai. 34:329-332;
Maxwell et al., 2002, J. Am. Chem. Soc. 124:9606-9612; Broude et al., 2002, Trends
Biotechnol. 20:249-56; Huang et al., 2002, Chem. Res. Toxicol. 15:118-126; and Yu et
al., 2001, J. Am. Chem. Soc 14:11155-11161. '
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[0099] Detector probes can also include quenchers, Including without limitation
black hole quenchers (Biosearch), lowa Black (IDT), QSY quencher (Molecular Probes),

and Dabsyl and Dabcel sulfonate/carboxylate Quenchers (Epoch).

[00100] Detector probes can also include two probes, wherein for example a fluor is
on one probe, and a quencher is on the other probe, wherein hybridization of the two
probes together on a target quenches the signai, or wherein hybridization on the target
alters the signal signature via a change in fluorescence. Detector probes can also
comprise sulfonate derivatives of fluorescenin dyes with SOz instead of the carboxylate
group, phosphoramidite forms of fluorescein, phosphoramidite forms of CY 5
(commercially available for example from Amersham). In some embodiments,
interchelating labels are used such as ethidium bromide, SYBR® Green | (Molecular
Probes), and PicoGreen® (Molecular Probes), thereby allowing visualization in real-
time, or end point, of an amplification product in the absence of a detector probe. In
some embodiments, real-time visualization can comprise both an intercalating detector
probe and a sequence-based detector probe can be employed. In some embodiments,
the detector probe is at least partially quenched when not hybridized to a
complementary sequence in the amplification reaction, and is at least partially
unquenched when hybridized to a complementary sequence in the amplification
reaction. In some embodiments, the detector probes of the present teachings have a
Tm of 63-69° C., though it will be appreciated that guided by the present teachings
routine experimentation can result in detector probes with other Tms. In some
embodiments, probes can further comprise various modifications such as a minor
groove binder (see for example U.S. Pat. No. 6,486,308) to further provide desirable

thermodynamic characteristics.

[00101] In some embodiments, detection can occur through any of a variety of
mobility dependent analytical techniques based on differential rates of migration
between different analyte species. Exemplary mobility-dependent analysis techniques
include electrophoresis, chromatography, mass spectroscopy, sedimentation, for
example, gradient centrifugation, field-flow fractionation, multi-stage extraction
techniques, and the like. In some embodiments, mobility probes can be hybridized to
amplification products, and the identity of the target nucleic acid sequence determined
via a mobility dependent analysis technique of the eluted mobility probes, as described
for example in Published P.C.T. Application WO04/46344 to Rosenblum et al, and
WO01/92579 to Wenz et al. In some embodiments, detection can be achieved by
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various microarrays and related software such as the Applied Biosystems Array System
with the Applied Biosystems 1700 Chemiluminescent Microarray Analyzer and other
commeréially available array systems available from Affymetrix, Agilent, lllumina, and
Amersham Biosciences, among others (see also Gerry et al., J. Mol. Biol. 292:251-62,
1999: De Bellis et al., Minerva Biotec 14:247-52, 2002; and Stears et al., Nat. Med.
9:14045, including supplements, 2003). It will also be appreciated that detection can
comprise reporter groups that are incorporated into the reaction products, either as part
of labeled primers or due to the incorporation of labeled dNTPs during an amplification,
or attached to reaction products, for example but not limited to, via hybridization tag
complements comprising reporter groups or via linker arms that ére integral or attached
to reaction products. Detection of unlabeled reaction products, for example using mass

spectrometry, is also within the scope of the current teachings.

[00102] “Aberration” Means a genomic structural variation or alteration of DNA.
Examples ihclude: over- . /under-expression; copy number amplification/deletion;

mutation; gene fusion; etc.

[

[00103] “Driver Event’ means a genomic aberration, representing a Gain of Function

(GoF) mutation, a fusion, or copy number peak.
[00104] “Recurrent” means ccurrence of an event in 3 or more tumor samples.

[00105] “Mitelman” means a database of Chromosome Aberrations and Gene

Fusions in Cancer manually curated from literature. http://goo.gl/PnXMT
[00106] GENE FUSIONS

Table 1:Gene Fusions

Cancer Type Gene A Gene B orientation Druggable gene
Symbol Symbol
Bladder Urothelial Carcinoma ALK TPMI TPMI/ALK ALK
Colon Adenocarcinoma ALK PRKARIA PRKARIA/ALK ALK
Cutaneous Melanoma ALK NCOAI NCOAI/ALK ALK
Ovarian Serous Cystadenocarcinoma CASR LPP LPP/CASR CASR
Glioblastoma EGFR MDM2 MDM2/EGFR EGFR
Lower Grade Glioma ELAVL3 FGFR3 FGFR3/ELAVL3 FGFR3
Acute Myeloid Leukemia B2M GNAS B2M/GNAS GNAS
Clear Cell Renal Cell Carcinoma DOCKS JAK2 DOCKS8/JAK2 JAK2
Papillary Renal Cell Carcinoma HNFIB NOTCHI HNFIB/NOTCHI1 NOTCHI
Glioblastoma NFASC NTRK1 NFASC/NTRK1 NTRK1
Thyroid Gland Carcinoma NTRKI SSBP2 SSBP2/NTRK1 NTRKI1 -
Thyroid Gland Carcinoma NTRK1 SQSTMI SQSTMI/NTRKI NTRK1
Prostate' Adenocarcinoma PIK3CA -TBL1XR1 TBL1XRI1/PIK3CA | PIK3CA
Thyroid Gland Carcinoma AKAPI3 RET AKAPI3/RET RET
Thyroid Gland Carcinoma FKBP15 RET FKBP15/RET RET
Thyroid Gland Carcinoma RET TBL1XRI1 TBLI1XRI/RET RET
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Cancer Type Gene A Gene B orientation Druggable gene
) Symbol Symbol :

Glioblastoma CEP85L ROS1 CEP85L/ROSI1 ROS]1.

Thyroid Gland Carcinoma ALK GTF2IRDI GTF2IRDI/ALK ALK

Ovarian Serous Cystadenocarcinoma BRS3 HTATSF1 HTATSF1/BRS3 BRS3

Invasive Breast Carcinoma CCDC132 CDH1 CDH1/CCDC132; CDH!1
CCDCI132/CDHI1

Invasive Breast Carcinoma ERBB2 SLC29A3 ERBB2/SLC29A3 ERBB2

Thyroid Gland Carcinoma MET TFG MET/TFG; MET
TFG/MET

Ovarian Serous Cystadenocarcinoma MNDA NOTCH2 NOTCH2/MNDA NOTCH2

Thyroid Gland Carcinoma IRF2BP2 NTRK1 IRF2BP2/NTRK 1 NTRK1

QOvarian Serous Cystadenocarcinoma EIF2C2 PTK2 EIF2C2/PTK2 PTK2

Invasive Breast Carcinoma HOXB3 RARA RARA/HOXB3 RARA

Prostate Adenocarcinoma ETV4 STAT3 STAT3/ETV4 STAT3

Invasive Breast Carcinoma C17orf64 TOP1 TOP1/C170rf64 TOP1

Prostate Adenocarcinoma KIAAQ753 TP53 TP53/KIAAQ753 TPS53

Glioblastoma GFAP VIM GFAP/VIM; VIM-
VIM/GFAP

Thyroid Gland Carcinoma LTK UACA UACA/LTK LTK

Papillary Renal Cell Carcinoma ALK STRN STRN/ALK ALK

Thyroid Gland Carcinoma ALK STRN STRN/ALK ALK

Cutaneous Melanoma BRAF CDC27 CDC27/BRAF BRAF

Thyroid Gland Carcinoma BRAF MACF1 MACF1/BRAF BRAF

Thyroid Gland Carcinoma BRAF MKRN1 MKRN1/BRAF BRAF

Cutaneous Melanoma BRAF TAX1BP1 TAX1BP1/BRAF BRAF

Prostate Adenocarcinoma BRAF JHDM1D JHDM1D/BRAF BRAF

Table 2: Gene Fusions

Cancer Type Gene A Symbol | Gene B Symbol | Orientation Druggable

gene .

Cutaneous Melanoma CLCN6 RAF1. CLCN6/RAF1 RAF1

Cutancous Melanoma - TRAKI1 RAFI TRAK/RAF1 RAF1

Colon Adenocarcinoma AKT1 PRKACA PRKACA/AKTI1 AKTI1

Endometrial Endometrioid | AKT1 PRKACA PRKACA/AKTI AKTI1

Adenocarcinoma

Colon Adenocarcinoma AKT2 PRKACA PRKACA/AKT2 AKT2

Lung Adenocarcinoma FYN MLL MLL/FYN FYN

Lung Adenocarcinoma ECHDI1 FYN ECHDI1/FYN FYN

Invasive Breast Carcinoma | JAK2 - TTC13 TTC13/JAK2 JAK2

Gastric Adenocarcinoma CAB39 ERBB2 CAB39/ERBB2 ERBB2

Endometrial Endometrioid | BRAF EXOC4 EXOC4/BRAF BRAF

Adenocarcinoma

Invasive Breast Carcinoma | HOOK3 IKBKB HOOK3/IKBKB IKBKB

Invasive Breast Carcinoma | CDK6 KRIT1 KRIT1/CDK6 CDK6

Gastric Adenocarcinoma CAPZA2 MET CAPZA2/MET MET

Invasive Breast Carcinoma | ACE MLLT6 MLLT6/ACE ACE

Endometrial Endometrioid | HLA-C MUCI16 HLA-C/MUC16 MUCI16

Adenocarcinoma

Head and Neck Squamous | LYN NTRK3 LYN/NTRK3 LYN,

Cell Carcinoma NTRK3

Ovarian Serous MUCI16 OR7G2 MUC16/0OR7G2 MUC16

Cystadenocarcinoma
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Cancer Type Gene A Symbol | Gene B Symbeo!l | Orientation Druggable
ene
Ovarian Serous MDK RABIIB RAB11B/MDK MDK
Cystadenocarcinoma
Squamous Cell Lung GADD45GIP1 RBI RB1/GADD45GIP1 RB1
Carcinoma
Gastric Adenocarcinoma PRKAR2A RHOA PRKAR2A/RHOA RHOA
Cutaneous Melanoma MAPKI SHANK3 SHANK3/MAPKI MAPK1
* Thyroid Gland Carcinoma | RET SPECCIL SPECCIL/RET RET
Ovarian Serous IGFBP2 SPP1 IGFBP2/SPP1 IGFBP2,
Cystadenocarcinoma SPP1
Invasive Breast Carcinoma | PAPD7 SRDS5A! PAPD7/SRDS5ATL; SRDS5A1
SRD5A1/ PAPD7
Glioblastoma RARA TAOK]1 TAOKI1/RARA RARA
Gastric Adenocarcinoma CDK12 THRA THRA/CDK12 THRA
Invasive Breast Carcinoma | NARS2 TOPI NARS2/TOPI TOPI1
Gastric Adenocarcinoma PTK2 TRAPPC9 PTK2/TRAPPCY; PTK2
TRAPPC9/PTK?2
Invasive Breast Carcinoma | CBL UBE4A CBL/UBE4A CBL
Lower Grade Glioma GFAP VIM GFAP/VIM; VIM
VIM/GFAP
Invasive Breast Carcinoma | ADAM9 WRN WRN/_ADAM9 ADAM9
Colon and Rectal MAP2K2 YWHAE YWHAE/MAP2K2 MAP2K2
Adenocarcinoma
Head and Neck Squamous
Cell Carcinoma ALK CLIP4 CLIP4/ALK ALK
Squamous Cell Lung
Carcinoma ALK CLIP4 CLIP4/ALK ALK
Thyroid Gland Carcinoma | ALK MEMOI1 MEMOI/ALK ALK
BRAF/SND1;
Thyroid Gland Carcinoma | BRAF SNDI SNDI1/BRAF BRAF
Thyroid Gland Carcinoma | BRAF ZC3HAVI ‘| ZC3HAV1/BRAF BRAF
Table 3: Gene Fusions
Cancer Type Gene A Gene B orientation Druggable Cancer type
Symbol Symbol gene precedent
Thyroid Gland NOTCHI1 SEC16A SECI16A- NOTCHI1 breast cancer
Carcinoma NOTCHI
Invasive Breast ERCI1 RET ERCI-RET RET thyroid cancer
Carcinoma
Ovarian Serous CCDC170 ESRI1 ESRI/CCDCI170 | ESRI1 Invasive Breast
Cystadenocarcinoma Carcinoma
Head and Neck RPS6KB1 VMP1 RPS6KB1/VMPI1; { RPS6KBI Invasive Breast
Squamous Cell VMP1/RPS6KB1 Carcinoma
Carcinoma
Lung Adenocarcinoma | RPS6KBI1 VMP1 RPS6KB1/VMP1 | RPS6KBI1 Invasive Breast
Carcinoma
Squamous Cell Lung RPS6KBI1 VMPI RPS6KB1/VMP1 | RPS6KBI Invasive Breast
Carcinoma Carcinoma
Ovarian Serous RPS6KB1 VMPI RPS6KB1/VMP1 | RPS6KBI1 Invasive Breast
Cystadenocarcinoma Carcinoma
Cutaneous Melanoma RPS6KB1 VMPI RPS6KB1/VMP1 | RPS6KBI Invasive Breast
Carcinoma
Gastric RPS6KBI1 VMPI RPS6KB1/VMP1 | RPS6KB! Invasive Breast
Adenocarcinoma Carcinoma
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WO 2015/149034 PCT/US2015/023197

[00107] Tthe disclosure provides novel gene fusions and gene fusion variants (ie,
varying breakpoint locations on one or both of the partner genes) selected from those
shown in Table 1 - Table 3, Table 19, and Table 22 of gene fusions such as TPM1/ALK,
PRKAR1A/ALK, NCOA1/ALK, LPP/CASR, MDM2/EGFR, FGFR3/ELAVL3, B2M/GNAS,
DOCKS8/JAK2, HNF1B/NOTCH1, NFASC/NTRK1, SSBP2/NTRK1, SQSTM1/NTRK1,
TBL1XR1/PIK3CA, AKAP13/RET, FKBP15/RET, TBL1XR1/RET, CEP85L/ROSH1,
CLCNG6/RAF1, TRAK1/RAF1, PRKACA/AKT1, PRKACA/AKT2;, MLL/FYN, ECHD1/FYN,
TTC13/JAK2, SEC16A/NOTCH1, ERC1/RET, GTF2IRD1/ALK, HTATSF1/BRS3,
CDH1/CCDC132, CCDC132/CDHA1, ERBBZ/SLC29A3; MET/TFG; TFG/MET,
NOTCH2/MNDA, IRF2BP2/NTRK1, EIF2C2/PTK2, RARA/HOXB3, STAT3/ETV4,and
GFAP/VIM; VIM/GFAP, TOP1/C170rf64, and TP53/KIAA0753 As a result of these
discoveries, the disclosure provides isolated gene fusion nucleic acids and sequences
complementary thereto, amplicons, transcripts, reaction mixtures, as well as probes that
specifically recognize the nucleic acid sequences of the gene fusions, sequences
complementary thereto, amplicons, and transcripts. The disclosure further -

contemplates antisense nucleotides for use in the treétment of the associated disease.

[00108] Table 1 - Table 3, Table 19, and Table 22 provide a list of the gene fusions
(Gene A/Gene B) indicating the genes involved (Gene A and Gene B), the chromosome
locations, the breakpoint locations, the fusion types and the diétance. The gene fusions
are shown with the associated TCGA disease (The Cancer Genome Atlas). The
cancers are shown with 3-4 letter abbreviations which are explained in more detail in

the diagnostics section.

[00109] Generally, Tables 1-3, 19, and 22 provide one or more novel gene fusions
and/or associations of gene fusions with TCGA diseases. For example, Table 19
presents novel gene fusions, and Table 22 presents novel associations of gene fusions
with TCGA disehases.

[00110] Tables 4-6, 20, and 23 provide the breakpoint sequences for the gene
fusions in Tables 1-3, 19, and 22. The breakpoint sequences are identified as SEQ ID
NO:1-289.

[00111] Assays and kits

In certain embodiments, assays and methods of detection are provided. Methods for

detecting gene fusions provided herein are known in the art. As non-limiting examples,
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such assays can include 5 nuclease PCR assays (Applied Biosystems, Foster City,
CA), next generation sequencing assays (lon Torrent, Carlsbad CA, lllumina, San
Diego, CA), or microarray assays (Skotheim et al., Molecular Cancer 2009, 8:5). In at
least one embodiment, the assays or methods include at least one primer or probe that

is complementary to or encodes a gene fusion and/or breakpoint in Tables 1-6.

[00112] In at least one embodiment, assays and methods of quantitating the amount
of expression of a gene fusion are provided. The methods may involve quantitating
expression of one or more exons. For example, TagMan™ Gene Expression Assays
can be designed for a set of known fusion transcripts for quantitative analysis. Such
assays can be designed such that the primers and probe span the breakpoint region,
although in certain illustrative embodiments the primers and probe are not placed

directly on the breakpoint.

[00113] In certain embodiments, the disclosure provides a primer, a probe or a set of
probes or primers that specifically recognize one or more of the gene fusions and/or

breakpoints disclosed herein.

[00114] In one embodiment, the disclosure provides a composition and a kit
comprising a set of probes that specifically recognize a gene fusion selected from
Tables 1-3, 19, and 22 and/or a breakpoint in Tables 4-6, 20, and 23. The set of probes
can be, for example a set of amplification primers. In another embodiment, provided
herein is a composition that includes a set of primers that flank a gene fusion selected
from Tables 1-3, 19, and 22 in a target nucleic acid. The reaction mixture of this
embodiment can further include a detector probe that binds to either side of a
breakpoint in a gene fusion selected from Tables 1-3, 19, and 22, or that binds a
binding region that spans the breakpoint in a gene fusion selected from Tables 1-3, 19,
and 22. The reaction mixture that includes a detector probe or does not include a
detector probe, can further include a polymerase, dNTPs, and/or a uracil DNA
deglycosylase (UDG). The polymerase and UDG are typically not from a human origin.
The reaction mixture can further include a target nucleic acid, for example a human
target nucleic acid. The human target nucleic acid can be, for example, isolated from a

biological sample from a person suspected of having a cancer.

[00115] In another embodiment, provided herein is a qPCR assay, such as a
TagMan™ assay or a Molecular Beacons™ assay, that specifically amplifies and
detects a target nucleic acid that includes SEQ ID NOs: 1-289.
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[00116] The disclosure also provides an isolated nucleic acid comprising at least
one sequence selected from SEQ ID NOs: 1-289. The isolated nucleic acid can include
a first primer on a 5' end. Furthermore, the nucleic acid can be single stranded or

double stranded.

[00117] The disclosure, in other embodiments, provides a kit that includes a detector
probe and/or a set of probes, for example, a set of amplification primers that specifically
recognize a nucleic acid comprising a breakpoint for a gene fusion selected from Tables
1-3, 19, and 22. For example, in certain embodiments the detector probe or set of
amplification primers are designed to amplify and/or detect a nucleic acid that includes
at least one of SEQ ID NOs:1-289. The kit can further include, in a separate or in the
same vessel, a component from an amplification reaction mixture, such as a
polymerase, typically not from human origin, dNTPs, and/or UDG. Furthermore, the kit
can include a control nucleic acid. For example the control nucleic acid can include a
sequence that includes the break point in a gene fusion selected from Tables 1-3, 19,
and 22.

[00118] In some embodiments there is provided a kit encompassing at least 2 primer
pairs and 2 detectably labeled probes. In these non-limiting embodiments, the 2 primer

pairs and/or 2 detectably labeled probes form 2 amplification detection assays.

[00119] The kits of the present invention may also comprise instructions for
performing one or more methods described herein and/or a description of one or more
compositions or reagents described herein. Instructions and/or descriptions may be in
printed form and may be included in a kit insert. A kit also may include a written

description of an Internet location that provides such instructions or descriptions.

[00120] In some embodiments, the kits and assays comprise one or more probes
that specifically recognize a target, such as a gene fusion nucleic acid sequence. In at

least one embodiment, the kits and assays are diagnostic kits and assays.

[00121] A kit comprising a set of probes, for example, a set of amplification primers
that specifically recognize a nucleic acid comprising a break point from Tables 4-6, 20,
and 23 is provided. The kit can further includ'e, in a separate or in the same vessel, a
component from an amplification reaction mixtﬁre, such as a polymerase, typically not
from human origin, dNTPs, and/or UDG. Furthermore, the kit can include a control
nucleic acid. For example the control nucleic acid can include a sequence that includes
the break point selected from Tables 4-6, 20, and 23.
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[00122] In another embodiment, a gene fusion is provided comprising at least one of
the break points in Tables 4-6, 20, and 23.

[00123] In some embodiments, a reaction mixture and a kit are provided. In some
embodiments, the kit encompasses a detectable probe that selectively binds a gene
fusion. In some embodiments, the gene fusion is any one of the gene fusions in Table
4, Table 5, Table 6, Table 20, or Table 23.

[00124] Thus, in some embodiments are provided a kit encompassing a reaction
mixture and a detectable probe that selectively binds a gene fusion, the gene fusion

being any one of the gene fusions in Table 4, Table 5, Table 6, Table 20, or Table 23.

[001 25] Diagnostics

[00126] Methods of diagnosing, treating, and detecting gene fusions and associated
disease are contemplated herein. The methods can include detecting gene fusions in

a subject sample.

[00127] A subject sample can be any bodily tissue or fluid that includes nucleic
acids from the subject. In certain embodiments, the sample will be a blood samplé
comprising circulating tumor cells or cell free DNA. In other embodiments, the sample
can be a tissue, such as a cancerous tissue. The cancerous tissue can be from a tumor

tissue and may be fresh frozen or formalin-fixed, paraffin-embedded (FFPE).

[00128] The disease can be a cancer or tumor. Cancers can include, but are not
limited to, melanoma, cervical cancer, pancreatic cancer, head and neck squamous
cancer, lung adenocarcinoma, colon adenocarcinoma, uterine carcinoma, ovarian
cancer, glioblastoma, low grade glioma, lung adenocarcinoma, thyroid cancer, and

gastric cancer.

[00129] Cancers can include but are not limited to, bladder carcinoma, breast
carcinoma, cervical cell carcinoma, colon\ adenocarcinoma, glioblastoma multiforme,
head and neck squamous cell carcinoma, clear cell renal cell carcinoma, kidney renal
papillary cell carcinoma, acute myeloid leukemia, brain lower grade glioma, liver
hepatocellular carcinoma, lung adenocarcinoma, squamous cell lung carcinoma,
ovarian serous adenocarcinoma, prostate adenocarcinoma, rectal adenocarcinoma,
cutaneous melanoma, stomach adenocarcinoma, thyroid carcinoma, and uterine corpus
endometrioid carcinoma. As used herein, BLCA = bladder carcinoma, BRCA = breast
carcinoma, CESC = cervical cell carcinoma, COAD = colon adenocarcinoma, GBM =

glioblastoma multiforme, HNSC = head and neck squamous cell carcinoma, KIRK =
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clear cell renal cell carcinoma, KIRP = kidney renal papillary cell carcinoma, LAML =
acute myeloid leukemia, LGG = brain lower grade glioma, LIHC = liver hepatocellular
carcinoma, LUAD = lung adenocarcinoma, LUSC = squamous cell lung carcinoma, OV
= ovarian serous adenocarcinoma, PRAD = prostate adenocarcinoma, READ = rectal
adenocarcinoma, SKCM = cutaneous melanoma, STAD = stomach adenocarcinoma,

THCA = thyroid carcinoma, and UCEC = uterine corpus endometrioid carcinoma.

[00130] In some embodiments, a method of detecting novel gene variants or gene
fusions is provided, the method encompassing a reaction mixture, wherein the novel

gene variant or gene fusion is detected by the generation of an extension product.

[00131] In another embodiment, the disclosure provides diagnostics and treatment
targets utilizing the disclosed gene fusions and gene variants. The gene fusions, gene
variants and associated disease states provide targets for both diagnosis and
treatment. For instance, the presence, absence, or increased or decreased expression
of a gene fusion target or a gene variant can be used to diagnose a disease state or
may be used to prognose or detect a disease state. In at least one embodiment, the
gene fusion or gene variant can have a high prevalence (frequency) in a particular
cancer, a medium prevalence or a low prevalence. In at least one embodiment, the
gene fusion or gene variant can have a high frequency in one cancer or tumor and a
low or medium prevalence in another. In at least one embodiment, the gene fusion or
gene variant can have a medium or low frequency association with a cancer or tumor.
In at least one embodiment, a low or medium frequency gene fusion or gene variant can
be used in combination with one or more different high frequency biomarkers of cancers
to help to diagnose, prognose or identify a predisposition for a disease. The methods
can be used for screening for cancer in a patient or predicting the relative prospects of a
particular outcome of a cancer. For example, the presence of BRCA1 or BRCA2
mutations can be analyzed in combination with the gene fusion JAK2/TTC13 for breast

cancer.

[00132] A method of detecting a cancer is provided comprising amplifying a nucleic
acid that spans a breakpoint in a gene fusion selected from Tables 1-3, 19, and 22, for
example the nucleic acid can include a sequence selected from SEQ ID NOs: 1-289,
and detecting the presence of the nucleic acid, wherein the presence of the nucleic acid
indicates a cancer is present in the sample. In another method, provided herein is a
method of detecting a cancer that includes generating an amplicon that includes a
sequence selected from SEQ ID NOs: 1-289, and detecting the presence of the nucleic
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acid, wherein the presence of the nucleic acid indicates the cancer or cancer cell IS
present in the sample. The amplicon typically includes primers that are extended to
form the amplicon. The cancer is selected from bladder carcinoma, breast carcinoma,
cervical cell carcinoma, colon adenocarcinoma, glioblastoma multiforme, head and neck
squamous cell carcinoma, clear cell renal cell carcinoma, kidney renal papillary cell
carcinoma, acute myeloid leukemia, brain lower grade glioma, liver hepatocellular
carcinoma, lung adenocarcinoma, squamous cell lung carcinoma, ovarian serous
adenocarcinoma, . prostate adenocarcinoma, rectal adenocarcinoma, cutaneous
melanoma, stomach adenocarcinoma, thyroid carcinoma, and uterine corpus

endometrioid carcinoma.

[00133] In another embodiment is a method to detect a cancer selected from bladder
carcinoma, b'reast carcinoma, cervical cell carcinoma, colon adenocarcinoma,
glioblastoma multiforme, head and neck squamous cell carcinoma, clear cell renal cell
carcinoma, kidney renal papillary cell carcinoma, acute myeloid leukemia, brain lower
grade glioma, liver hepatocellular carcinoma, lung adenocarcinoma, squamous cell
lung carcinoma, ovarian serous adenocarcinoma, prostate adenocarcinoma, rectal
adenocarcinoma, cutaneous melanbma, stomach adenocarcinoma, thyroid carcinoma,
and uterine corpus endometrioid carcinoma in a sample by detecting the presence of a

gene fusion selected from Tables 1-3, 19, and 22.

[00134] New Gene fusions

[00135] Although some of the gene fusions have been previously reported, provided
herein, are numerous variations of the gene fusions in which the break points differ
and/or that were not previously known. Nonlimiting examples of gene fusions in which
the br_eak poiﬁts differ and/or were not previously known include:TPM1/ALK,
PRKAR1A/ALK, NCOA1/ALK, LPP/CASR, MDM2/EGFR, FGFR3/ELAVL3, B2M/GNAS,
DOCKS/JAK2, HNF1B/NOTCH1, NFASC/NTRK1, SSBP2/NTRK1, SQSTM1/NTRK1,
TBL1XR1/PIK3CA, AKAP13/RET, FKBP15/RET, TBL1XR1/RET, CEPB85L/ROS1,
CLCN6/RAF1, TRAK1/RAF1, PRKACA/AKT1, PRKACA/AKT2, MLL/FYN, ECHD1/FYN
and TTC13/JAK2 are novel variants with the breakpoints provided in Tables 4 and 5 as
SEQ ID NOs: 1-289. :

[00136] Also provided herein are numerous gene fusion variants that are associated

with one or more cancers.

[00137] Cancer Associations
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[00138] New gene fusion associations with cancer(s) are presented herein. Some ot
the gene fusions may have been associated with specific cancers or disease states
previously. The methods herein have identified new associations that can be used to
help diagnose and/or treat the specific cancers. The gene fusions shown in Tables 1-3,
19; and 22 provide the genes involved in the fusion and the association of that gene
fusion with one or more specific cancers. For example, the fusion PRKACA/AKT1 is
shown to be associated with colon adenocarcinoma and endometrial endometrioid

adenocarcinoma.

[00139] The gene fusions shown in Table 3 are previously known gene fusions that
have been shown to be associated wifh new cancers. For example, SEC16A/NOTCH1
was previously identified as associated with breast cancer. Current methods identified
an association of the gene fusion SEC16A/NOTCH1 with thyroid gland carcinoma.
Further, ERC1/RET was previously identified as associated with thyroid cancer.
Current methods identified an association of the gene fusion ERC1/RET with invasive

breast carcinoma (see Tables 3 and 6).
[00140] Reaction Mixtures and Amplicons -

[00141] In another embodiment, the disclosure provides a reaction mixture
comprising a probe or a set of probes that specifically recognize a gene fusion selected
from Table 1 — Table 3, Table 19, and Table 22. The set of probes can be, for example
a set of amplification primers or a labeled probe. In another embodiment, provided
herein is a reaction mixture that includes a set of primers that flank a gene fusion
selected from Table 1 - Table 3, Table 19, and Tablé 22 in a target nucleic acid. For
example, the set of primers can each bind to a target sequence in the human genome
within 1000, 750; 500, 250, 100, 90, 80, 75, 70, 65, 50, or 25 nucleotides of opposite
sides of the one of the fusion breakpoints identified in Tables 4-6, 20, and 23. The
reaction mixture of this embodiment can further include a detector probe that binds to
either side of a breakpoint in a gene fusion selected from Table 1 - Table 3, Table 19,
and Table 22, or that binds a bin—ding region that spans the breakpoint in a gene fusion
selected from Table 1 - Table 3, Table 19, and Table 22, including specific
embodirﬁents where the breakpoint is identified in Tables 4-6, 20, and 23. In exemplary
embodiments, the detector probe binds to a target sequence in the human genome
within 1000, 750, 500, 250, 100, 90, 80, 75, 70, 60, 50, or 25 nucleotides of one of the
fusion breakpoints identified in Tables 4-6, 20, and 23. Thp reaction mixture that
includes a detector probe or does not include a detector probe, can further include a
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polymerase, a reverse transcriptase, dNTPs, and/or a uracil DNA deglycosylase (UDG).
The polymerase, the reverse transcriptase, and the UDG are typically not from human
origin. The polymerase in illustrative embodiments is a thermostable polymerase such
as a Taq polymerase. In certain embodiments, the dNTPs in the reaction mixture

include dUTP, and the reaction mixture can in certain examples, be devoid of dTTP.

[00142] The reaction mixture can further include a target nucleic acid, for example a
human target nucleic acid. The human target nucleic acid can be, for example, isolated
from a biological sample, suc‘h as a tumor sample, from a person suspected of having a
cancer selected from: BLCA = bladder carcinoma, BRCA = breast carcinoma, CESC =
cervical cell carcinoma, COAD = colon adenocarcinoma, GBM = glioblastoma
multiforme, HNSC = head and neck squamous cell carcinoma, KIRK = clear cell renal
cell carcinoma, KIRP = kidney renal papillary cell carcinoma, LAML = acute myeloid
leukemia, LGG = brain lower grade glioma, LIHC = liver hepatocellular carcinoma,
LUAD = lung adenocarcinoma, LUSC = squamous cell lung carcinoma, OV = ovarian
serous adenocarcinoma, PRAD = prostate adenocarcinoma, READ = rectal
4 adenocarcinoma, SKCM = cutaneous melanoma, STAD = stomach adenocarcinoma,
THCA = thyroid carcinoma, and UCEC = uterine corpus endometrioid carcinoma. In
certain embodiments, the target nucleic acid is from a tumor, for example a tumor of
one of the cancer types listed in the preceding sentence. Furthermore, the target
nucleic acid can be extracted from a biological sample from a tumor such as, for

example, an FFPE sample.

[00143] The reaction mixtures of the present invention can include an amplicon. The
amplicon can be for example, an isolated nucleic acid. The émplicon can be between
25 and 2500, between 25 and 2000, between 25 and 1000, between 50 and 1000,
between 50 and 500, between 50 and 250, between 50 and 200, between 50 and 150,

between 50 and 100, or between 50 and 75 nucleotides in length, for example.

[00144] The amplicon can have a nucleotide sequence that is identical or
complementary to the target sequence in the human genome within 1000, 750, 500,
250, 100, 90, 80, 75, 70, 65, 50, or 25 nucleotides of opposite sides of the one of the
fusion breakpoints identified in Tables 4-6, 20, and 23. In certain embodiments, the
amplicon includes 25 to 250, 25 to 100, 25 to 75, 50 to 250, 50 to 200, 50 to 150, 50 to
100, or 50 to 75 of the nucleotide sequence provided in FIGs 4-6, or a complement

thereof. In certain embodiments the amplicons includes sequence variants that occur in
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nature. For example, the amplicons may include vanable nucleotide sequences that

correspond to single nucleotide variants or naturally occurring alleles.

| [00145] Amplicons of the present invention, in certain illustrative embodiments, have
a chemical structure that is not found in nature, and/or not found in a mammal, such as
a human. For example, certain illustrative amplicons include a base that is not found in
nature or not found in a mammal or that may not be found bound to the type of sugar-
phosphate backbone of the amplicon. For example, the amplicon might be a DNA
amplicon that includes a uracil base bound to the sugar phosphate backbone, thus
having a uridine residue at least at one position and in illustrative examples, at all

positions that contain a thymidine residue in a template.

[00146]  Accordingly, the amplicon in illustrative embodiments is a DNA amplicon that
includes one or more deoxyuridine (* dU”) residues. The dU residue can be added by
including such residues in the primers used to generate the amplicon. In certain
embodiments the reaction mixture includes a DNA amplicon that includes one or more
dU residues for every deoxythymidine residue in the corresponding human genomic
sequence. These amplcons can be generated, for example, by using a dNTP mix that
includes dUTP instead of dTTP when generating the amplicon using an amplification

reaction such as PCR.

[00147] In certain embodiments, the amplicon includes a segment for which a
corresponding sequence is not found in the human genome, such as, for example, an
oligonucleotide sequence, for example a DNA barcode sequence. The non-human
segment can be for example, 5-10,000, 5-5000, 5-1000, 5-500, 5-100, 5-50, 5-25, 5-10,
10-10,000, 10-5000, 10-1000, 10-500, 10 -100, 10-50, or 10-25 nucleotides in length.

[00148] In certain embodiments, the amplicon includes segment that corresponds to
t_he region of the human genome that spans an intron, but the amplicon does not

include a segment correéponding to the intron.
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[00149] The disclosure provides novel gene variants and gene variant-disease state
associations. The gene variants can have one or more mutations that result in a variant
protein. The gene variants provided herein are associated with certain cancers. The
gene variants result in protein variants. The disclosure further provides probes, such as
amplification primer sets and detection probes, as well as methods of detection,
diagnosis, and treatment and kits that include or detect the gene variants disclosed

herein.

[00150] The variants are shown as amino acid variants in Tables 7 and 11 with the
accession no. or the Entrez nucleotide and/or protein sequence of the parent or
wildtype gene provided. The associations with various cancers are shown in Tables 7
and 11. Tables 7 and 11 provide a list of more than 99 geneé that were identified using
the methods outlined in Example 2. The variations or mutations were not found in the
corresponding normal tissue. This is important because in a typical patient, a tumor
sample can have 10's-100’s of tumor specific variations. However, variations that occur
at the same place in multiple patients (and not in the normal tissue) are more
significant. 4445 samples (from 4445 patients) were analyzed and list of hotspots was
prepared. A number of recurrent mutations were found at the same position in 15-20

different cancer types.

[00151] Diagnostics and kits

[00152] Methods of diagnosing, treating, and detecting gene variants and associated
disease are contemplated herein. The methods can include detecting gene fusions
and/or gene variants in a subject sample. Any number and combination of gene fusions
and/or gene variants can be detected in any of the reaction mixtures, compositions, and

kits disclosed herein.

[00153] In one embodiment, the disclosure provides a composition and a kit
comprising a set of probes that specifically recognize the nucleotide sequence that
encodes a gene variant selected from Table 7 and/or Table 11. The set of probes can
be, for example a set of amplification primers. In another embodimerit, provided herein
is a composition that includes a set of primers that flank a gene variant that encodes
one or more variants in Table 7 and/or Table 11. The reaction mixture of this
embodiment can further include a detector probe that binds to a nucleotide sequence
including a gene variant selected from Table 7 and/or Table 11. The reaction mixture
that includes a detector probe or does not include a detector probe, can further include
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a polymerase, dNTPs, and/or a uracil DNA deglycosylase (UDG). The polymerase and
"UDG are typically not from a human origin. The reaction mixture can further include a
target nucleic acid, for example a human target nucleic acid. The human target nucleic
acid can be, for example, isolated from a biological sample from a person suspected of
having a cancer. The cancer can be selected from: BLCA = bladder carcinoma, BRCA

= breast carcinoma, CESC = cervical cell carcinoma, COAD = colon adenocarcinoma,

GBM = glioblastoma multiforme, HNSC = head and neck squamous cell carcinoma,
KIRK = clear cell renal cell carcinoma, KIRP = kidney renal papillary cell carcinoma,
LAML = acute myeloid leukemia, LGG = brain lower grade glioma, LIHC = liver

hepatocellular carcinoma, LUAD = lung adenocarcinoma, LUSC = squamous cell lung
carcinoma, OV = ovarian serous adenocarcinoma, PRAD = prostate adenocarcinoma,
READ = rectal adenocarcinoma, SKCM = cutaneous melanoma, STAD = stomach
adenocarcinoma, THCA = thyroid carcinoma, and UCEC = uterine corpus endometrioid

carcinoma.

[00154] In some embodiments a kit is provided, wherein the kit encompasses one or
more probes. In some embodiments, the kit encompasses probes for 1, 2, 3, 4, 5,86, 7,
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 50, 75, 100, 150, 200, 250, 500 or
more fusion genes. In some embodiments the probe is detectably labeled. in some

embodiments the probe hybridizes to the breakpoint present in the gene fusion.

[00155] In some embodiments the detection of any one of the gene variants
disclosed in Tables 7 and 11 can be combined with the detection of another of the gene
variants disclosed in those tables or any of the gene fusions disclosed herein. That is,
2,3,4,5,6,7,8,9 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 50, 75, 100, 150, 200,
250, 500 or more of the gene variants can be detected in the same reaction. In some
embodiments the detected gene variants are those disclosed in Tables 4-6, 7 and 11,
20, and 23 and can be combined with the detection of another of the gene fusion
disclosed in those tables. Thatis, 2, 3, suchthat4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 25, 50, 75, 100, 150, 200, 250, 500 or more of the gene fusions of

can be detected in the same reaction.

[00156] The nucleotide sequence that encodes one or more gene variants in Table 7
and/or Table 11 can be any size that encompasses the variation. For example, the
nucleotide sequence can be any size that can be easily copied using a primer and/or

detected using' a probe.
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[00157] In another embodiment, a set of probes that specifically recognize a nucleic
acid coding for a gene variant selected from Table 7 and/or Table 11 (gene variants) is
provided. In another embodiment, provided herein is a set of primers that specifically
amplify a target nucleic acid that codes for a gene variant selected from Table.7 and/or
Table 11. In another embodiment, provided herein is a qPCR asséy, such as a
TagMan™ assay or a Molecular Beacons™ assay that specifically amplifies and
detects a target nucleic acid that codes for a gene variant selected from Table 7 and/or
Table 11.

[00158] The disclosure also provides an isolated nucleic acid comprising at least
one sequence that includes the variation found in one or more gene variants selected
from Table 7 and/or Table 11. The isolated nucleic acid can include a first primer on a &'

end. Furthermore, the nucleic acid can be single stranded or double stranded.

[00159] The disclosure, in other embodiments, provides a kit that includes a detector
probe and/or a set of probes, for example, a set of ampliﬁcation primers that specifically
recognize a nucleic acid that codes for a gene variant selected from Table 7 and/or
Table 11. For example, in certain embodiments the detector probe or set of
amplification primers are designed to amplify and/or detect a nucleic acid that includes
at least one of a nucleic acid coding for a gene variant in Table 7 and/or Table 11. The
kit can further include, in a separate or in the same vessel, a component from an
amplification reaction mixture, such as a polymerase, typically not from human origin,
dNTPs, and/or UDG. Furthermore, the kit can include a control nucleic acid. For
example the control nucleic acid can include a sequence that includes the gene variant

" selected from Table 7 and/or Table 11.

[00160] A method of detecting a cancer is provided comprising amplifying a nucleic
acid that encodes a gene variant selected from Table 7 and/or Table 11, for example
the nucleic can include a sequence from one of the accession numbers in Table 7
and/or Table 11 except that the sequence contains the variant that codes for the gene
~ variants in Table 7 and/or Table 11, and detecting the presence of the nucleic acid,
wherein the presence of the nucleic acid indicates a cancer is present in the sample. In
another method, provided herein is a method of detecting a cancer that includes
generating an amplicon that includes a sequence selected from a sequence coding for
a gene variant in Table 7 and/or Table 11, and detecting the presence of the nucleic
acid, wherein the presence of the nucleic acid indicates bladder, head and neck, or lung
squamous cell carcinoma is present in the sample. The amplicon typically includes
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primers that are extended to form the amplicon. The cancer is selected from bladder
carcinoma, breast carcinoma, cervical cell carcinoma, colon adenocarcinoma,
glioblastoma multiforme, head and neck squamous cell carcinoma, clear cell renal cell
carcinoma, kidney renal papillary cell carcinoma, acute myeloid leukemia, brain lower
grade glioma, liver hepatocellular carcinoma, lung adenocarcinoma, squamous cell
lung carcinoma, ovarian serous adenocarcinoma, prostate adenocarcinoma, rectal
adenocarcinoma, cutaneous melanoma, stomach adenocarcinoma, thyroid carcinoma,

and uterine corpus endometrioid carcinoma.

[00161] A kit comprising a set of probes, for example, a set of amplification primers
that specifically recognize a nucleic acid comprising a gene variant from Table 7 and/or
Table 11 is provided. The kit can further include, in a separate or in the same vessel, a
component from an amplification reaction mixture, such as a polymerase, typically not
from human origin, dNTPs, and/or UDG. Furthermore, the kit can include a control
nucleic acid. For example the control nucleic acid can include a sequence that includes
the gene variant from Table 7 and/or Table 11. In certain embodiments, a set of probes
that specifically recognize a nucleic acid comprising a gene variant from Table 7 and/or

Table 11 is provided.

[00162] In another embodiment, a gene variant is provided comprising at least one

of the gene variants in Table 7 and/or Table 11.

[00163] In another embodiment is a method to detect a cancer selected from bladder
carcinoma, breast carcinoma, cervical cell carcinoma, colon adenocarcinoma,
glioblastoma muiltiforme, head and neck squamous cell carcinoma, clear cell renal cell
carcinoma, kidney renal papillary cell carcinoma, acute myeloid leukemia, brain lower
grade glioma, liver hepatocellular carcinoma, lung adenocarcinoma, squamous cell
lung carcinoma, ovarian serous adenocarcinoma, prostate adenocarcinoma, rectal
adenocarcinoma, cutaneous melanoma, stomach adenocarcinoma, thyroid carcinoma,
and uterine corpus endometrioid clarcinoma in a sample by detecting the presence of a
gene variant selected from Table 7 and/or Table 11. Gene variants, for example, can
include, but are not limited to ZNF479 variants R11Q, R295K, R295T, R295I, R345I,
R345T, K438T, and T466K (see Table 8).

Table 18

Cancer Type Gene Symbol | Druggability | KM evidence
Astrocytoma CXCR2 Y

Endometrial Endometrioid Adenocarcinoma | CXCR2 Y
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Cancer Type Gene Symbol | Druggability | KM evidence
Squamous Cell Lung Carcinoma CXCR2 Y

Cutaneous Melanoma CXCR2 Y

Cutaneous Melanoma CXCR2 Y

Colorectal Adenocarcinoma IL3 Y

Gastric Adenocarcinoma IL3 Y

Cutaneous Melanoma KCNK9 Y favorable outcome
Endometrial Endometrioid Adenocarcinoma | KCNKS Y

Lung Adenocarcinoma KCNK9 Y

Squamous Cell Lung Carcinoma KCNK9 Y poor outcome
Non-Small Cell Lung Carcinoma, NOS S100A8 Y

Glioblastoma S100A8 Y

Head and Neck Squamous Cell Carcinoma S100A8 Y

Thyroid Gland Papillary Carcinoma S100A8 Y

Cutaneous Melanoma SHH Y

Lung Adenocarcinoma SHH Y

Cutaneous Melanoma CCDC61 poor outcome
Cutaneous Melanoma CCDC61 poor outcome
Cutaneous Melanoma CNTN5 poor outcome
Cutaneous Melanoma CNTNS5S poor outcome
Cutaneous Melanoma CNTNS poor outcome
Cutaneous Melanoma CNTNS poor outcome
Colorecta!l Adenocarcinoma CNTN5S poor outcome
Colorectal Adenocarcinoma CNTNS poor outcome
Cutaneous Melanoma CNTNS poor outcome
Cutaneous Melanoma CNTN5S poor outcome
Cutaneous Melanoma CNTNS- poor outcome
Cutaneous Melanoma EDDM3A poor outcome '
Cutaneous Melanoma FABP1 poor outcome
Lung Adenocarcinoma OR2L13 poor outcome
Cutaneous Melanoma ORA4E2 poor outcome
Cutaneous Melanoma OR4E2 poor outcome
Cutaneous Melanoma ORA4E?2 poor outcome
Cutaneous Melanoma PRSS37 poor ocutcome
Cutaneous Melanoma PRSS37 poor outcome
Cutaneous Melanoma SPINK13 poor outcome
Endometrial Endometrioid Adenocarcinoma | ST6GAL2 poor outcome

[00164]

from Table 11. Table 18 provides the cancer type, gene symbol, druggability (Y=yes),
and KM evidence for the genes identified in Table 11 as druggable. The KM Evidence

column provides the Kaplan-Meier evidence. The KM evidence indicates if the event

Table 18 provides druggablility or prognostic associations that were filtered

type supports good or poor prognosis in the particular cancer type.
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Targeted treatment

[00165] In at least one embodiment, the gene fusions and/or gene variants can be
used to identify targeted therapies. Targeted therapies can include the identification of
agents that specifically interact with the gene fusion and/or gene variant. Targeted
therapies can include, but are not limited to, antibody therapies, antisense therapies
and small molecule therapies. Antisense therapies are discussed in more detail under

the heading “antisense.”

[00166] Compositions and methods for inactivating nucleic acid molecules involve, in
part, the use of molecules with nucleic acid regions with sequence complementarity to
the nucleic acid molecule which is the subject of desired inactivation (i.e., a target
nucleic acid molecule). Methods of the invention can be used for inactivation of gene
fusions and/or gene variants associated with specific cancers. Thus, antisense
molecules can be identified that are complementary to any of the gene fusions or gene

variants identified herein.

[00167] Small molecules are low molecular weight (<800 Daltons) organic
compounds that may serve as enzyme substrates or regulators of biological processes,
with a _size on the order of 10™° m. In pharmacology, the term is usually used for a
moiecule that binds to a protein or nucleic acid, and acts as an effector, altering the
activity or function of the protein or nucleic acid. Small molecules can be tested for
effector functions by expressing a gene fusion or variant in a cellular assay and
identifying small molecules that inhibit expression or activity of the gene fusion or

variant.

[00168] Druggability is a term used in drug discovery to describe a biological target
such as a protein that is known to bind or is predicted to bind with high affinity to a drug.
Furthermore, the binding of the drug to a druggable target alters the function of the
target with a therapeutic benefit to the patient. The term “drug” herein includes small
“molecules (low molecular weight organic substances) but also has been extended to
include biologic medical products such as therapeutic monoclonal antibodies. In at
least one embodiment, the gene fusion or gene variant can be used to identify a
druggable target. Table 8 provides a list of druggable targets that have been identified
from Tables 1-3 and 7. For example, the TPM1/ALK gene fusion is a druggable target
because, as shown in Table 8, diseases for which ALK is involved can be treated with

crizotinib. Thus, if a gene fusion includes ALK, the cancer may be treatable with
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crizotinib. Further if a gene variant includes a mutation in ALK, the cancer may be

treatable with crizotinib.

[00169]

Similarly, Table 21 provides a list of druggable targets that have been
identified from Table 19 and Table 24 a list of druggable targets that have been
identified from Table 22.

Table 8: Druggable genes from Table 1

Druggable Approved Pre- Phase 111 Phase I Phase [ Preclinical
Gene registration
(pre-
approval) }
ALK crizotinib N N AP-26113; RG- X-396; ASP- NMS-E628; aurora
7853; LDK-378; 3026 kinase + ALK
TSR-011 inhibitor (Sareum,
AstraZeneca); ALK
inhibitors
(AstraZeneca,
Cephalon,
Aurigene); ARN-
5032; DLX-521
CASR cincacalcet N N N N N-
hydrochloride
EGFR erlotinib; Afatinib zalutumumab; BMS-690514; marizomib; STP-503; SN-
panitumumab, neratinib; varlitinib; AC- CUDC-101; 29966; MT-062;
cetuximab; dovitinib 480; AZD-8931; MM-151; AL- STP-801
nepidermin; lactate; XL- Sym-004; 6802; S-
gefitinib; 647, imgatuzumab; 222611; ABT-
nimotuzumab; rindopepimut; | AVL-301; AVL- 806,
vandetanib; necitumumab; 301; poziotinib; antroquinonol;
lapatinib dacomitinib MEHD-7945A; GT-MAB §5.2-
ditosylate; PR-610; GEX; epitinib;
icotinib theliatinib;
hydrochloride; cipatinib;
AMG-595
FGFR3 ponatinib Masitinib dovitinib ENMD-2076; JNJ-42756493; N
lactate AZD-4547 BGJ-398; LY-
2874455, S-
49076
GNAS N N N N N N
JAK2 ruxolitinib (for N SAR-302503; AT-9283; AC-430; SB- ON-044580; INCB-
idiopathic pacritinib momelotinib; 1317 16562; NVP-
myelofibrosis) gandotinib; BSK805; TP-0413;
BMS-911543; MRLB-11055;
NS-018 CPL-407-22
NOTCH! N N N N OMP-52M51 Debio-0826; TR-4;
Notch antibody
(AVEQ); Notchl
inhibitors
. ~ (Interprotein)
NTRK1 N N N milciclib maleate N tyrosine kinase
inhibitors (Bristol-
Myers Squibb);
PLX-7486
PIK3CA N N perifosine; ZSTK-474; PX- INK-1117; LOR-220; AEZS-
buparlisib; 866; pictilisib; GSK-2126458; 129; SB-2343;
XL-765; XL- CUDC-907, WX-037; PI13/Mnk
147; BEZ-235; GDC-0032; kinase inhibitors
PKI-587; PF- PWT-33597, (Progenics), AEZS-
04691502, PF- DS-7423; 132; CLR-1401;
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Druggable Approved Pre- Phase 111 Phase I1 Phase 1 Preclinical
Gene registration
(pre-
approval)
04691502; GDC-0084, PI3/mTOR kinase
BAY-80-6946, BAY-1082439; | inhibitors (Amgen);
BYL-719; PI3 AEZS-136;, HM-
kinase/mTOR 032; AMG-511;
inhibitor (Lilly) | anticancer therapy
(Sphaera Pharma);
HMPL-518; GNE-
317, mTOR
inhibitor/PI3 kinase
inhibitor (Lilly);
CUDC908; PF-
06465603; AEZS-
) 134;
RET sorafenib; N motesanib N MG-516; RET
vandetanib; diphosphate; kinase inhibitor;
sunitinib malate; SAR-302503; NMS-173
cabozantinib; apatinib
regorafenib
ROS1 crizotinib N N N N N
ALK crizotinib N N AP-26113; RG- X-396; ASP- NMS-E628; aurora
7853; LDK-378; 3026 kinase + ALK
TSR-011; NMS- inhibitor (Sareum,
E628 AstraZeneca); ALK
inhibitors
(AstraZeneca,
Cephalon,
Aurigene); ARN-
5032; DLX-521
NTRK1 N N N milciclib maleate N tyrosine kinase
inhibitors (Bristol-
Myers Squibb);
PLX-7486
VIM N N N pritumumab N N
PTK2 PF-04554878 GSK-2256098; CFAK-C4; FAK
BI-853520; inhibitors
VS-4718 (Varastem,
Takeda), CTX-
0294945; CTX-
0294945
BRS3 N N N N N N
TP53 Gendicine -N N quinacrine; RG-7388; PXN-527; ORCA-
APR-246; ISA- SGT-53; 010; TR-2; ALT-
102 CBLC-137, 802; OBP-702
SAR-405838
STAT3 N N N brivudine; OPB- OPB-51602 CLT-005; GLG-
31121; anatabine 101; GLG-202;
citrate; ISIS- GLG-302; GLG-
STAT3Rx 401; PNT-500
NOTCH2 N N N OMP-59R5 N N
MET cabozantinib; N tivantinib; MGCD-265; AMG-208; X-379; metatinib;
crizotinib rilotumumab; foretinib; TAS-115; PRS-110; ASP-
onartuzumab; ficlatuzumab; volitinib; SAR- | 08001; ARGX-111;
BMS-777607, 125844; S- DCC-2701; DCC-
golvatinib; 49076 2721; MG-516;
INCB-028060; AL-2846; CG-
LY-2875358 206481; T-
1840383, cMet-
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Druggable Approved Pre- Phase 111 Phase 11 Phase 1 Preclinical
Gene registration
(pre-
approval)
EGFR dual
inhibitors(
CrystalGenomics);
bispecific
antibodies
(Hoffmann-La
Roche)
CDH1 N N N N N N
TOP1 belotecan N cositecan; gimatecan; irinotecan, camptothecin
hydrochloride; irinotecan, camptothecin, liposomal, (Aphios); irinotecan
irinotecan HyACT; Calando; Yakult; HM- (BioAlliance);
hydrochloride; irinotecan, irinotecan HC1 + 30181A; cisplatin +
topotecan PharmaEngine; floxuridine, namitecan,; irinotecan
etirinotecan Celator; firtecan camptothecin (Celator); APH-
pegol | pegol; TLC-388 prodrug, 0804; irinotecan
hydrochloride; Mersana; (Champions); SER-
hRS7-SN-38; labetuzumab- 203; SN-38;
irinotecan bead, SN-38; Genz- topotecan +
Biocompatibles 644282; vincristine
simmitecan (LipoCure);
hydrochloride | topotecan (EnduRx
prodrug Pharmaceuticals
RARA tamibarotene N N IRX-5183 N N
ERBB2 trastuzumab; trastuzumab, neratinib; XL- lapuleucel-T; Her-VAXX; Lovaxin B; TH-1
trastuzumab Enhanze 647, AVX-901; AE- VM-206; (Algeta);
emtansine; dacomitinib; 37, BMS- ARRY-380; trastuzumab-
pertuzumab; nelipepimut-S; 690514; MVA- | INJ-26483327; | antibody conjugates
lapatinib trastuzumab BN-HER2; S-222611, (Synthon); CUDC-
ditosylate; (Celltrion, varlitinib; MM- doxorubicin 101; Her-2/neu
catumaxomab; Biocad, 111; AC-480; (Merrimack); Stradobody
afatinib - Biocon, ovarian cancer cipatinib; (Gliknik); ARX-
Synthon, vaccine TrasGEX; 788; Etbx-021; SN-
Harvest Moon, (Generex); trastuzumab 34003, IBI-302;
Aryogen) margetuximab; (Hanwha NT-004; ICT-140;
poziotinib; PR- Chemical); ONS-1050; Sym-
610 trastuzumab 013; anti-HER2 X
(Pfizer); IDN- anti-CD3
6439 (Emergent
Biosolutions); Z-
650; breast cancer
vaccine (Cel-Sci);
JNJ-28871063;
trastuzumab
(PlantForm,
BioXpress, biOasis
Technologies,
Stada, Natco,
Curaxys,
Oncobiologics,
Alteogen, Mabion)
ALK crizotinib N *N AP-26113; RG- X-396; ASP- NMS-E628; aurora
7853; LDK-378; 3026 kinase + ALK
TSR-011; NMS- inhibitor (Sareum,
E628 AstraZeneca); ALK
inhibitors
(AstraZeneca,
. Cephalon,
Aurigene); ARN-
5032; DLX-521
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Druggable Approved Pre- Phase 111 Phase I1 Phase 1 Preclinical
Gene registration ’
(pre-
approval)
NTRK1 N N N milciclib maleate N . tyrosine kinase
. inhibitors (Bristol-
Myers Squibb);
PLX-7486
LTK crizotinib N N N N N
BRAF pazopanib; N N RAF-265; XL- ARQ-761; AB-024; b-raf
vemurafenib; 281; LGX-818 ARQ-736 inhibitors
dabrafenib (Sareum);
BRAF kinase
inhibitor
(Selexagen
Therapeutics);
BeiGene-283;
DP-4978; TL-
241

[00170] Table 8 provides a list of 11 druggable targets that were identified in the
gene fusions in Tables 1-3 or gene variants in Tables 7 and 11. Tables 16 and 17
provide an analysis of other druggable targets within Tables 1-3 or gene variants in
Tables 7 and 11. Tables 8, 16 and 17 provide information about drugga'ble targets
including the gene name whether the drug has been approved (N=no) by the U.S. Food
and Drug Administration (FDA), if the drug has not been approved, which phase the
clinical trial is in (Pre-registration, Phase lll, Phase Il, Phase |, and preclinical). For
example, the drug associated with the NOTCH1 gene has not been approved, but is in

Phase 1 of clinical trials (see OMP-52M51) as of this writing.

[00171] Approved drugs include, but are not limited to, crizotinib for diseases having
ALK gene fusions and cincacalcet hydrochloride for diseases having CASR gene
fusions. A number of approved drugs have been identified for gene fusions having
EGFR, including, but not limited to, erlotinib; panitumumab; cetuximab; nepidermin;
gefitinib; nimotuzumab; vandetanib; lapatinib ditosylate; and icotinib hydrochloride. The
approved drug ponatinib has been identified for diseases having FGFRS3, ruxolitinib has
been identified for diseases having JAK2 gene fusions. A number of approved drugs
have been identified for gene fusions having RET, including but not limited to, sorafenib;
vandetanib; sunitinib malate; cabozantinib; and regorafenib. The approved drug
crizotinib has been identified for diseases having ROS1. Additional drugs that may
prove useful include, but are not limited to, zrizotinib, afatinib, masitinib, zalutumumab,
neratinib, dovitinib lactate, XL647, rindopepimut, nectumumab, dacomitinib, SAR-

302503, pacritinib, perifosine, buparlisib, motesinib diphosphate, and apatinib.
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[00172] Methods provided herein can include delivering a drug to a subject or a
patient. The drug can be an approved drug according to a governmental drug regulatory
authority, such as the FDA, or the drug can be in any of the stages before the approved
stage. In illustrative aspects, the drug is an FDA-approved drug. In other aspects the
.drug can be in a pre-clinical, Phase |, Phase Il, Phase Ill, or pre-approval stage. In
certain aspects, the methods provided herein include delivering one or more than one of
the drugs listed in Tables 8, 16 and 17 to a subject. Where genetic events are identified
in a subject that involve more than one gene listed in Tables 8, 16 and 17, methods
provided herein can include delivering more than one drug, particularly delivering drugs

associated with the different genes affected by the identified genetic events.
[00173] Antisense

[00174] Antisense technology has been applied to inhibit the expression of various
oncogenes. For example, Craf-1 cDNA fragments in an antisense orientation, brought
under the control of an adenovirus 2 late promoter introduced into a human squamous
carcinoma resulted in a greatly reduced tumorigenic potential relative to cells
transfected with control sense transfectants. Similarly, a Cmyc antisense construct
accelerated . differentiation and inhibited G; progression in Friend Murine '
Erythroleukemia cells. Antisense methodology takes advantage of the fact that nucleic
acids tend td pair with "complementary" sequences. Complementary sequences are
those polynucleotides whicH are capable of base-pairing according to the standard
Watson-Crick complementarity rules. Targeting double-stranded (ds) DNA with
polynucleotides leads to triple-helix formation; targeting RNA will lead to double-helix
formation. Antisense polynucleotides, when introduced into a target cell, specifically .
bind to their target polynucleotide and interfere with transcription, RNA processing,
transport, translation and/or stability. Antisense RNA constructs, or DNA encoding such
antisense RNA's, may be employed to inhibit gene transcription or translation or both
within a host cell, either in vitro or in vivo, such as within a host animal, including a

human subject.

[00175] Antisense can be under transcriptional control of a promoter. A “promoter"
refers to a DNA sequence recognized by the synthetic machinery of the cell, or
introduced synthetic machinery, required to initiate the specific transcription of a gene.
The phrase "under transcriptional control" means that the promoter is in the correct
location and orientation in relation to the nucleic acid to control RNA polymerase
initiation and expression of the gene.
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[00176] In certain instances, an antisense expression construct will comprise a virus
or engineered construct derived from a viral genome. Where a cDNA insert is
employed, a polyadenylation signal to effect proper polyadenylation of the gene
transcript may be included. The nature of the polyadenylation signal is not believed to
be crucial and any such sequence may be employed. A terminator can be used to
enHance message levels and to minimize read through from the cassette into other

sequences.

[00177] Antisense constructs may be designed to bind to the promoter and other
control regions, exons, introns or even exon-intron boundaries of a gene fusion or gene
variant disclosed herein. The most effective antisense constructs include regions
complementary to intron/exon splice junctions. One embodiment includes an antisehse
construct with complementarity to regions within 50-200 bases of an intron-exon splice
junction. It has been observed that some exon sequences can be included in the
construct without seriously affecting the target selectivity thereof. The amount of exonic
material included will vary, depending on the particular exon and intron sequences
used. One can readily test whether too much exon DNA is included simply by tesﬁng
the constructs in vitro to determine whether normal cellular function is affected or

whether the expression of related genes having complementary sequences is affected.

[00178] The word "complementary" with respect to antisense means polynucleotide
sequences that are substantially complementary over their entire length and have very
few base mismatches. For example, sequences of fifteen bases in length may be
termed complementary when they have complementary nucleotides at thirteen or
fourteen positions. Naturally, sequences which are completely complementary will be
sequences which are entirely complementary throughout their entire length and have no
base mismatches. Other sequences with lower degrees of homology also are
contemplated. For example, an antisense construct which has limited regions of high
homology, but also contains a non-homologous region (e.g., ribozyme) could be
designed. These molecules, though having less than 50% homology, would bind to

target sequences under appropriate conditions.

- [00179] In vivo, ex vivo or in vitro delivery of antisense can involve the use of
vectors. One effective vector for antisense delivery is an adenovirus expression vector.
"Adenovirus expression vector" is meant to include those constructs containing
adenovirus sequences sufficient to support packaging of the construct and to express
an antisense polynucleotide that has been cloned therein. The expression vector can
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include a genetically engineered form of adenovirus. Adenovirus I1s particularly suitable
for use as a gene transfer vector because of its mid-sized genome, ease of
manipulation, high titer, wide target-cell range and high infectivity. Both ends of the viral
genome contain 100-200 base pair inverted repeats (ITRs), which are cis elements

necessary for viral DNA replication and packaging.

[00180] Adenovirus is easy to grow and manipulate and exhibits broad host range in
vitro and in vivo. This group of viruses can be obtained in high titers, e.g., 10° -10™
plaque-forming units per ml, and they are highly infective. The life cycle of adenovirus
does not require integration into the host cell genome. The foreign genes delivered by
adenovirus vectors are episomal and, therefore, have low genotoxicity to host cells. No
side effec’;s have been reported in studies of vaccination with wild-type adenovirus,

demonstrating their safety and therapeutic potential as in vivo gene transfer vectors.

[00181] The retroviruses are a group of single-stranded RNA viruses characterized
by an ability- to convert their RNA to double-stranded DNA in infected cells by a process
of reverse-transcription. The resulting DNA then stably integrates into cellular
chromosomes as a provirus and directs synthesis of viral proteins. The integration
results in the retention of the viral gene sequences in the recipient cell and its
descendants. The retroviral genome contains three genes, gag, pol, and env that code
for capsid proteins, polymerase enzyme, and envelope components, respectively. A
sequence found upstream from the gag gene contains a signal for packaging of the
genome into virions. Two long terminal repeat (LTR) sequences are present at the &'
and 3' ends of the viral genome. These contain strong promoter and enhancer

sequences and are also required for integration in the host cell genome.

[00182] In order to construct a retroviral vector, a nucleic acid encoding a gene of
interest is inserted into the viral genome in the place of certain viral sequences to
produce a virus that is replication-defective. In order to produce virions, a packaging cell
line containing the gag, pol, and env genes but without the LTR and packaging
components is constructed. When a recombinant plasmid containing a human cDNA,
together with the retroviral LTR and packaging sequences is introduced into a cell line
(by calcium phosphate precipitation for example), the packaging sequence allows the
RNA transcript of the recombinant plasmid to be packaged into viral particles, which are
then secreted into the culture media. The recombinant retrovirus is then collected,

optionally concentrated, and used for gene transfer. Retroviral vectors are able to infect
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a broad variety of cell types. However, integration and stable expression require the

division of host cells.

[00183] A novel approach designed to allow specific targeting of retrovirus vectors
was recéntly developed based on the chemical modification of a retrovirus by the
chemical addition of lactose residues to the viral envelope. This modification could

permit the specific infection of hepatocytes via sialoglycoprotein receptors.

[00184] Other viral vectors may be employed as expression vectors. Vectors derived
from viruses such as vaccinia virus, adeno-associated virus (AAV) and herpes viruses

may be employed.

[00185] In order to effect expression of sense or antisense gene constructs, the
expression vector may be delivered into a cell. This delivery may be accomplished in
vitro, as in laboratory procedures for >transforming cells lines, or in vivo or ex vivo, as in
the treatment of certain disease states. As described above, one mechanism for
delivery is via viral infection where the expression construct is encapsidated in an

infectious viral particle.

[00186] Several non-viral methods for the transfer of expression constructs into
cultured mammalian cells also are contemplated. These include calcium phosphate
precipitation DEAE-dextran, electroporation, direct microinjection, DNA-loaded
liposomes, and lipofectamine-DNA complexes, cell sonication, gene bombardment
using high velocity microprojectiles, and receptor-mediated transfection. Some of these

techniques may be successfully adapted for in vivo or ex vivo use.

[00187] Pharmaceutical Compositions - Where clinical applications are
contemplated, pharmaceutical compositions can be produced--either gene delivery
vectors or engineered cells--in a form appropriaté for the intended application.
Generally, this entails preparing compositions that are essentially free of pyrogens, as

well as other impurities that could be harmful to humans or animals.

[00188] Appropriate salts and buffers are used to render delivery vectors stable and
allow for uptake by target cells. Buffers also will be employed when recombinant cells
are introduced into a patient. Aqueous compositions of the present invention comprise
an effective amount of the vector to cells, dissolved or dispersed in a pharmaceutically
acceptable carrier or aqueous medium. The phrase "pharmaceutically or
pharmacologically acceptable” refer to molecular entities and compositions that do not

produce adverse, allergic, or other untoward reactions when administered to an animal
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or a human. As used herein, "pharmaceutically acceptable carrier” includes any and all
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delayihg agents and the like. The use of such media and agents for
pharmaceutically active substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the vectors or cells of the present

invention, its use in therapeutic compositions is contemplated.

[00189] The expression vectors and delivery vehicles may be administered via any
common route so long as the target tissue is available via that route. This includes oral,
nasal, buccal, recial, vaginal or topical. Alternatively, administration may be by
orthotopic,}intradermal, subcutaneous, intramuscular, intraperitoneal or intravenous
injection. Such compositions would normally be administered as pharmaceutically

acceptable compositions.

[00190] An effective amount of the therapeutic agent is determined based on the
intended goal. The term "unit dose" refers to a physically discrete unit suitable for use in
a subject, each unit containing a predetermined quantity of the therapeutic composition
calculated to produce the desired response in association with its administration, i.e.,
the appropriate route and treatment regimen. The quantity to be administered, both
according to number of treatments and unit dose, depends on the subject to be treated,
the state of the subject and the protection desired. Precise amounts of the therapeutic
composition also depend on the judgment of the practitioner and are peculiar to each

individual.

[00191] Therapeutic Kits - All the essential materials and reagents required for
inhibiting tumor cell proliferation may be assembled together in a kit. This generally will
comprise selected expression vectors, viruses or cells. Also included may be various
media for replication of the expression vectors and host cells lfor such replication. Such
kits will cqmprise distinct containers for each individual reagent. The kits may also
include an instruction sheet defining (i) administration of the antisense expression
vector construct; (i) the antisense expressing viruses; and (iii) the antisense expressing

cells.

[00192] In some embodiments, an interfering (IRNA or siRNA) is provided. In some

embodiments the iRNA is complementary to the breakpoint of a fusion gene.

Methods associated with clinical outcome discoveries
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[00193] Tables 15 and 39 provided herein, contain more than 100 genetic events,
including gain-of-function mutations, loss-of-function mutations, in-peak gene
amplification/deletions, and fusion events for various cancer types that are associated
with a clinical outcome with high statistical significance (q<0.1). Accordingly, provided
hereih are methods for delivering a treatment to a subject, methods for determining
whether a subject receives a treatment, methods for determining whether to deliver a
treatment, and methods for delivering a repdrt. The treatment, in certain illustrative
embodiments, is a drug. As non-limiting examples, the drug can be a drug listed in
Tables 8, 16 and 17, especially where the method involves a genetic event that affects
the gene listed for the drug in Tables 8, 16 and 17. In other examples, the drug can be
any drug approved by a regulatory agency, or any drug in a stage of development

before approval, as discussed herein.

[00194] Accordingly, in another embodiment, a method of delivering a treatment to a
subject is provided, wherein the method includes detecting a genetic event identified in
Table 15, and treating the subject, wherein the treatment is believed to positively affect
the clinical outcome of cancer patients having the genetic event and/or is believed to
affect a biological pathway associated with the genetic event. This embodiment can be
considered a method for determining if a subject receives a treatment or a method for
determining whether to deliver or perform a treatment to or on a subject. Thus, provided
herein is a method for determining if a subject receives a drug, the method includes
detecting a génetic event identified in Table 15 and/or 39, and then delivering a drug to
the subject if the detected genetic event is listed in Table 15 and/or 39, wherein the
drug is believed to positively affect the clinical outcome of patients having the genetic
event. In illustrative aspects of these embodiments, the genetic event is associated with
a gene found in Tables 8, 16 and 17, and the drug is listed in Tables 8,16 and 17, as a
companion for that gene. The subject is typically a subject that has a cancer of the type
listed in Table 15 and/or 39. In illustrative aspects of this embodiment the genetic event
is associated with a poor prognosis for the subject, who is afflicted with a cancer,
typically the cancer listed in Table 15 and/or 39 for which the poor prognosis is

associated with that genetic event.

[00195] In another embodiment, provided herein is a method of delivering a report,
wherein the method includes detecting a genetic event identified in Table 15 and/or 39
and delivering to a medical professional, a report that provides a predicted clinical

outcome associated with that genetic event for a cancer of the subject. The medical
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professional can be, as non-limiting examples, a physician, genetic counselor, or other
medical professional. Typically, the physician, genetic counselor, or other medical
professional have a professional relationship with the subject, such as a patient/doctor
relationship. The report can be a paper report or can be an electronic report delivered to
the medical professional over a computer network. The method and report can include
one or more of the gehetic events and associated prognosis identified in Table 15
and/or 39.

[00196]  In another embodiment, provided herein is a method for determining which
treatment to administer to a subject, the method includes detecting a genetic event
listed in Table 15, and administering the treatment depending on the genetic event that
is detected. In illustrative embodiments, the treatment is an aggressive treatment, such
as a treatment that will involve more pain and suffering for the patient as a result of the
treatment, if the detected genetic event is associated with a poor prognosis. In related
embodiments the treatment is a more aggressive treatment if the detected genetic
event is associated with a poor prognosis and a less aggressive treatment if the
detected genetic event is another genetic event, especially if the detected genetic event
is identified in Table 15 and/or 39 as indicating a good prognosis. For example, if a
AADAC gene deletion, an amplification of the CHD1L gene, the FMOS5 gene, or the
PRKAB2 gene, or a combination thereof, is detected in a lung cancer adenocarcinoma
patient, the patient may be treated with an aggressive chemotherapeutic drug regimen.
If these genetic events are not detected in the‘patient, then the patient may be

monitored but the chemotherapeutic drug may not be administered.

[00197] In another embodiment, provided herein is a method for determining
whether to treat a cancer patient, the method includes detecting a genetic event listed in
Table 15 and/or 39, and treating the subject if a genetic event is detected that is
associated in Table 15 with a poor prognosis. In anqther embodiment, provided herein
is a method for determining whether to treat a cancer patient, the method includes
detecting a genetic event listed in Table 15 and/or 39, and not treating the subject if a
genetic event is detected that is associated in Table 15 and/or 23 with a good
prognosis. In another embodiment, provided herein is a method for determining whether
to treat or monitor a cancer patient, the method includes detecting a genetic event listed
in Table 15 and/or 39, and monitoring, but not treating the subject if a gehetic event is

detected that is associated in Table 15 and/or 39 with a good prognosis. Treatment may
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be administered at a later time if the monitoring ‘detects recurrence or progression ot the

cancer.

[00198] In certain aspects of these embodiments of the invention that relate to
methods provided herein based on the clinical outcomes associated with genetic events
in Table 15 and/or 39, for example methods for delivering a treatment to a subject.or
determining whether to deliver a treatment to a subject, or determining which treatment
to administer or deliver, or methods for delivering a repbrt, the subject can be identified
as having any of the types of genetic events and any of the specific genetic events
listed in Table 15 and/or 39. For examplé, the genetic event can be a gain-of-function
mutation, loss-of-function mutation, a gene amplification or deletion, typically an in-peak
gene amplification/deletion, or a fusion event. In certain illustrative embodiments the
genetic event is identified in Table 15 and/or 39 of having a g-value of 1x107 or less,
1x10™* or less, or 1x10° or less. In certain aspects, the genetic event is listed in Table
15 and/or 39as involving a druggable gene. For example, the genetic event can be a
genetic event listed in Table 15 and/or 39 associated with a gene that is a preclinical
drug target. As a non-limiting example, provided herein is a method for determining
which treatment or course of treatment to administer to a patient who has ovarian
cancer, for example ovarian serous cystadenocarcinoma, wherein the method includes
detecting or otherwise determining an amplification of the ID1 or BCL2L1 gene and
administering the treatment. The treatment in illustrative embodiments, is an approved
treatment for BCL2L1, such as a currently FDA-approved BCL2L1 treatment, wherein a
BCL2L1 amplification is detected.

[00199] Methods are known to skilled artisans for detecting the types of genetic
events listed in Table 15 and/or 39. Those methods can include nucleic acid
sequencing methods or amplification methods, such as PCR or isothermal amplification
methods, or combinations thereof. Those methods can include providing a primer that is
designed to bind to a gene identified in Table 15 and/or 39 or bind upstream of a gene
identified in T.able 15 and/or 39. Thus, provided herein are reaction mixtures and kits
that include a nucleic acid sample for a subject and one or more primers that bind to, or
upstream from, a gene identified in Table 15 and/or 39. Typically, the gene is
associated with a genetic event in Table 15 and/or 39, and the subject has a cancer
identified in Table 15 and/or 39 as having a prognosis associated with the genetic
event. The kit can also include a control nucleic acid that is bound by the primer as

disclosed herein for various embodiments of the invention. The reaction mixture can

100



WO 2015/149034 PCT/US2015/023197

also include a polymerase as disclosed herein for various embodiments of the

invention.

[00200] In certain aspects of these embodiments of the invention that relate to
methods provided herein based on the clinical outcomes associated with genetic events
in Table 15 and/or 39, for example methods for delivering a treatment to a subject or
determining whether to deliver a treatment to a subject, methods for determining which
treatment to deliver, or methods for delivering a report to a medical professional, the
genetic event can include more than one of the genetic events identified in Table 15
and/or 39. In certain aspects, a method according to this embodiment detects 2, 3, 4, 5,
6, 7, 8, 9, 10, or more of the genetic events identified in Table 15, especially tHose
identified with the same prognosis for a given cancer type. For éxample, the method
can include detecting a génetic event in a breast cancer patient and administering a
treatment to the patient, where the detected genetic event includes a gene amplification
of two or more of the BRF2, ERLIN2, GPR124, PROSC, and TAB11F! genes. In
another example, the method includes detecting two or more genetic events in a subject
afflicted with a lower grade glioma and administering a treatment to the subject, wherein
the genetic event is at least two of an amplification of the EGFR or SEC61G gene, an
amplification of the CDK4, CYP27B1, MARCH9, TSPAN31, or AGAP2 gene, a gain of
function mutation in the EGFR gene, or a deletion of the CDKN2A, CDKN2B, or MTAP
gene. In another aspect, the method includes detecting a genetic event associated with
a poor prognosis and the genetic event is identified in Tables 8, 16, 17, Table 15 and/or
39 as being a target for a current drug in pre-clinical trials or an approved drug, such as

an FDA approved drug.

[00201] In certain aspects of these embodiments of the invention that relate to
methods provided herein based on the clinical outcomes associated with genetic events
in Table 15 and/or 39, for example methods for delivering a treatment to a subject or
determining whether to deliver a treatment to a subject, or determining which treatment
to administer or deliver, or methods for delivering a report; the genetic event can be a
specific genetic event identified in one of the other tables herein. A skilled artisan can
identify which general type of genetic event in Table 15 and/or 39 a specific genetic

event in one of the other tables will fall under.
[00202] Computer Implemented Systems

[00203] Computer systems can be utilized to in certain embodiments of the

disclosure. In various embodiments, computer system can include a bus or other
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communication mechanism for communicating intormation, and a processor couplea
with bus for processing information. In various embodiments, computer system 100 can
also include a memory, which can be a random access memory (RAM) or other
dynamic storage de\)ice, coupled to bus for determining base calls, and instructions to
be executed by processor. Memory also can be used for storing temporary variables or
other intermediate information during execution of instructions to be executed by
pr'ocessor. In various embodiments, computer system can further include a read only
memory (ROM) or other static storage device coupled to bus for storing static
information and instructions for processor. A storage device, such as a magnetic disk
or optical disk, can be provided and coupled to bus for storing information and

instructions.

[00204] In various embodiments, computer system can be coupled via bus to a
display, such as a cathode ray tube (CRT) or liquid crystal display (LCD), for displaying
information to a computer user. An input device, including albhanumeric and other
keys, can be coupled to bus for communicating information and command selections to
processor. Another type of user input device is a cursor control, such as a mouse, a
trackball or cursor direction keys for communicating direction information and command
selections to processor and for controlling cursor movement on display., This input
device typically has two degrees of freedom in two axes, a first axis (i.e., x) and a

second axis (i.e., y), that allows the device to specify positions in a plane.

[00205] A computer system can perforrh the present teachings. Consistent with
certain irhp|ementations of the present teachings, results can be provided by cbmputer
system \1 00 in response to processor executing one or more sequences of one or more
instructions contained in memory. Such instructions can be read into memory from
another computer-readable medium, such as storage device. Execution of the
sequences of instructions contained in memory can cause prbcessor to perform the
processes described herein. Alternatively hard-wired circuitry can be used in place of
or in combination with software instructions to implement the present teachings. Thus
implementations of the present teachings are not limited to any specific combination of

hardware circuitry and software.

[00206] . In various embodiments, the term "computer-readable medium" as used
herein refers to any media that participates in providing instructions to processor for
execution. Such a medium can take many forms, including but not limited to, non-
volatile media, volatile media, and transmission media. Examples of non-volatile media
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can include, but are not limited to, optical or magnetic disks, such as storage device.
Examples of volatile media can include, but are not limited to, dynamic memory, such
as memory. Examples of transmission media can include, but are not limited to, coaxial

cables, copper wire, and fiber optics, including the wires that comprise bus.

[00207] Common forms of non-transitory computer-readable media include, for
example, a floppy disk, a flexible disk, hard disk, magnetic tape, or any other magnetic
medium, a CD-ROM, any other optical medium, punch cards, paper tape, any other
physical medium with patterns of holes, a RAM, PROM, and EPROM, a FLASH-
EPROM, any other memory chip or cartridge, or any other tangible medium from which

a computer can read.

[00208] In accordance with various embodiments, instructions configured to. be
executed by a processor to perform a method are stored on a computer-readable
medium. The computer-readable medium can be a device that stores digital
information. For example, a computer-readable medium includes a compact disc read-
only memory (CD-ROM) as is known in the art for storing software. The computer-
readable medium is accessed by a processor suitable for executing instructions

configured to be executed.

[00209] In accordance with the teachings and principles embodied in this application,
methods, systems, and computer readable media that can efficiently collect, analyze,
store, transfer, retrieve, and/or distribute information across multiple sites and/or

entities, including genomic and/or patient information, are provided.

[00210] In one embodiment, a system is provided for determining whether one or
more gene fusion and/or variant is present in a sample. The system can further
determine identify a disease state, such as cancer, associated with the one or more
gene fusion and/or gene variant, as well as an appropriate treatment in accordance with
the mutation status. In cert_ain embodiments, the system comprises a processor in

communication with a sequencing instrument that receives sequencing data.

[00211] In some embodiments, the processor can execute one or more variant calls. .

In some embodiments, the processor can provide, filter, and/or annotate predictions.

103



WO 2015/149034 PCT/US2015/023197

EXAMPLES

[00212] In the following examples, methods were used to identify gene fusions and
gene variants associated with a panel of 19 cancers in 4,225 cancer patient samples.
The gene fusions and gene variants are then used to produce diagnostic methods to
identify a predisposition for cancer, to diagnose cancer, to stage cancer, to provide a
prognosis and to identify a druggable cancer. Methods are provided to provide targeted

therapy for the cancer based on the identification of gene fusions.

[00213] EXAMPLE 1: High-throughput systematic analysis of paired-end next-

generation sequencing data to characterize the gene fusion landscape in cancer

[00214] 4,225 cancer patient samples across 19 diseases were processed with
deFuse McPherson et al. “deFuse: an algorithm for gene fusion discovery in tumor
RNASeq data” PLoS Comp. Bio. 2011. and TopHat (Kim et al. “TopHat-Fusion: an
algorithm for discovery of novel fusion transcripts Genome Biology 2011) gene fusion
calling software using a cloud-based computation infrastructure. Filtering criteria were
" identified for gene fusion events that enriched for high confidence, chemically validated

gene fusion events.

[00215] Gene fusions encode oncogenic drivers in hematologial and solid tumors
and are often associated with dramatic clinical responses with the appropriate targeted
agents. Massively parallel paired-end sequencing can identify structural
rearrangements in tumor genomes and transcriptomes. However, computational
methods to identify gene fusions are varied, still evolving and largely trained on cell line
data. Systematic methods were developed to characterize known oncogenic gene
fusions and to discover novel gene fusions in cancer. RNASeq data for approximately
3,400 clinical cases from 16 cancer types was obtained from the Cancer Genomics Hub
(CGHub) of the Cancer Genome Atlas (TCGA). The performance of several gene
fusion callers was surveyed and two were chosen (deFuse and TopHat) for further
method development with the goal of supporting both single and paired end data. An
analysis pipeline was developed and executed in parallel on a high-performance
computing cluster. Filtering and annotation was conducted on aggregated data as a
post-processing step to enable exploratory analyses of various filters. Filtering
approaches were optimized on datasets that included known standards (e.g.,
TMPRSSZ.ERG' in prostate adenocarcinoma, PML.RARA in acute myeloid leukemia,
etc.) to enrich for these and other gene fusions with correct 5'-3' orientation while

excluding cases with ambiguous breakpoints and spanning reads, alignment errors, and
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read throught transcripts from adjacent genes. Predicted fusions were summarized
based on the occurrence of Unique genes participating in fusion with multiple partners
and of unique gene pairs, each within specific diseases. Elevated expression was
observed after the predicted breakpoint of the 3’ gene in cases positive for predicted
fusions and added important confirmatory evidence. Pan-disease fusions and multi-

partner fusion events broadened the clinical population scope of gene fusion events.

[00216] All single-end data was processed using TopHat and all paired-end data
was processed using deFuse. TopHat has been shown to be effective with longer 75
bp single-end data. The deFuse algorithm is not compatible with single-end data and
has been designed to leverage read pairs. The pre-processing data and Detect
fusions: deFuse TopHat steps were executed in parallel for all samples on a high-
performance computing cluster. The filtering and annotation was conducted on the
aggregated data as a post-processing step to enable filtering criteria to minimize false
positive fusions. The list of priority fusions was validated with RNASeq Exon

Expression data.

[00217] TCGA Data Source: All RNASeq data for gene fusion analysis was obtained
from the Cancer Genomics Hub (CGHub), the current repository for TCGA genomic

data — hypertext transfer protoco! secure ://cghub.ucsc.edu/. Table 9 lists the TCGA

sample counts downloaded and processed for M2 and M3:

Table 9: TCGA samples processed

Cancer Type Cancer Type | Sample Center Instrument
Abbreviatio s
n
Bladder Urothelial Carcinoma BLCA 122 UNC- lllumina HiSeq
LCCC 2000
Breast invasive carcinoma BRCA 841 UNC- Illumina HiSeq
LCCC 2000
Cervical squamous cell carcinoma CESC 88 UNC- Hlumina HiSeq
and endocervical adenocarcinoma LCCC 2000
Colon adenocarcinoma COAD* 196 UNC- llumina GA lIx
' LCCC
Glioblastoma multiforme GBM 167 UNC- [llumina HiSeq
LCCC 2000
Head and Neck squamous cell HNSC 302 UNC- Illumina HiSeq
carcinoma LCCC 2000
Kidney Chromophobe KICH 66 UNC- llumina HiSeq
LCCC 2000
Kidney renal clear cell carcinoma KIRC 480 UNC- Hlumina HiSeq
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Cancer Type Cancer Type | Sample Center Instrument
Abbreviatio s
n

. LCCC 2000

Kidney renal papillary cell carcinoma KIRP 76 UNC- Hllumina HiSeq
LCcC 2000

Acute Myeloid Leukemia LAML 179 BCCAGSC lllumina GA lIx

Brain Lower Grade Glioma LGG 184 UNC- lllumina HiSeq
LCCC 2000

Liver hepatocellular carcinoma LIHC 34 UNC- lllumina HiSeq
LCCC 2000

Lung adenocarcinoma LUAD 345 UNC- lllumina HiSeq
LCCC 2000

Lung squamous cell carcinoma LUSC 221 UNC- lllumina HiSeq
LCCC 2000

Ovarian serous cystadenocarcinoma oV 417 | BCCAGSC lllumina HiSeq
2000

Pancreatic adenocarcinoma PAAD 31 UNC- illumina HiSeq
LccC 2000

Prostate adenocarcinoma PRAD 140 UNC- Ilumina HiSeq
- LCCC 2000

Rectum adenocarcinoma READ* 71 UNC- Mlumina GA lix

' LCCC )

Skin Cutaneous Melanoma SKCM 267 UNC- lllumina HiSeq
“LCCC 2000

Stomach adenocarcinoma STAD 41 BCCAGSC | Illumina HiSeq
2000

Thyroid carcinoma THCA 373 UNC- lllumina HiSeq
LCCC . 2000

Uterine Corpus Endometrioid UCEC* 317 UNC- [llumina GA lix

Carcinoma : , LCCC

* Single-end TCGA disease
BAM files were downloaded from CGHub using its Gene Torrent Software
[00218]  With the goal of supporting both single and paired-end data, 4,374 paired-

end samples were processed with deFuse and 584 single-end samples with TopHat.

[00219] Broadly, the analysis pipeline consisted of 5 main steps: 1. Pre-process the
raw data to obtain FASTQ files 2. Run fusion callers 3. Filter breakpoints to gene
regions of interest 4. Annotate the breakpoints with the Oncomine transcript set and 5.

Summarize and prioritize potentially interesting novel fusions.

106




WO 2015/149034 PCT/US2015/023197

[00220] The input to the fusion callers consisted of RNASeq reads in FAS 1Q format,
which required conversion of the BAM file provided by TCGA to one or two FASTQ files

for single or paired end data (respectively).

[00221] A .custom SamToFastq converter was developed to generate FASTQ files
from a TCGA BAM file. In addition to allowing conversion of all paired-end RNASeq
TCGA BAMs systematically, the SamToFASTQ converter had other advantages over
other conversion tools. First, it was written in C and compiled to run faster and reduce
processing time. Second, it incorporated several validation steps to ensure proper mate
pairing and consistent mate pair ordering in the output FASTQ files, both of which are

input requirements for the fusion callers.

[00222] There were 3 cancer types (COAD, READ, UCEC) only available as single-
end RNASeq data. For single-end BAM file conversion the program BamTools (hyper
text transfer protocol secure://github.com/pezmaster31/bamtools) was used to generate
FASTAQ files.

[00223] Integration — FIG. 1 diagrams the relative levels of result filtering done by
both callers. As part of the analysis “Level I” data was integrated — the output from
TopHat-Fusion Post’s potential_fusion.txt file and the output from deFuse’s
results.classify.tsv file. The integration steps involved converting the reported
breakpoints to ones based on the genomic coordinate system and consolidation into a

common file format.

[00224] Breakpoint Filtering - The ~5.5 million predictions from the “Level I” output of
the callers were filtered to only retain those calls where each breakpoint was either in
the 5'UTR or CDS region of a RefSeq transcript (refGene circa July18, 2012, obtained
from UCSC). T‘his was done to enrich the predicted fusions for those containing
functional gene regions. Breakpoints predicted to occur in intronic sequences were also

excluded, resulting in a set of 423,587 predicted chimeras.

[00225] Breakpoint Annotation - For each pair of breakpoints, only one transcript per
Entrez ID was retained. This ensured consistency in annotating breakpoints at the same
location. However, predicted breakpoints at different locations for the same gene
partners may still.result in multiple transcripts representing a pair of genes - possible

evidence of alternative transcripts.

[00226] Basic annotation from the callers was discarded, as it was based on the

default annotation source of each respective caller. However, certain output fields from
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both TopHat and deFuse were retained to help prioritize the predicted fusions.
Additionally, certain annotation properties that weren'’t explicitly reported by the callers

were inferred from other caller properties.

[00227] Inferred Properties - Supporting and Spanning read counts were obtained.
from each caller and summarized in to Reads Span and Reads Span Support. The
latter is a sum of reads spanning the fusion and those supporting the fusion.  The
breakpoint sequence reported by the callers was trimmed to include 50 bases on each
side of the fusion and consolidated as Breakpoint Sequence. The fusion breakpoint is
delineated by a “|". Since neither of the callers provides a definitive '5-prime’ or ‘3-prime’
flag, the relative 5'-3' orientation of the fusion partners was inferred by combining a
caller parameter with the gene strand annotation. A Valid Orientation field was labeled

as “Y" if there was an inferred 5’ and 3’ partner for a given gene fusion call.

[00228] RepeatMasker Annotation - Each predicted breakpoint location was also
annotated with RepeatMasker features in the neighborhood of the breakpoint. This was
done to identify breakpoints in highly repetitive genomic regions, where alignment errors
were likely to affect the prediction of the chimeric transcript. For each fusion prediction,
a RepeatMasker Overlap field was set to 1 if either of the breakpoint flank sequences
overlaps with a RepeatMasker element by 12 or more bases. The frequency of
overlapping fusion calls is used in the Oncomine Prioritization described below such
that gene fusion predictions with a lower frequency of overlap are considered higher

quality.

[00229] Fusion Exon Expression Imbalance - Recurrent Oncomine Priority Fusions
were vizualized using RNASeq exon expression data downloaded using the GDAC
Firehose tool to provide secondary evidence of true positive fusion events by searching
for exon expression imbalance before and after the breakpoint call. Specifically, if the 3
partner's expression is impacted by the 5 partner's promoter region, then exon
expression should increase post the predicted breakpoint. This effect is especially

visible when viewing fused versus non-fused patient samples.

[00230] RPKM RNASeq values are listed for each patient as Gene Annotation
Format (GAF) features corresponding to a composite of UCSC exons from several
different gene definitions including Refseq. Compendia processed fusion breakpoints

were mapped to the GAF features. 80.8% of the 396,298 Refseq exons map perfectly
. to GAF features in the plot shown below. The Refseq exon and GAF feature pair that

resulted in the largest overlap was selected and reported on.
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[00231] A value called rg_pct provides a metric of the mapping quality of a given

Refseq exon with a GAF feature based on the following formula: rg_pct = overlap/

lenythrefseq * overlap/lengthgar feature

[00232] Mappings with an rg_pct value of 1 overlap perfectly, while values less than
1 indicate the refseq exon or GAF feature did not map to the exact same genomic
regions and the RPKM value may be suspect. RNASeq V2 data was selected for all

diseases except OV, STAD, and LAML due to disease coverage shown in the barplot.

[00233] Fusion exon expression was manually reviewed for expression imbalance of
a subset of Oncomine Priority fusions meeting the following criteria: 1. Recurrent
Oncomine Priority Fusions 2. Oncomine Priority Fusions that are listed in the Mitelman
Database 3. One fusion partner is an Oncomine Gain of Function Oncogene and
involved in at least 3 Oncomine Priority Fusions and 4. One fusion partner is listed in
the Sanger Cancer Gene Census (hypertext transfer

protocol.//www.sanger.ac.uk/genetics/CGP/Census/) and involved in at least 3

‘Oncomine Priority Fusions.

[00234] A total of 994 gene fusions meet these criteria and were manually reviewed

for exon expression imbalance by assigning a “supported”, “refuted”, “neutral” or “not

tested” rating to the gene fusion call.

[00235] Experts used the following criteria to assign ratings: Suggoﬁed: Fused
samples had a highly expressed 3’ fusion partner post-breakpoint such that fused
samples were outliers of the patient population. Prior to the breakpoint, the 3' partner’s
.expression should be low compared to post-breakpoint. Refuted: Extremely low

average expression of the 5" partner (< 5 RPKM) or average expression of one partner

is much lower than the other (~1/10). Neutral: Neither .Support or Refute criteria are

met. Fusions that were not manually reviewed were assigned a rating of Not Tested.

[00236] Fusion Summarization - Fusions were summarized within a disease based
on the occurrence of unique gene pairs, and based on the occurrence of individual

genes, possibly with multiple partners.

[00237] Fusion-Level Summary - For a unique fusion pair (unique by Entrez ID pair),
the number of samples within a disease with at least one prediction of that fusion by
either caller is the Fused Sample Count. Since multiple breakpoints for the same pair of
genes may be reported in one sample and across the sarriples, the number of unique
fusion pairs within each disease represented by the 424K+ fusion calls was 49,588.
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Table 10 shows the properties that were summarized tor a given tusion partner pair

across the individual predictions:

Table 10:

.Property Summary Method
DEFUSE_EVERSION % of total fusion calls = ‘Y’
DEFUSE_VALID_ORIENTATION % of total fusion calls =Y’
DEFUSE_NUM_MULTI_MAP % of total fusion calls >0
TOPHAT_VALID_ORIENTATION - % of total fusion calls =Y’
3P/5P_REPEATMASKER_OVERLAP % of total fusion calls = 1

The Adjacent flag is set for a fusion if the genes are <IMb apart on the genome and the
defuse_eversion flag is set in < 75% of the individual fusion prediction for these fusion partners. .

[00238] Mitelman Cross-reference - Individual unique fusion pairs were cross-
referenced to the Mitelman database of genomic aberrations (hypertext transfer

protocol://cqap.nci.nih.qov/Chrbmosomes/Mitelman downloaded February 25, 2013).

The match was done based on gene names and not disease type. Therefore, gene
fusions reported in Mitelman in a certain disease may have occurred in a different
disease type in the TCGA datasets. Gene fusions summarized at the gene level were
cross-referenced to the Mitelman database based on gene name. Thus, there is more
potential for the gene as reported in Mitelman to be of different histology or altogether
different aberration type (for example a large chromosome-level deletion instead of a

fusion) than the predicted unique fusion pairs.

[00239] Normal Sample Fusion Blacklist - To reduce the number of false positive
fusions, 344 paired-end normal samples were processed across 10 diseases using the
same deFuse pipeline described above. A total of 56,579 total fusion calls consisting of
6,(524 unique fusions were observed. Of the 49,588 unique gene fusion events, 11,801
of these calls were observed in normal samples. These normal sample fusion calls
were used to generate a blacklist and thereby remove these false positives from the

Oncomine Priority gene fusions.

[00240] Paralogous Fusion Partner Blacklist - A blacklist of fusions between
paralogous gene family members was assembled using two strategies: 1) manually
inspecting high frequency fusion partner gene names and 2) comparing the first 3
characters of all Priority Fusion partner gene names. In the latter strategy, fusion
partners were verified to be “paralogous” using HomoloGene, Ensembl, and SIMAP’

before inclusion in the final blacklist. This blacklist consists of 375 unique paralogous
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gene fusions and was used to remove false positives from the Oncomine Friority gene

fusions.

[00241] EXAMPLE 2: NGS mutation methods for identifying gene variants

associated with cancer

[00242] The goal of the data integration for gene variants was to create the most

complete set of mutation data currently available from the TCGA.

[00243] Data Sources- For this release, the following were integrated: TCGA
mutation data from the Broad GDAC Mutation_Packager 2013_02_22 stddata build,
Level 2 (public, experimentally un-validated) data available from the TCGA DCC as of
March 1%t 2013, and, for prostate adenocarcinoma, mutation data generated by

Compendia from TCGA primary data.

[00244] Compendia (CBI) Mutation Calls — There was concern that the prostate -
adenocarcinoma mutation calls available from TCGA were of low quality and resulted in
false-positive ‘Gain of Function’ predictions. Therefore, all calls for this disease were
sourced from Compendia’s own mutation calling pipeline, which closely parallels the
process used by the TCGA cancer type working groups to generate the publically-

available mutation calls.

Table 12: Data Source Selection

Cancer Type TCGA Mutation DCC Compendia | TOTAL
Disease Packager (20130301)
' (2013_02_22)

Bladder Urothelial BLCA 28
Carcinoma
Breast Invasive BRCA 772
Carcinoma
Cervical Squamous | CESC 39

Cell Carcinoma and
Endocervical
Adenocarcinoma

Colon - COAD 153
Adenocarcinoma

Glioblastoma. GBM 290

Multiforme

Head and Neck HNSC . 306
Squamous Cell -

Carcinoma

Kidney Renal Clear KIRC 293

Cell Carcinoma

Kidney Renal KIRP 100

Papillary Cell

111



WO 2015/149034 PCT/US2015/023197

Cancer Type TCGA Mutation DCC Compendia | TOTAL
Disease Packager |(20130301)
(2013 02 22)
Carcinoma
Acute Myeloid LAML 196
Leukemia .
Brain Lower Grade LGG 169
Glioma
Lung ~ LUAD 379
Adenocarcinoma
Lung Squamous Cell | LUSC 178
Carcinoma
Ovarian Serous oV 316
Cystadenocarcinoma
Pancreatic PAAD 34
Adenocarcinoma
Prostate PRAD 170
Adenocarcinoma
Rectal READ 68
Adenocarcinoma
Skin Cutaneous. SKCM 252
Melanoma
Stomach STAD 136
Adenocarcinoma
Thyroid Carcinoma THCA 323
Uterine Corpus UCEC 235
Endometrioid
Carcinoma .
4,437

[00245] Data Cleaning - some simple clean-up operations were performed to remove
duplicate mutation records present in the source data. Duplicate mutations from
various tumor/normal aliquots pairs of the same patient sample were removed. A total
of 25 “ultra-mutator’ samples (mutation count of > 5,000 per sample) were also
excluded from the downstream analysis pipelines. In certain diseases, such as uterine
corpus endometrioid carcinoma, several highly-mutated samples may dominate the
overall mutation counts and dilute the results of mutation recurrence analysis necessary

for the Compendia mutation and gene classification scheme.

[00246] Mutation Annotation: A. Compendia Annotation - Compendia’s approach to
defining mutations relied on accurate variant annotation hence; the mutations were re-
annotated using a standard annotation pipeline which ensured that mutations across
disease types were evaluated consistently and were subject to common interpretation

during the nomination of potential oncogenes or tumor suppressor genes.
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[00247] Mutations obtained from TCGA were processed by Compendia according to
the following general steps: 1. Each mutation was first re-annotated using the
Compendia transcript set. Successfully annotated mutations received Compendia-
derived annotation, while the rest retain annotation obtained from the TCGA.
Annotation includes: Variant classification, Variant position, Variant change. 2.
Redundant annotations of a mutation in multiple transcripts were removed. 3. Mutations
located outside of gene regions of interest were removed. 4. Mutations without a valid

gene Entrez 1D were removed.

[00248] “Mutation” is defined herein as a specific change at a genomic location, i.e.:
Chromosome, start, stop, reference base, alternate base, variant type (SNP, INS, DEL)

etc.

[00249] “Annotation” is defined herein as a transcript-specific set of properties that .
describe the effect of the mutation, i.e.: Gene, transcript, variant classification, variant

change, variant codon position, etc.

[00250] In the Mutation Annotation step, the mutations obtained from TCGA were re-
annotated against a standard transcript set compiled by Compendia. This transcript set
included RefGene transcripts from hg18 and hg19 genome builds, obtained from
UCSC.

[00251] Each mutation was individually mapped against a contig in the CBl
Transcript Set within the specified genome build. SNP mutations were mapped directly
to their start location, while for small insertion (INS) and deletion (DEL) mutations a

position of interest is selected for mapping.

[00252] For a mutation successfully mapped to a transcript, the CBI mutation
“annotation was inferred with respect to that transcript. For mutations that fail to map, the
more limited TCGA annotation was retained, and a variant position for Hotspot

calculations was constructed based on the genomic coordinate.

[00253] Below is a description of the criteria used in annotating the mutations that

map to the CBI Transcript Set:

[00254] Variant Classification: For each mutation successfully mapped to a
transcript, the variant classification was inferred using the location and the sequence
variant type of the mutation. This approach identified the following main mutation variant

classifications:

113



WO 2015/149034 PCT/US2015/023197

Table 13: main mutation variant classifications:

Variant Classification Transcript Region

Splice_Site exon or intron

3'UTR, 5°UTR UTR exon

intron intron

Missense, Nonsense, coding exon

Nonstop, Silent

Frame_Shift_Ins/Del coding exon

In_Frame Ins/Del coding exon

Non_Coding_Exon exon of a non-coding
~ gene

[00255] Variant Position: The variant position of a mutation is the location used to
identify genes with Hotspot mutations, which are mutations of a certain classification
that are observed at the same location in multiple tumor samples. To effectively identify
recurrence and define a hotspot for each mutation, a mutation spot identifier was
constructed that encompassed the mutation position, the identity of the amino acid or
base affected, and the variant classification. Mutations that occurred at the same
location irrespective of the specific base change they generated were aggregated.
Therefore, only the reference base or amino acid was used to define the variant
position. This ensured that mutations affecting the same codon or genomic position
would be counted towards a possible hotspot, even if the alternate alleles they
generated were different. For example, for a given gene, missense mutatio‘ns V600E,
V600F and V600G would all have a variant position of V600 and would thus be
aggregated together when identifying hotspot mutations. When the amino-acid level

position was not available, the RNA-level or genomic-level position was utilized.

[00256] For mutations that do not map to the CBI Transcript Set, and hence do not
have a transcript-based location, the genomic location (start position) and the reference'
nucleotide (reference allele) was used as the variant position irrespective of the coding
region or splice site proximity. The TCGA-annotated variant classification was then

added as a suffix. The variant change (see below) for these mutations was not defined.

[00257] Variant Change: The variant change provides HGVS-like information about
the alternate allele change of the mutation (e.g. V600E). For SNP mutations in the
coding region, the variant change was a full HGVS protein-level sequence variant
description, indicating the alternate amino acid. For SNPs outside of the coding region,
the alternate allele nucleotide base was provided. For mutations that do not map to the

CBI Transcript Set, the variant classification from TCGA was retained.
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[00258] Transcript Filtering: 10 avoid retrieving multipie transcripts, ana nence,
multiple annotations for a single mutation within a gene, only one transcript per mutation
per gene (unique Entrez ID) were kept. If a mutation mapped to several transcripts of a
gene, only one was chosen. However, if a mutation mapped to several genes, then only
one transcript per gene was selected. It was thus possible for a mutation to receive two
different annotations, but only if they stemmed from transcripts with different Entrez IDs.
In effect, any mutation of the same variant classification at the same genomic location
was always assigned to the same transcript, and hence would be in the same frame of

reference when computing recurrence for hotspot identification.

[00259] Gene Region Filtering: All mutations were further filtered by variant type
and class to avoid including mutations of minor interest to gene function analysis.
Mutations were filtered out that were not resolved to a gene region, either because they
fell significantly far outside of a transcript, or because they were in a location not
associated with a RefSeq gene. These mutations were evident either by their lack of
gene identifier, or membership in the following variant classes: Intron, 5°Flank, IGR, and
miRNA. Mutations were also filtered out with variant type of DNP, TNP, ONP,

Complex_substitution, and Indel, as their annotation was not supported by the pipeline

[00260] Classifying Mutations as Hotspot, Deleterious, or Other - The next step in
the analysis pipeline identified recurring mutations in multiple samples based on their
va‘riant position, and categorized them into Hotspot, Deleterious or Other variant
categories. For this step, and the subsequent frequency calculations, mutations for
each disease type were processed independently. Only mutations of the same variant
classification were tallied together, so, for example, a missense mutation and a silent

mutation at the same position was counted separately.

[00261] To identify driver events, each mutation for a given Entrez Gene Id was
categorized as “Deleterious” or “Hotspot’. A mutation was deemed ‘recurrent’ if it was
observed in the same variant position in 3 or more tumor samples. A mutation
belonged to the "Hotspot" variant category if it was recurrent and was. annotated with
one of the following variant classifications: In-frame insertion/deletion, Nonstop,
Missense, Non_Coding_Exon. A mutation belonged to the “Deleterious” category if it
was: annotated with one of the following variant classifications: Frame shift
insertion/deletion, Nonsense. A mutation was considered in the "Other’ variant

category if it did not fit the above criteria.
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[00262] Nominating "Gain ot Function” and "LOSS Of Funcuon” enes - Inaviaual
genes were classified into predicted functional classes, namely “Gain of Function”,
“Recurrent Other”, and “Loss of Function” to reflect their relative enrichment in potential

activating or deleterious mutations.

[00263] Frequency of Mutations: Mutation frequencies for each gene were
calculated with respect to a given variant classification and variant category across all
samples within a disease type. Overall mutation frequency for a gene within a disease

was calculated by combining all the mutations.

[00264] Mutation Significance: The Hotspot p-values for each gene within a
disease were calculated by selecting the most recurrent mutation m and using sampling
to determine the probability p of observing r or more mutations at that position. More

100,000~-Yho; m

00000 where ¢, is the count of replicates with maximum

specifically: p = ,
multiplicity m. P-values for transcripts with a maximum multiplicity of one are defined as
1.0. P-value for transcripts with a maximum multiplicity that is never observed is defined

as 1e-5.

[00265] Hotspot Q-values were calculated within each disease by counting the
number of transcripts mutated at least once (N) and calculating the rank of each p-

value. The g-value for a given p-value is then Q=p*N/rank.

[00266] To assess whether a gene was significantly enriched for deleterious
mutations compared with other genes, given the background mutation rate, Fisher's
exact test was performed comparing the deleterious mutation frequency of the gene in
question to that of other genes. Nonsense mutations, frame shift insertions and frame
shift deletions were classified as deleterious mutations, while mutations of any other

type (missense, etc., but non-intergenic) counted as others.

[00267] Deleterious Q-values were calculated within each disease, by counting the
number of genes with deleterious mutations (N), and calculating the rank of each

association. The g-value for a given p-value was then Q=p*N/rank.

[00268] Gene Classification: Once the mutations were classified, individual genes
were nominated to one of three classes — “Gain of Function,” “Loss of Function,” and
“Recurrent Other.” The classification is based on the combination of relative
frequencies and the significance of the mutations observed in the gene. The
significance of the mutations per gene is assessed by a p-value. The classification

scheme in FIG. 2 specifies the criteria for Gain of Function and Loss of Function genes.
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[00269] A “Gain of Function” gene will have a relatively high trequency ot Hotspot
Missense mutations and a low frequency of Deleterious mutations, while a “Loss of
Function” gene contains a large fraction of Deleterious mutations. “Recurrent Other”
tend to contain recurrent insertion/deletion mutations, some of which - for example
“recurrent frame shift indels of 1 base — exhibit signs of potential false-positive calls that

may arise from local alignment errors.

[00270] Pan-Cancer Analysis - To summarize mutations across diseases identical
calculations were performed as for within-disease analyses, but without stratifying the
mutation records by disease. For the pan-disease gene classification, the genes

(unique by Entrez ID) were summarized across all cancer types.

[00271] EXAMPLE 3: Diagnostic assay for the identification of gene fusions

and/or gene variants in cancer

[00272] Library Pregaration
[00273] PCR Amplify Genomic DNA Targets

[00274] The disclosed variant and fusion. polynucleotides can be detected by the
sequencing of nucleic acids. This can be accomplished by next generation sequencing,
the description of which follows. The source of the nucleic acid for next generation

sequencing can include a Fresh-Frozen Paraffin-Embedded (FFPE) sample.

[00275] A multiplex polymerase chain reaction is performed to amplify 384 individual
amplicons across a genomic DNA sample. A pool of greater than 32,000 primers is
developed covering more than 100 gene variants or fusion polynucleotides. Each primer
in the primer pool was designed to contain at least one uridine nucleotide near the
terminus of each primer. Each primer is also designed to selectively hybridize to, and
promote amplification, by forming a primer pair, with a specific gene, gene variant, or

fusion polypeptide of a nucleic acid sample.

[00276] To a single well of a 96-well PCR plate is added 5 microliters of the Primer
Pool containing 384 primer pairs at a concentration of 15 uM in TE, 10-50 ng genomic
DNA and 10 microliters of an amplification reaction mixture (2x AmpliSeq HiFi Master
Mix) that can include glycerol, dNTPs, and Platinum® Taq High Fidelity DNA
Polymerase (Invitrogen, Catalog No. 11304) to a final volume of 20 microliters with
DNase/RNase Free Water (Life Technologies, CA, Part No. 600004).
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[00277] The PCR plate is sealed and loaded into a thermal cycler (GeneAmp® PCK
system 9700 Dual 96-well thermal cycler (Life Technologies, CA, Part No. N8050200
and 4314445)) and run using the following temperate profile to generate the

preamplified amplicon library.

[00278] An initial holding stage is performed at 98°C for 2 minutes, followed by 16
cycles of denaturing at 98°C for 15 seconds and an annealing and extending stage at
60°C for 4 minutes. After cycling, the preamplified amplicon library is held at 4°C until

proceeding to the purification step outlined below.
[00279] Purify the Amplicons from input DNA and Primers

[00280] Two rounds of Agencourt® AMPure® XP Reagent (Beckman Coulter, CA).
binding, wash, and elution at 0.6x and 1.2x volume ratios are found to remove genomic
DNA and unbound or excess primers. The amplification and purification step outlined

herein produces amplicons of about 100 bp to about 600 bp in length.

[00281] In a 1.5ml LoBind tube (Eppendorf, Part No. 022431021), the preamplified
amplicon library (20 microliters) is combined with 12 microliters (0.6x vqumes)’ of
Agencourt® AMPure® XP reagent (Beckman Coulter, CA). The bead suspenéion is
pipetted up and down to thoroughly mix the bead suspension with the preamplified
amplicon library. The sample is then pulse-spin and incubated for 5 minutes at room

temperature.

[00282] The tube containing the sample is placed on a magnetic rack such as a
DynaMag™-2 spin magnet (Life Technologies, CA, Part No. 123-21D) for 2 minutes to
capture the beads. Once the solution cleared, the supernatant is transferred to a new
tube, where 24 microliters (1.2x volume) of AgenCourt® AMPure® XP beads (Beckman
Coulter, CA) is added to the supernatant. The mixture is pipetted to ensure that the
bead suspension is mixed with the preamplified amplicon library. The sample is then
pulse-spun and incubated at room temperature for 5 minutes. The tube containing the
sample is placed on a magnetic rack for 2 minutes to capture the beads. Once the
solution clears, the supernatant is carefully discarded without disturbing the bead pellet.
The desired preamplified amplicon library is then bound to the beads. Without removing
the tube from the magnetic rack, 200 microliters of freshly prepared 70% ethanol is
introduced into the sample. The sample is incubated for 30 seconds while gently
rotating the tube on the magnetic rack. After the solution clears, the supernatant is

discarded without disturbing the pellet. A second ethanol wash is performed and the
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supernatant discarded. Any remaining ethanol is removed by pulse-spinning the tube
and carefully removing residual ethanol while not disturbing the pellet. The pellet is air-

dried for about 5 minutes at room temperature.

[00283] Once the tube is dry, the tube is removed from the magnetic rack and 20
rhicroliters of DNase/RNase Free Water is added (Life Technologies, CA, Part No.
600004). The tube is vortexed and pipetted to ensure the sample is mixed thoroughly.
The sample is pulse-spun and placed on the magnetic rack for two minutes. After the

solution clears, the supernatant containing the eluted DNA is transferred to a new tube.
[00284] Phosphorylate the Amplicons

[00285] To the eluted DNA (~ 20 microliters), 3 microliters of DNA ligase buffer
(Invitrogen, Catalog No. 15224041), 2 microliters dNTP mix, and 2 microliters of FuP
reagent are added. The reaction mixture is mixed thoroughly to ensure uniformity and

incubated at 37°C for 10 minutes.
[00286] Ligate Adapters to the Amplicons and Purify the Ligated Amplicons

[00287] After incubation, the reaction mixture proceeds directly to a ligation step.
Here, thé reaction mixture now containing the phosphorylated amplicon library is
combined with 1 microliter of A/P1 Adapters (20 um each)(sold as a component of the
lon Fragmenf Library Kit, Life Technologies, Part No. 4466464) and 1 microliter of DNA
ligase (sold as a component of the lon Fragment Library Kit, Life Technologies, Part No.

4466464), and incubated at room temperature for 30 minutes.

[00288] After the incubation step, 52 microliters (1.8x sample volume) of
AgenCourt® AMPure® Reagent (Beckman Coulter, CA) is added to the ligated DNA.
The mixture is pipetted thoroughly to mix the bead suspension with the ligated DNA.
The mixture is pulse-spun and incubated at room temperature for 5 minutes. The
samples undergo another pulse-spin and are placed on a magnetic rack such as a
DynaMag™-2 spin magnet (Life Technologies, CA, Part No. 123-21D) for two minutes.
After the solution clears, the supernatant is discarded. Without removing the tube from
the magnetic rack, 200 microliters of freshly prepared 70% ethanol is introduced into the
sample. The sample is incubated for 30 seconds while gently rotating the tube on the
magnetic rack. After the solution clears, the supernatant is discarded without disturbing
the pellet. A second ethanol wash is performed and the supernatant is discarded. Any

remaining ethanol is removed by pulse-spinning the tube and carefully removing
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residual ethanol while not disturbing the pellet. The pellet is air-dried for about 5

minutes at room temperature.

[00289] The pellet is resuspended in 20 microliters of DNase/RNase Free Water
(Life Technologies, CA, Part No. 600004) and vortexed to ensure the sample is mixed
thoroughly. The sample is pulse-spun and placed on the magnetic rack for two minutes.
After the solution clears, the supernatant containing the ligated DNA is transferred to a
new Lobind tube (Eppendorf, Part No. 022431021).

[00290] Nick Translate and Amplify the Amplicon Library and Purify the Library

[00281] The ligated DNA (~20 microliters) is combined with 76 microliters of
Platinum® PCR SuperMix High Fidelity (Life Technologies, CA, Part No. 12532-016,
sold as a component of the lon Fragment Library Kit, Life Techhologies, Part No.
4466464) and 4 microliters of Library Amplification ﬁ’rimer Mix (5 pM each)(Life
Technologies, CA, Part No. 602-1068-01, sold as a component of the lon Fragment
Library Kit, Life Technologies, Part No. 4466464), the mixture is pipeited thoroughly to
ensure a uniformed solution. The solution is applied to a single well of a 96-well PCR
plate and sealed. The plate is loaded into a thermal cycler (GeneAmp® PCR system
9700 Dual 96-well thermal cycler (Life Technologies, CA, Part No. N8050200 and
4314445)) and run on the following temperate profile to generate the final amplicon

library.

[00292] A nick-translation is performed at 72°C for 1 minute, followed by an enzyme
activation stage at 98°C for 2 minutes, followed by 5-10 cycles of denaturing at 98°C for
15 seconds and an annealing and extending stage at 60°C for 1 minute. After cycling,
the final amplicon library is held at 4°C until proceeding to the final purification step

outlined below.

[00293] In a 1.5ml LoBind tube (Eppendorf, Part No. 022431021), the final amplicon
. library (~100 microliters) is combined with 180 microliters (1.8x sample volume) of
Agencourt® AMPure® XP reagent (Beckman Coulter, CA). The bead suspension is
pipetted up and down to thoroUgth mix the bead suspension with the final amplicon
library. The sample is then pulse-spun and incubated for 5 minutes at room

temperature.

[00294] The tube containing the final amplicon library is placed on a magnetic rack
such as a DynaMag™-2 spin magnet (Life Technologies, CA, Part No. 123-21D) for 2

minutes to capture the beads. Once the solution clears, the supernatant is carefully
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discarded without disturbing the bead pellet. Without removing the tube trom the
magnetic rack, 400 microliters of freshly prepared 70% ethanol is introduced into the
sample. The sample is incubated for 30 seconds while gently rotating the tube on the
magnetic rack. After the solution clears, the supernatant is discarded without disturbing
the pellet. A second ethanol wash is performed and the supernatant is discarded. Any
remaining ethanol is removed by pulse-spinning the tube and carefully removing
residual ethanol while not disturbing the pellet. The péllet is air-dried for about 5

minutes at room temperature.

[00295] Once the tube is dry, the tube is rembved from the magnetic rack and 20
microliters of Low TE was added (Life Technologies, CA, Part No. 602-1066-01). The
tube is pipetted and vortexed to ensure the sample is mixed thoroughly. The sample is
pulse-spin and placed on the magnetic rack for two minutes. After the solution clears,
the supernatant containing the final amplicon library is transferred to a new Lobind tube
(Eppendorf, Part No. 022431021). .

[00296] Assess the Library Size Distribution and Determine the Template

Dilution Factor

[00297] The final amplicon library is quantitated to determine the library dilution
(Template Dilution Factor) that results in a concentration within the optimized target
range for Template Preparation (e.g., PCR-mediated addition of library molecules onto
lon Sphere™ Particles). The final amplicon library is typically quantitated for
downstream Template Preparation procedure using an lon Library Quantitation Kit
(qPCR) (Life Technologies, Part No. 4468802) and/or a Bioanalyzer™ (Agilent
Technologies, Agilent 2100 Bioanalyzer) to determine the molar concentration of the
amplicon library, from which the Template Dilution Factor is calculated. For example,
instructions to determine the Template Dilution Factor by quantitative real-time PCR
(qPCR) can be found in the lon Library Quantitation Kit User Guide (Life Technologies,
Part No. 4468986), hereby incorporated by reference in its entirety.

[00298] In this example, 1 microliter of the final amplicon library preparation is
analyzed on the 2100 Bioanalyzer™ with an Agilent High Sensitivity DNA Kit (Agilent
Technologies, Part No. 5067-4626) to generate peaks in the 135-205 bp size range and

at a concentration of about 5 x 10° copies per microliter.

[00299] Proceed to Template Preparation
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[00300] An aliquot of the final library is used to prepare DNA templates that are
clonally amplified on lon Sphere™ Particles using emulsion PCR (emPCR). The
preparation of template in the instant example is prepared according to the
manufacturer’s instructions using an lon Xpress Template Kit (Life Technologies, Part
No. 4466457), hereby incorporated by reference in its entirety. Once template-positive
lon Sphere Particles are enriched, an aliquot of the lon Spheres are loaded onto an lon
314™ Chip (Life Technologies, Part No. 4462923) as described in the lon Sequencing
User Guide (Part No. 4467391), hereby incorporated in its entirety, and subjected to
analysis and sequencing as described in the lon Torrent PGM Sequencer User Guide

(Life Technologies, Part No. 4462917), hereby incorporated in its entirety.

[00301] EXAMPLE 4: Oncomine NGS Integrative Analysis Methods to Identify

Genetic Events Associated with Clinical Outcomes

[00302] The Oncomine NGS Integrative Analysis was designed to bring together the
largest possible set of core NGS data to enable scientific workflows that interrogate
relationships across data types and diseases, summarizing the analyses at multiple

biological levels of abstraction, such as genes and pathways.

[00303] Data Sources (Oncomine is available from Life Technologies/Compendia
Biosciences - Ann Arbor, Michigan andhypertext transfer  protocol

:/lwww.oncomine.org)

[00304] The data for the Integrative Analysis was taken from the below sources:
[00305] Fusions: Oncomine driver fusions

[00306] Mutations: Oncorﬁine pan-cancer driver mutations

[00307] CNVs: Peak amplification and deletion data derived from Oncomine-

processed copy number data

[00308] DNA: Oncomine-processed DNA-seq continuous data
[00309] RNA: Normalized gene-level RNAseq continuous data
[00310] Clinical: Oncomine-curated clinical and outcome metadata
[00311] Pathways: Oncomine pathway definitions

[00312] Fusions Data and Filtering |

[00313] Fusion data for integrative analysis was obtained from Oncomine NGS

Fusion data.. Oncomine Prioritized Fusion is a priority scheme developed at
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Compendia to capture attributes of known true positive fusion events and characterize a
subset of observed gehe fusions as high-confidence priority fusions. Criteria used to
define priority fusions include: valid 5' to 3' orientation, non-adjacent fusion partners,
uniquely mapping spanning reads, non-paralogous fusion partners, not observed in

normal tissue, and non-overlapping with redundant regions in the genome.

[00314] Fusions were included and considered driver fusions if they were called by
deFuse or Tophat, had exon expression evidence that was “supported” or “neutral” and

met one of the following 4 criteria:
[00315] Oncomine Prioritized Fusion + Recurrent
[00316] Oncomine Prioritized Fusion + Mitelman Annotated

[00317] Oncomine Prioritized Fusion + One partner is an Oncomine Gain of Function

gene involved in 3 or more Pan-Disease Priority Fusions

[00318] Oncomine Prioritized Fusion + One partner is a Sanger Oncogene

(http://goo.gl/JQBwY) involved in 3 or more Pan-Disease Priority Fusions
[00319] Mutations Data and Filtering

[00320] Mutation data for Integrative Analysis was obtained from Oncomine NGS
Mutation data. Individual genes are classified into predicted functional classes, namely
“Gain of Function” and “Loss of Function” to reflect their relative enrichment in potential
activating or deleterious mutations. This classification is based on the combination of
relative frequencies and the significance of the mutations observed in the gene
assessed by a p-value. A “Gain of Function” gene will have a relatively high frequency
of Hotspot Missense mutations and a low frequency of Deleterious mutations, while a

“Loss of Function” gene contains a large fraction of Deleterious mutations.
[00321] Copy Number Segmentation and Quantification

[00322] DNA copy number data for each TCGA sample was obtained from

Oncomine. Measurements from multiple reporters for a single gene were averaged.
[00323] Minimum Common Region (MCR) Peak Generation

[00324] In genes that were recurrently amplified (4 or more copies) or deleted (1 or
less copy), peaks were identified independently in 25 cancer types by applying MCR
analysis on Oncomine clinical samples. To define peaks, contiguous genomic regions
with multiple genes that were significantly aberrant (common regions) were identified

first. In every common region, a Peak is defined as one or more genes whose aberrant
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sample count meets or exceeds a peak threshold. In every cancer, common regions are
defined as regions whose aberrant sample count meet or exceed a common region

threshold. The baseline, average number of aberrant samples observed across ali

genes, is calculated for every arm of every chromosome in every cancer.

[00325]

[00326]
.Data.

[00327]

[00328]

Clinical Data Curation

mRNA .'Gene Expression

Expression data was obtained from the Broad GDAC's TCGA Standard

Patient clinical data was obtained from TCGA and curated by Compendia.

Curated data types included demographics, major clinical and histological disease

- subtypes, and qlinical outcome data. All properties were standardized to be consistent

across the diseases.

[00329]
[00330]

Construction of Clinically Relevant Subsets

Curated clinical data obtained from TCGA and Oncomine NGS data was

used and the rules in Table 14 were applied to define the Clinical Subsets:

Table 14 — Rules to define the Clinical Subsets

Disease

Clinical Subtype

Source

Rules

Invasive Breast
Carcinoma

Triple Negative

Phenomic Data

ERBB?2 Status = ERBB2 Negative

Estrogen Receptor Status = Estrogen Receptor Negative
Progesterone Receptor Status = Progesterone Receptor
Negative

ER Positive

Phenomic Data

Estrogen Receptor Status = Estrogen Receptor Positive

ER Positive and
HER2 Negative

Phenomic Data

Estrogen Receptor Status = Estrogen Receptor Positive
ERBB?2 Status = ERBB2 Negative

Gastric
Adenocarcinoma

Hyper-Mutator

Oncomine NGS Data

Patient Mutation Count >=400

Lung
Adenocarcinoma

KRAS Mutation (No
ALK Fusion and No

Oncomine NGS Data

Oncomine Mutation Classification = Hotspot

EGFR Mutation)
Triple Negative

Oncomine NGS Data

No EGFR Mutation (AND) No KRAS Mutation (AND)
No ALK Fusion

Rectal
Adenocarcinoma

KRAS Mutation Oncomine NGS Data | Oncomine Mutation Classification = Hotspot

KRAS Mutation, Oncog;?:/NGS Oncomine Mutation Classification = Hotspot (AND)
Stage 3 or 4 Phenomic Data Stage = Stage 11l (OR) Stage IV

KRAS Wildtype Oncomine NGS Data | No KRAS Mutation
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[00331] Pathways

[00332] Manually curated Compendia pathway definitions were used to summarize
gene-level ‘aberrations in the integrative analysis. The pathways represent clinically
relevant pathway modules, and several modules may cover a major biological pathway,

and a single gene may be present in one or more pathway module definitions.
[00333] Data Integration

[00334] The diagram in Figure 3 s.ummarizes the data flow that integrates the
various data types into a Genetic Event Database (GEDB). All further analyses are

conducted using the GEDB. The process has 4 main steps.

[00335] Map the data to the internal IA gene and patient dimension
[00336] Define events and driver events in each data type .
[00337] Roll-up individual events to the gene and pathway level
[00338] Combine the events into the Genetfc Events Database.
[00339] Gene and Patient Dimensions

[00340] A single gene and patient dimension was constructed which encompassed
all patients and genes measured across all disease and data types. The geneé and
patients were given internal identifiers, and all data in the IA was referenced against
these identifiers for gene name and patient barcode consistency. The unique identifier
for a gene is the gene Entrez ID. The unique identifier for a patient is the TCGA Patient
Barcode (first 12 digits of the TCGA barcode).

[00341] Driver Event Definition

[00342] Mutation, fusion and copy number events are defined based on the following

criteria for genomic events:
[00343] Fusions: Oncomine recurrent priority fusions
[00344] Mutations: Oncomine driver mutations from pan cancer driver genes

[00345] CNVs: CBI identified peaks, and gene amp/del within peaks

125



WO 2015/149034 PCT/US2015/023197

[00346] Genetic Event Definition and Roli-up

[00347] A genetic event is a genomic aberration, representing either an individual
mutation, fusion, or copy number event, or a combination of events at the gene or
pathway level. The events are ‘rolled-up’ according to the flowchart shown in Fig. 4.
When multiple events are combined to construct rolled up events, the set of measured
patients for the rolled up event becomes the intersection of the patients measured for all

3 data types. Patients positive are only included if fully measured.
[00348] Analyses

[00349] Once all the driver genetic events are constructed, a set of analyses is
performed on each ‘genetic event, calculating frequencies, associations and
relationships within diseases (and pan-cahcer where appropriate). The following are

short descriptions of each analysis:
[00350] Frequency

[00351] Frequency is the occurrence of a driver event among the patients in which it

was measured. Frequencies are calculated within disease and pan-cancer.
[00352] Clinical Association Analysis

[00353] Each driver event is tested for association against a set of available clinical
subtypes. Each association is tested using a Fischer's exact test by comparing the
occurrences of the genetic event in patients of one clinical subtype versus another. For '
example a Loss of Function mutation may be tested for over-representation in Smokers
versus Non-Smokers, or in Stage | versus Stage Il lung cancer. A total of 136 s.ubtype
pairs are tested against each event, the properties that define the subtypes are listed
below (some properties may be disease¥speciﬁc). At least 4 patients total, with at least

1 patient in each class are required to perform the test.
[00354] Clinical Outcome Analysis

[00355] Each driver event is tested for association with clinical outcome using log-
rank test. Only the set of patients with available clinical data are used for the
calculation, so the number of patients included in the test may be less than the number
of patients measured for the driver event. At least 4 patients positive for driver event are
required to perform the test. Survival time is presented in years, and individual
alive/dead events are clearly marked on a Kaplan-Meier curve. P-values were corrected

for multiple testing (g-values). Events with a g-value less than 0.1 were considered.
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[00356] The results of the analysis are shown in Tables 15 and 39. In lables 15 and

39, the columns provide the following information:
[00357] The “Subset” column provides the clinically relevant cancer type.
[00358] The p-value column is the p-value.

[00359] The g-value column is the corrected p-value. Events with q<0.1 are included
in the table. ‘

[00360] The no. positive column is the number of patients positive for an event type.
[00361] The Total no. of patients column is the total number patients assessed.
[00362] The Cytoband column is the chromsomal location of the gene(s).

[00363] The Genes (Entrez ID) column is a List of gene(s) and corresponding Entrez
id.

[00364] The Druggable genes column indicates if any gene(s) are targets for drugs

in active trials, approved, or otherwise commercially available.

[00365] " The KM Evidence column provides the Kaplan-Meier evidence. The KM
evidence indicates if the event type supports good or poor prognosis in the particular

cancer type.

[00366] Tables 15 and 39 contains more than 100 gain-of-function mutations, loss-
of-function mutations, in-peak gene amplification/deletions, and fusion events for
various cancer types with a q<0.1. Gene(s) within each event and cancer type are
included along with their chromosomal locations, druggability information and clinical

outcome associations, as indicated in the column information above.
[00367] Example 5- Integrated data analysis

[00368] Oncomine NGS Integrated Analysis. The Oncomine NGS Integrative
Analysis was designed to bring together the largest possible set of core integrated
genomic and phenomic data to enable scientific workflows that interrogate relationships
across data types and cancer types, summarizing the analyses at mtjltiple biological

levels of abstraction, such as genes and pathways.

Terminology:
[00369] Aberration - A genomic structural variation or alteration of DNA; Examples

include: mRNA over/under-expression, copy number amplification/deletion, mutation,

and gene fusion.
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[00370] Driver — Aberration identified as a potential cancer driver by Oncomine
methodology described in this document; examples include gain of function mutations,

gene amplifications in a peak amplification region, or gene fusions

[00371] Roll-up- A summary of all mutation, fusion, or copy-number aberrations for
the gene or pathway; Only patients measured for all three aberration types are included

in the rolled-up.

[00372] Hotspot Mutation - A mutation that is recurrent (n23), and classified as either

an in-frame insertion/deletion, nonstop or missense.
[00373] Patient null set - The set of patients measured for a genetic aberration
[00374] Patient positive set - The set of patients harboring the genetic aberration

[00375] Gene null set - The set of genes measured by the experimental platform |

used to assess the genetic aberration

[00376] Mitelman - Database of Chromosome Aberrations and Gene Fusions in

Cancer manually curated from literature (hypertext transfer protocol:/goo.gl/PnXMT)

[00377] RPKM - “Readé Per Kilobase per Million”; a method  for RNASeq data
quantification that normalizes for total read length and number of sequencing reads
(Mortazavi et al. 2008)

[00378] RSEM - “RNA-Seq by Expectation Maximization” a method for RNASeq
data quantification that estimates the best probable distribution of reads among the
expected transcripts provides relative transcript abundances as a fraction of the total

read pool. (Li and Dewey 2011)

[00379] Data Sources. An effort was made to collect the largest overlapping set of
data available for each sample. The data in this release of the NGS Integrative Analysis
Browser was obtained from The Cancer Genome Atlas (TCGA), the Cancer Cell Line
Encyclopedia (CCLE), COSMIC Cell Lines Project, and a number of research
publications, either directly or after being subjected to Oncomine processing and
analysis methods. Due to the uneven coverage of all data types across the source
datasets, some cancer types have a greater number of patients covered in multiple data

types.

t00380] The Oncomine NGS Mutations release used in the Integrative Analysis

contained a number of hand-curated datasets obtained from NGS mutation studies in

peer-reviewed publications. For a full list of publications that contributed mutation data
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to integrative analysis, please see the Oncomine NGS Mutations methods
documentation. The following datasets contained multi-dimensional NGS data,
providing both, mutations and copy number data. Copy number data for these datasets

was processed in the same way as the copy number data obtained from TCGA.

[00381] Cell line data includes mutation, fusion, and copy number datasets. Cell line
data was processed in the same way as the clinical tumor data — with mutation and
fusion cell line data obtained from the Oncomine™ NGS Mutation and Oncomine™
NGS Fusion Power Tools, respectively. Copy number data for cell lines was processed
using the standard Oncomine copy number pipeline. Although there were two disparate
cell line datasets used — CCLE and COSMIC - our standardization of cell line disease
types and names has enabled us to cross reference the two datasets and combine the
CCLE copy number data, COSMIC mutation data and Oncomine fusions calls (based
on CCLE RNASeq data). Therefore, numerous cell lines in this release have had their
exomes systematically characterized for all three types of aberrations. Cell line data
was summarized using the Oncomine cancer type definitions to be directly comparable
to tumor data, although the summarization was performed separately for tumor and cell

lines.
' [00382] Phenomic Data

[00383] Clinical Patient Metadata Curation. Patient clinical data was obtained
from primary sources and curated by Compendia. Curated data types include
demographics, major clinical and histological disease subtypes, and clinical outcome
data. All cancer type-independent properties (such as age or survival) were
standardized for consistency across cancer types. Certain disease stages were merged
to obtain higher patient counts within a stage. For example, Stage la and Ib may be

combined as Revised Stage |.

[00384] Following is the list of most populated properties and corresponding values

captured by the curation process. Not all properties were available for all patients.

Property Name Property Value
Age 10 - 14 Years
1S - 19 Years
20 - 29 Years
30 - 39 Years
30 -39 Years
40 - 49 Years
50 - 59 Years
60 - 69 Years
70 - 79 Years
80 - 89 Years
B0+ Years
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ERBB2 Status

ERBB2 Negative

ERBB2 Positive

Estrogen Receptor Status

Estrogen Receptor Negative

Estrogen Receptor Positive

FAB Subtype

FAB Subtype MO

FAB Subtype M1

FAB Subtype M2

FAB Subtype M3

FAB Subtype M4

FAB Subtype M5

FAB Subtype M6

FAB Subtype M7

Gleason Score

Gleason Score 10

Gleason Score 6

Gleason Score 7

Gleason Score 8

Gleason Score 9

Grade

Grade 1

Grade 2

Grade 3

Grade 3-4

Grade 4

Hepatitis Virus Infection Status

Hepatitis B Virus Positive

Hepatitis C Virus Positive

Human Papillomavirus Infection Status

HPV Negative

HPV Positive

HPV Type 16 and 52 Positive

HPV Type 16 Positive

HPV Type 45 Positive

- IHPV Type 58 Positive

Metastatic Event Status

Metastatic Event

Microsatellite Status

Microsatellite Instable

Microsatellite Stable

Overall Survival Status Alive
Dead
Overall Survival Status (Detailed) Alive

IAlive With Disease

iAlive Without Disease

Dead

Dead With Disease

Dead Without Disease

Patient Treatment Response

Unknown Therapy Complete Response

Unknown Therapy Partial Response

Unknown Therapy Progressive Disease

Unknown Therapy Stable Disease

Progesterone Receptor Status

Progesterone Receptor Negative

Progesterone Receptor Positive

Race/Ethnicity

American Indian or Alaska Native

lAsian

Black or African American

Hispanic or Latino

Native Hawaiian or Other Pacific Islander

(White

Recurrence Status

Biochemical Recurrence

No Biochemical Recurrence

Recurrence

Recurrence Status (Detailed)

Local Recurrence

Metastatic Recurrence

Recurrence

Revised M Stage

MO

M1

Revised N Stage

NO

N1

N2

N3
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Property Name Property Value
Revised Smoking Status Never Smoker
ISmoker
Revised Stage FIGO Stage |
FIGO Stage Il
FIGO Stage Ill
FIGO Stage 1V
Stage |

IStage |l

iStage il

Stage IV
Revised T Stage T
W

Tl

T11

712

T2

T21

122

T3

T4

Sex Female

. [Male

*TCGA PAMS50 Subtype Basal-like -
HER2-enriched
Luminal A
Luminal B
Normal-like
*TCGA RPPA Subtype Basal

Her2

Luminal A
Luminal A/B
Reactive | Group
Reactive Il Group
*TCGA Subtype Basal

ICIN

Classical
Invasive
Mesenchymal
MSI/CIMP
Neural
Primitive
Proneural
Secretory
Metastatic Event Follow-up Time (Days)

Overall Survival Follow-up Time (Days)
Recurrence Follow-up Time (Days)

[00385] Properties prefixed by “TCGA” were obtained and curated from the TCGA
publications that defined the molecular subtypes for invasive breast carcinoma,

glioblastoma'squamous cell lung carcinoma and colorectal cancers.

[00386] Genomic Event Data: Fusions Data Filtering. - Fusion data for the
Integrative Analysis Browser was obtained from Oncomine NGS Fusion data released
in November, 2013. Only fusions identified as Oncomine Priority Fusions were included

in the Integrative Analysis Browser.
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[00387] Oncomine Prioritized Fusion is a priority scheme developed at Compendia
to capture attributes of known true positive fusion events and characterize a subset of
observed gene fusions as high-confidence priority fusions. Criteria used to define
priority fusions include: valid 5' to 3' orientation, non-adjacent fusion partners, uniquely
mapping spanning reads, non-paralogous fusion partners, not observed in normal

tissue, and non-overlapping with redundant regions in the genome.

[00388] The patient null set for the fusion data is the full set of patient tumor samples
processed in the fusion analysis; data for only one tumor sample (preferably the
primary, non-recurrent tumor) per patient was retained. The gene null set is the set of
genes in RefGene as of May 2012. Fusions were included in the Integrative Analysis
Browser if they were an Oncomine Priority Fusion, had exon expression evidence that

was “supported” or “neutral’, and met one of the following criteria:
[00389] Recurrent (occurred in 2 or more patients)
[00390] Annotated in the'MiteIman database of known structural variations

[00391] Contained a gene partner that is an Oncomine Gain of Function gene that is

involved in 3 or more Pan-Disease Priority Fusions

[00392] Contained a gene partner that is a Sanger Oncogene (hypertext transfer

protocol://goo.gl/JQBwY) that is involved in 3 or more Pan-Disease Priority Fusions.

[00393] Mutation Data Filtering. Mutation data for Integrative Analysis was
obtained from Oncomine NGS Mutation data released in November, 2013. Only non-
silent mutations in coding gene regions were included in the Integrative Analysis

Browser.

[00394] The patient null set is the full set of patients processed in the mutation
analysis; data for only one tumor sample (preferably the primary, non-recurrent tumor)
per patient was retained. The gene null set is the set of genes in RefGene as of March
2012.

[00395] Mutations with the following variant classifications were not included in the
Integrative Analysis Browser: Silent, 5’ UTR, 3' UTR, RNA, Non-Coding Exon.

[00396] Calling AmpIificationsIDeletions. DNA copy number data for each sample
was obtained from the 2013 Q4 Oncomine Standard Data Build, in which all copy
number data available from TCGA and the hand-curated publications as of October

2013 was standardized.
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[00397] The patient null set for this analysis was the set of patients measured for
copy number data as of October 2013 and the set of patients measured in the hand-
curated publications. Data for only one tumor sample (preferably the primary, non-
recurrent tumor) per patient was retained. The gene null set for this data was the
Oncomine DNA Copy Number platform, based on RefSeq coordinates (hg18) provided
by UCSC RefGene build July 2009, and measures 18,796 genes. Measurements from

multiple reporters for a single gene were averaged.

[00398] The log, of the estimated copy value was used to make
amplification/deletion (amp/del) calls, with cutoffs of > 1.0 and < -1.0, respectively. No

amp/del calls were made log, (estimated copies) that were 2 -1.0 or < +1.0.

[00399] Genomic Continuous - Data: Copy Number Segmentation and
Quantification. DNA copy number data for each sample was obtained from the 2013
Q4 Oncomine Standard Data Build, in which all copy number data available from TCGA
as of September 2013 and all copy number data from the hand-curated publications

was standardized.

[00400] ' The patient null set for this analysis was the set of TCGA patients measured
for copy number data as of October 2013 and the set of patients measured in the hand-
curated publications. Data for only one tumor sample (preferably the primary, non-
recurrent tumor) per patient was retained. The gene null set for this data was the
Oncomine DNA Copy Number platform, based on RefSeq coordinates (hg18) provided
by UCSC RefGene build July 2009, and measures 18,796 genes. Measurements from

multiple reporters for a single gene were averaged.

[00401] Copy number data was segmented and quantified using the standard
Oncomine processing pipeline. Segmentation is a method used to identify contiguous
regions of amplification or deletion. These regions or “segments” can include muiltiple
genes or single genes. A copy number value is computed for each segment based on
the mean value for the reporters contained in the segment. Genes are mapped to
segments and assigned a value. This gene level data is then reported. Please see the

Oncomine DNA Processing Pipeline White Paper for more information.

[00402] mRNA Expression Data. Expression data was obtained from the Broad
GDAC's TCGA Standard Data build from September, 2013.

[00403] The patient null set for this data was the set of patients with available
RNASeq data in the Broad GDAC 2013_08_09 stddata build; data for only one tumor
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sample (preferably the primary, non-recurrent tumor) per patient was retained. Ihe
gene null set for this data was different per disease and corresponded to the TCGA
Gene Annotation Files (GAFs) used for the RNASeq quantification. '

[00404] The TCGA currently employs two methods of RNASeq quantification — V1
(RPKM) and V2 (RSEM) — which are not directly numerically comparable. To avoid a
potentially inaccurate_numerical conversion, we use data from a single quantification
method on a per-disease basis, choosing the format based on maximal coverage. In
line with efforts by the TCGA to process (and re-process) all available RNASeq data
using RSEM (V2), RSEM (V2) data was available for most sémples. An exception is
Gastric Adenocarcinoma where RPKM (V1) data was used. Normalized, gene-level
quantification values were obtained for both RSEM and RPKM and converted to log2
values (minimum non-zero RPKM or RSEM values were set at -12). A gene was

considered to be expressed if it had a log; value > -12.

[00405] Oncomine Driver Reference Data: Minimum Common Region (MCR)
Peak Generation and Gene Selection. In order to identified cancer driver genes
subject to amplifications and deletions, a peak-clustering method was performed to
select genes frequently aberrant across multiple cancer types. First copy number peaks
were defined across the largest-available set of copy number data (i.e data beyond
what is included in the Integrative Analysis) within many cancer types. Next, the gene
lists defined by the peaks were clustered in order to identify genes appearing in copy
number peaks in multiple samples and multiple diseases. The parts of the method are

described in more detail below.

[00406] An aberration may be classified as a “driver” aberration — or one that is
considered potentially interesting éccording to one of the data type-specific Oncomine
classification methods. Driver aberrations will be captured as events independently of
other aberrations (non-driver aberrations are termed “any”). For example, a patient who
has a “driver” mutation will be positive for two aberrations — a “driver’ mutation, and an
“any” mutation. Each of the measured data types has a set of rules for determining the

driver events.

[00407] A set of continuous genomic regions subject to amplification or deletion were
identified using the Oncomine MCR analysis by applying it to Oncomine’s 10,249

clinical samples grouped into 25 cancers.
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[00408]

Oncomine (See Table below). The gene null set for this data was the Oncomine DNA

The patient null set for the peak definition was 10,249 clinical samples from

Copy Number platform, based on RefSeq coordinates (hg18) provided by UCSC
refGene build July 2009, and measures 18,796 genes.

[00409]

Oncomine DNA copy number browser that contains >20,000 clinical specimens,

Data for the minimal common region (MCR) analysis was sourced from

xenografts and cell lines across diverse cancer types. MCR analysis identifies regions
of recurrent copy number amplifications or deletions by analyzing the data at three
levels— pan-cancer (across all cancer types), general cancer type (across cancer
types), and intermediate cancer type or specific cancer sub-types. Briefly, the method
first computes a common region (CR) defined as a contiguous genomic region that is
amplified or deleted in 2 or more samples. The minimum thresholds for amplifications
and deletions were set at log2 2 0.9 (3.7 copies or more) and log2 < -0.9 (1 copy or
less) respectively. Then the peak regions within these common regions are defined
as— (i) one or more genes that are aberrant in the highest number of samples (n) and
also those that are aberrant in one less than the highest number (n-1) and (ii) genes

that are aberrant in 90% of the highest aberrant sample count.

[00410]
performed. Peak regions identified by the MCR analysis were further filtered across the

Cluster Analysis to Identify Common Peaks Regions. MCR analysis was

three analysis types (that is, pan-cancer, general cancer type, and specific cancer type
analyses) using the criteria listed in table below. Note that only selected number (~40)

of intermediate or specific cancer types (also listed further below) were included.

- [00411] Filtering criteria to identify h'ighly amplified/deleted regions from MCR
analysis:
Pan-cancer General cancer type Intermediate or specific
- cancer type
Aberrant sample count | >4 >4 >4

Maximum log2 copy
number-
Amplifications

>2 (8 or more copies)

>2 (8 or more copies)

>2 (8 or more copies)

Maximum log2 copy N/A <-1(1 or less copies) <-1(1 or less copies)
number- Deletions

Median frequency >0.5% >0.5% >1.0%

Intermediate or Include all Include all Selected ICTs (see Table

specific cancer types

6)
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Selected intermediate or specitic cancer types included In the titering criteria

General Cancer Type

Intermediate or specific cancer types -

Bladder

Bladder Urothelial Carcinoma

Brain and CNS Glioblastoma; Medulloblastoma; Neuroblastoma

Breast N/A

Cervical Cervical Adenocarcinoma; Cervical Squamous cell carcinoma

Colorectal Cancer Colorectal Adenocarcinoma

Esophageal Esophageal Adenocarcinoma; Esophageal squamous cell carcinoma

Gastric Gastric Adenocarcinoma

Head and Neck Head-Neck Squamous Cell Carcinoma; Thyroid gland follicular
carcinoma; Thyroid Gland Papillary Carcinoma

Kidney Clear Cell Renal Cell Carcinoma; Papillary Renal Cell Carcinoma

Leukemia Acute Lymphoblastic Leukemia; Acute Myeloid Leukemia; Chronic
Lymphocytic Leukemia; Chronic Myelogenous Leukemia;
Myelodysplastic Syndrome

Liver Hepatocellular Carcinoma

Lung Cancer

Lung Adenocarcinoma; Small Cell Lung Carcinoma; Squamous Cell
Lung Carcinoma

Lymphoma Burkitt's Lymphoma; DLBCL; Follicular Lymphoma; Hodgkin's
Lymphoma; Mantle Cell Lymphoma;

Melanoma Cutaneous Melanoma; Multiple Myeloma

Other Endometrial Endometrioid Adenocarcinoma

Ovarian Ovarian Clear Cell Adenocarcinoma; Ovarian Serous Adenocarcinoma

Pancreas Pancreatic Ductal Adenocarcinoma; Prostate Adenocarcinoma

Sarcoma GIST '

[00413] Next, to identify the most recurrent peak regions and genes across multiple

cancer types we used Cytoscape 2.8.3 [Markiel et al. 2003; Smoot et al. 2001] to build
network clusters. Briefly, the analysis compares every gene in a given peak region to
genes in other peak regions and clusters peaks with at least one common gene. The
most recurrent amplified or deleted gene(s) within each cluster was then considered as

a potential candidate driver gene. fhe process is outlined in the schematic below:
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[00414] Identification and Creation of Clinically Relevant Cancer Subtypes. in
order to provide subsets of patients for more focused analysis, several clinically relevant
cancer subtypes were identified and curated using a combination of clinical phenomic,
and categorical genomic data. The phenomic data was sourced from the TCGA Web

Portal or the Supplementary Methods of the hand-curated publications.

[00415] The following rules were applied to define the Clinical Subsets:

Cancer Type Clinical Subtype Data Source Data Interpretation Rules for Inclusion in
Subtype
Invasive Breast Triple Negative TCGA Web Portal | ERBB2 Status = “ERBB2 Negative”
Carcinoma Estrogen Receptor Status = “Estrogen
Receptor Negative”

Progesterone Receptor Status =
“Progesterone Receptor Negative”

ER Positive Phenomic Estrogen Receptor Status = “Estrogen
Receptor Positive”
HER?2 Positive Phenomic ERBB2 Status = “ERBB2 Positive”
ER Positive and Phenomic Estrogen Receptor Status = “Estrogen
HER?2 Positive : Receptor Positive”

ERBB?2 Status = “ERBB2 Positive”
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Cancer Type Clinical Subtype Data Source Data Interpretation Rules for Inclusion in
Subtype
ER Positive and Phenomic Estrogen Receptor Status = “Estrogen
HER2 Negative Receptor Positive”
) ERBB?2 Status = “ERBB2 Negative”
Gastric Diffuse Phenomic Cancer Type = “Diffuse Gastric
Adenocarcinoma - Adenocarcinoma”
Intestinal Phenomic Cancer Type = “Gastric Intestinal Type
Adenocarcinoma”
Hyper-Mutator Oncomine NGS Patient Mutation Count > 400
Head and Neck HPV Positive Phenomic Human Papillomavirus Infection Status =
Squamous Cell “HPV Positive”
Carcinoma HPV Negative Phenomic Human Papillomavirus Infection Status =
“HPV Negative”
Cervical HPV Positive Phenomic Human Papillomavirus Infection Status =
Squamous Cell “HPV Positive”
Carcinoma :
Lung EGFR Mutation Oncomine NGS Oncomine Mutation Classification =
Adenocarcinoma Mutation “Hotspot”
KRAS Mutation Oncomine NGS Oncomine Mutation Classification =
(No ALK Fusion Mutation and “Hotspot”
and No EGFR Fusion
Mutation)
ALK Fusion Oncomine NGS Have Oncomine Driver ALK fusions
Fusion )
Triple Negative Oncomine NGS No EGFR Mutation
Mutation and AND
Fusion No KRAS Mutation -
AND )
No ALK Fusion
Colon and Rectal KRAS Mutation Oncomine NGS Oncomine Mutation Classification =
Adenocarcinoma Mutation “Hotspot”
KRAS Mutation, Oncomine NGS Oncomine Mutation Classification =
Stage 3 or 4 Mutation and “Hotspot”
Phenomic AND
: Stage = “Stage I11” OR “Stage IV”
KRAS Wildtype Oncomine NGS Oncomine Mutation Classification =
Mutation and “Hotspot”
Fusion AND
No KRAS Fusion
Microsatellite Phenomic Microsatellite Status = “Microsatellite
Stable Stable”
Microsatellite Phenomic Microsatellite Status = “Microsatellite
Instable Instable”
Endometrial Microsatellite Phenomic Microsatellite Status = “Microsatellite
Endometrioid Stable Stable”
Carcinoma
Microsatellite Phenomic- Microsatellite Status = “Microsatellite
Instable Instable”
[00416] Pathways. Manually curated Compendia pathway definitions were used to

summarize gene-level aberrations in the Integrative Analysis Browser. The pathways

represent clinically relevant pathway modules, and several modules may cover a major

biological pathway. A single gene may be present in one or more pathway definitions, -

but care was taken to eliminate largely redundant pathways, in which one module is a
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complete subset of another. There are 67 total pathways, ranging in size from 42 genes
(e.g. MAPK pathway) to 2 genes (e.g. IGF1/IGF1R and several others).

[00417] Data Integration. This section summarizes the data flow that integrates the
primary data onto common patient and gene dimensions and constructs the Genetic
Event Database (GEDB), which is comprised of all the aberrations which will be subject
to Integrative Analyses. The process has 4 main steps: (1) Integrate primary data using
universal gene and patient dimensions, (2) Call aberration events for each data type
and define driver aberrations (3) Roll-up individual events to the gene and pathway level
and integrate events, and (4) Construct the Genetic Event Database by defining patient

status for each event.

[00418] Constructing and Mapping to the Gene and Patient Dimensions. The
varied data types included in the Integrative Analysis may have been measured on
different experimental platforms and on sets of patients that are not perfectly
overlapping. Therefore, care was taken to include all patients and genes measured

while avoiding duplicate or conflicting entries.

[00419] For each data type, a gene and patient “dimension” was constructed,
enumerating the genes and patients measured in the data. The dimension for each data
type may be different, as indicated by the patient dimension overlap diagram below

(numbers for illustration only), in this case, for Invasive Breast Carcinoma.

[00420] Gene and patient dimensions were gathered from each cancer and data
type, and a non-redundant superset of all the patient and gene identifiers in the
Integrative Analysis was constructed. The bars in the figure below represent blocks of
patient identifiers (if sorted by said identifier) for patients measured for the certain

aberration types.

[00421] Redundancy for patients was determined based on the unique patient
identifier — currently the first 12 characters of the TCGA Tumor Sample Barcode (e.g.,
TCGA-AB-1234).

[00422] Redundancy for genes was determined based on the unique gene identifier
— currently the Entrez Gene ID. The genes were also compared against the Oncomine
gene set, and when a gene symbol conflict was found — one Entrez ID assigned two or
more gene symbols — the gene symbol from Oncomine was used. Several (12) of the

measured genes contained Entrez ID that have been discontinued and thus may not
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represent the most accurate gene model. Ihe gene symbols for these genes were

marked with the word “discontinued”.

[00423] Once constructed, the non-redundant gene and patient dimensions were
indexed to provide a consistent internal identifier for each gene and patient in the
dataset. All the unique patient and gene identifiers in the primary data were then
mapped to the dimension patient and gene identifiers. Gene and patient metadata, such
as gene symbols and patient clinical data, are thus always mapped through the
respective dimensions, providing consistency in naming and annotation. The total

number of unique genes and patients in the Integrative Analysis is as follows:

[00424] Genes © 23,340
Patients 11,476

[00425] The patient dimension along with the dataset-specific mapping of the
patients helps correctly identify fully wild-type patients — those who are measured for all

aberration types but do not contain any aberrations.

[00426] A patient could thus be measured for any number of aberrations, and can
only be aberrant for those events measured. The aberrations a patient is measured for

determined the types of analyses that patient would be included in:

Patient “X” Patient “X” Patient “Y” Patient “Y”
Measured for: Excluded from: Measured for: Excluded from:
Clinical* Clinical v DNA vs. RNA
Associations, Correlation,
Mutations v Clinical Outcome | v Differential
Associations Expression,
Fusions v/ v Expressed
Frequency
Copy Number e v
Expression Ve

*"Measured for : Clinical” indicates clinical metadata was present for patient.

[00427] Event Model. Each genomic aberration from the mutation, fusion, and copy
number data sets was identified as an aberration event — a term used to define an event
of interest that will be subject to the various pre-defined Integrative Analyses. Each

aberration is part of three broad levels of events — data type-specific events, gene-
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specific but data type independent events, and pathway-specitic but gene or data type

independent events. The latter two levels are considered “rolled-up” events.

[00428] The specific rules for aberration event definition as well as the “level” and

“driver” schemes are described below.

[00429] Mutation Event Caller. Oncomine Pan-Cancer Mutation Classification: A
mutation is classified as a "Hotspot" if it is: Recurrent (occurs in 3 or more samples at
the same amino acid position) .ANDAnnotated with one of the following variant
classifications: In-Frame insertion/deletion, Nonstop, Missense. A mutation is classified
as “Deleterious’” if it is: Not recurrent AND Annotated with one of the following variant
classifications: Frame-Shift insertion/deletion, Nonsense. Recurrence is measured

across all cancer types analyzed as part of the Oncomine NGS Mutation Browser.

[00429] Oncomine Pan-Cancer Gene Classification. As part of the Oncomine
NGS Mutation Browser pipeline, individual genes are classified into predicted functional
classes, namely “Gain of Function” and “Loss of Function” to reflect their relative
enrichment in potential activating or deleterious mutations. This classification is based
on the combination of relative frequencies and the significance of the mutations
observed in the gene assessed by a p-value. A “Gain of Function” gene will have a
relatively high frequency of hotspot (recurrent in 3 or more sambles) missense
mutations and a low frequency of deleterious mutations, while a “Loss of Function” gene
contains a large fraction of deleterious mutations. Pan-cancer gene classifications are

based on the mutations observed across all cancer types.

[00430] Mutation Aberration Events. For each patient gene mutation (as defined
by the Mutation Data Filtering section), either one or two mutation events will be
created, depending on whether the mutation is classified as a driver aberration. A driver
mutation aberration is defined as a “Hotspot” mutation present in a “Gain of Function”
gene, or a “Hotspot” or “Deleterious” mutation present in a “Loss of Function” gene. For
driver mutations, both a driver event and an any event is created. For non-driver
mutations, only an any event is created. Pan-Cancer mutation and gene classification
was used for all analysis subsets; so, gene classifications may sometimes differ

between Integrative Analysis and Oncomine NGS Mutation Browser.

[00431] The table below gives the description and examples of mutation events that

could be created for each gene:
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Event Type | Description of Event Example Aberration Name Driver Status
Gain of A “Hotspot” mutation and a | EGFR Gain of Function Mutation | driver
Function “Gain of Function” gene
Mutation classification
Loss of A “Hotspot” or “Deleterious” | APC Loss of Function Mutation | driver
Function mutation in a “Loss of
Mutation Function” gene
Any Gene Any mutation’in a gene TTN <Any Gene Mutation> any
Mutation
[00432] Fusion Event Caller. Only Oncomine Priority fusions are included in the

Integrative Analysis. Of the Priority Fusions, the driver fusions were defined as those
labeled known oncogenes by the Mitelman database OR fusions that either did not
have sufficient exon expression data and are recurrent, OR fusions that have exon
expre‘ssion data and a significant p-value for exon expression imbalance of the two
gene partners (See Oncomine NGS Fusions Methods Documentation for details of exon
imbalance classification). For each gene, an event will created for each unique
observed 5'-3' combination of the gene partners. For example, for PML-RARA balanced
translocation both isoforms are observed and hence two fusion events will be called -
for PML-RARA and RARA-PML respectively.

Event Description of Event Example Aberration Name Driver Status
Type

Fusion Driver fusion involving gene | PML-RARA Fusion driver

Any Any fusion involving gene FRS2-LYZ Fusion any

Fusion

[00433] Copy Number Event Caller. Each Amp/Del (see Calling Amp/Dels) that

was called was defined as an any event for the aberrant gene. If the amp/del occurred
in a gene that was part of a peak definition (see MCR Peak Generation) in a certain
cancer type, a driver ampdel event was also created for that gene. The driver definition

for copy number events is thus cancer type specific.

[00434]
for a gene amplification or deletion:

The following are the copy number aberration events that maybe be called

Event Type Description of Event Example Aberration Name Driver
Status

In-Peak Gene | Anamplification in a gene EGFR In-Peak Gene Amplification | driver
Amplification | observed in an Amplification

Peak within the same cancer

type
In-Peak Gene | A deletion in a gene observed in | CDKN1A In-Peak Gene Deletion driver
Deletion a Deletion Peak within the same

cancer type
Any Gene An amplification in a gene ERBB2 <Any Gene Amplification> | any
Amplification
Any Gene A deletion in a gene FGFR <Any Gene Deletion> any
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Event Type Description of Event Example Aberration Name Driver
Status

Deletion
[00435] Genetic Event Roll-Up. Both driver and any events are “rolled-up” to gene-

level and pathway-level events to capture a data type-independent aberration statistics
and associations. For example, it may be interesting to see the association of any
aberrations in a tumor suppressor gene with clinical outcome, not just the association of

the deleterious mutations.

[00436] A gene-level aberration event is created for each gene that has at least one
aberration of any data type. A pathway-level aberration event is created for each
pathway in which at least one of the component genes has an aberration of any data
type. Driver and any aberrations are rolled-up independently into gene-level or pathway-
level driver or any events. The diagram beldw shows the hierarchical relationships

between the various aberration event types.

[00437] Patient Event Status. A patient can be measured for any number of
aberrations but can only be aberrant for those events measured. Patient status for each

event-level aberration is thus recorded as aberrant, wild type, or not measured.

[00438] The patient dimension along with the data set-specific mapping of the
patients helps correctly identify fuily wild-type patients — those who are measured for all

aberration types but don’'t contain any aberrations.

[00439] When gene-level and pathway-level events are defined, only the patients
measured for all 3 genetic data types — mutations, fusion, and copy number — are
marked as “aberrant” or “wild type” for the event. This assumption has the effect of
potentially reducing the number of patients summarized for a gene or pathway-level
aberrations as compared to the data type-specific event-level aberrations. A patient is
considered aberrant for a gene-level event if the patient is aberrant for at least one of
the event-level aberration types (Fusion, Mutation, Amplification, or Deletion). A patient
is considered aberrant for a pathway-level event if the patient has an aberration in at
least one gene that is part of the pathway definition. In each case, the patient must have

been measured for all the event types.

[00440] In the case of the Gain of Function and Fusion, the aberration frequency is
~50%. For the Driver Gene Aberration event the aberration frequency is also ~50% but
only half as many patients are included in the numerator and denominator of the

frequency.
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[00441] Analysis. Once all the driver genetic events are constructed, a set of
analyses is performed on each genetic event, calculating frequencies, associations, and
relationships within cancer types, clinically relevant subtypes, and among cancer types
(pan-cancer). The following are short descriptions of each analysis, including which
data is used, and what constraints, if any, are put on the reported results: frequency,
expressed frequency, co-occurrence and mutual exclusivity, clinical association

analysis, etc.

[00442] Frequency. Frequency is the occurrence of an aberration among the
patients in which it was measured. Frequencies are calculated within cancer types,
clinically relevant cancer subtypes, and pan-cancer. All events with at least one

aberrant patient are reported.

[00443] Expressed Frequency. Expressed frequency is the frequency at which the
gene(s) is expressed among the event-positive patients. For each event, expression
level of the gene(s) is used to ascertain the expressed frequencies. Frequencies are
calculated within cancer types and clinically relevant cancer subtypes, but not pan-

cancer.

[00444] Co-Occurrence and Mutual Exclusivity. Co-occurrence and mutual
exclusivity is calculated for each pair of events using a Fischer;s Exact test. At least 2
patients positive for each event and 5 patients measured for the events‘in total are
required for the calculation. Co-occurrence or exclusivity of two individual copy number
deletion or amplification events is not calculated. Also, co-occurrence and. mutual
exclusivity is not calculated between pairs of events with “any” driver. status (i.e. only
" drivers vs. drivers and drivers vs. any are compared). Associations are calculated

within cancer types and clinically relevant cancer subtypes; but not pan-cancer.

[00445] Clinical Association Analysis. Each driver event is tested for association
against a set of available clinical subtypes. Each association is tested using a Fischer's
exact test by comparing the occurrences of the genetic event in patients of one clinical
subtype versus another. For example, a Loss of Function mutation may be tested for
over-representation in Smokers versus Non-Smokers, or in Stage | versus Stage Il lung
cancer. A total of 136 subtype pairs are tested against each event, and the properties
that define the subtypes are listed below (some properties may be disease-specific). At
least 4 patients total, with at least 1 patient in each class are required to perform the
test. Associations are calculated within cancer types, clinically relevant cancer

subtypes, and pan-cancer.
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[00446] Clinical Subtype Property Names:

Race/Ethnicity

Revised Smoking Status

ERBB2 Status

Estrogen Receptor Status
Progesterone Receptor Status
TCGA PAMS50 Subtype

BRAF Mutation Status

Revised T Stage

Revised N Stage

Revised M Stage

Revised Stage

KRAS Mutation Status

EGFR Amplification Status
TCGA Subtype

Microsatellite Status

Human Papillomavirus Infection
Status
[00447] Clinical Outcome Analysis. Each event is tested for association with

clinical outcome using the Logrank test. Only the set of patients with available clinical
data are used for the calculation, so the number of patients included in the test may be
less than the number of patients measured for the driver event. At least 4 patients
aberrant for an event are required to perform the test. Survival time is presented in
years, and individual alive/dead events are clearly marked on a Kaplan-Meier curve.
Associations are calculated within cancer types and clinically relevant cancer subtypes,

but not pan-cancer.

[00448] DNA-RNA Correlation Analysis. For each gene, the RNA expression and
DNA copy number values are tested for correlation among all patients within a disease
who were measured for these data types using Pearson'’s correlation. Correlations are
calculated within cancer types and clinically relevant cancer subtypes, but not pan-

cancer.

[00449] Differential Expression Analysis. For each event, each gene associated
with the event was tested for differential expression in event-positive patients vs. event-
negative patients using Student's T-Test. For events involving several genes —such as
fusions — each gene was tested. Differential expression is calculated within cancer

types and clinically relevant cancer subtypes, but not pan-cancer.
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Example 5 Additional Fusion Methods

[00450] Clinical Data Sources. All RNASeq data for gene fusion analysis was
obtained from the Cancer Genomics Hub (CGHub), the current repository for TCGA

genomic data - https:/cghub.ucsc.edul/.

[00451] Cell Line Data Sources. All CCLE RNASeq data for gene fusion analysis
was obtained from the Cancer Genomics Hub (CGHub), the current repository for CCLE
NGS data - https://cghub.ucsc.edu/. |

[00452] BAM to FASTQ conversion. The input to the fusion callers consists of
RNASeq reads in FASTQ format, which required conversion of the BAM file provided by
TCGA to one or two FASTQ files for single or paired end data (respectively).

[00453] BAM files varied in provenance and processing, and many required special
handling. For example, older BAM files provided by UNC were aligned using BWA
(Burrows-Wheeler Aligner), while newer BAMs contained reads aligned by MapSplice.
TCGA recently updated the RNASeq pipeline to support alternative gene expression
reporting. (The former pipeline relied on the RPKM measurements for gene expression,
while the latter uses RSEM.) These different RNASeq analysis pipelines are referred to
by UNC as V1 and V2 respectively
(https://wiki.nci.nih.gov/display/ TCGA/RNASeq+Version+2). We used the following
BAM prioritization pipeline to select a single “primary BAM" when both formats are
available for the same TCGA sample: 1) V2 BAMs were chosen over V1 BAMs and 2)

BAMs with newer upload dates were selected when multiple files for the same case

were present.

[00454] The custom SamToFastq converter described above was used to generate
FASTQ files from a TCGA BAM file.

[00455] There were 2 cancer types (COADREAD and UCEC) only available as
single-end RNASeq data. For single-end BAM file conversion, the program BamTools
(hypertext transfer protocol secure://github.com/pezmaster31/bamtools) was used to
generate FASTQ files.

[00456] With the goal of supporting both single and paired-end data, we processed

all single-end data using TopHat and all paired-end data using deFuse.

[00457] Broadly, our analysis pipeline consists of 5 main steps:
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[00458] Pre-process the raw data to obtain FASTAQ files

[00459] Run fusion callers

[00460] Filter breakpoints to gene regions of interest

[00461] Annotate the breakpoints with the Oncomine transcript set
[00462] Summarize and prioritize potentially interesting novel fusions

[00463] Steps 1 and 2 were executed in parallel for all samples on a high-
performance cloud computing cluster. The filtering and annotation was conducted on
the aggregated data as a post-processing step, to enable exploratory analyses of
effects of various filters and annotation schemes. After finalizing filtering criteria to
minimize false positive fusions (Step. 5), the list of Oncomine Prioritized Fusions is

validated with RNASeq Exon Expression data.

[00464] TopHat. TopHat-Fusion was obtained from the authors hypertext transfer

protocol.//tophat.cbcb.umd.edu. Software and reference data dependencies were

configured as specified by the TopHat documentation:
[00465] Software:

[00466] TopHat: 2.0.4, includes TopHat-Fusion Post (release 04/09/2012)

[00467] . bowtie: 0.12.8 (release 05/06/2012)
[00468] samtools: 0.1.18 (release 09/02/2011)
[00469] blast (2.2.26) (release 03/03/2012)
[00470] blast+ (2.2.26) (rélease 10/21/11)

[00471] Reference and Annotation:
[00472] Reference Genome: UCSC hg19 (downloaded May 2012)

[00473] Gene Models: refGene, ensGene (downloaded May 2012)

[00474] BLAST DB: nt, human, other (downloaded May 2012)
[00475] Parameters:

[00476] We ran TopHat with largely default parameters on single and paired-end
TCGA lllumina data as specified in the TopHat documentation. The following is a list of

parameters used.

[00477] Table 25

TopHat Parameter Value Used
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TopHat Parameter Value Used
--fusion-search Flag
--keep-fasta-order Flag
--no-coverage-search Flag
--mate-inner-dist 0
--mate-std-dev | 80
--min-anchor-length 8
--splice-mismatches 0
--min-intron-length 70
--max-intron-length 500,000
--max-insertion-length 3
--max-deletion-length 3
--num-threads 4
--max-multihits 20
--transcriptome- 2
mismatches |

--genome-read- 2
mismatches

--read-mismatches 2
--segment-mismatches | 2
--segment-length 25
—fusion-min-dist 100,000
--fusion-anchor-length 13
--fusion-read- 2
mismatches |
--fusion-multireads 2
--fusion-multipairs 2
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TopHat Parameter Value Used
--fusion-ignore- chrM
chromosomes

[00478] The --mate-inner-dist and --mate-std-dev parameters have no default
values. The first parameter specifies an expected insert size for the RNASeq paired-end
reads, while the second parameters specifies the expected standard deviation of that

value. The values of 0 and 80 are recommended by TopHat authors for most data sets.

[00479] Table 26

TopHat-Fusion _ Post | Value Used | Explanation of Values

Parameter

--num-fusion-reads 3 Recommended value

--num-fusion-pairs 0 : Set to 0 to not penalize low-evidence, but
num-fusion-both 0 potentially important fusions

[00480] TopHat-Fusion was executed on one sample at a time, immediately followed
by TopHat-Fusion Post. We retained both, unfiltered TopHat-Fusion output and filtered

TopHat-Fusion Post output, to enable deeper analyses.

[00481] deFuse. deFuse was obtained from the authors: hypertext transfer

protocol;//defuse.sf.net. Software and reference data dependencies were configured as

specified by the deFuse documentation:
[00482] Software:

[00483] deFuse: 0.5.0 (released 04/07/2012)
[00484] bowtie: 0.12.8 (release 05/06/2012)

[00485] R 2.15.0 (release 03/30/2012)

[00486] blat, faToTwoBit (obtained on 05/01/2012)

[00487] Reference and Annotation:

[00488] Reference Genome: Ensembl GRCh37.62 fa (downloaded May 2012)
[00489] Gene Models: Ensembl gtf (downloaded May 2012)

[00490] Genomic Data:
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[00491] UCSC EST fasta, EST alignments, and repeats (downloaded May 2012)

[00492] NCBI UniGene (downloaded May 2012)

[00493] Parameters:

[00494] We ran deFuse with default parameters, as specified in the deFuse program

documentation.

[00495] Table 27

deFuse Parameter

Value Used

-bowtie_quals phred33-quals
-max_insert_size 500
-discord_\read_trim 50
-clustering_precision 0.95
-span_count_threshold 5
-split_count_threshold 3
-percent_identity_th reshold 0.90
-max_di_st_pos 600
-num_dist_genes 500
-split_min_anchor 4
-max_concordant_ratio 0.1
-splice_bias 10
-denovo_assembly No
-probability_threshold 0.5

- 0.01
covariance_sampling_density
-reads_per_job 1,000,000
-regions_per_job 20

-p 4
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[00496] deFuse was executed on one sample at a time. We kept both the tiltered

and unfiltered results of deFuse output to enable deeper analysis. -

[00497] Integration. We integrated the ‘Level |” data--the output from TopHat-
Fusion Post's potential_fusion.txt file and the output from deFuse’s results.classify.tsv
file. deFuse reports many more potential calls at this level than TopHat, and thus may
also report more false-positive predictions. The Level | data was chosen to strike a
balance between utilizing the caller's built-in filtering and allowing through enough

results to identify potentially real fusions with somewhat weaker evidence.

[00498] As each caller provided a different level of annotation and supporting
evidence for the fusion calls, the breakpoints of the predicted fusions from both callers
were extracted and integrated into a common format for filtering and annotation. The
integration steps consisted of converting the reported breakpoints to ones-based

genomic coordinate system, and consolidation into a common file format.

[00499] Breakpoint Filtering. The predicted fusions from the “Level I’ output of the
callers were filtered to only retain those calls where each breakpoint was eit_her in the
5'UTR or CDS region of a RefSeq transcript (refGene circa July18, 2012, obtained from
UCSC). This was done to enrich the predicted fusions for those containihg functional
gene regions, filtering out, for example, fusions calls where the 3'UTR of one gene is
predicted to be fused to a 3'UTR of another gene. Although at the genomic DNA level
breakpoints may occur in introns, in RNASeq data such breakpoints would be observed
at the nearest exon-intron boundary. Therefore, breakpoints predicted to occur in

intronic sequences were also excluded.

[00500] Breakpoint Annotation. After excluding fusions outside of the 5UTR or
CDS region of a RefSeq transcript, the annotation from the RefSeq transcripts was
transferred to the remaining breakpoints with some predictions annotated against

multiple Entrez IDs.

[00501] For each pair of breakpoints, only one transcript per Entrez iD was retained.
In case of nﬁultiple transcripts, the transcript with the shortest transcript accession was
chosen: further ties were broken by sorting the accessions alphanumerically and
retaining the first accession. This scheme ensured consistency in annotating
breakpoints at the same location. However, predicted breakpoints at different locations
for the same gene partners may still result in multiple transcripts representing a pair of

genes — possible evidence of alternative transcripts.

166



WO 2015/149034 PCT/US2015/023197

[00502] Basic annotation coming from the callers themselves was discarded, as it
was based on the default annotation source of each respective caller. However, certain
output fields from both TopHat and deFuse were retained to help prioritize the predicted
fusions. Additionally, certain annotation properties that weren't explicitly reported by the

callers were inferred from other caller properties.

[00503] Inferred Properties. Supporting and Spanning read counts were obtained
from each caller and summarized in two columns - Reéds Span and Reads Span
Support. The latter column is a sum of reads spanning the fusion and those supporting
the fusion (not to be confused with TopHat's count of “spanning mate pairs where one

end spans a fusion,” which is sometimes referred to as ‘spanning and supporting

reads’).

[0050/4] The breakpoint sequence reported by the callers was trimmed to include 50
bases on each side of the fusion and consolidated into one column — Breakpoint
Sequence. The fusion breakpoint is delineated by a “|". Note that this is the breakpoint
sequence as inferred by the caller, and is not simply obtained from the reference
genome. Because the inferred sequence may reflect actual sequence observed by the
spanning reads, this sequence may represent the complement of the reference genome

sequence.

[00505] Since neither of the callers provides a definitive ‘5-prime’ or ‘3-prime’ flag,
we infer the relative §°-3’ orientation‘of the fusion partners by combining a caller
parameter with the gene strand annotation. For deFuse, the orientation was inferred for
each partner based on the following combination of the gene strand and the deFuse

output property ‘genomic_strand:’

[00506] Table 28

Gene deFuse_genomic_strand
Strand
+ -
+ 5 3
- 3 5
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[00507] TopHat reports a different metric — the relative orientation of reads mapped
to the gene partners, so a different rule set is required for inferring 5’-3' order for a pair

of genes:

[00508] Table 29

Gene - AIB | tophat_orientation
Strand

ff (fr |rr |Rf
+/+ 5'-3 3-5
+/- 5-3 3-5
-/- 3-5 5-3
-+ ' 3-5 ?'-3’

[00509] A Valid Orientation field was labeled as “Y” if there was an inferred 5’ and

3’ partner for a given gene fusion call.

[00510] RepeatMasker Annotation. Each predicted breakpoint location was also
annotated with RepeatMasker features in the neighborhood of the breakpoint. This was
done to identify breakpoints in highly repetitive genomic regions, where alignment errors

were likely to affect the prediction of the chimeric transcript.

[00511] Specifically, a 25 bp sequence upstream or downstréam of the 5’ and the 3’
partner breakpoint respectively was selected as a ‘breakpoint flank’. These flanks were
intersected against the RepeatMasker elements set (hypertext transfer

protocol;//www.repeatmasker.org/) downloaded from UCSC Table Browser on August

24, 2012. We reported the element name, element length, and amount of overlap with
the 26 base breakpoint flank region for each breakpoint. Currently, the RepeatMasker
elements are not filtered for specific element types (LINES, SINES, simple repeats,

etc.).

[00512] For each fusion prediction, we set a RepeatMasker Overlap field to equal

the number of bases the breakpoint flank sequences overlaps with a RepeatMasker

element, and considered overlaps of 12 or more bases to be significant. The frequency

| of significantly overlapping fusion calls is used in the Oncomine Prioritization described
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below such that gene fusions with a lower frequency of overlap are considered higher

quality.

[00513] Fusion Exon Expression Imbalance. Fusions were visualized using
RNASeq exon expression data to provide secondary evidence of true positive fusion
events by searching for exon expression imbalance before and after the breakpoint call.
Specifically, if the 3’ partner's expression is impacted by the 5' partner's promoter
region, then exon expression should increase post-predicted breakpoint. This effect is

especially visible when viewing fused versus non-fused patient samples.

[00514] TCGA Exon Expression Data. ‘"TCGA exon expression data was
downloaded from the Broad’s GDAC Firehose site. The RPKM RNASeq values are
listed for each patient as Gene Annotation Format (GAF) features corresponding to a
composite of UCSC exons from several different gene definitions including RefSeq.
After downloading data for 21 diseases, we found that 4 different sets of GAF features
were used to annotate RPKM expression. Finally, availability of patient expression data

varied per disease in V1 and V2 RNASeq analysis pipelines described above.

[00515] To address these challenges we first mapped UCSC RefSeq exons to
available GAF features and calculated the percentage overlap between each RefSeq
exon and GAF feature. This step is critical since all CBI processed fusion breakpoints
are mapped to UCSC Refgene definitions downloaded on 7/18/2012 and these
breakpoints must in turn be mapped to GAF features. 80.8% of the 396,298 RefSeq
exons map perfectly to GAF features in the plot shown below. We selected and

reported on the RefSeq exon and GAF feature pair that resulted in the largest overlap.

[00516] A value called rg_pct provides a metric of the mapping quality of a given

RefSeq exon with a GAF feature based on the following formula:
[00517] rg_pct = overlap/length,esseq * overlap/lengthgar featur;

[00518] Mappings with an rg_pct value of 1 overlap perfectly, while values less than
1 indicate the RefSeq exon or GAF feature did not map to the exact same genomic

regions and the RPKM value may be suspect.

[00519] We selected RNASeq V2 data for all diseases except STAD due to non-
‘availability of V2 data.

[00520] Cell Line Exon Expression Data. Exon expression data for cell line
samples was generated from the CCLE BAM files obtained from CGHub. The method
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employed was similar to Step 18 as described in the "TCGA mRNA-seq Fipeline for
UNC data” method available here: hypertext transfer protocol
secure://webshare.bioinf.unc.edu/public/mRNAseq TCGA/UNC mRNAseq summary.p
df

[00521] A difference between the UNC method and our method is the use of RefSeq
Exons BED in our method instead of a composite exons BED used by the TCGA.

[00522] Exon Expression Imbalance Calculation. Each sample was systematically
anélyzed for evidence of potential 5 promoter-induced imbalance in 3’ partner
expression. Expression levels for each gene were first converted to a log scale, and
then z-score normalized across each disease’s sample cohort. This normalization was
performed at the exon level to account for population-wide trends such as 3’ bias or

poor RefSeq exon / GAF feature match (see below).

[00523] Raw RPKM expression values (top).vs. z-score normalized values for
PLXNB21 and COL7A1 in Ovarian Serous Carcinoma patients (See Figure 8 A-D). The
population-wide dips in PLXNB1 expression at exons 12, 17 and 23 are smoothed out
in the normalized data. A sample predicted to harbor a fusion between these genes is
highlighted in red; wild-type patients are shown in blue. The red diamond indicates the

caller-predicted breakpoint exon.

[00524]  Prior to normalization, samples that were considered wild-type for the fusion
under consideration but that were pred‘icted to harbor other fusions involving one of the
gene partners were removed from the wild-type population, so as not to contaminate z-

score calculations.

[00525] After normalization, each sample was assigned a p-value calculated via one-
sided Student's t-test on the hypothesis that the sample’s post-breakpoint normalized
expression values (Population A) have a higher mean than the pre-breakpoint vaiues
(Hy: 4 < ug). The caller-predicted breakpoint was used to separate the expression

populations for samples identified by either fusion caller.

[00526] P-values were also calculated for each wild-type sample to facilitate analysis
of p-values for fusion-poéitive samples in the context of the overall population. This
allows us to discard fusions involving genes that exhibit population-wide exon
imbalance trends that are not fusion-induced. Any sample whose p-value did not rank

within the top fraction of wild-type sample p-values was discarded. The breakpoint that
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maximized the difference between pre- and post-breakpoint expression levels was used

for wild-type sample p-value calculation.

[00527] Fusion Summarization. Fusions were summarized within a disease based
on the occurrence of unique gene pairs, and based on the occurrence of individual

genes, possibly with multiple partners.

[00528] For a unique fusion pair (unique by Entrez ID pair), the number of samples
within a disease with at least one prediction of that fusion by either caller is the Fused
Sample Count.. Since multiple breakpoints for the same pair of genes may be reported
in one sample and across the samples, the number of unique fusion pairs within each
disease is much less than the total number of fusion calls. In order to filter and prioritize
fusions at the gene pair level rather than the fusion call level, several of the fusion caller
properties were summarized. The following table shows the properties that were

summarized for a given fusion partner pair across the individual predictions:

[00529] Table 30

Property Summary Method

DEFUSE_EVERSION % of total fusion calls ="'Y’
DEFUSE_VALID_ORIENTATION % of total fusion calls ="'Y’
DEFUSE;NUM_MULTI_MAP % of total fusion calls >0
TOPHAT_VALID_ORIENTATION % of total fusion calls ="'Y’
3P/5P_REPEATMASKER_OVERLAP ’% of total fusion calls = 1l2

[00530] The Adjacent flag is set for a fusion if the genes are <1Mb apart on the
genome and the defuse_eversion flag is set in < 75% of the individual fusion prediction

for these fusion partners.

[00531] Gene-Level Summary. Fused sample counts were also summarized at the
gene level (uriique by Entrez gene ID) within each disease type and across diseases
(pan-cancer). This summarization approach was irrespective of inferred orientation
within the fusion. In addition, fused sample counts were tallied for only the Oncomine

Priority fusions (described below).

[00532] Individual unique fusion pairs were cross-referenced to the Mitelman

database of genomic aberrations (hypertext transfer
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protcol://cgap.nci.nih.gov/Chromosomes/Miteiman). The match was done based on

gene names and not disease type. Therefore, gene fusions reported in Mitelman in a

certain disease may have occurred in a different disease type in the TCGA datasets.

[00533] Gene fusions summarized at the gene level were cross-referenced to the
Mitelman database based on gene name. Thus, there is more potential for the-gene as
reported in Mitelman to be of different histology or altogether different aberration type
(for example a large chromosome-level deletion instead of a fusion) than the predicted

unique fusion pairs.

[00534] Normal Sample Fusion Blacklist. With the assumption that all fusions
called in TCGA normal samples are false positives, we asked the following questions:
1) Are fusion calls in tumor samples identified in normal samples? 2) Are Oncomine
Prioritized Fusions identified in tumor samples also identified in normal samples?
Answering the first question provides a baseline sense of the technical false positive
rate in tumor gene fusion calls. The second question is a sanity check on how well the
Oncomine Priority Fusion filter is overcoming this problem. 344 paired-end normal
samples across 10 diseases were downloaded and processed using the séme deFuse
pipeline described above. A total of 56,579 total fusion calls consisting of 6,024 unique
fusions were observed. These normal sample fusion calls were used to generate a

blacklist and remove these false positives from Oncomine Priority gene fusions.

[00535] Paralogous Fusion Partner Blacklist. A blacklist of fusions between
paralogous gene family members was assembled using two strategies: 1) manually
inspecting high frequency fusion partner gene names and 2) comparing the first 3
characters of all Priority Fusion partner gene names. In the latter strategy, fusion
partners were verified to be “paralogous” using HomoloGene, Ensembl, SIMAP, and
GeneDecks V3 before inclusion in the final blacklist. The table below shows the top 10
most commonly observed gene fusion calls between paralogous fusion partners. The
entire table consists of more than 400 unique paralogous gene fusions and is used to

remove these false positives from our Oncomine Priority gene fusions.

[00536] Table 31

GeneA GeneB Observed in | TCGA Cancer Types

Symbol Symbol Normal :

HLA-B HLA-C YES BLCA,BRCA,CESC,COAD,GBM, HNSC,KICH,KIRC, KIRP,LAM
L,LGG,LIHC, LUAD,LUSC,0V,
PAAD,PRAD,SKCM,STAD,THCA,UCEC
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HLA-A HLA-B YES BLCA,BRCUA,CESC,GBM ANDU KICH,KIKU, KIKP,LAML,LGG,
LIHC,LUAD, LUSC,0V,PAAD,PRAD,SKCM,STAD,THCA

HLA-A HLA-C YES BLCA,BRCA,CESC,GBM,HNSC KICH,KIRC,KIRP,LAML,LGG,L
[HC,LUAD, LUSC,OV,PAAD, PRAD,SKCM,STAD,THCA

TTLLI12 TTLLI2 YES BLCA,BRCA,CESC,GBM,HNSC KICH KIRC KIRP,LAML,LGG,L
IHC,LUAD, LUSC,OV,PAAD,PRAD,SKCM,STAD,THCA

TRPV1 TRPVI YES BLCA,BRCA,CESC,GBM,HNSC,KICH,KIRC,KIRP,LAML,LGG,L
IHC,LUAD, LUSC,0V,PAAD PRAD,SKCM,STAD,THCA

B9D1 B9D1 YES BLCA,BRCA,CESC,GBM,HNSC KICH,KIRC,KIRP,LGG,LIHC,L
UAD,LUSC, OV,PAAD,PRAD,SKCM,THCA

TGIF2- TGIF2- YES BLCA ,BRCA,CESC,GBM,HNSC,KICH KIRC,KIRP,LAML,LGG,L

C200RF24 C200RF24 IHC LUAD, LUSC,OV,PRAD,SKCM,STAD,THCA

HLA-B HLA-E YES BLCA,BRCA,CESC,COAD,GBM,HNSC KICH,KIRC KIRP,LAML
LLGG,LIHC,
LUAD,LUSC,0V,PAAD,PRAD,READ,SKCM,STAD,THCA,UCEC

SEC16A SECI6A YES BRCA,CESC,GBM,HNSC KICH,KIRC KIRP,LAML,LGG,LUAD,
LUSC,0V, PRAD,SKCM,THCA

LOC390940 LOC390940 YES BLCA BRCA,CESC,GBM,HNSC,KICH,KIRC,KIRP,LGG,LUAD,L
USC,0V, SKCM,STAD,THCA

[00537] Fusion Prioritization - Oncomine Priority scheme. The Oncomine Priority
scheme outlined below was designed by iterative exploration of the tob results in the
Level | fusion predictions and systematic elimination of suspect false-positive fusions,
while retaining previously discovered ‘true-positive’ (Mitelman) fusions. This scheme
was meant to highlight fusions that conformed'to certain features expected of a ‘true-

positive’ fusion, and conversely, lack features observed in many ‘false-positive’ fusions.
[00538] A fusion is an Oncomine Priority fusion if:

[00539] Table 32

Fusion Summary Value Explanation
Property
DEFUSE_VALID_ORIE |>0.75 Most predictions in correct orientation
NTATIONTOPHAT_VA
LID ORIENTATION
ADJACENT ' ‘N’
REPEATMASKER FRE | <0.25 Minority or none of predicted breakpoints are in
QUENCY repetitive regions
DEFUSE NUM_MULTI | >0 Most spanning reads map uniquely to fusion
MAP : breakpoint

PARALOGOUS_PART | Noton Manually curated blacklist of predicted fusions
NERS Paralogous between paralogous genes

Blacklist
OBSERVED_IN_NORM | Not on List derived from processing 344 Normal samples
AL Normal | using deFuse. ‘

Blacklist

Example 6: Oncomine NGS Mutation Methods
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[00540] Mutation Integration. The goal of the data integration was to create the
most complete set of NGS mutation data currently available. We considered the

following sources:

[00541] Primary Data Sources

[005642] COSMIC Cell Lines Project

[00543] TCGA Data from Broad GDAC Mutation_Packager (stddata build)
[00544] TCGA Data from DCC level 2

[00545] Compendia mutation calls based on TCGA Data V

[00546] Publications containing NGS mutation data

[005647] COSMIC Cell Lines Project

[00548] Thé Cancer Genome Project has characterized the exomes of over 1000
cancer cell lines for mutations. The database provides the mutation data, filtered for
quality, in a flat-file format. ' The cell line data was subjected to the same Oncomine
curation and annotation processes used for clinical mutation data. Cell line names were
vetted against the Oncomine ontology, and cancer. types were standardized to be

comparable with clinical mutation data.

[00549] The dataset was obtained from the Wellcome Trust Sénger Institute Cell
Lines Project website: hypertext transfer
protocol://cancer.sanger.ac.uk/cancergenome/projects/cell_lines/ as it appeared in
November 2013.

[00550] Broad GDAC Mutation_Packager. Broad has been working since Q3 2011

on gathering and integrating mutation data from multiple sources.

[00551] https://docs.google.com/document/d/18XIVWv-
a9xLBOfINikOa9rCXOyiravMM8 -PVJxAQPPo/edit

[00552] The above document details the provenance of the MAF files the Broad
integrates into Mutation_Packager standard data runs. The Broad has inteérated many
MAF files that are maintained outside of the central TCGA DCC system, often by
members of the Analysis Working Groups themselves. We have performed extensive
comparisons between all MAF files available to us. It is our belief that the Broad has

the most complete mutation data available.

[00553] For this release, we integrated data from the 2013_08_09 stddata b_uild.
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[00554] TCGA DCC Level 2. This is the controlled access mutation data available
from the DCC. TCGA has a page on their wiki that provides additional details about the
MAF files available:

[00555] httbs://wiki.nci.nih.gov/display/TCGA/TCGA+MAF+FiIes

[00556] For this release, we considered all MAF files available as of September 15,
2013.

[00557] NGS DNASeq Mutation Calls. PRAD mutation calls available from TCGA
were of low quality and resulted in false-positive ‘Gain of Function’ predictions.
Therefore, all calls for this disease were sourced from Compendia’s own mutation
calling pipeline. The Compendia mutation calls were made to conform to the MAF file
format for integration. Please see the Appendix: Compendia NGS DNASeq Mutation
Calling for more details. Included in this release are 170 Prostate Adenocarcinoma

patients.

[00558] Hand-Curation of All NGS Data. TCGA and Non-TCGA NGS datasets were
sourced by the Oncomine curation team directly from their primary sources- mainly
peer-reviewed cancer publications and the above publically accessible databases.
Mutation data, usually available in the Supplementary Materials, was brought to the
standard required for mutation re-annotation and classification as part of the overall
NGS Mutation processing pipeline. Cancer types were curated using the Oncomine
cancer type ontology, assigning the appropriate Oncomine Cancer Type based on the
best-available clinical metadata present in the publication. Since all the published
experiments claimed whole-genome ('NGS') coverage, the null gene set for each
dataset was assumed to be inclusive of all human RefSeq genes. The non-TCGA data
was processed in the same exact way as the TCGA MAF-file data for the rest of the

mutation analysis pipeline.

[00559] Remove Duplicate Mutations. We performed some simple clean-up
operations to remove duplicate mutation records present in the source data. We also
performed several file-column name re-mappings, as many of the sources do not
adhere to the MAF file standard. Duplicate mutations from various tumor/normal aliquot

pairs of the same patient sample were removed.

[00560] Mutation Annotation. Data obtained from the TCGA and non-TCGA sources
contains mutation results from datasets processed and annotated by different genome

sequencing centers or authors over the course of several years. This leads to the
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mutation calls annotated using different gene models and using different conventons
for variant classification. Since Compendia’s approach to defining mutations relies on
accurate variant annotation, we re-annotated the mutations against a single set of
transcripts and consistent variant classification rules. A standard annotation pipeline
ensured that mutations across disease types are evaluated consistently and are subject
to common interpretation during the nomination of potential oncogenes or tumor
suppressor genes. It also provided important annotation not consistently available from

the primary sources, such as the HGVS-style mutation nomenclature (e.g., VBOOE).

[00561] Mutations obtained from primary sources are processed by Compendia

according to the following general steps (details provided below).

[00562] We first re-annotated each mutation using Compendia’s Oncomine transcript
set. Successfully annotated mutations received Compendia-derived annotation, while

the rest retain annotation obtained from the primary source. Annotation includes:
[00563] Variant classification

[00564] Variant position

[00565] Variant change

[00566] Several filtering steps are implemented to remove redundant annotation in

multiple transcripts, and mutations located outside of gene regions of interest.

[00567] Excluding “Ultra-mutator” Samples. In certain diseases, such as Endometrial
Carcinoma, several highly-mutated samples may dominate the overall mutation counts.
We also observed such “ultra-mutator” samples in Lung Adenocarcinoma, Gastric
cancer, Melanoma, and Colorectal cancer. Based on a cut-off determined by analyzing
ulta-mutator outliers in several cancer types, we decided on <5,000 non-silent exon
mutations as the threshold for inclusion of a sample in our recurrence analysis. We
therefore excluded a number of ultra-mutator samples in this dataset from our

downstream analysis pipelines.

[00568] In the Mutation Annotation step, we attempted to re-annotate the mutations
obtained from the primary sources against a standard transcript set compiled by
Compendia. This transcript set included RefGene transcripts from hg18 and hg19
genome builds, obtained from UCSC on February 19, 2012,

[00569] Each mutation is individually mapped against a contig in the Oncomine

Transcript Set within the specified genome build. SNP mutations were mapped directly
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to their start location, while for small insertion (INS) and deletion (DEL) mutations a
position of interest is selected for mapping. For insertions, the position of interest is the
base at which the insertion occurred. Depending on the direction of the transcript, this
can either be the start or the end coordinate of the mutation, depending on whether the
gene is on the positive or negative strand respectively. For deletions, the position of
interest is the deleted base if the transcript is on the positive strand or the last base
deleted if the transcript is on the negative strand. This adjustment ensures that the
mutation position is defined as the first base affected by the insertion/deletion with

respect to the direction of the transcript translation, i.e. 5 > 3'.

[00570] For a mutation successfully mapped to a transcript, the Compendia mutation
annotation was inferred with respect to that transcript. For mutations that failed to map,
the annotation from the primary data source was retained, and a variant position for -
Hotspot calculations was constructed based on the genomic coordinate (more details
below). Since only the standard set of 23 chromosomes was included in our transcript
set, mutations located on mitochondrial or other non-standard contigs were not

mapped.

[00571] Below is a description of the criteria used in annotating the mutations that

map to the Oncomine Transcript Set.

[00572] Variant Classification. For each 'mutation successfully mapped to a
transcript, the variant classification was inferred using a combination of mutation and
annotation properties. Our approach identified six main mutation variant classifications,
all located within transcript. Variant classifications for mutations outside a gene region
(e.g. intergenic) are currently not considered (see filtering section below). The following

are the criteria used for inferring the variant classification:

[00573] Table 33

Variant Classification Criteria Transcript
Region
Splice_Site Mutation is within 2 bp of a splice | exon or intron
site
3'UTR, 5'UTR Mutation is in UTR region and not | UTR exon
within 2 bp of splice site
intron Mutation is in an intron and is | intron
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Variant Classification Criteria Transcript
Region

between 3 to 10 bp from a splice
site

Missense, Nonsense, Nonstop, | Mutation is a SNP coding exon

Silent

Frame_Shift_Ins/Del Mutation is an INS/DEL not | coding exon
divisible by 3

In_Frame_Ins/Del Mutation is an INS/DEL divisible by | coding exon
3

Non_Coding_Exon Mutation is in a non-coding | non-coding
transcript exon

[00574] This list of variant classifications is a subset of the allowed variant
classification specified by the TCGA for the MAF file format.

[00575] https://wiki.nci.nih.gov/display/TCGA/Mutation+Annotation+Format+%28MAF
%29+ Specification

[00576] This subset covers the mutation classes of interest for recurrence analysis
and identification of potential Gain or Loss of Function genes, and is thus sufficient for
the vast majority of the mutations that are mapped to the Oncomine Transcript Set. The
following table describes the likely variant classification that would be assigned versus
an original author classification (assuming mutation maps to the same transcript as that
used in defining classification), and the relative abundance of that type of mutation in

the source dataset:

[00577] Table 34

Example TCGA Variant | Equivalent Compendia | Potential Oncomine
Classification Variant Classification Mutation

Classification
(H)otspot,
(D)eleterious or
(O)ther
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Example TCGA Variant

_Classification

Equivalent Compendia

Variant Classification

PCT/US2015/023197
Potential Oncomine
Mutation

Classification

present in mutation list
but
TCGA)

not supported by

(H)otspot,

(D)eleterious or

(O)ther
Missense_Mutation Missense_Mutation H,O
Nonsense_Mutation Nonsense_Mutation D
Nonstop_Mutation Nonstop_Mutation H,0
Silent Silent o)
Frame_Shift_Del Frame_Shift_Del D
Frame_Shift_ins Frame_Shift_Ins D
Trahsiation_Start_Site Missense_Mutation 0]
In_Frame_Del In_Frame_Del H,O
In_Frame_Ins In_Frame_In; H,O
3'UTR ‘ 3'UTR O
5'UTR 5'UTR o)
Non_coding_exon (or | Non_coding_exon H,O
“RNA”)
Splice_Site Splice_Site 0]
Intron Intron --
5'Flank ;-not supported by | --

Oncomine transcript set--
IGR --not * supported ' by | --
Oncomine transcript set--

Other (classification --
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. [00578] Variant Position. One of the primary goals of the current analysis is to
identify genes with Hotspot mutations, which are mutations of a certain classification
that are observed at the same location in multiple tumor samples. To effectively identify
recurrence and define a hotspot for each mutation, we must construct a mutation spot
identifier that encompasses the mutation position, the identity of the amino acid or base
affected, and the variant classification. We aggregated mutations that occur at the same
location irrespective of the specific base change they generate. Therefore, we only used
the reference base or amino acid to define the variant position. This ensures that
mutations affecting the same codon or genomic position will be counted towards a
possible hotspot, even if the alternate alleles they generate are different. For example,
for a given gene, missense mutations V60OE, V60OF and V600G would all have a
variant position of V600 and would thus be aggregated together when identifying

hotspot mutations. Our variant position is thus defined as follows:

[00579] Variant Position = mutation spot {base|codon} + reference {base|AA} +

[variant classification]

[00580] If the mutation is in a coding region, then the codon number and the
respective amino acid at the base of interest is used to identify the mutation spot-
p.L116_in_frame_del — for example. If the mutation is in a non-coding region, such as
the UTR, then the position and identity of the reference nucleotide at the base of

interest is used to identify the mutation spot — ¢.*110C — for example.

[00581] For Splice_Site mutations outside of the coding region, the variant position is
specified relative to the splice boundary. The relative position is identified using a +{1|2}
or a <{1]2} (splice site mutations are those within 2 bases of a splice junction). As with
inéertions and deletions, a suffix of “_Splice_Site” is added for a Splice_Site mutation.
For INS and DEL mutations, a suffix indicating an in frame (“_in_frame_ins" or
“_in_frame_del") or frame shift (“_frame_shift_ins” or “ frame_shift_del") is added to the

variant position.

[00582] In summary, the following are examples of the different possible variant

position formats:

[00583] Table 35
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Variant | Near In  Coding | Variant Position
Type Splice Region? '
Site? '
SNP YES YES p.Ad42_Splice_Site
NO c.42+1_Splice_Site
SNP NO YES p.A42 (Missense, Nonstop,

Silent)

p.Stop42 (Nonsense)

NO c*42T (3UTR)

c.-42C (5'UTR)
c42 (Non_coding_exon)

INS YES YES p.A42_Splice_Site
NO c.42+1_Splice_Site
NO YES p.A42_{in_frame_ins|frame_shift_ins}
| NO .| €.*42G_{in_frame_ins|frame_shift_ins}
(3'UTR)

¢.-42G_{in_frame_ins|frame_shift_ins}

(5°UTR)
c.42 (Non_coding_exon)
DEL YES YES p.A42_Splice_Site
NO c.42+1_Splice_Site
NO YES p.A42_{in_frame_del|frame_shift_del}
NO c.*42T_{in_frame_del|frame_shift_del}
(3UTR)

¢.-42C_{in_frame_del|frame_shift_del}
(5UTR)

c.42 (Non_coding_exon)

[00584] For mutations that do not map to the Oncomine Transcript Set, and hence
do not have a transcript-based location, the genomic location (start position) and the
181
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reference nucleotide (reference allele) is used as the variant position irrespective of the
coding region or splice site proximity. The variant classification supplied by the primary
data is then added as a suffix. For example, a SNP missense mutation would have a
variant position such as “chr19_c.C22952756_Missesnse_Mutation”, and a splice site
“SNP would have a variant position “chri_c.A155025094_Splice_Site”. The variant

change (see below) for these mutations is not defined.

[00585] Although the suffix of the variant position often implicitly incorporated the
variant classification, when calculating Hotspots, both the variant position and the
variant classification are explicitly used for aggregating mutations. Therefore, mutations
that may produce identical variant pésitions but have different variant classifications

(such as a missense and a nonsense SNP) were tallied separately.

[00586] Variant Change. The variant change provides HGVS-like information about
the alternate allele change of the mutation. For SNP mutations in the coding region, the
variant change is a full HGVS protein-level sequence variant description, indicating the
alternate amino acid. For SNPs outside of the coding region, the alternate allele

nucleotide base is provided.

[00587] For INS and DEL variant types, the variant position (see above) was used as
the variant change. In these cases, the consequence of the change at the amino acid
level is not inferred. As such, variant change for INS/DEL does not strictly follow HGVS

specification.

[00588] The following are illustrative examples of variant changes for Compendia-

derived mutation annotation:

[00589] Table 36

Mutation | Variant Variant Position Variant Change

Classification

SNP in | Missense_Mutation | p.E137 p.E137K
CDS,
E>K,
residue
137
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Mutation | Variant Variant Position Variant Change

Classification

SNP in | Splice_Site c.4913-1_splice_site €.4913-1
Intron

C>2, two
bp from

splice site

INS in | Frame_Shift_ins p.G264_frame_shift_ins | p.G264_frame_shift_ins
CDS at ‘
residue
Gly 264

DEL of [ 3UTR '¢.*1007A_frame_shift_del | ¢.*1007A_frame_shift_del
one base
ina UTR

[00590] For mutations that do not map to the Oncomine Transcript Set, the variant

classification from the primary data source was retained.

[00591] Transcript Filter. To avoid retrieving multiple transcripts, and hence multiple
annotations for a single mutation within a gene, we kept only one transcript per mutation
per gene (unique Entrez ID). If a mutation mapped to several transcripts of a gene, only
one was chosen. However, if a mutation mapped to several genes, then only one
transcript per gene was selected. It is thus possible for a mutation to recei\)e two

different annotations, but only if they stemmed from transcripts with different Entrez IDs.

[00592] We chose the representative transcript for a mutation based on the following

priority scheme:

[00593] Transcript with the most impactful variant classification:

[00594] High impact in coding: Missense, Nonsense, Nonstop, Frame-shift
[00595] Low impact in coding: In-frame, silent

[00596] Outside of coding region: Splice Site, 3’ or &’ UTR, Non-coding exon
[00597] Outside of exon: Intron

[00598] If there is a tie based on priority, the transcript with the shortest (by length)

RefSeq transcript accession is chosen, followed by the alphanumerically smallest
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transcript accession in event of further ties. For example — ot the transcripts
NM_003319, NM_133378, and NM_00125685 for the TTN gene, we would choose
NM_003319 as the representative transcript.

[00599] These steps allowed us to repeatedly choose a consistent transcript for the
same type of mutation at one location. One consequence of choosing the most
iMpactfuI transcript is that multiple transcripts may be utilized for mutations at multiple
locations in a single gene. However, the benefit of this scheme is that any mutations of
the same variant classification at the same location are always assigned to the same
transcript, and hence will be in the same frame of reference when computing recurrence

for hotspot identification.

[00600] Filter by Mutation Class and Type. All mutations were further filtered by
variant type and class. To avoid including mutations of minor interest to gene function
analysis, we filtered out mutations that were not resolved to a gene region, either
because they fell significantly far outside of a transcript, or because they were in a
location not associated with a RefSeq gene. These mutations were evident either by
their lack of gene identifier (Entrez ID = 0 or blank), or membership in the following

variant classes: Intron, 5°Flank, IGR, and miRNA.

[00601] We also filtered out mutations with variant type DNP, TNP, ONP,
Complex_substitution, and Indel, as their annotation was not supported by our

pipeline

[00602] Since certain data sources included extensive amounts of intronic and
intergenic mutations, this filtering step significantly reduces the size of the dataset as

many NGS datasets don't apply these filters pre-publication.

[00603] Classifying Mutations as Hotspot, Deleterious, or Other. The next step in
our analysis pipeline identified recurring mutations in multiple samples based on their
variant position, and categorized them into Hotspot, Deleterious or Other variant
categories. For this step, and the subsequent frequency calculations, mutations for
each disease type were processed independently. Only mutations of the same variant
classification were tallied together, so, for example, a missense mutation and a silent

mutation at the same position are counted separately.

[00604] To identify driver events, each mutation for a given Entrez Gene ID was

categorized as “Deleterious” or “Hotspot” depending on the following criteria:
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[00605] A mutation was deemed ‘recurrent’ if it was observed in the same variant

position in 3 or more tumor samples.
[00606] A mutation belongs to the "Hotspot" variant category if it is:
[00607] Recurrent AND

[00608] Annotated with one of the following variant classifications:

In-frame insertion/deletion
Nonstop
Missense

Non_Coding_Exon

[00609] A mutation belongs to the “Deleterious” category if it is:
[00610] Non-recurrent AND

[00611] Annotated with one of the following variant classifications:

Frame shift insertion/deletion

Nonsense

[00612] A mutation is considered in the “Other” variant category if it did not fit the

above criteria.

[00613] The Oncomine Mutation Classification and the Variant Classification can be

used to summarize the relative frequencies of various mutations at the gene level.

[00614] Nominating “Gain of Function” and “Loss of Function” Genes.
Individual genes were classified into predicted functional classes, namely “Gain of
Function”, “Recurrent Other”, and “Loss of Function”, to reflect their relative enrichment
in potential activating or deleterious mutations. Details of the scheme used to make the

classification are provided below.

[00615] Mutated Sample Frequency Calculation. Mutation frequencies for each
gene were calculated with respect to a given variant classification and variant category
across all samples within a disease type. Overall mutation frequency for a gene within a

disease was calculated by combining mutations of all variant classifications.

[00616] Overall Mutation Frequency. Overall mutation frequency for a gene was

obtained by dividing the total number of samples with at least one mutation of any
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variant classification in that gene (Mutated Sample Count) by the total number of

samples in the given cancer type (Sample Count).

[00617] Hotspot Frequency. Hotspot frequency for a gene was obtained by dividing
the total number of samples with at least one mutation belonging to the “Hotspot”
Oncomine Mutation Classification by the Mutated Sample Count - the total number of
sémples with at least one mutation for the given gene. If a sample had both Hotspot

Missense and a Hotspot In-Frame Deletion, for example, it would only be counted once.

[00618] Hotspot Missense Frequency. To obtain a Hotspot Missense Frequency
for a gene, the number of samples containing at least one Missense mutation with an
Oncomine Mutation Classification of “Hotspot” was divided by the Mutated Sample
Count — the number samples with at least one mutation of any type in this gene.

Samples with more than one mutation of such type were only counted once.

[00619] Deleterious Frequency. To obtain the Deleterious frequency for a gene, theA
number of samples containing at least one mutétion with an Oncomine Mutation
Classification of “Deleterious” was divided by the Mutated Sample Count — the number
of samples with at least one mutation for the given gene. Samples with more than one

mutation of that type were only counted once.

[00620] Other Frequency. To obtain the Other frequency for a gene, the total
number of samples with at least one mutation with an Oncomine Mutation Classification
“Other” was divided by the Mutated Sample Count — the total number of samples with at
least one mutation for the given gene. If a sample contained both splice site and UTR

mutations, for example, it would only be counted once.

[00621] Hotspot, Other, and Deleterious Frequency Consideration. Hotspot,
Other, and Deleterious frequencies should not be expected to add up to 100%, since a

sample may have been counted in more than one of these categories.

[00622] Assessing Significance of Hotspot and Deleterious Mutations. The
Hotspot and Deleterious p-values for each gene within a disease are calculated by two

independent methods.

[00623] Significance of Deleterious Mutation Enrichment. To assess whether a
gene was significantly enriched for deleterious mutations compared with other genes,
given the background mutation rate, we performed Fisher's exact test using the

following contingency table:
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[00624] Table 37

Deleterious | Other
Gene of | A B
Interest
All Other | C D
Genes

[00625] where A, B, C, and D are counts of mutations across a disease. Nonsense
mutations, frame shift insertions and frame shift deletions are classified as deleterious
mutations, while mutations of any other type (UTR, silent, missense, etc., but non-

intergenic) count as others.

[00626] Q-values are calculated within each disease, by counting the number of
genes with deleterious mutations (N), and calculating the rank of each association. The

g-value for a given p-value is then Q=p*N/rank.

[00627) Significance of Recurrent Hotspot Mutations. In order to calculate gene-
specific p-values, the significance of the most recurrent hotspot on that gene is
assessed. Given the assumption that each sequence position was equally likely to
mutate, each gene can be tested whether the most recurrent is significantly greater than
that expected using a multinomial test. This is an exact test of the sampling algorithm
that has been implemented in previous versions. One of the advantages of this test is
that the p-value.precision is increased to 1E-16, so no flooring occurs. To obtain hotspot
mutations, we filtered the mutations to remove any that did not affect the coding
sequence (i.e. by removing silent, UTR, stop codon, and splice site mutations), and
then removed mutation data for genes that we could not annotate with RefSeq
transcript identifier. We then counted the mutations observed for each transcript in each
disease. We calculated the amino acid sequence length by dividing the CDS length by

three and subtracting 1.

[00628] The exact calculation of the p-value is framed as the following. Given an
amino acid sequence of length x, an observed number of hotspot mutations n, what is
the likelihood of observing r or more mutations at the most recurrent spot by chance For

each gene, the p-value is calculated by the following formula:
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p=Pr(yxy 2 1)
=1-Pr(y, <1, y, <7y, Yy <T)

=1-y7-1 n! n
2o yl!}’Z!-~'yX!(1/X)

[00629] where Yo is the mutation count at the most recurrent hotspot, and y, ...,y

stands for the mutation count at each spot 1, ... x.

[00630] When n and x are large, the above formula can be very slow, an

approximation with Bonferroni-Mallows (BM) bounds were used:

TP ﬂ—[x P(yiSr—l)}P(W=n)

nten i=1

[00631] where y;isa Poisson random variable with mean n/x, and W = Y X, ¥; where

Y is a truncated Poisson. P(W = n) is estimated by Edgeworth Expansion. The lower

and upper Bonferroni-MéHows bounds for the p-value are:
x .
[00632] 1 - Binomial (r—1,n,3)" <p < x+(1—Binomial (r—1,n,7)).

[00633] If the approximation falls outside of the BM bounds, either the lower bound or
upper bound was used. It rarely occurred in our data, and it mostly occurred for small p-

values (p <1e-16) or large p-values (p ~=1).

[00634] Q-values are calculated using the Benjamini-Hochberg method, which is

Q=p*N/rank, where N is the number of transcripts and rank is the rank of each p-value.

[00635]) Silent Hotspot Mutations. Recurrent silent mutations — silent' hotspots —
seem to be an indication of sequencing errors, occurring in regions of low sequence
quality and serving as a ‘canary in the coal mine’ for false-positive missense mutation
peaks in the neighboring nucleotides. Based on reviewing genes with silent hotspots,
and the evaluation of neighboring silent peaks, we believe that these genes are subject
to systematic sequencing errors, and hotspot mutations in these genes should not

contribute to the gene classification.
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[00636] Oncomine Gene Classification Rules. Once the mutations have been -
classified, individual genes are nominated to one of three classes — “Gain of Function,”
“Loss of Function,” and “Recurrent Other.” The classification is based on the
combination of relative frequencies and the significance of the mutations observed in

the gene. The significance of the mutations per gene is assessed by a p-value.

[00637] Recurrent silent mutations. A “Gain of Function” gene will have a relatively
high frequency of Hotspot Missense mutations and a low frequency of Deleterious
mutations, while a “Loss of Function” gene contains a large fraction of Deleterious
mutations. “Recurrent Other” genes tend to contain recurrent insertion/deletion
mutations, some of which - for example recurrent frame shift indels of 1 base — exhibit
signs of potential false-positive calls that may arise from local alignment errors. In
general, we are more confident about the functional importance of genes classified as

Gain/Loss of Function.

[00638] Pan-Cancer Analysis. To summarize mutations across diseases we
performed identical calculations as we did for within-disease analyses, but without
stratifying the mutation records by disease. All mutation records were aggregated, and
frequencies, variant categories and gene classes were calculated in this pan-cancer
‘context. For the pan-cancer summary, genes (unique by Entrez ID) are summarized
across all diseases with one row per disease. However, a summary of the genes within
disease is also provided, but in a pan-cancer context. This means, for example, that
samples with Hotspot mutations are totaled within a disease, but only vfor the mutations
considered Hotspots in a pan-cancer context. Cancer types with < 20 samples were
included in Pan-Cancer analysis, even though-they were not eligible for within-disease

analysis due to low sample count.

" - [00639] Cell Line Annotations. Cell line mutation data was subjected to the same

Oncomine curation and annotation processes described above except for mutation and
gene classification. Instead, mutations from cell lines were annotated with Oncomine
mutation classification and gene classifications whenever a mutation in a cell 'line was
also observed in a clinical sample. This annotation was performed only for mutations
having a Hotspot or Deleterious or Other Oncomine mutation classification. If a mutation
was not observed in tumors, it would receive “Unobserved in Tumor” mutation

classification.
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[00640] Mutations from a cell line and a tumor sample are considered equivalent if
they belong to the same. gene, and have the same variant position and variant

classification.

[00641] Cell lines names were vetted against internal Oncomine ontology, and cell
line cancer types were standardized to be comparable with clinical mutation data.
Several cell lines whose identity or cancer type could not be independently verified
through databases or publications were removed from our analysis. The mutation
annotation from clinical data was performed in a pan-cancer and within-disease

contexts.
[00642] NGS DNASeq Mutation Calling

[00643] BAM File Selection. We queried TCGA’'s CGHub to identify patients having
a single tumor-normal BAM pair. We did so to remove the possibility of mutation call

differences due to different tumor-normal pairs.

[00644] Reference Genome Builds. We identified the reference genome builds
used to align the reads in the BAM files by parsing the SAM headers. We located,
downloaded, and indexed all the reference genome builds which are needed as inputs

to the mutation caller packages.

[00645] Mutation Calling. We employed the following somatic mutation calling

packages for this analysis:

[00646] MuTect (1.0.27783), Broad Institute, Cancer Genome Analysis Group (CGA)
(Cibulskis, 2013)

[00647] SomaticindelDetector (1.6-13-g91f02df), Broad Institute, Genome Analysis
Toolkit (GATK)

[00648] MuTect. MuTect performs initial preprocessing to remove ‘reads with too
many mismatches or very low quality scores” (MuTect documentation). Next, for a
candidate mutation two log 'odds (LOD) scores are calculated that describe the
likelihood of a mutation being present in the tumor sample (LODr) and not mutated in

the normal sample (LODyy):

[00649] LOD; = logy, (

P(observed data in tumor|site is mutated) )
P(observed data in tumor|site is reference)

[00650] LODy = logy, (

P(observed data in normallsite is reference))
P(observed data in normal|site is mutated)
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[00651] MuTect expects somatic mutations to occur at a rate of ~1 in a Mb and
requires LOD7 >= 6.3. MuTect requires that a mutation not be in dbSNP and have a
LODy >= 2.3 since non-dbSNPs are expected to occur at a rate of 100 per Mb. Both
cutoffs are chosen to guarantee a false positive rate less than half of the expected
somatic mutation rate. Finally, additional post-processing steps are performed,
including testing that the alternate allele is observed in both read directions. MuTect

requires at least 14 tumor reads and 8 normal reads for a mutation to be considered.

[00652] SomaticindelDetector (SID). For a given mutation site, SID considers
candidate indels using counts-based thresholding and an indel consensus voting
scheme. The indel with the largest number of supporting reads, or votes, is chosen as

the putative indel call. This call is reported if there is:
[00653] Enough coverage (default: normal >= 4 reads, tumor >= 6 reads),
[00654] A large fraction of reads at that site support the putative call (default: >=30%)

[00655] This fraction is sufficien'tly large compared to those supporting any site of the
indel (default: >= 70%) |

[00656] Indel calls in a tumor sample are annotated as “Germline” if there is even
weak evidence for the same indel in the normal sample; otherwise, they are labeled
“Somatic.” Calls only observed in the normal samples are ignored. SID takes BAM files

as input and outputs VCF and BED formatted putative calls.

[00657] Mutation Filtering. The callers output all candidate mutation calls, including
germline mutations and other calls with low statistical confidence. We filtered the
mutation caller output to only somatic mutations, mutations designated “KEEP” by
MuTect and mutations occurring within the CDS of RefSeq Genes. The tables below

detail the specific filters applied to MuTect and SomaticindelDetector output:

[00658] Table 38

MuTect Filter Description

tumor_f> 0.1 At least 10% of the tumor reads must be variant

t_alt_sum / t_alt_count > | Average quality of the variant base calls > 28
28

t_alt_count — | Conservatively require at least 3 reads where variant not

map_QO_reads — | in QO or in improperly paired reads.
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improper_pairs >= 3

t_alt_count > 10 *|When MuTect allows one variant normal read, require at

n_alt_count least 10 variant tumor reads.

dbsnp_site NE 'DBSNP’ | Ignore variants present in dbSNP v132

SomaticindelDetector Filter Description

T_STRAND_COUNTS_C[12] | At least 10% of the tumor variant reads must be on

/(.._C1+.._C2)>01 each strand

T_AV_MAPQ_C > 28 Average quality of the variant calls > 28

[00659] References
[00660] Cibulskis, K. et al. Sensitive detection of somatic point mutations in impure
and heterogeneous cancer samples. Nat Biotechnology (2013).doi:10.1038/nbt.2514
[00661] MuTect: hypertext transfer
protocol://www.broadinstitute.org/cancer/cga/mutect
[00662]  SID: hypertext transfer
protocol://gatkforums. broadinstitute.org/discussion/35/somatic-indel-detection -
Table 16: Druggability status for Table 2 genes/fusions
Table
16 Pre-
registrati
on (pre-
Gene | Approved approval) | Phase Il Phase Phase | preclinical
TOP1 belotecan N cositecan; irinotecan, camptothecin
hydrochloride; irinotecan, gimatecan; liposomal, (Aphios);
irinotecan HyACT; camptotheci | Yakult; HM- irinotecan
hydrochloride; irinotecan, n, Calando; | 30181A; (BioAlliance);
topotecan PharmaEngi | irinotecan namitecan; cisplatin +
ne; HCl + camptothecin irinotecan
etirinotecan | floxuridine, | prodrug, (Celator);
pegol Celator; Mersana; APH-0804;
firtecan - labetuzumab- irinotecan
pegol; TLC- | SN-38; Genz- (Champions);
388 644282; SER-203; SN-
hydrochlori | simmitecan 38; topotecan
de; hRS7- hydrochloride | + vincristine
SN-38; prodrug (LipoCure);
irinotecan topotecan
bead, (EnduRx
Biocompati Pharmaceutical
bles s)
SRDsA
1 dutasteride N idronoxil N N N
VIM N N N pritumumab | N N
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Table
16 Pre-
registrati
on (pre-
Gene | Approved approval) | Phase lll Phase Il Phase | preclinical
IGFBP
2 N N N N N 0GX-225
SPPI N N N N N N
MDK N N N N N CAMI-103;
CMS-101
MUCI1
6 N N oregovomab | N DMUC-5754A [ N
RET sorafenib; vandetanib; apatinib motesanib N INJ-26483327 | MG-516;
sunitinib malate; diphosphate NMS-173;
cabozantinib; ; SAR- RET kinase
regorafenib 302503 inhibitor
(Bionomic)
MAP2 trametinib N ARRY- selumetinib; | PD-0325901; N
K2 438162 refametinib; | ARRY-704;
: pimasertib; TAK-733;
WX-554 GDC-0623; BI-
847325; AS-
703988
MAPK [N N N N N AEZS-129;
1 AEZS-136;
AEZS-134;
SCH-722984;
SCH-772984
BRAF pazopanib; N N RAF-265; ARQ-761; AB-024; b-raf
vemurafenib; XL-281; ARQ-736 inhibitors
dabrafenib LGX-818 (Sareum);
BRAF kinase
inhibitor
(Selexagen -
Therapeutics);
BeiGene-283;
DP-4978; TL-
241
MUCI
6 N N oregovomab | N DMUC-5754A | N
MET cabozantinib; crizotinib | N tivantinib; MGCD-265; | AMG-208; X-379;
rilotumuma | foretinib; TAS-115; metatinib;
b; ficlatuzuma | volitinib; SAR- | PRS-110;
onartuzuma | b; BMS- 125844, S- ASP-08001; -
b; 777607, 49076 ARGX-111;
golvatinib; DCC-2701;
INCB- DCC-2721;
028060; MG-516; AL-
LY- 2846; CG-
2875358 206481; T-
1840383;
cMet-EGFR
dual inhibitors(
CrystalGenomi
cs); bispecific
antibodies
(Hoffmann-La
Roche)
PTK2 N N N PF- GSK-2256098; | CFAK-C4;
04554878 BI-853520; FAK inhibitor
VS-4718 (Verastem);

CTX-0294945;
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Table
16

Gene

Approved

Pre-
registrati
on (pre-
approval)

Phase Il

Phase |l

PCT/US2015/023197

Phase |

preclinical

CTx-0294886;
FAK inhibitors
(Takeda)

ACE*

alacepril; benazepril;
delapril+manidipine
(Chiesi); captopril;
captopril + HCTZ;
captopril slow release
(Sankyo); cilazapril;
delapril; delapril +
indapamide (Chiesi);
diltiazem, Alza;
enalapril maleate;
enalapril maleate +
HCTZ; enalapril +
nitrendipine; enalapril
(KRKA); enalaprilat;
felodipine + enalapril;
fosinopril; imidapril;
lisinopril; lisinopril +
HCTZ; moexipril;
perindopril; quinapril
hydrochloride;
quinaprilat; ramipril;
felodipine + ramipril;
perindopril +
indapamide, Serv;
saralasin acetate;
spirapril; temocapril;
trandolapril; zofenopril;
trandolapril +
verapamil, Aven;
lercanidipine +
enalapril (Recordati);
zofenopril + HCTZ;
piretanide + ramipril;
benazepril + HCTZ;
amlodipine +
benazepril; moexipril +
HCTZ; amlodipine +
perindopril, Servier;
ASA + atorvastatin +
ramipril + metoprolol
ER (Zydus Cadila);
ramipril +
hydrochlorothiazide;
(S)-amlodipine +
ramipril (Emcure);
quinapril/hydrochloroth
iazide

perindopril
+
indapamide
+
amlodipine
(Servier)

amlodipine +.
enalapril
maleate
(GlaxoSmithKl
ine)

N

ADAM

N

N

N

N

CDK6

N

Z|Z

palbociclib

alvocidib;
LY-
2835219

LEE-011

IKBKB

N

N

EC-70124
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Table
16 Pre-
registrati
on (pre-
Gene Approved approval) | Phase lll Phase Il Phase | preclinical
RARA | tamibarotene N N IRX-5183 N N
LYN dasatinib N nintedanib bafetinib JNJ-26483327 | Ber-Abl/Lyn
inhibitor (AB
Science)
NTRK3 | N N N N N PLX-7486
ERBB2 | trastuzumab; trastuzuma | neratinib; lapuleucel- Her-VAXX; Lovaxin B;
trastuzumab emtansine; | b, Enhanze | XL-647; T; AVX- VM-206; TH-1 (Algeta);
pertuzumab; lapatinib dacomitinib | 901; AE-37; | ARRY-380; trastuzumab-
ditosylate; ; BMS- JNJ-26483327; | antibody
catumaxomab; afatinib nelipepimut | 690514; S-222611; conjugates
-S; MVA-BN- doxorubicin (Synthon);
trastuzumab | HER2; (Merrimack); CUDC-101;
(Celltrion, varlitinib; cipatinib; Her-2/neu
Biocad, MM-111; TrasGEX; Stradobody
Biocon, AC-480; trastuzumab (Gliknik);
Synthon, ovarian (Hanwha ARX-788;
Harvest cancer Chemical); Etbx-021; SN-
Moon, vaccine trastuzumab 34003; IBI-
Aryogen) (Generex); (Pfizer); IDN- | 302; NT-004;
margetuxim | 6439 ICT-140;
ab; ONS-1050;
poziotinib; Sym-013; anti-
PR-610 HER2 X anti-
CD3
(Emergent
Biosolutions);
Z-650; breast
cancer vaccine
(Cel-Sci); INJ-
28871063;
trastuzumab
(PlantForm,
BioXpress,
biQasis
Technologies,
Stada, Natco,
Curaxys,
Oncobiologics,
Alteogen,
Mabion)
RHOA | N N N N N N
RBI N N N N SGT-RB9%4 N
THRA | N N N N N N
CBL N N N N N N
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Table
16 Pre-
registrati
on (pre-
Gene Approved approval) | Phase lll Phase |l Phase | preclinical
: NMS-E628;
aurora kinase
+ ALK
inhibitor
(Sareum,
AstraZeneca)
; ALK
inhibitors
AP-26113; (AstraZeneca
RG-7853; , Cephalon,
LDK-378,; Aurigene);
TSR-011; X-396; ASP- ARN-5032;
ALK crizotinib N N NMS-E628 | 3026 DLX-521
Table 17: Druggability status for Table 3 genes/fusions
Pre-
registration
(pre-
Gene approved approval) Phase lll Phase ll Phase | preclinical
estramustine
phosphate SR-16388;
sodium; VAL-201;
ethinyl SERM +
estradiol toxin
sulfonate; (SEEK),
fulvestrant; estradiol
raloxifene (BHR
hydrochloride; TAS-108; Pharma);
tamoxifen; estetrol; NDC-1407;
toremifene GTx-758; anticancer
citrate; endoxifen; icaritin, ARN- | MAb
ESR1 trilostane; N acolbifene afimoxifene 810 (Shenogen)
p70S6
AZD-5363; kinase
AT-13148; inhibitors
RPS6KB1 | N N N N LY-S6KAKT1 | (Sentinel)
Table 19: Gene Fusions
Table 19 5' gene 3' gene Druggable
symbol symbol gene
Cancer Type
Prostate Adenocarcinoma ABCD3 DPYD DPYD
Sarcoma ACTG2 ALK ALK
Lung Adenocarcinoma ADAMTS16 | TERT TERT
Brain Lower Grade Glioma ATRX BCL2 BCL2
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Table 19 5' gene 3 gene Druggable
symbol symbol gene

Cancer Type
Gastric Adenocarcinoma B4GALT1 RAF1 RAF1
Gastric Adenocarcinoma BRD3 LCN2 BRD3
Gastric Adenocarcinoma CASZ1 MTOR MTOR
Acute Myeloid Leukemia CHD1 MTOR MTOR
Uterine Corpus Endometrioid Carcinoma CPAG PTK2 PTK2
Breast invasive carcinoma DAB1 IL12RB2 IL12RB2
Lung Adenocarcinoma DDI2 MTOR MTOR
Sarcoma FRS2 MDM2 MDM2
Sarcoma GLIS3 TERT TERT
Lung Adenocarcinoma HIF1A PRKCH HIF1A

' Breast invasive carcinoma HPRT1 CTPS2 HPRT1
Breast invasive carcinoma iL12RB2 DAB1 IL12RB2
Breast invasive carcinoma IL6R Clorfl112 ILBR
Breast invasive carcinoma KCMF1 PRKDC PRKDC
Lung Adenocarcinoma KIFSB MET MET
Breast invasive carcinoma MAPK14 EFHA1 MAPK14
Sarcoma MDM2 SPATS2 MDM2
Thyroid carcinoma MTMR12 TERT TERT
Bladder Urothelial Carcinoma NOTCH2 EIF2B3 NOTCH2
Sarcoma NTRK1 DYNC2H1 NTRK1
Kidney renal clear cell carcinoma PDCD6 TERT TERT
Lung Adenocarcinoma PHKB PDE3A PDE3A
Uterine Carcinosarcoma RARA SLC9A3R1 RARA
Liver hepatocellular carcinoma SLC12A7 TERT TERT
Sarcoma : SMARCA4 EEF2 EEF2
Breast invasive carcinoma STARD13 TNFRSF8 TNFRSF8
Lung Adenocarcinoma TICAM1 IL12RB1 IL12RB1
Sarcoma TRIO TERT TERT
Prostate Adenocarcinoma TRPMS8 UGT1A9 TRPM8

" Sarcoma TSPAN3 MDM2 MDM2
Breast invasive carcinoma TTLL7 TERT TERT
Brain Lower Grade Glioma USP46 PDGFRA PDGFRA
Gastric Adenocarcinoma WNK2 BRD3 BRD3
Cervical squamous cell carcinoma and endocervical ZNF226 AKT2 AKT2
adenocarcinoma
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Example 7 Identification of Status of TP53

[00663] Advances in both molecular diagnostics and the understanding of cancer
biology are raising the bar for clinical trial paradigms with the expectation that more
effective patient stratification will improve outcome and expedite approval of effective

cancer drugs.

[00664] Mutational status of TP53 has been identified as a predictive biomarker of
treatment response and prognosis. For example, TP53 wild-type (WT) patients have
been shown to exhibit significantly increased progression-free survival following
therapies including adjuvant 5-fluorouracil and cetuximab combination treatments

compared-to patients harboring TP53 mutations.

[00665] TP53 mutation annotations were obtained from ONCOMINETM NGS
Mutation Browser (Compendia Biosciences, Ml). In total 776 patients were assessed for
TP53 mutation status; 259 patients contained at least one mutation in TP53 and were
annotated as TP53 mutant while 519 patients lacked a detected TP53 mutation and
were annotated as TP53 wild type. TP53 wild type and TP53 mutant annotations were
then mapped at the patient level to corresponding microarray samples from the TCGA
breast dataset. When mutation annotations were mapped to patients with
corresponding microarray data, 327 patients were annotated as TP33 wild type and 188
were annotated as TP53 mutant. TP53 wild type and TP53 mutation signatures were
generated from a differential expression analysis of the TCGA breasf datasets. Gene
lists were ranked by p-value according to Student;s two class t-test. Genes differentially .
upregulated in TP53 wild type patients contributed to the TP53 wild type signature
whereas genes that were upregulated in TP53 mutant patients contributed to the TP53
mutant signature. Each signature contained the top 1% of ranked genes (n=204). All
genes in the TP53 wild type and TP53 mutation signature were highly significant after
correcting for false discovery (Q<0.0001). The Q-value was calculated as (p-value/p-

value rank)*number of genes measured.

[00666] Five ONCOMINETM cancer types contained sufficient TP53 mutation status

data to complete an analysis. Of these, significantly increased éignature expression

‘was found in TP53 WT compared to TP53 mutated clinical samples from breast

(p<0.001; n=189 WT, 37 mutant), lung (p=0.0003; n=23 WT, 18 mutated), liver

(p=0.0069; n= 74 WT, 11 mutated) and ovarian (p=0.05; n=22 WT, 15 mutated) cancer

patients and a trend was found within lymphoma patients (p=0.068; n=65 WT, 16
221
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mutated) (see Figs. 5-7 and 9-10). Table 40 contains the TP53 WT TCGA breast

cancer signature.

[00667]

WT from mutant tumor samples.

[00668] TABLE 40

The clinically-derived expression signature effectively distinguishes TP53

222

TP53 WT Signature Genes

SUSD3 BAGI ZNF214 USP30 CEP120
DMXL1 ERBB4 SLC24A1 MKL2 CA12
PAHTM PCP2 AGBL2 SYTL4 SLC7A2
KIF12 Clorf64 NMES HEXIM2 ANKHDI1-EIF4EBP3
ACBD4 TMEMI161B RERG BRD8 EIF4EBP3
FSIP1 SLC16A6 VEZF1 LOC644189 | TMEM128
CAMLG MLPH ZNF484 PJA2 HVCNI1
FAMA47E LRBA FBXO0O38 TCEALS TCTNI
Cl4orf25 EXOC6 LOC100129623 CHICI TOX4

1 USP47 FAM174A WEFSI1 RNF135 SEPSECS
POLK Cl4orfl19 TRIM4 LOC646976 KIAA1370
SPGl11 TCEAL3 SLC7A8 XPC RGOIMTD2
TLE3 CCNH ZC3H6 MEDI13L CELSRI1
GLIPRIL2 ANXAS SFRS12 CXXC5 TBC1D9B
PCBD2 TTCS8 LOC100131801 C9orf68
TCEALA4 TCEALG6 GAMT CACNAID
KCTD3 MAN2B2 ABCC8 ANKRDA42
OBFCl1 CSTs CRY2 LOC440459
MRFAPILI SCAMPI1 LRRC48 PCM1
GMPR2 PTGER3 ZNF24 C7orf63
DDB2 CST3 TMEM101 RHBDDI1
TIGD6 PTPRT NDFIP1 WDFY3
KIAA0232 RAI2 CHCHDS REEPS
TMEM26 GREBI1 KCNE4 FUTS8
PCDHI19 CCDC103 PGR ZFYVEI1

EXAMPLE 8
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[00669] In accordance with methods of the Example 9, 8,690 clinical samples were

analyzed for mutation status and 7,202 clinical samples were analyzed for fusion status.

[00670] Novel mutations and fusion events were identified. Table 44 shows novel
mutations identified in CDNK2A and ALK. Table 41-43 identifies novel fusion events

identified in the analysis.

[00671] The druggability of each target and available clinical trials are also provided

in the Tables.

[00672] The novel mutations and fusion events provide an opportunity not only for
further development for target treatments but also potential options for future targets of

chemotherapeutics.
EXAMPLE 9

[00673] In accordance with methods of previous Examples 1-8, 8,690 clinical
samples were analyzed for mutation status and 7,202 clinical samples were analyzed

for mutation status.

[00674] Novel mutation and cancer association events were identified. Tables 45

and 46 show the novel mutations/cancer associations.

[00675] The druggability of each target and likely outcome are also provided in Table
45, '

[00676] The novel mutation/cancer association events provide an opportunity not
only for further development for target treatments but also potential options for future

targets of chemotherapeutics.
Example 10

[00677] In accordance with methods of previous Examples 1-8, 8,690 clinical
samples were analyzed for mutation status and 7,202 clinical samples were analyzed

for mutation status
[00678] Novel mutation/cancer association events are shown in Table 47.

[00679] Novel fusion events and associated cancers are shown in Table 48.
breakpoints and druggability are shown in Table 49. The status of additional drugs

relevant to fusion partners are shown in Table 50.

[00680] In certain embodiments, the disclosure provides:

223
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[00681] A kit comprising a set of probes that specifically recognize at least one fusion
of two genes chosen from: Table 42 or 49.

[00682] A composition comprising a set of probes that specifically recognize at

least one gene fusion of two genes chosen from: Table 42 or 49.

[00683] A set of probes that specifically recognize a nucleic acid comprising at least
one of SEQ ID NOs: 1-289.

[00684] An isolated nucleic acid comprising at least one sequence selected from
SEQ ID NOs: 1-289.

[00685] A method of detecting bladder urothelial carcinoma, breast carcinoma,
endometrial endometrioid adenocarcinoma, colon adenocarcinoma, glioblastoma
multiforme, clear cell renal cell carcinoma, papillary renal cell carcinoma, acute myeloid
leukemia, brain lower grade gliomé, lung adenocarcinoma, ovarian serous
cystadenocarcinoma, prostate adenocarcinoma, rectal cuianeous melanoma, and
thyroid gland carcinoma in a sample, the method comprising: an.wpvllifying a nucleic acid
comprising a sequence selected from SEQ ID NOs: 1-289; and detecting the presence
of the nucleic acid comprising a sequence selected from SEQ ID NOs: 1-289; wherein
detecting the nucleic acid comprising a sequence selected from SEQ ID NOs: 1-289,

indicates that one or more of the above cancers is present in the sample.

[00686] A kit comprising a set of probes that specifically hybridize to at least one

nucleic acid comprising a break point from Table 42 or 49.

[00687] A set of probes that specifically hybridize to at least one nucleic acid

comprising a break point from Tables 42 or 49.
[00688] In the kit, the nucleic acid can be a gene fusion chosen from Table 41.

[00689] A method of detecting bladder urothelial carcinoma, breast carcinoma,
endometrial endometrioid adenocarcinoma, colon adenocarcinoma, glioblastoma
multiforme, clear cell renal cell carcinoma, papillary renal cell carcinoma, acute myeloid
leukemia, brain - lower grade glioma, lung adenocarcinoma, ovarian serous
cystadenocarcinoma, prostate adenocarcinoma, rectal cutaneous melanoma, and
thyroid gland carcinoma in a sample, the method comprising: amplifying a gene fusion
chosen from Table 41 or 48 or a fusion gene product; and detecting the presence of the

~ gene fusion chosen from Table 41 or 48 or fusion gene product in the sample; wherein
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detecting the presence of the gene fusion chosen trom I|able 41, indicates that one or

more of the above cancers is present in the sample.

[00690] An isolated gene fusion nucleic acid of between 100 and 10,000 nucleotides
in length and comprising at least 25 nucleotides on either side of one of the break points
in Table 42 or 49.

[00691] The isolated gene fusion nucleic acid can have a gene fusion partner that is
two genes chosen from: TPM1 and ALK, PRKAR1A and ALK, NCOAi and ALK, LPP
and CASR, MDM2 and EGFR, FGFR3 and ELAVL3, B2M and GNAS, DOCK8 and
JAK2, HNF1B and NOTCH1, NFASC and NTRK1, SSBP2 and NTRK1, SQSTM1 and
NTRK1, TBL1XR1 and PIK3CA, AKAP13 and RET, FKBP15 and RET, TBL1XR1 and
RET, CEP85L and ROS1, CLCN6 and RAF1, TRAK1 and RAF1, PRKACA and AKT1,
PRKACA and AKT2, MLL and FYN, and TTC13 and JAK2, SEC16A and NO'TCH1,
ERC1 and RET, GTF2IRD1‘ and ALK, HTATSF1 and BRS3, CDH1 and CCDC132,
CCDC132 and CDH1, ERBB2 and SLC29A3, MET and TFG; TFG and MET, NOTCH2
and MNDA, IRF2BP2 and NTRK1, EIF2C2 and PTK2, RARA and HOXB3, STAT3 and
ETV4,and GFAP and VIM, VIM and GFAP, TOP1 and C170rf64, and TP53 and
KIAAQ753.

[00692] In the above method the sample is a patient sample.

[00693] The above method can further comprise diagnosing the patient as having
bladder urothelial carcinoma, breast carcinoma, endometrial endometrioid
adenocarcinoma, colon adenocarcinoma, glioblastoma multiforme, clear cell renal cell
carcinoma, papillary renal cell carcinoma, acute myeloid leukemia, brain lower grade
glioma, lung adenocarcinoma, ovarian serous cystadenocarcinoma, prostate
adenocarcinoma, rectal cutaneous melanoma, or thyroid gland carcinoma when a
nucleic acid comprising a sequence selected from SEQ ID NOs: 1-289 is present in the

patient sample.

[00694] A kit comprising a set of probes, wherein the set of probes specifically
recognize a gene variant chosen from Table 41, Table 44, Table 45, Table 46, Table 47

or a combination thereof.

[00695] A composition comprising a set of probes that specifically recognize a gene
variant from Table 41, Table 44, Table 45, Table 46, Table 47 or a combination thereof.

[00696] A set of probes that specifically recognize a gene variant from Table 41,

Table 44, Table 45, Table 46, Table 47 or a combination thereof. .
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[00697] A method of detecting bladder carcinoma, breast carcinoma, cervical cell
carcinoma, colon adenocarcinoma, glioblastoma multiforme, head and neck squamous
cell carcinoma, clear cell renal cell carcinoma, kidney renal papillary cell carcinoma,
acute myeloid leukemia, brain lower grade glioma, liver hepatocellular carcinoma, lung
adenocarcinoma, squamous cell lung carcinoma, ovarian serous adenocarcinoma,
prostate adenocarcinoma, rectal adenocarcinoma, cutaneous melanoma, stomach
adenocarcinoma, thyroid carcinoma, or uterine corpus endometrioid carcinoma, the
‘'method comprising: amplifying a nucleic acid comprising a variant selected from Table
7 and/or Table 11; and detecting the presence of the variant selected from Table 41,
Table 44, Table 45, Table 46, Table 47 or a combination thereof; wherein detecting the
variant selected from Table 41, Table 44, Table 45, Table 46, Table 47 or a
combination thereof, indicates one ore ore of the above cancers is present in the

sample.

[00698] A kit comprising a set of probes that specifically hybridize to a variant
selected from Table 41, Table 44, Table 45, Table 46, Table 47 or a  combination

thereof.

‘[00699] A set of probes that specifically hybridize to a gene variant selected from
Table 41, Table 44, Table 45, Table 46, Table 47 or a combination thereof.

[00700] The method of claim 17, wherein the sample is a patient sample.

[00701] The method of claim 20, further comprising diagnosing the patient as having
bladder carcinoma, breast carcinoma, cervical cell carcinoma, colon adenocarcinoma,
glioblastoma multiforme, head and neck squamous cell carcinoma, clear cell renal cell
carcinoma, kidney renal papillary cell carcinoma, acute myeloid leukemia, brain lower
grade glioma, liver hepatocellular carcinoma, lung adenocarcinoma, squamous cell
lung carcinoma, ovarian serous adenocarcinoma, prostate adenocarcinoma, rectal
adenocarcinoma, cutaneous melanoma, stomach adenocarcinoma, thyroid carcinoma,
or uterine corpus endometrioid carcinoma when a variant selected from Table 41, Table
44, Table 45, Table 46, Table 47 or a combination thereof is present in the patient

sample.

[00702] An isolated genetic construct comprising an antisense polynucleotide

sequence of a sequence selected from SEQ ID NOs:1-289.

[00703] The isolated genetic construct can further comprise a promoter operatively

linked to the antisense polynucleotide.
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[00704] The isolated genetic construct can be a vector. The vector can be a viral

vector

[00705] A method comprising contacting a cell comprising a gene fusion with a drug,
wherein the gene fusion is disclosed in Table 41 or Table 49 and the drug is one or

more of the drugs in Table 43 or Table 49.

[00706] A method comprising administering to a patient with a gene fusion a drug,

wherein the gene fusion is disclosed in Table 41 or Table 49.
[00707] The method of claim 27, wherein the patient is diagnosed with cancer.

[00708] The method of claim 28, wherein the cancer is a cancer type disclosed in
- Table 41 or Table 49.

[00709] A method comprising contacting a nucleic acid sample from a patient with a
reaction mixture comprising two primers, wherein a first primer is complementary to one
gene and a second primer is complementary to a second gene, wherein the fusion of
the first gene and the second gene is detectable by the presence of an amplicon
generated by the first primer and the second primer, wherein the fusion breakpoint is
one of the breakpoints of Table 42 or 49, and wherein a patient with an amplicon is

administered one or more of the drugs in Table 43 or Table 49.

[00710] A method comprising performing a bioassay to detect one or more gene
fusions in a sample from a subject, wherein at least one of the gehe fusions is selected
from those in Table 42 or Table 49, receiving the results of the bioassay into a computer
system, processing the results to determine an output, presenting the output on a
readable medium, wherein the output identifies therapeutic options recommended for

the subject based on the presence or absence of the gene fusions. -

[00711] In the above method, the bioassay can include probes speciﬂc. for one or

more of the breakpoints of Table 42 or Table 49.

[00712] A kit, comprising: a set of probes, wherein each probe specifically hybridizes

to a nucleic acid comprising a breakpoint from Table 42 or Table 49.

[00713] In the kit, each non-naturally occurring probe can comprise:a nucleic acid
sequence configured to specifically hybridize to the nucleic acid comprising the
breakpoint from Table 42 or Table 49, and a detectable moiety covalently bonded to the

nucleic acid sequence.
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[00714] In the kit, each non-naturally occurring probe can comprise: a
deoxyribonucleic acid sequence comprising at least one deoxyuridine (dU) residue in

place of a deoxythymidine residue.

[00715] A method, comprising: amplifying a nucleic acid comprising at least one
gene fusion from Table 41or Table 49 from a sample; and detecting the presence of the
at least one gene fusion by at least one of: contacting the composition with at least one
probe, wherein each probe specifically hybridizes to the nucleic acid, or observing the
presence of a non-natural or non-native chemical structure in the nucleic acid; wherein
detecting the presence of the at least one gene fusion indicates that at least one cancer

from Table 41 or Table 49 is present in the sample.

[00716] A system, comprising: a nucleic acid amplifier configured to amplify a nucleic
acid comprising at least one gene fusion from Table 41 or Table 49from a sample, to
yield an amplified nucleic acid; a detector configured to detect the presence of the at
least one gene fusion in the amplified nucleic acid by at least one of (i) contacting the
composition with at least one probe, wherein each probe specifically hybridizes to the
nucleic acid, or (ii) observing the presence of a non-natural or non-native chemical
structure in the nucleic acid, and further configured to transmit a detection indication;
and a computer system configured to receive the detection indication and determine
that at least one cancer from Table 41 or Table 49 is present in the sample, based on

the detection indication.

[06717] A non-transitory computer readable program storage unit encoded with
instructions that, when executed by a computer, perform a method, comprising:
receiving an input comprising at least a cancer type and an event type, wherein the
cancer type is selected from Table 44, 45, 46 and/or 47 and the event type is selected
from Table 44, 45, 46 and/or 47; querying a database for at least one entry comprising
a plurality of fields, wherein the plurality of fields comprises at least one of the cancer
type and the event type; transmitting an output comprising at least one field of the
plurality from the at least one entry, wherein the at least one field comprises at least one
gene, at least one druggable gene, at least one drug targeting the at least one

druggable gene, or a prognosis.

[00718] A method, comprising: administering to a patient having at least one gene
* fusion selected from the gene fusions listed in Table 41 at least one drug selected from
the drugs listed in Table 43.
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[00719] A method, comprising: contacting a nucleic acid sample from a patient with a
reaction mixture comprising a first primer complementary to a first gene and a second
primer complementary to a second gene, wherein a fusion of the first gene and the
second gene is detectable by the presence of an amplicbn generated by the first primer
and the second primer, wherein the fusion comprises a breakpoint selected from the
breakpoints listed in Table 42 or Table 49.

[00720] In the above method, at least one drug can be selected from the drugs listed
in Table 43, 45, 46and/or 47 is administered to the patient, in response to a detection of

the fusion.

[00721] A non-transitory computer readable program storage unit encoded with
instructions that, when ekecuted by a computer, perform a method, comprising:
receiving RNA sequence data from at least one cancer cell line; running at least one
gene fusion caller on the sequence data, to identify possible breakpoints between fused
genes in the processed data; filtering said possible breakpoints, to retain candidate
breakpoints, wherein each candidate breakpoint is in a 5’ untranslated region (UTR) or
a coding DNA sequence (CDS) of a functional gene region and each candidate
breakpoint does not occur in an intron; annotating the candidate breakpoints with at
least one annotation useful in determining a relevance of a gene fusion for at least one
of cancer diagnosis, cancer prognosis, or cancer treatment, wherein the gene fusion

comprises the candidate breakpoint.

[00722] In the non-transitory computer readable program storage unit, at least one

gene fusion caller can be selected from TopHat and deFuse.

[00723] A non-transitory computer readable program storage unit encoded with
instructions that, when executed by a computer, perform a method, comprising:
receiving mutation data from at least one cancer cell line; annotating the mutation data
with at least one of variant classification, variant position, of variant change, to yield
annotated mutation data; filtering the annotated mutation data, to yield gene region
mutation data; classifying the gene region mutation data as hotspot, deleterious, or
other; and nominating a gene comprising the gene region mutation as a gain of
function, loss of function, or recurrent other gene, based on the relative frequehcy of

mutations in the gene and the classifications of all gene region mutations in the gene.

[00724] In the non-transitory computer readable program storage unit, the variant

classification can be selected from splice site, 3’ untranslated region (UTR), 5° UTR,
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intron, missense, nonsense, nonstop, silent, frame shift insertion, frame shift deletion,

in-frame insertion, in-frame deletion, or non-coding exon.

[00725] In the non-transitory computer readable program storage unit, filtering the
annotated mutation data can comprise excluding mutations outside of a known

transcript and mutations not associated with a known gene.

[00726] In the non-transitory computer readable program storage unit, classifying the
mutation as hotspot can comprise determining its presence at the same variant position
in at least three cancer cell lines, wherein the variant classification is missense,

nonstop, in-frame insertion, in-frame deletion, or non-coding exon.

[00727] In the non-transitory computer readable program storage unit, wherein
classifying the mutation as deleterious can comprise observing the variant classification

is nonsense, frame shift insertion, or frame shift deletion.

[00728] A method, comprising: detecting one or more gene fusions in a sample from
a subject, to yield gene fusion detection data, wherein at least one of the gene fusions
is selected from the gene fusions listed in Table 41 or 49, receiving by a computer
system the gene fusion detection data, identifying by the computer system at least one
therapeutic option recommended for the subject, based on the gene fusion detection
data.

[00729] A system, comprising: a detector configured to (i) detect one or more gene
fusions in a sample from a subject, to yield gene fusion detection data, wherein at least
one of the gene fusions is selected from the gene fusions listed in Table 41 or 49 and
(i) transmit the gene fusion detection data; and a computer system configured to
receive the gene fusion detection data and identify at least one therapeutic option

recommended for the subject, based on the gene fusion detection data.

[00730] A gene fusion that is prepared by a process comprising: isolating an RNA
molecule comprising the gene fusion; and synthesizing a complementary DNA (cDNA)

molecule complementary to the isolated RNA molecule.

[00731] Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as molecular weight, reaction conditions, and so forth used in the
specification and claims are to be understood as being modified in all instances by the
term “about.” Accordingly, unless indicated to the contrary, the numerical parameters
set forth in the specification and attached claims are approximations that may vary

depending upon the desired properties sought to be obtained by the present invention.
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At the very least, and not as an attempt to limit the application of the doctrine ot
equivalents to the scope of the claims, each numerical parameter should at least be
construed in light of the number of reported significant digits and by applying ordinary
rounding techniques. Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the invention are approximations, the numerical values
set forth in the specific examples are reported as precisely as possible. Any numerical
value, however, inherently contains certain errors necessarily resulting from the

standard deviation found in their respective testing measurements.

[00732] The terms “a” “an,” “the” and similar referents used in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. Recitation of ranges of values herein is merely intended
to serve as a shorthand method of referring individually to each separate value falling
within the range. Unless otherwise indicated herein,  each individual value is
incorporated into the specification as if it were individually recited herein. All methods
described hgrein can be performed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as”) provided herein is intended merely to better
illuminate the invention and does not pose a limitation on the scope of the invention
otherwise claimed. No language in the specification should be construed as indicating

any non-claimed element essential to the practice of the invention.

[00733] Groupings of alternative elements or embodiments of the invention disclosed
herein are not to be construed as limitations. Each group member may be referred to
and claimed individually or in any combination with other members of the group or other
elements found herein. It is anticipated that one or more members of a group may be
included in, or deleted from, a group for reasons of convenience and/or patentability.
When any such inclusion or deletion occurs, the specification is deemed to contéin the
group as modified thus fulfilling the written description of all Markush groups used in the

appended claims.

[00734] Certain embodiments of this invention are described herein, including the

best mode known to the inventors for carrying out the invention. Of course, variations

on these described embodiments will become apparent to those of ordinary skill in the

art upon reading the foregoing description. The invehtor expects skilled artisans to

employ such variations .as appropriate, and the inventors intend for the invention to be
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practiced otherwise than specifically described herein. Accordingly, this invention
includes all modifications and equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover, any combination of the
above-described elements in all possible variations thereof is encompassed by the

invention unless otherwise indicated herein or otherwise clearly contradicted by context.

[00735] Furthermore, numerous references have been made to patents and printed
publications throughout this specification. Each of the above-cited references and

printed publications are individually incorporated herein by reference in their entirety.

[00736] Itis to be understood that the embodiments of the invention disclosed herein
are illustrative of the principles of the present invention. Other modifications that may
be employed are within the scope of the invention. Thus, by way of example, but not of
limitation, alternative configurations of the present invention may be utilized in
accordance with the teachings herein. -Accordingly, the present invention is not limited

to that precisely as shown and described.

[00737] Specific embodiments disclosed herein may be further limited in the claims
using consisting of or consisting essentially of language. When used in the claims,
whether as filed or added per amendment, the transition term “consisting of” excludes
any element, step, or ingredient not specified in the claims. The transition term
“consisting essentially of’ limits the scope of a claim to the specified materials or steps
and those that do not matérially affect the basic and novel characteristic(s).
Embodiments of the invention so claimed are inherently or expressly described and

enabled herein.

[00738] Reference to sequence identifiers, such as those beginning with NM_, refer
to the database .accession numbers and the underlying sequences as they were found
on April 18, 2013. |
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What is claimed:

1. A kit comprising a set of probes, wherein the set of probes specifically recognize
(a) at least one fusion of two genes chosen from: Tables 42, 49, and a combination
thereof; or (b) at least one gene variant from Tables 41, 44, 45, 46, 47, and a
combination thereof.

2. A composition comprising a set of probes that specifically recognize (a) at least
one fusion of two genes chosen from: Tables 42, 49, and a combination thereof; or (b)
at least one gene variant from Tables 41, 44, 45, 46, 47, and a combination thereof.

3. A method of detecting bladder urothelial carcinoma, breast carcinoma,
endometrial endometrioid adenocarcinoma, colon adenocarcinoma, glioblastoma
multiforme, clear cell renal cell carcinoma, papillary renal cell carcinoma, acute myeloid
leukemia, brain lower grade glioma, lung adenocarcinoma, ovarian serous
cystadenocarcinoma, prostate adenocarcinoma, rectal cutaneous melanoma, and
thyroid gland carcinoma in a sample, the method comprising:

amplifying a nucleic acid comprising a sequence selected from SEQ ID NOs: 1-
289; and

detecting the presence of the nucleic acid comprising a sequence selected from
SEQ ID NOs: 1-289;

wherein detecting the nucleic acid comprising a sequence selected from SEQ ID
NOs: 1-289, indicates that bladder urothelial carcinoma, breast carcinoma, endometrial
endometrioid adenocarcinoma, colon adenocarcinoma, glioblastoma multiforme, clear
cell renal cell carcinoma, papillary renal cell carcinoma, acute myeloid leukemia, brain
lower grade glioma, lung adenocarcinoma, ovarian serous cystadenocarcinoma,
prostate adenocarcinoma, rectal cutaneous melanoma, and thyroid gland carcinomas

present in the sample.

4. The kit of claim 1, wherein the set of probes specifically hybridize to at least one
nucleic acid comprising a break point from Table 42 or 49.

5. The method of claim 3, wherein a gene fusion from Table 49 or 49 is detected:
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7. The method of 5, wherein a gene fusion partner is two genes chosen from: TPM1
and ALK, PRKAR1A and ALK, NCOA1 and ALK, LPP and CASR, MDM2 and EGFR,
FGFR3 and ELAVL3, B2M and GNAS, DOCK8 and JAK2, HNF1B and NOTCH1,
NFASC and NTRK1, SSBP2 and NTRK1, SQSTM1 and NTRK1, TBL1XR1 and
PIK3CA, AKAP13 and RET, FKBP15 and RET, TBL1XR1 and RET, CEP85L and
ROS1, CLCN6 and RAF1, TRAK1 and RAF1, PRKACA and AKT1, PRKACA and
AKT2, MLL and FYN, and TTC13 and JAK2, SEC16A and NOTCH1, ERC1 and RET,
GTF2IRD1 and ALK, HTATSF1 and BRS3, CDH1 and CCDC132, CCDC132 and
CDH1, ERBB2 and SLC29A3, MET and TFG; TFG and MET, NOTCH2 and MNDA,
IRF2BP2 and NTRK1, EIF2C2 and PTK2, RARA and HOXB3, STAT3 and ETV4,and
GFAP and VIM, VIM and GFAP, TOP1 and C17orf64, and TP53 and KIAAQ753.

8. The method of claim 5, wherein the sample is a patient sample.

9. The method of claim 3, further comprising diagnosing the patient as having
bladder urothelial carcinoma, breast carcinoma, endometrial endometrioid
adenocarcinoma, colon adenocarcinoma, glioblastoma multiforme, clear cell renal cell
carcinoma, papillary renal cell carcinoma, acute myeloid leukemia, brain lower grade
glioma, lung adenocarcinoma, ovarian serous cystadenocarcinoma, prostate
adenocarcinoma, rectal cutaneous melanoma, or thyroid gland carcinoma when a
nucleic acid comprising a sequence selected from SEQ ID NOs: 1-289 is present in the

patient sample.

10. The method of claim 9, further comprising administering to a patient with a gene
fusion a drug, wherein the gene fusion is disclosed in Table 41 or Table 49.
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Variant | Human Genome Build and Nucleic Acid Start Positions Pan-cancer
position | of Variant Alleles Patient Count
p.R273 36_7517845, 36_7517846, 37_7577120, 37_7577121 134
p.R248 36_7518263, 36_7518264, 37_7577538, 37_7577539 95
p.R175 36_7519131, 36_7519132, 37_7578406, 37_7578407 69
p.G245 36_7518272, 36_7518273, 37_7577547, 37_T577548 45
p.R213 36_7518937, 37_7578212 41
p.H179 36_7519118, 36_7519119, 37_7578393, 37_7578394, 37_7578395 40
p.Y220 36_7518915, 37_7578190, 37_7578191 38
p.H193 36_7518996, 36_7518997, 37_7578271, 37_7578272 34
p.R282 36_7517819, 37_7577093, 37_7577094 34
p.R196 36_7518988, 37_7578263 33
p.R249 36_7518259, 36_7518261, 37_7577534, 37_7577535, 37_7577536 30
p.R158 36_7519183, 37_7578457, 37_7578458 27
p.R195 36_7518990, 36_7518991, 37_7578264, 37_7578265, 37_7578266 24
p.C176 36_7519128, 37_7578403, 37_7578404 23
p.G266 36_7517866, 36_7517867, 37_7577141, 37_7577142 22
p.P278 36_7517830, 36_7517831, 37_7577105, 37_7577106 22
p.T125 36_7520037, 36_7520038, 37_7579312, 37_7579313 21
p.C238 36_7518293, 37_7577567, 37_7577568, 37_7577569 20
p.V157 36_7519186, 37_7578460, 37_7578461 19
p.vV173 36_7519138, 37_7578412, 37_7578413 19
p.R306 36_7517747, 37_7577022 18
p.R280 36_7517824, 36_7517825, 37_7577098, 37_7577099,37_7577100 16
p.Y163 36_7519167, 36_7519168, 37_7578442, 37_7578443 16
p.K132 36_7519259, 36_7519260, 36_7519261, 37_7578534, 37_7578535, 15
36_7578536

p.S241 36_7518284, 37_7577559, 37_7577560 15
p.Y234 36_7518305, 36_7518306, 37_7577580 15
p.R337 36_7514743, 37_7574017, 37_7574018 14
p.vV216 36_7518927, 36_7518928, 37_7578202, 37_7578203 14

Frequent TP53 mutations by amino acid position

FIG. 9A
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: Frequency Relative to All Observed
Variant Overall Frequency | TP53 Mutations
+ Classification (n=5,309 patients) | (n=1,985 total TP53 mutations)
Missense_Mutation 2.52% 6.75%
i Missense_Mutation 1.79% 4.79%
Missense_Mutation 1.30% 3.48%
; Missense_Mutation 0.85% 2.27%
i Nonsense_Mutation 0.77% 2.07%
Missense_Mutation 0.75% 2.02%
i Missense_Mutation 0.72% 1.91%
Missense_Mutation 0.64% 1.71%
' Missense_Mutation 0.64% 1.71%
I Nonsense_Mutation 0.62% 1.66%
| Missense_Mutation 0.57% 151%
1 Missense_Mutation 0.51% 1.36%
Missense_Mutation 0.45% 1.21%
i Missense_Mutation 0.43% 1.16%
| Missense_Mutation 0.41% 1.11%
| Missense_Mutation 0.41% 1.11%
1 Splice_Site 0.40% 1.06%
Missense_Mutation 0.38% 1.01%
1 Missense_Mutation 0.36% 0.96%
Missense_Mutation 0.36% 0.96%
'\ Nonsense_Mutation 0.34% 0.91%
! Missense_Mutation 0.30% 0.81%
| Missense_Mutation 0.30% 0.81%
i Missense_Mutation 0.28% 0.76%
i Missense_Mutation 0.28% 0.76%
| Missense_Mutation 0.28% 0.76%
| Missense_Mutation 0.26% 0.71%
 Missense_Mutation 0.26% 0.71%

Frequent TP53 mutations by amino acid position

FIG. 9B
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Variant Human Genome Build and Nucleic Acid Start Positions

position | of Variant Alleles Patient Count
p.P177 36_7519107, 37_7578384 4
p.1255 36_7518239, 37_7577515 2
p.L252 37_7577519, 37_7577525 2
p.P128 37_7578540, 37_7578542 2
p.P191 36_7519000 2
p.T155 37_7578446, 37_7578456 2
p.A138 37_7578505 1
p.A161 37_7578444 1
p.C277 37_7577107 1
p.F113 37_7579346 1
p.G112 37_7579343 1
p.1162 37_7578443 1
p.1162 37_7578443 1
p.K139 37_7578506 1
p.L264 36_7517871 1
p.M237 36_7518288 1
p.N239 37_7577558 1
p.R110 37_7579356 1
p.R267 37_7577120 1
p.R273 37_7577102 1
p.T253 36_7518239 1
p.vV218 37_7578195 1
p.vV274 37_7577115 1

TP53 in-frame insertion and deletion mutations were rare

FIG. 10A
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: Frequency Relative to All Observed
Variant Overall Frequency | TP53 Mutations
+ Classification (n=5,309 patients) | (n=1,985 total TP53 mutations)
In_Frame_Del 0.08% 0.20%
i In_Frame_Del 0.04% 0.10%
| In_Frame_Del 0.04% 0.10%
i In_Frame_Del 0.04% 0.10%
: In_Frame_Del 0.04% 0.10%
In_Frame_Del 0.04% 0.10%
i In_Frame_Del 0.02% 0.05%
In_Frame_Del 0.02% 0.05%
 |n_Frame_Del 0.02% 0.05%
I In_Frame_Del 0.02% 0.05%
| In_Frame_Del 0.02% 0.05%
i In_Frame_Del 0.02% 0.05%
In_Frame_Ins 0.02% 0.05%
 In_Frame_Del 0.02% 0.05%
| In_Frame_Ins 0.02% 0.05%
| In_Frame_Del 0.02% 0.05%
1 In_Frame_Del 0.02% 0.05%
In_Frame_Del 0.02% 0.05%
i In_Frame_Del 0.02% 0.05%
In_Frame_Del 0.02% 0.05%
' In_Frame_Del 0.02% 0.05%
! In_Frame_Del 0.02% 0.05%
' In_Frame_Ins 0.02% 0.05%

TP53 in-frame insertion and deletion mutations were rare

FIG. 10B
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