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in the tumor cell (referred to here as the zygosity of the mutation), and the degree of 

subclonality of the mutation in a sample of diseased cells, such as a tumor sample. Indeed, 

copy number variations occurring in diseased cells are an important component of genetic 

variation in the diseased cells across most disease indications. Moreover, the extent of copy 

number variations, the identity of genes affected by copy number variations and the precise 

genetic makeup of copy number variations is unique to each individual and can vary widely 

from one individual to another. See, generally, Shlien and Malkin, 2009, Genome Med. 1:62; 

Yang et al., 2013, Cell 153:919-929. Precise knowledge of these genetic features may be 

critical for selecting mutations that when targeted would be immune to tumor escape, and 

therefore have the potential to confer total tumor control. 

 

In order to maximize the efficacy of personalized cancer immunotherapies and confer lasting 

tumor control for the majority of treated patients, therapies need to circumvent in some way 

the ability of tumors to escape immune surveillance, for example by silencing expression of 

the mutated target, e.g., by deleting the gene. Without addressing this problem, 

immunotherapies run the risk of relapse since the immunotherapy cannot target mutations if 

they are not expressed, e.g., deleted from the genome. Selecting suitable neoepitopes that 

enhance tumor control would benefit all personalized immunotherapy approaches that target 

neoepitopes, no matter how they are implemented. Thus, there is a need in the art for ways in 

which to select neoepitopes resulting from disease-specific mutations that result in enhanced 

tumor control. 

 

DESCRIPTION OF INVENTION 

 

SUMMARY  

 

The present disclosure provides ways to overcome the deficiencies in the state of the art by 

providing methods for determining the suitability of a neoepitope resulting from a disease-

specific mutation in a gene as a disease-specific target from which a diseased tissue cannot 

easily escape immune surveillance, which in the case of cancer will result in enhanced tumor 

control. Once suitable neoepitopes have been identified, such suitable epitopes can be used as 

disease-specific targets to induce a specific immune response in a patient having the disease. 

For example, the disease can be cancer and potentially the primary tumor as well as tumor 

metastases expressing the suitable neoepitope can be targeted for a more effective treatment. 
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In one aspect, the present disclosure refers to a method for determining the suitability of a 

neoepitope resulting from a disease-specific mutation at an allele in a gene (mutated allele) as 

a disease-specific target comprising determining, in a diseased cell or population of diseased 

cells, the copy number of the mutated allele encoding the neoepitope, wherein a copy number 

of the mutated allele which is greater than 2 indicates the suitability of the neoepitope as a 

disease-specific target, wherein the disease is cancer and wherein the higher the copy number 

of the mutated allele, the higher the suitability of the neoepitope as a disease-specific target. 

In another aspect, the present disclosure refers to a method for providing a vaccine 

comprising identifying a suitable neoepitope or a combination of suitable neoepitopes 

according to the method as described herein. 

 

The present disclosure relates to a method for determining the suitability of a neoepitope 

resulting from a disease-specific mutation at an allele in a gene (mutated allele) as a disease-

specific target comprising determining, in a diseased cell or population of diseased cells, the 

copy number of the mutated allele encoding the neoepitope. As used herein, copy number can 

also be referred to as zygosity such that, for example, where the copy number of the mutated 

allele is 4, the mutated allele has a zygosity of 4. As used herein, an allele is a site in the 

genome having a specific nucleotide identity, which identity can be the same on both the 

maternal and paternal copies of the genome (homozygous genotype) or the identity can be 

different on the maternal and paternal copies of the genome (heterozygous genotype). A 

mutated allele is an allele, which due to a disease-specific mutation, has a different identity 

from that site in a corresponding normal genome, e.g., a genome from a non-diseased cell of 

the same individual (matched genome), preferably from a non-diseased cell of the same tissue 

type as the diseased cell. A neoepitope suitable as a disease-specific target (suitable 

neoepitope) as used herein is a neoepitope, which when targeted by the immune system, is 

less likely to have its expression down-regulated or silenced (e.g., due to deletion) by the 

diseased tissue such that the diseased tissue is less likely to be able to escape a response, 

preferably an immunological response generated against the neoepitope by, for example, 

vaccination against the neoepitope or administering immune cells that are able to target (bind) 

the neoepitope. In an example, the copy number of the mutated allele can be the same as the 

copy number of the gene comprising the mutated allele such that the present disclosure also 

relates to a method for determining the suitability of a neoepitope resulting from a disease-

specific mutation in a gene as a disease-specific target comprising determining, in a diseased 
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cell or population of diseased cells, the copy number of the gene having the disease-specific 

mutation. 

 

In one example, a high copy number of the mutated allele or gene having the disease-specific 

mutation indicates the suitability of the neoepitope as a disease-specific target, such that the 

higher the copy number of the mutated allele or gene having the disease-specific mutation, the 

higher the suitability of the neoepitope as a disease-specific target. In one example, where the 

copy number of the mutated allele or gene having the disease-specific mutation in the 

diseased cell is greater than 2, this indicates the suitability of the neoepitope as a disease-

specific target. In one example, where the copy number of the gene having the disease-

specific mutation is greater than 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, or is 

greater than 100, this indicates the suitability of the neoepitope as a disease-specific target. 

 

In cases where not all copies of the gene, in which at least one copy has the mutated allele, 

have the mutation, it is preferable that many copies of the gene have the mutated allele, i.e., it 

is preferable that a higher rather than lower fraction of the copies of the gene has the mutated 

allele (higher rather than lower fractional zygosity). Thus, in certain examples, the mutated 

allele is found in a high fraction of copies of the gene of which at least one copy has the 

mutated allele (fractional zygosity), where the fractional zygosity is the ratio of the copy 

number of the mutated allele (zygosity of the mutated allele) over the total number of copies 

of the nucleotide site to which the mutated allele maps, in particular to a reference genome or 

a corresponding wild-type genome or a matched genome, i.e., wild-type genome from the 

same individual. The higher the fractional zygosity of copies of the mutated allele, the higher 

the suitability of the neoepitope as a disease-specific target. Preferably, the fractional zygosity 

can be greater than 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.95, and most preferably the fractional 

zygosity is 1, i.e., that all the copies of the gene in the diseased cell have the mutated allele. In 

cases where the fractional zygosity is 1, there are no wild-type copies of the gene such that the 

diseased cell cannot revert back to expressing the corresponding wild-type epitope. As used 

herein, a fraction of 1 is where the hypothesis that the genetic configuration of the mutated 

allele/gene, e.g., the copy number, zygosity, is the same cannot be refuted by the data, i.e., is 

statistically consistent. 

 

It is known that diseased tissue, such as tumors, can be heterogeneous in their genetic make-

up and gene expression such that it is possible that not all of the diseased cells in the diseased 
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tissue have the same copy number of a gene and/or of the gene of which at least one copy has 

the mutated allele (total copy number of the gene) and/or copies of the gene having the 

mutated allele, much less the disease-specific mutation itself. Therefore, it is preferable that 

the copy number, e.g., of the mutated allele and/or the fractional zygosity and/or the total 

number of copies of the nucleotide site to which the mutated allele maps is found to be the 

same or similar in a high fraction of diseased cells rather than a low fraction of diseased cells 

in the diseased tissue (a high rather than a low clonal fraction). The higher the fraction of 

diseased cells having the same or similar copy number, e.g., of the mutated allele and/or the 

fractional zygosity and/or the total number of copies of the nucleotide site to which the 

mutated allele maps, the higher the suitability of the neoepitope as a disease-specific target. 

For example, the clonal fraction can be at least 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, or at least 0.9. In a 

preferred example, all of the diseased cells in the diseased tissue have the same or similar 

copy numbers, i.e., the clonal fraction is 1, i.e., is statistically consistent. As used herein, the 

same or similar copy number encompasses the same copy number or a copy number within 

30%, 25%, 20%, 15%, 10%, 5%, 4%; 3%, 2% or less of the copy number, e.g., copy number 

or absolute copy number with or without error correction. 

 

Preferably, a clonal fraction of a mutation can be given by the fraction of diseased cells that 

have the same or similar genetic configuration of the mutation, wherein a genetic 

configuration of the mutation comprises the total number of copies of the nucleotide site to 

which the mutation maps and the copy number of the mutated allele. A characteristic is said 

to be fixed in the population of diseased cells if the characteristic is present in all diseased 

cells to a degree that cannot be statistically refuted by available data. Preferably, a clonal 

fraction of 1 means that the genetic configuration of the mutation is fixed in the population of 

diseased cells. Preferably, the genetic configuration of a mutation is fixed in the population of 

diseased cells if the mutation is fixed in the population of diseased cells and the CNV 

affecting the site encoding the mutation is fixed in the population of diseased cells. 

Preferably, if a mutation for which the total number of copies of the nucleotide site to which 

the mutation maps is 2 and is in a balanced region of the diseased (tumor) genome, is 

determined to be fixed in the population of diseased cells, then the genetic configuration of 

the mutation is fixed. 

 

The gene in which the disease-specific mutation is found can be potentially in any gene in the 

genome. A preferred type of gene in which a mutation that results in a suitable neoepitope is 
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found is a gene whose expression results in transformation of the cell into a cancerous 

phenotype or whose lack of expression results in a cancerous cell losing its cancerous 

phenotype, i.e., a gene whose expression contributes to tumor progression. Such genes are 

known as driver genes. Examples of driver genes for many type of tumors are well known. 

For example, a list of 291 high-confidence cancer driver genes acting on 3,205 tumors from 

12 different cancer types is disclosed in Tamborero et al., 2013, Comprehensive identification 

of mutational cancer driver genes across 12 tumor types, Scientific Reports 3:2650. Further 

driver genes have been identified using the methods disclosed in Youn et al., 2011, 

Identifying cancer driver genes in tumor genome sequencing studies, Bioinformatics 

27(2):175-181, in Sakoparnig et al., 2015, Identification of constrained cancer driver genes 

based on mutation timing, PLoS Comput. Biol. 11(1):e1004027, and in Forbes et al., 2008, 

Current protocols in human genetics 10-11. The disease-specific mutation in the driver gene 

may or may not contribute to the cancerous phenotype. Preferably, every copy of the driver 

gene found in the diseased cell has the disease-specific mutation. Also preferably, all cells in 

the diseased tissue are diseased cells in which every copy of the driver gene has the disease-

specific mutation. 

 

Another preferred type of gene is an essential gene. In an example, an essential gene is a gene, 

which when silenced or its expression is reduced (e.g., by being deleted), at least results in 

impaired growth or reduced fitness of the cell, preferably a diseased cell. Such genes are 

termed herein essential genes. In one example, an essential gene is a gene in which there is an 

at least 10% reduction in growth or reduced fitness of the diseased cell where the gene is 

silenced or has its expression reduced compared to a cell in which the gene is not silenced nor 

reduced expression. In one example, the reduction in growth or reduced fitness is at least 

20%, 30%, 40%, 50%, 60%, 75%, 80%, 90%, or at least 95%, most preferably the silencing 

or reduced expression of the essential gene results in lethality of the diseased cell. Preferably, 

every copy of the essential gene found in the diseased cell has the disease-specific mutation. 

 

Essential genes are well known in the art, for example, a list of essential genes in humans 

(e.g., in human cell lines or inferred from other organisms) is disclosed in Liao et al., 2008, 

Proc. Nat. Acad. Sci. USA 105: 6987 6992 and in Georgi et al., 2013, PLoS Genetics 9 

(5):e1003484, as well as corresponding orthologs in other eukaryotic organisms such as 

mouse (Liao et al., 2007, Trends Genet. 23:378 381), fruit fly (Spradling et al., 1999, 

Genetics 153:135 177), C. elegans (Kamath et al., 2003, Nature 421:231 237), zebrafish 
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(Amsterdam et al., 2004, Proc. Natl. Acad. Sci. USA 101:12792 12797), Arabidopsis 

thaliana (Tzafrir et al., 2004, Plant Physiol. 135:1206 1220), yeast (Kim et al., 2010, Nat. 

Biotechnol. 28:617 623) and so on. A list of essential genes derived from human cancer cell 

lines is disclosed in Wang et al., 2015, Science 350:1096 1101, and a list of essential genes 

can be found at the database of essential genes, DEG5.0 (Zhang et al., 2009, Nucleic Acids 

Res. 37:D455 D458). 

 

Additionally, a list of essential genes whose deletion/silencing significantly reduces the 

fitness of a cohort of cell lines can be generated empirically from multiple healthy tissues 

and/or cancer cell lines, which cell lines can be derived from donors or from the patient. 

Deletion/silencing of genes can be performed experimentally using various molecular biology 

techniques such as CRISPR technology, RNA interference, and so on, where the survival or 

fitness of the cell is determined with and without expression of the putative essential gene. A 

list of essential genes also can be experimentally determined from cells or from a cell line or a 

list of essential genes can be obtained by bioinformatic approaches. The cells or cell lines can 

be diseased cells or cell lines (tumor cells or cell lines) or non-diseased (healthy/normal) cells 

or cell lines, and can be obtained from donors or the patient having the disease. Preferably, 

the non-diseased cells or cell lines are from the same tissue type as the diseased cell, and more 

preferably from the same patient. In examples where the disease is cancer, the cells or cell 

lines can be obtained from the primary tumor or from any metastases, if present. Further, a list 

of essential genes can be essentially the same as the minimal set of genes expressed in a wide 

variety of tissues in the body. For example, an essential gene is a gene that is expressed in a 

wide variety of different tissues and is expressed with a RPKM (minimum reads per kilobase 

of transcript per million mapped reads) threshold greater than 0, preferably, greater than 0.1, 

0.5, 1, 2, 3, 4, 5, 10, 20, 25. Such a list of essential genes can be obtained by analyzing the 

RNA expression data, (e.g., RNAseq) obtained from a panel of cell samples obtained from at 

least 5, 6, 7, 8, 9, 10, 15, 20, 25 or more different tissues. Moreover, if a tumor cell line from 

the patient is available, genes in which all copies contain a mutation encoding a neoepitope 

can be deleted one at a time and the growth rates of each modified cell line measured. Such 

measurement/analysis can be performed by high-throughput methods known in the art, which 

allows for the screening of at least one gene at a time, preferably many genes at a time, in 

order to assess its effect on the fitness of a diseased or non-diseased cell. Such methods also 

allow for the detection of synthetic sick or lethal combination of genes, discussed below. 

Briefly, a library of cell lines, each cell line missing one gene, can be used to test the deletion 
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of one or more candidate genes such that the effect on the cell of the deletion of the genes can 

be determined. 

 

The present disclosure further relates to a method for determining the suitability of a 

neoepitope resulting from a disease-specific mutation in a gene as a disease-specific target 

comprising determining, in a diseased cell or population of diseased cells, the copy number of 

the gene, i.e., determining the copy number of a gene in which at least one copy of the gene 

has a disease-specific mutation. In cases where a gene has a high copy number in a diseased 

cell such as a tumor cell, e.g., due to focal amplification, the chances are very good that the 

gene may be a driver gene. Thus, a high copy number of a gene indicates the suitability of the 

neoepitope as a disease-specific target, and the higher the copy number of the gene, the higher 

the suitability of the neoepitope as a disease-specific target. For example, a high copy number 

can be a copy number greater than 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, or greater than 100. 

A high copy number can also be a copy number that is at least 50% greater than the copy 

number of the gene in a corresponding non-diseased cell. A high copy number can also be 

where the copy number of the gene in which at least one copy has the disease-specific 

mutation is at least 2x, 3x, 5x, 10x, 15x, 20x, 25x, 30x, 40x, 50x, 60x, 70x, 80x, 90x, or at 

least 100x greater than the copy number of the gene in a corresponding non-diseased cell. Due 

to copy number variations that can also be present in the normal genome, the copy number of 

the gene in the normal genome is not necessarily two. Moreover, it is known that focal 

amplifications are more often observed in certain diseases than others, such as in glioblastoma 

where the epidermal growth factor receptor gene is often focally amplified, thus this example 

is well suited to use in those diseases. 

 

Further, it is preferable that the copy number of the gene is found to be the same or similar in 

a high fraction of diseased cells rather than a low fraction of diseased cells, such that the 

higher the fraction of diseased cells having the same or similar copy number, the higher the 

suitability of the neoepitope as a disease-specific target. In a preferred example, all of the 

diseased cells in the diseased tissue have the same or similar copy number of the gene in 

which at least one copy has the disease-specific mutation, i.e., the clonal fraction is 1. As used 

herein, the same or similar copy number encompasses the same copy number or a copy 

number within 30%, 25%, 20%, 15%, 10%, 5%, 4%; 3%, 2% or less of the copy number, e.g., 

copy number or absolute copy number with or without error correction. 
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Moreover, the gene having a high copy number, in which at least one copy has a disease-

specific mutation resulting in a neoepitope, preferably can be a gene whose expression results 

in transformation of the cell into a cancerous phenotype or whose lack of expression results in 

a cancerous cell losing its cancerous phenotype, i.e., a driver gene such as those driver genes 

known in the art, or can be an essential gene, e.g., a gene which when silenced or its 

expression is reduced, at least results in impaired growth or reduced fitness of the diseased 

cell. 

 

The present disclosure also relates to a method for determining the suitability of a neoepitope 

resulting from a disease-specific mutation in a gene as a disease-specific target comprising 

determining, in a diseased cell or population of diseased cells, whether the gene having the 

disease-specific mutation is an essential gene. In one example, the essential gene is a gene 

which when silenced or its expression is reduced (e.g., by deletion of the gene), at least results 

in impaired growth or reduced fitness of the diseased cell. In this example, where the gene is 

an essential gene and all copies of the essential gene have the disease-specific mutation 

(fractional zygosity of 1) indicates the suitability of the neoepitope as a preferable disease-

specific target. In an example, an essential gene is a gene that is expressed in a wide variety of 

different tissues and is expressed with a RPKM (minimum reads per kilobase of transcript per 

million mapped reads) threshold greater than 0, preferably, greater than 0.1, 0.5, 1, 2, 3, 4, 5, 

10, 20, 25. Preferably, all copies of the essential gene contain the mutation. Further, it is 

preferable that a high fraction of diseased cells contain copies of the essential gene in which 

all copies of the essential gene have the disease-specific mutation (a high rather than low 

clonal fraction), such that the higher the fraction of diseased cells containing copies of the 

essential gene in which all copies of the essential gene have the disease-specific mutation, the 

higher the suitability of the neoepitope as a disease-specific target. In a more preferred 

example, all of the diseased cells in the diseased tissue have the essential gene in which all 

copies of the essential gene have the disease-specific mutation, i.e., the clonal fraction is 1. 

 

It is known that certain genes, when individually silenced or where their expression is 

individually reduced, may have only a small effect, if any, on the fitness or the growth ability 

of the diseased cell. However, it has been observed that when two of such genes both of 

which have been silenced or where each of their expression has been reduced can result in a 

much stronger growth impairment, up to lethality. Such genetic combinations are referred to 

as synthetic lethal or synthetic sick/impaired. See Nijman, 2011, Synthetic lethality: General 
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principles, utility and detection using genetic screens in human cells, FEBS Lett. 585:1-6 for a 

discussion on synthetic lethal and synthetic sick genes and methods for identifying such 

genes. Since both genes are required for the cell to survive, it is unlikely that the cell will 

silence or reduce expression of both of the genes. Thus, a suitable combination of neoepitopes 

as disease-specific targets can result from disease-specific mutations in at least two genes, 

which genes together are synthetically lethal or synthetically sick. In view thereof, the present 

disclosure further relates to a method for determining the suitability of a combination of at 

least two neoepitopes resulting from disease-specific mutations in at least two genes as a 

combination of disease-specific targets comprising determining whether a combination of the 

at least two genes each having a disease-specific mutation are synthetic lethal or synthetic 

sick genes. When the combination of the at least two genes results in a synthetic lethal or 

synthetic sick phenotype, this indicates that the resulting neoepitopes are a suitable 

combination of disease-specific targets. In a preferred example, synthetic sick results in at 

least a greater effect on cell growth/fitness that what would be expected from the additive 

effect of deletion/reduced expression of each gene individually. This approach is favored 

where there is a high number of suitable neoepitopes since the higher the number of 

neoepitopes, the greater the number of combinations that could be synthetic sick or lethal. For 

example, 10 mutations corresponds to 45 possible combinations, 100 mutations corresponds 

to 4950 combinations, and 1000 mutations corresponds to about 500,000 combinations. In 

certain examples, the at least two genes each have a higher rather than lower fractional 

zygosity, preferably a fractional zygosity of 1, and/or each have a higher rather than lower 

clonal fraction, preferably a clonal fraction of 1, both in the diseased cells and diseased cells 

in the diseased tissue. As used herein, each neoepitope found in a combination of suitable 

neoepitopes is each considered to be a suitable neoepitope for the purposes of the present 

disclosure. 

 

As referred to herein, the copy number of the gene, either in the diseased or non-diseased cell, 

can be the relative copy number, but is preferably the absolute copy number, and more 

preferably is the absolute copy number normalized against a ploidy, e.g., the ploidy of the 

genome of the diseased cell, i.e., the copy number of the genome. Even more preferably, the 

relative, absolute and normalized copy number is error corrected. 

 

When estimating absolute copy number, for example of a mutated allele or gene or its 

zygosity the estimation may be inaccurate and correcting the absolute copy number to take 
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into account sources of error is desirous. In examples where next generation sequencing is 

used to obtain sequence information from genomes and exomes, sources of error can include: 

a bias in the estimated purity of the sample of diseased tissue such as a tumor sample, a bias 

in any estimated parameter required in order to derive the purity and/or absolute copy 

numbers, stochastic errors due to the finite coverage of the sample being sequenced, limited 

detection capability due to a low purity, a low clonal fraction, and so on. 

 

In an example where absolute copy number is determined using balanced heterozygous 

segments containing a heterozygous SNP, such as that disclosed in International PCT Patent 

Application entitled  

filed on even date herewith, the disclosure of which is incorporated by reference herein in its 

entirety, an error in the absolute copy number of a segment can propagate to other estimated 

parameters, such as the absolute copy number of the mutated allele, e.g., a SNV, encoding a 

neoepitope, the zygosity of the mutated allele, the clonal fraction and so on. Since such 

downstream estimated parameters have clinical implications for determining the suitability of 

a neoepitope as a disease specific target for a patient as described herein, is it desirable to 

correct errors in the absolute copy number to obtain to most accurate value of the absolute 

copy number. Moreover, since the mutations encoding the neoepitopes can be prioritized for 

their suitability to be included in a vaccine to be given to the patient using the criteria 

discussed herein, and because a fraction zygosity of 1 is qualitatively better than a fraction 

zygosity smaller than 1, in particular when the gene containing the mutation is an essential 

gene, it is beneficial to have the most accurate estimates of absolute copy numbers and any 

parameter derived thereof from. 

 

In a preferred example, the absolute copy number of a mutated allele, e.g., a SNV, and/or the 

zygosity of a SNV can be error corrected. In an example, the absolute copy number of a SNV 

is first error corrected, and then the zygosity of the SNV is corrected to reflect the error 

corrected absolute copy number of the SNV. Once the absolute copy number of the SNV 

and/or zygosity of the SNV are error corrected, the estimation of the clonal fraction can be 

also corrected to reflect the error corrected absolute copy numbers, including the 

determination if the clonal fraction is statistically consistent with a value of 1.  

 

The absolute copy number of a SNV is preferably given by the absolute copy number of the 

segment to which the SNV maps. The absolute copy numbers of all segments in the diseased, 
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e.g., tumor genome can be error corrected, including the absolute copy number of the SNV. 

Once the absolute copy numbers of all segments in a genome are error corrected, an error 

corrected ploidy can be calculated based on the error corrected absolute copy numbers of 

segments in the diseased, e.g., tumor genome. 

 

In a specific example, if the absolute copy number of a SNV is error corrected such that the 

new absolute copy number differs from the original absolute copy number this can be taken as 

an indication that the estimated absolute copy number of the SNV is not reliable. 

 

One example of error correction of absolute copy numbers of segments is parity error 

correction, comprising correcting an odd absolute copy number of a segment to an even 

absolute copy number if the segment is in a balanced region. A balanced region is a region of 

the diseased, e.g., tumor genome wherein the maternal and paternal alleles within the region 

underwent equal (balanced) amplification, or both maternal and paternal alleles did not 

undergo any amplification at all. 

 

The decision to error correct the odd absolute copy number of the segment to the closest 

higher even absolute copy number or the closest lower even absolute copy number can 

depend on the disease reads and normal reads mapping to the segment, and comparison to the 

predicted boundaries defining the absolute copy number of a segment. Wherein a normal read 

is a read pertaining to the sequenced normal sample, and a disease read is a read pertaining to 

the sequenced diseased sample. In particular, when the disease is cancer, a tumor read is a 

read pertaining to the sequenced tumor sample. 

 

For example, in a parity error correction of the first kind, if  is the absolute copy 

number in the diseased genome of the segment to which the mutation maps, the absolute copy 

number of a segment predicted to have a value of , can be corrected to  if 

, and to  if , where  is the disease over normal segment read 

count ratio (the ratio of the number of disease, e.g., tumor reads mapping to the segment over 

the number of normal reads mapping to the segment), wherein  is the predicted decision 

boundary, the value of which depends also on the purity of the disease tissue sample, e.g., 

tumor sample.  
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An allele specific copy number of a segment is the number of copies in the diseased genome 

of either the maternal allele or paternal allele of the segment. When the segment contains a 

heterozygous SNP (heterozygous segment), the heterozygous SNP can be used to determine 

the allele specific copy number of the segment. A heterozygous segment can be assigned to a 

preferred node, wherein a node can be defined to be a unique combination of an absolute copy 

number of the heterozygous segment and an allele specific copy number of heterozygous 

segment. Even nodes are a subset of nodes for which the absolute copy number of the 

segment is even. If a heterozygous segment contains more than one heterozygous SNP, the 

group of two or more heterozygous SNPs can be represented by either a single member of the 

group, or the allele frequencies of all members of the group can be averaged, or a median can 

be taken, so long as the allele frequency of each heterozygous SNP is calculated consistently 

for either the allele having the higher or lower number of copies in the diseased genome. 

 

A parity error correction of the first kind of a heterozygous segment can involve finding the 

most likely even node to correspond to the heterozygous segment, for example, based on a 

maximum likelihood framework given the measured disease (e.g., tumor) reads and normal 

reads mapping to the segment.  

 

In a parity error correction of the second kind, the nearest upstream and downstream segments 

that do not require parity error correction are identified, preferably within 10Mb, 5Mb, 1Mb 

of the segment containing the SNV. If the absolute copy number of both nearest upstream and 

downstream segments are identical, then the absolute copy number of the segment containing 

the SNV is changed to the absolute copy number of the nearest segment. Generally, parity 

error correction of the second kind is preferred to parity error correction of the first kind, 

unless it cannot be implemented because suitable neighboring segments cannot be identified, 

in which case parity error correction of the first kind can be applied. 

 

Other forms of error correction of an absolute copy number of a segment can also be 

introduced instead of or in addition to parity error correction. For example, methods 

considering the absolute copy number of segments in the immediate vicinity of the gene 

containing the mutation in the diseased genome, wherein the absolute copy number of the 

segment containing the SNV is changed to the mode of the absolute copy numbers of 

neighboring segments, preferably if the change in absolute copy number is not more than 3, 2 
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and preferably 1, and preferably if most of the neighboring segments (50%, 60%, 70%, 80%, 

90%, 100%) have an absolute copy number equal to the mode. 

 

Different error correction schemes for the absolute copy numbers can be combined. In a 

preferred example, first parity error correction is applied as first layer of error correction, on 

top of which additional error correction methods can be applied. 

 

As used herein, a segment can be a predetermined region of the genome, e.g., predetermined 

based on a reference genome. A segment can span a gene, e.g., as defined in a reference 

genome that the reads are aligned to. A segment can also be a fragment of a gene, an exon, a 

union of exons, or the union of exons associated within a given gene. A segment can also be 

another set of predetermined regions in a reference genome (with or without introns), or 

another set of predetermined regions in a reference genome based on the normal genome. In 

specific examples, a segment can be a region of the reference genome with a given constant 

copy number and/or a given allele specific copy number in the diseased, e.g., tumor, genome 

or alternatively a fragment of a gene with a given constant copy number and/or allele specific 

copy number in the diseased, e.g., tumor genome. A segment can be defined to include or to 

exclude introns. 

 

A number of copies of a segment in a given genome (e.g., in the normal genome, or in the 

tumor genome) can be defined as how often in total the nucleotide sequence of the segment 

occurs in the genome, ignoring variations caused by SNPs and/or SNVs and/or other cancer-

associated changes such as, but not limited to, mutation, insertions, deletions and/or other 

cancer-related genetic variants. Preferably the different copies of the segment in the given 

genome have the same length or nearly the same length. 

 

The number of copies of a segment in a genome can mean the number of physical copies of 

the segment in a cell containing the genome. An absolute copy number of a segment in the 

normal genome can be defined as the number of physical copies of the given segment in a 

healthy cell. An absolute copy number of a segment in the diseased, e.g., tumor, genome can 

be defined as the number of physical copies of the given segment in a diseased, e.g., tumor, 

cell. The number of copies of a segment in the genome can be referred to as the absolute copy 

number of the segment in the said genome. A copy number can mean an absolute copy 

number. 
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In a specific example, if only a part of a segment is amplified or deleted in a genome, then 

such a partial copy of the segment can either be counted as a copy of the segment or not 

counted as a copy of the segment. In a preferred example, copies of the segment spanning less 

than 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10% or 5% of the segment length can be 

ignored. 

 

A reference genome is used for mapping reads and providing a coordinate system for the 

normal genome and the diseased, e.g., tumor, genome, wherein a coordinate system can 

comprise providing a chromosome number, a nucleotide position in the chromosome, as well 

as directionality of the read, where the position in the chromosome indicated by the line. 

 

A reference genome can be based on the genome of one or more members from the same 

species as a subject providing the sample of diseased tissue, or can be based on the normal 

genome of the subject. 

 

A sample of diseased tissue, such as a tumor sample, also can comprise contamination from 

the normal genome, in particular the normal genome of the same patient from which the 

sample was taken, and/or in case of intratumor heterogeneity, also comprise more than one 

tumor genome. The purity, tumor sample purity, tumor purity, and sample purity are all taken 

to be equivalent terms, preferably meaning the fraction of tumor cells present in a tumor 

sample. Normal contamination preferably means the fraction of normal cells present in the 

tumor sample, and can be given by one minus the purity. 

 

Normalizing against the ploidy of the cell controls for the presence of copies of a gene due to 

genome duplication events. In an example, the absolute copy number can be normalized 

against the ploidy of the genome, which ploidy is the average of the absolute copy number of 

all segments in a given genome is a given cell weighted by the length of each segment. In an 

example, the absolute copy number can be normalized against the ploidy of the chromosome 

which contains the mutated gene of interest (comprising the mutation), which ploidy is the 

average of the absolute copy number of all segments on the given chromosome in a given cell 

weighted by the length of each segment on the chromosome. In an example, the absolute copy 

number can be normalized against the ploidy of a neighboring region of the chromosome 

which contains the mutated gene of interest, which ploidy is the average of each segment in 



16 

the given region in a given cell weighted by the length of each segment in the region. The 

neighboring region can be within a predetermined distance of the gene having the disease-

specific mutation, e.g., within 100 megabases (Mb), 75 Mb, 50 Mb, 25 Mb, 10 Mb, 5 Mb, 4 

Mb, 3 Mb, 2 Mb, or 1 Mb of the gene having the disease-specific mutation. The copy number 

of a segment can be calculated routinely by methods known in the art, both experimentally 

and computationally. For example, EP Patent Nos. 2 198 292 B1 and EP 2 002 016 B1 

disclose methods for determining relative copy number and copy number frequency of nucleic 

acid sequences, respectively. Further, EP Patent Application Publication No. 2 835 752 A and 

International Patent Application Publication Nos. WO 2014/014497 and WO 2014/138153 

also disclose methods for determining copy number variations. See also, Machado et al., 

2013, Copy Number Variation of Fc Gamma Receptor Genes in HIV-Infected and HIV-

Tuberculosis Co-Infected Individuals in Sub-Saharan Africa, PLoS, 8(11):e78165. Other 

methods include the use of FACS, FISH or other fluorescent-based methods, spectral 

karyotyping (SKY), and digital PCR. A segment can also be a gene. 

 

The disease-specific mutation can be any mutation that results in the expression of a 

neoepitope, preferably on the surface of the diseased cell. In particular, the mutation can be an 

indel or gene-fusion event or can be a single nucleotide variation (point mutation). Preferably, 

the disease-specific mutations are a non-synonymous mutations, preferably non-synonymous 

mutations of proteins expressed in a tumor or cancer cell. Any method known in the art for 

determining disease-specific mutations can be used, and in particular methods using next 

generation sequencing data to determine any changes between the genome/exome of diseased 

cells compared to the genome/exome of corresponding non-diseased, wild-type cells is 

preferred. For example, Carter et al., 2012, Absolute quantification of somatic DNA 

alterations in human cancer, Nature Biotechnology 30:413-421; Cibulskis et al., 2013, 

Sensitive detection of somatic point mutations in impure and heterogeneous cancer samples, 

Nature Biotechnology 31:213-219; and Li and Li, 2014, A general framework for analyzing 

tumor subclonality using SNP array and DNA sequencing data, Genome Biology 15:473-495 

disclose methods not only for identifying disease-specific mutations, but also disclose 

methods for determining gene copy number, fractional zygosity and fractional subclonality of 

the zygosity and fractional zygosity. Another method for determining copy number, such as 

absolute copy number, concerns the use of segments of the genome, each segment containing 

at least one heterozygous single nucleotide polymorphism (SNP), and which segments are 

balanced (equal number of each version of the heterozygous SNP) and share a common 
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number of copies (primary copy number) which preferably is the most frequently observed 

absolute copy number of all the balanced segments of the genome, as disclosed in 

International PCT Patent 

 filed on even date herewith, the disclosure of which is incorporated 

by reference herein in its entirety. Moreover, in additional to determining absolute copy 

number, this application can also determine zygosity, fractional zygosity, and subclonality of 

the mutated allele or the gene of which at least one copy comprises the mutated allele. 

Further, the methodology therein also performs error correction for absolute copy numbers, 

which improves the accuracy of absolute copy numbers and zygosities and parameters derived 

therein, such as subclonality, ploidy, and so on. 

 

Generally, a total number of copies of the nucleotide site to which the mutated allele maps 

can mean the absolute copy number of the mutation, which can mean the absolute copy 

number of the SNV, in particular when the mutation is a SNV. Generally, the absolute copy 

number of the mutation can preferably be given by the absolute copy number of a segment to 

which the mutation maps (wherein the absolute copy number is in the diseased, e.g., tumor 

genome).  

 

Generally, a copy number of a mutated allele encoding a neoepitope can mean an absolute 

copy number of a mutated allele of a mutation, which can mean an absolute copy number of 

the alternate allele of a SNV (a zygosity of a SNV), wherein the alternate allele of the SNV is 

the mutated allele, in particular when the mutation is a SNV. 

 

Preferably, when the mutation is not a SNV, the absolute copy number of a mutated allele of a 

mutation can be estimated in a similar manner to the method applied for SNVs. 

 

Generally, a copy number of a gene can mean the absolute copy number of a segment, 

wherein the segment can be the gene, or can encompass the gene. A copy number of a gene 

can mean an absolute copy number of a gene. 

 

Preferably, the disease can be any disease in which an immune response against the diseased 

cell/tissue is desired, such as a virally-infected cell. Preferably, the disease is cancer. 
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The methods of the disclosure may comprise the further step of determining the 

usability/appropriateness of the suitable neoepitopes identified by the methods of the 

disclosure as suitable disease-specific targets for use in a method to provide an immune 

response against the suitable neoepitope, such as inclusion of the suitable neoepitope in a 

cancer vaccine. Thus, further steps can involve one or more of the following: determining the 

antigenicity and/or immunogenicity of the suitable neoepitope; assessing whether the suitable 

neoepitope is expressed on the surface of the diseased cell; ability of a peptide comprising the 

suitable neoepitope to be presented as a MHC presented epitope; determining the efficacy of 

expression of the suitable neoepitope from an encoding nucleic acid; determining whether the 

envisaged suitable neoepitopes, in particular when present in their natural sequence context, 

e.g. when flanked by amino acid sequences also flanking said neoepitopes in the naturally 

occurring protein, and when expressed in antigen presenting cells are able to stimulate T cells 

such as T cells of the patient having the desired specificity. 

 

Once it has been determined that the neoepitope is suitable/appropriate for use as a target in 

view of its antigenicity/immunogenicity, ability to be expressed, ability to be presented as a 

MHC presented epitope, etc., the identified suitable neoepitopes can be ranked, i.e., 

prioritized, on their potential to not be down-regulated or deleted from the diseased cell, that 

is less likely that the diseased tissue can escape the targeting of the neoepitope. For example, 

essential gene, in which all copies of the essential gene have the mutation encoding the 

neoepitope, followed by a pair of synthetic sick or lethal genes, in which each copy of each 

gene has the mutation encoding the neoepitope, followed by a neoepitope encoded by a 

known driver gene with a very high absolute copy number in which all copies of the gene 

have the mutation, followed by a neoepitope encoded by a gene that is not known to be a 

driver gene with a very high absolute copy number and a high zygosity, followed by a 

neoepitope encoded by a gene with a high copy number (zygosity), and so on. 

 

In an example, a neoepitope encoded by an essential gene with a fractional zygosity of 1 is 

preferred to other neoepitopes that are not encoded by an essential gene. In an example, 

between two essential genes encoding neoepitopes with a fractional zygosity of 1, the 

neoepitope encoded by the gene having a higher absolute copy number is preferred. In an 

example, between two essential genes encoding neoepitopes, the neoepitope encoded by the 

gene leading to a lower fitness when deleted is preferred. In an example, between genes 
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encoding neoepitopes in which all the genes have a fractional zygosity of 1, the neoepitopes 

encoded by the genes having a higher absolute copy number are preferred. In an example 

where the fractional zygosity is less than 1, then neoepitopes encoded by genes having a high 

zygosity are preferred to genes having a high fractional zygosity, and if the zygosity is the 

same or similar, then genes having a high absolute copy number are preferred to those with a 

high fractional zygosity (10 copies of the mutated allele/20 total copies of the nucleotide site 

is better than 3/4 due to higher zygosity; 10/100 is better than 10/20 because the former may 

be a driver gene; 9/100 is better than 10/20 because the zygosity is similar but the former may 

be a driver gene). In an example, a neoepitope encoded by a driver gene, in which the disease-

specific mutation is responsible for transforming the cell into a cancerous phenotype is 

preferred to those in which the mutation does not have a role in transforming the cell into the 

cancerous phenotype. Moreover, it is preferred that the neoepitopes have a higher rather than 

lower clonal fraction. 

 

Further examples of the present disclosure relate to the use of the methods of determining the 

suitability of a neoepitope as a disease-specific target for the manufacture of a medicament, 

such as a vaccine, e.g., a personalized cancer vaccine. The vaccine can be derived from one or 

more suitable neoepitopes or from a combination of suitable neoepitopes identified by the 

methods of the disclosure. In a preferred example, the vaccine comprises a peptide or 

polypeptide comprising one or more suitable neoepitopes or a combination of suitable 

neoepitopes identified by the methods of the disclosure, or a nucleic acid encoding said 

peptide or polypeptide. 

 

In particular, a recombinant vaccine can be provided which when administered to a patient 

preferably provides a collection of MHC presented epitopes at least one of which is a suitable 

neoepitope or at least two of which are a suitable combination of neoepitopes identified by the 

methods of the present disclosure, such as 2 or more, 5 or more, 10 or more, 15 or more, 20 or 

more, 25 or more, 30 or more and preferably up to 60, up to 55, up to 50, up to 45, up to 40, 

up to 35 or up to 30 MHC presented epitopes. Presentation of these epitopes by cells of a 

patient, in particular antigen presenting cells, preferably results in T cells targeting the 

epitopes when bound to MHC and thus, the patient's tumor, preferably the primary tumor as 

well as tumor metastases, expressing antigens from which the MHC presented epitopes are 

derived and presenting the same epitopes on the surface of the tumor cells. 
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The methods of the present disclosure are also useful in the manufacture of recombinant 

immune cells expressing an antigen receptor targeted to a suitable neoepitope or to one 

neoepitope in a combination of suitable neoepitopes. Preferably, the immune cells are T cells 

and the antigen receptor is a T cell receptor. 

 

The present disclosure also relates to a method for providing a recombinant immune cell 

targeted to a suitable neoepitope or to one epitope in a combination of suitable neoepitopes, 

said method comprising transfecting an immune cell with a recombinant antigen receptor 

targeted to the suitable neoepitope or to the one epitope in a combination of suitable epitopes 

identified by the methods of the present disclosure for determining the suitability of a 

neoepitope as a disease-specific target, as well as to recombinant immune cells produced by 

such methods. 

 

The present disclosure also provides methods for targeting a cell population or tissue 

expressing one or more neoepitopes. For example, an antibody directed against one or more 

of the neoepitopes can be used to target the cells or tissue expressing the one or more 

neoepitopes identified by the methods described herein. In one example, the present 

disclosure provides methods for providing an immune response to a target cell population or 

target tissue expressing one or more neoepitopes in a mammal, said method comprising 

administering to the mammal (a) one or more immune cells expressing one or more antigen 

receptors targeted to the one or more neoepitopes; (b) administering a nucleic acid encoding 

one or more of the neoepitopes; or (c) administering a peptide or polypeptide comprising one 

or more of the neoepitopes, in which the neoepitopes are identified according to the methods 

of the disclosure for determining the suitability of a neoepitope as a disease-specific target. In 

one example, the method for providing an immune response to a target cell population or 

target tissue expressing one or more neoepitopes in a mammal comprises the steps of (i) 

determining, in a diseased cell or population of diseased cells, the copy number of a mutated 

allele in a gene which encodes a neoepitope (a disease-specific mutation); and (ii) 

administering (a) an immune cell expressing an antigen receptor targeted to the neoepitope 

resulting from the disease-specific mutation; (b) administering a nucleic acid encoding the 

neoepitope resulting from the disease-specific mutation; or (c) administering a peptide or 

polypeptide comprising the neoepitope resulting from the disease-specific mutation. 
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In one example, the method for providing an immune response to a target cell population or 

target tissue expressing one or more neoepitopes in a mammal comprises the steps of (i) 

determining, in a diseased cell or population of diseased cells, the copy number of a gene in 

which at least one copy of the gene has a disease-specific mutation which results in a 

neoepitope; and (ii) administering (a) an immune cell expressing an antigen receptor targeted 

to the neoepitope resulting from the disease-specific mutation; (b) administering a nucleic 

acid encoding the neoepitope resulting from the disease-specific mutation; or (c) 

administering a peptide or polypeptide comprising the neoepitope resulting from the disease-

specific mutation. In one example, the method for providing an immune response to a target 

cell population or target tissue expressing one or more neoepitopes in a mammal comprises 

the steps of (i) determining, in a diseased cell or population of diseased cells, whether a gene 

having a disease-specific mutation resulting in a neoepitope is an essential gene; and (ii) 

administering (a) an immune cell expressing an antigen receptor targeted to the neoepitope 

resulting from the disease-specific mutation; (b) administering a nucleic acid encoding the 

neoepitope resulting from the disease-specific mutation; or (c) administering a peptide or 

polypeptide comprising the neoepitope resulting from the disease-specific mutation. 

Preferably, all copies of the essential gene have the disease-specific mutation, i.e., the 

fractional zygosity is 1. 

 

In one example, the method for providing an immune response to a target cell population or 

target tissue expressing one or more neoepitopes in a mammal comprises the steps of (i) 

determining, in a diseased cell or population of diseased cells, whether a combination of at 

least two genes, each having a disease-specific mutation resulting in a neoepitope, are 

synthetic lethal or synthetic sick genes; and (ii) administering (a) one or more immune cells 

expressing one or more antigen receptors targeted to the one or more neoepitopes resulting 

from the disease-specific mutations of the at least two genes; (b) administering a nucleic acid 

encoding the one or more neoepitopes resulting from the disease-specific mutations of the at 

least two genes; or (c) administering a peptide or polypeptide comprising the one or more 

neoepitopes resulting from the disease-specific mutations of the at least two genes. Preferably, 

all the neoepitopes resulting from the disease-specific mutations of the at least two genes are 

targeted by the administered immune cells, encoded by the administered nucleic acid, or 

comprised within the administered peptide or polypeptide.
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Moreover, the immune response can be provided to a mammal having a disease, disorder or 

condition associated with expression of the neoepitope resulting from the disease-specific 

mutation, such that the disease, disorder or condition is treated or prevented. Preferably, the 

disease, disorder or condition is cancer. 

 

Preferably, the immune cells are T cells and the antigen receptors are T cell receptors, and the 

immune response is a T cell-mediated immune response. More preferably, the immune 

response is an anti-tumor immune response and the target cell population or target tissue 

expressing the one or more suitable neoepitopes is tumor cells or tumor tissue. 

 

Other features and advantages of the instant disclosure will be apparent from the following 

detailed description and claims. 

 

DETAILED DESCRIPTION OF THE INVENTION 

 

Although the present invention is described in detail below, it is to be understood that this 

invention is not limited to the particular methodologies, protocols and reagents described 

herein as these may vary. It is also to be understood that the terminology used herein is for the 

purpose of describing particular embodiments only, and is not intended to limit the scope of 

the present invention which will be limited only by the appended claims. Unless defined 

otherwise, all technical and scientific terms used herein have the same meanings as commonly 

understood by one of ordinary skill in the art. 

 

In the following, the elements of the present invention will be described. These elements are 

listed with specific embodiments, however, it should be understood that they may be 

combined in any manner and in any number to create additional embodiments. The variously 

described preferred embodiments should not be construed to limit the present invention to 

only the explicitly described embodiments. This description should be understood to support 

and encompass embodiments which combine the explicitly described embodiments with any 

number of the disclosed and/or preferred elements. Furthermore, any permutations and 

combinations of all described elements in this application should be considered disclosed by
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CLAIMS 

 

1.  A method for determining the suitability of a neoepitope resulting from a disease-specific 

mutation at an allele in a gene (mutated allele) as a disease-specific target comprising 

determining, in a diseased cell or population of diseased cells, the copy number of the mutated 

allele encoding the neoepitope, wherein a copy number of the mutated allele which is greater 

than 2 indicates the suitability of the neoepitope as a disease-specific target, wherein the disease 

is cancer and wherein the higher the copy number of the mutated allele, the higher the suitability 

of the neoepitope as a disease-specific target. 

 

2.  The method according to claim 1, wherein a copy number of the mutated allele which is 

greater than 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, or is greater than 100 indicates 

the suitability of the neoepitope as a disease-specific target. 

 

3.  The method according to claim 1 or 2, wherein the ratio of the copy number of the mutated 

allele over the total number of copies of the nucleotide site to which the mutation maps is greater 

than 0.5, wherein, preferably, the ratio is 1. 

 

4.  The method according to claim 3, wherein the higher the ratio of the copy number of the 

mutated allele over the total number of copies of the nucleotide site to which the mutation maps, 

the higher the suitability of the neoepitope as a disease-specific target. 

 

5.  The method according to any one of claims 1 to 4, wherein the gene is a driver gene whose 

expression results in transformation of the cell into a cancerous phenotype or whose lack of 

expression results in a cancerous cell losing its cancerous phenotype. 

 

6.  The method according to any one of claims 1 to 5, wherein the gene is an essential gene, 

wherein, preferably, 

the essential gene is a gene, which when silenced or its expression is reduced, at least results in 

impaired growth or reduced fitness of a cell in which the essential gene is expressed, preferably 

the diseased cell; or 

the essential gene is expressed in a wide variety of different tissues and is expressed with a 

minimal RPKM threshold greater than 0. 
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7.  The method according to any one of claims 1 to 6, wherein the disease-specific mutation is 

a single nucleotide variation. 

 

8.  The method according to any one of claims 1 to 7, wherein the neoepitope is identified by a 

method comprising sequencing the genome or a portion thereof of a diseased cell. 

 

9.  A method for providing a vaccine comprising identifying a suitable neoepitope or a 

combination of suitable neoepitopes according to the method of any one of claims 1 to 8. 

 

10.  The method according to claim 9, wherein the vaccine comprises a peptide or polypeptide 

comprising one or more suitable neoepitopes or a combination of suitable neoepitopes, or a 

nucleic acid encoding said peptide or polypeptide. 

 

11. The method according claim 10, wherein the nucleic acid is RNA. 


