
(12) STANDARD PATENT (11) Application No. AU 2019346023 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Method for selecting neoepitopes 

(51) International Patent Classification(s) 
C40B 30/04 (2006.01) G16B 20/30 (2019.01) 
A61K 39/00 (2006.01) 

(21) Application No: 2019346023 (22) Date of Filing: 2019.09.27 

(87) WIPO No: W020/065023 

(30) Priority Data 

(31) Number (32) Date (33) Country 
18197172.2 2018.09.27 EP 

(43) Publication Date: 2020.04.02 
(44) Accepted Journal Date: 2024.12.12 

(71) Applicant(s) 
Nykode Therapeutics ASA 

(72) Inventor(s) 
SEKELJA, Monika;SCHJETNE, Karoline;FREDRIKSEN, Agnete Brunsvik 

(74) Agent / Attorney 
Pizzeys Patent and Trade Mark Attorneys Pty Ltd, Level 15 241 Adelaide Street, 
BRISBANE, QLD, 4000, AU 

(56) Related Art 
US 2016/0331821 Al



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
(1) Organization11111111111111111111111I1111111111111i1111liiili 

International Bureau (10) International Publication Number 

(43) International Publication Date W O 2020/065023 Al 
02 April 2020 (02.04.2020) W IPO I PCT 

(51) International Patent Classification: 
C40B 30/04 (2006.0 1) G16B 20/30 (2019.01) 
A61K39/00(2006.01) 

(21) International Application Number: 
PCT/EP2019/076210 

(22) International Filing Date: 
27 September 2019 (27.09.2019) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 
18197172.2 27 September 2018 (27.09.2018) EP 

(71) Applicant: VACCIBODY AS [NO/NO]; Gaustadalleen 
21, 0349 Oslo (NO).  

(72) Inventors: SEKELJA, Monika; Jarlsborgveien li, 0379 
Oslo (NO). SCHJETNE, Karoline; Trulsrudlia 7, 1350 
Lommedalen (NO). FREDRIKSEN, Agnete, Brunsvik; 
Ovre Rolingsveg 82b, 2005 Rolingen (NO).  

(74) Agent: HOIBERG P/S; Adelgade 12,1304 Copenhagen K 
(DK).  

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, 
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, 
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP, 
KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, 
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, 
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, 
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.  

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ, 
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, 
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, 
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
KM, ML, MR, NE, SN, TD, TG).  

Declarations under Rule 4.17: 
- ofinventorship (Rule 4.17(iv)) 

Published: 
- with international search report (Art. 21(3)) 
- with sequence listing part of description (Rule 5.2(a)) 

(54) Title: METHOD FOR SELECTING NEOEPITOPES 

(57) Abstract: The present invention relates to a method for selecting neoepitopes for an individual, by selecting MHC I and/or MHC 
II binding neoepitopes and ranking them with respect the methods as described herein.



WO 2020/065023 PCT/EP2019/076210 
1 

Method for selecting neoepitopes 

Technical field 

The present invention relates to a method for selecting neoepitopes for an individual, 

5 by selecting MHC I and/or MHC || binding neoepitopes and ranking them with respect 

to their clinical utility. The present invention also provides cancer vaccines obtained by 

the methods as described herein.  

Background 

10 Although treatment of cancer has been improved over the past few decades in 

particular due to early detection and diagnosis, which has significantly increased the 

survival, only about 60% of patients diagnosed with cancer are alive 5 years after the 

diagnosis.  

15 Most of the cancer treatments in use are surgical procedures, radiation and cytotoxic 

chemotherapeutics. However they all have serious side effects. Recently also 

treatment using antibodies directed towards known cancer associated antigens or 

immunomodulatory molecules have been used.  

20 Within the last few years cancer immune therapies targeting cancer cells with the help 

of the patient's own immune system, e.g. cancer vaccines, have attracted interest 

because such therapies may reduce or even eliminate some of the side-effects seen in 

the traditional cancer treatment.  

25 The foundation of immunology is based on discrimination between self and non-self.  

Most of the pathogens inducing infectious diseases contain molecular signatures that 

can be recognized by the host and trigger immune responses. However tumor cells are 

derived from normal cells, and do not generally express any foreign molecular 

signatures, making them more difficult to be distinguished from normal cells.  

30 

Nevertheless, most tumor cells express different types of tumor antigens. One class of 

tumor antigens are the so-called tumor associated antigens, e.g. antigens expressed at 

low levels in normal tissues and expressed at a much higher level in tumor tissue. Such 

tumor associated antigens have been the target for cancer vaccines for the last 

35 decade. However, immunological treatment directed towards tumor associated
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antigens exhibit several challenges, in that the tumor cells may evade the immune 

system by downregulating the antigen in question, and the treatment may also lead to 

toxicities due to normal cell destruction.  

5 Recently, another class of tumor antigens have been identified, the so-called tumor 

neoantigens which are tumor specific-antigens. Tumor neoantigens arise due to one or 

more mutations in the tumor genome leading to a change in the amino acid sequence 

of the protein in question. Since these mutations are not present in normal tissue, the 

side-effects of the treatment directed towards the tumor-specific neoantigens do not 

10 arise with an immunologic treatment towards tumor neoantigens.  

However, to create efficient vaccines it is important that the most immunogenic 

neoepitopes are selected and used for the vaccine.  

15 Summary 

The inventors of the present invention have developed a neoepitope selection process 

to select neoepitopes that have properties proven to be important for immunogenicity.  

By using this method, the highly immunogenic neoepitopes predicted to bind the major 

histocompatibility complex (MHC) can be selected for vaccines thereby resulting in 

20 vaccines capable of inducing a strong and robust immune-response. Vaccines suitable 

for personalised cancer therapy may thus be generated. Herein are thus provided 

methods for ranking neoepitopes according to their clinical utility, which are particularly 

suitable in the context of producing personalised vaccines for cancer therapy.  

25 Accordingly, the present invention relates to a method for selecting a number A of 

neoepitopes for an individual, said method comprising the steps of: 

a. Obtaining one or more neoepitopes from said individual, each 

neoepitope comprising at least one minimal epitope, wherein each 

neoepitope comprises at least one mutation such as an immunogenic 

30 mutation compared to a reference sequence; 

b. Determining MHC I and/or MHC || binding affinity for at least one 

minimal epitope, such as at least two, three or four minimal epitopes 

within-each of said neoepitopes;
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c. Selecting neoepitopes comprising at least one minimal epitope predicted 

to bind to MHC I and/or to MHC II, thereby obtaining MHC binding 

neoepitopes; 

d. ranking the MHC binding neoepitopes with respect to their likelihood of 

5 clinical utility; 

e. Selecting A neoepitopes among the highest ranking MHC binding 

neoepitopes, 

thereby selecting A neoepitopes having clinical utility.  

10 Also provided is a method for selecting a number A of neoepitopes for an individual, 

said method comprising the steps of: 

a. Obtaining one or more neoepitopes from said individual, each 

neoepitope comprising at least one minimal epitope, wherein each 

neoepitope comprises at least one mutation such as an immunogenic 

15 mutation compared to a reference sequence; 

b. Determining MHC I binding affinity for each of said neoepitopes, and 

determining the number of MHC I binding minimal epitopes for each of 

said neoepitopes; 

c. Ranking the neoepitopes as follows: 

20 i. prioritizing neoepitopes comprising a high number of minimal 

epitopes binding to MHC I and/or MHC || and selecting a first 

group of neoepitopes having a high score; 

ii. optionally, prioritizing neoepitopes from the first group of 

neoepitopes as follows: 

25 1) if the mutation is in an anchoring position and 

the binding differential of the minimal epitope is equal 

to or greater than 20, the minimal epitope has the 

highest score; 

2) if the mutation is in a non-anchoring position 

30 and the binding differential of the minimal epitope is 

equal to or greater than 20, the score of the minimal 

epitope is lower than the score for the minimal 

epitopes of 1; 

3) if the mutation is in an anchoring position and 

35 the binding differential of the minimal epitope is lower
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than 20 and equal to or greater than 3, the score of 

the minimal epitope is lower than the score the 

minimal epitopes of 2); 

4) if the mutation is in a non-anchoring position 

5 and the binding differential of the minimal epitope is 

lower than 20 and equal to or greater than 3, the 

score of the minimal epitope is lower than the score 

the minimal epitopes of 3); 

5) if the mutation is in an anchoring position and 

10 the binding differential of the minimal epitope is less 

than 3 and equal to or greater than 1, the score of the 

minimal epitope is lower than the score of the minimal 

epitopes of 4); 

6) if the mutation is in a non-anchoring position 

15 and the binding differential of the minimal epitope is 

less than 3 and equal to or greater than 1, the score 

of the minimal epitope is lower than the score of the 

minimal epitopes of 5); 

7) if the minimal epitope has a mutation with a 

20 binding differential lower than 1, regardless of the 

position of the mutation, the minimal epitope has the 

lowest score; 

wherein the MHC I binding differential is given by the formula 

(%Rank score (MHC I) for reference) / (%Rank score (MHC I) for 

25 minimal epitope); and selecting a second group of neoepitopes 

having a high score; 

iii. optionally, prioritizing neoepitopes from the second group based 

on their MHC I %Rank score and selecting a third group of 

neoepitopes having a low MHC I %Rank score; 

30 iv. optionally, selecting a fourth group of neoepitopes from the 

second or the third group including minimal epitopes with high 

resemblance to epitopes known to be recognized by T cells, 

v. optionally, prioritizing neoepitopes from the second group, from 

the third group or from the fourth group based on their BLOSUM 

35 score, wherein a BLOSUM score less than a predetermined
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threshold is ranked higher than a BLOSUM score equal to or 

greater than said threshold, and selecting a fifth group of 

neoepitopes having a BLOSUM score less than said threshold, 

wherein said threshold preferably is 1; 

5 vi. optionally, selecting neoepitopes from the first, second, third, 

fourth or fifth group of neoepitopes based on the neoepitopes 

being found in two or more samples, and selecting a sixth group 

of neoepitopes found in two or more samples; 

vii. optionally, selecting neoepitopes from the first, second, third, 

10 fourth, fifth or sixth group of neoepitopes based on the 

identification of the mutation by at least two different variant 

callers, and selecting a seventh group of neoepitopes comprising 

a mutation identified by at least two different variant callers, 

wherein the first, second, third, fourth, fifth, sixth or seventh group of neoepitopes 

15 comprises said A neoepitopes.  

Also provided is a method of preparing a cancer vaccine comprising neoepitopes, said 

method comprising a step of selecting said neoepitopes using the methods described 

herein.  

20 

Also described herein is a cancer vaccine obtainable by the methods described herein.  

Also provided is a method for selecting a number A of neoepitopes for an individual, 

said method comprising the steps of: 

25 a. Obtaining one or more neoepitopes from said individual, each neoepitope 

comprising at least one minimal epitope, wherein each neoepitope comprises 

at least one mutation such as an immunogenic mutation compared to a 

reference sequence; 

b. Determining MHC I and/or MHC || binding affinity for each of said 

30 neoepitopes; 

c. Selecting neoepitopes comprising at least one minimal epitope, such as 

at least two, three or four minimal epitopes predicted to bind to MHC I and/or 

to MHC II, thereby obtaining MHC binding neoepitopes; 

d. Ranking the MHC binding neoepitopes with respect to their likelihood of 

35 clinical utility;
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e. Selecting A neoepitopes among the highest ranking MHC binding 

neoepitopes, wherein A is an integer and A is at least 3, such as at least 4, 

such as at least 5, 

thereby selecting A neoepitopes capable of inducing a CD8+ T cell response 

5 when administered in an immunologically active amount to an individual.  

Description of Drawings 

Figure 1. The NetMHCpan/NetMHC Ilpan predicted binding affinity %Rank for MHC 

10 class I (A) and class 11 (B) molecules for immunogenic (left) versus non-immunogenic 

(right) neoepitopes (evaluated in VB10.NEO vaccinated mice).  

Figure 2. The BLOSUM score for selected neoepitopes with low %Rank for MHC class 

I (A) and class 11 (B) molecules. Immunogenic peptides: left; non-immunogenic 

15 peptides: right.  

Figure 3. The accumulated number of IFN-y spots for top 20 neoepitopes chosen using 

NeoSELECT on CT26 (A) and B16 (B) model data set. The average accumulated 

number of IFN-y spots for 1 000 randomly chosen neoepitopes for each data set is 

20 depicted with the black line.  

Figure 4. The accumulated number of IFN-y spots for top 20 neoepitopes (Mutant) and 

wildtype sequence of these neoepitopes (WT) from CT26 (A), B16 (B) and LL2 (C) data 

set using NeoSELECT strategy. The average accumulated number of IFN-y spots for 1 

25 000 randomly chosen neoepitopes from CT26 (A), B16 (B) and LL2(C) is depicted with 

the black line.  

Figure 5. BLOSUM scores are shown for immunogenic and non-immunogenic 

neoepitopes with a decreased MHC I binding affinity (MHC I binding differential below 

30 1), an increased MHC I binding affinity (MHC I binding differential above 3) and with no 

change in MHC I binding affinity. The figure shows that immunogenic neoepitopes (light 

grey) have a lower BLOSUM score than non-immunogenic neoepitopes (dark grey) 

when the MHC I binding affinity is changed (left and middle panels), whereas no 

change in BLOSUM score is observed for neoepitopes for which the MHC I binding 

35 affinity is unchanged.
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Figure 6. 10 different neoepitopes (pep1-10) all predicted to bind MCH class I (CD8+ T 

cell response) have been investigated by Kreiter et al., 2015, and Castle et al., 2012, to 

investigate if they could induce CD8+ T cell responses in a mouse B16-F10 melanoma 

5 tumor model. The responses induced by 6 neoepitopes when administered as 

vaccibody as described herein ("VB10.NEO") are shown in the upper panel. The CD4 

and CD8 response when administered as peptide plus poly ICLC adjuvant, RNA and 

vaccibody are summarized in the lower panel, where white indicates no response, light 

grey indicates a weak response, medium grey a medium response and dark grey a 

10 strong response.  

Figure 7. Overview of the neoepitope selection process.  

Figure 8. The total number of predicted minimal epitopes for MHCI class I and II within 

15 27 amino acid long neoepitopes (evaluated in VB10.NEO vaccinated mice). Im: 

immunogenic; Non-Im: non-immunogenic.  

Figure 9. A comparison between immunogenic and non-immunogenic neoepitopes with 

respect to their binding differential between WT and MT for MHC class I molecules for 

20 neoepitopes with mutation in the anchoring position.  

Figure 10. BLOSUM score for selected neoepitopes with low %Rank for MHC class I 

(A) and class 11 (B) molecules.  

25 Detailed description 

Definitions 

The term "tumor neoantigen" or "neoantigen" as used herein refers to any tumor 

specific antigen comprising one or more mutations as compared to the host's healthy 

tissue exome. Tumor neoantigen used synonymously with the term cancer neoantigen.  

30 Said one or more mutations may also be referred to as "neoepitope mutations". The 

mutation may be any mutation leading to a change in at least one amino acid.  

Accordingly, the mutation may be one of the following: 

- a non-synonymous mutation leading to a change in the amino acid
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- a mutation leading to a frame shift and thereby a completely different open 

reading frame in the direction after the mutation 

- a read-through mutation in which a stop codon is modified or deleted leading to 

a longer protein with a tumor-specific neoepitope 

5 - splice mutations that lead to a unique tumor-specific protein sequence 

- chromosomal rearrangements that give rise to a chimeric protein with a tumor

specific neoepitope at the junction of the two proteins.  

A mutation as understood herein does not necessarily refer to mutation of a single 

10 residue, but more generally refers to a difference between a given sequence (e.g. of a 

potential neoepitope) and a reference sequence. A mutation may thus refer to mutation 

of more than one amino acid residue. In some embodiments, the mutation is an 

immunogenic mutation.  

15 The term "tumor neoepitope" or "neoepitope" as used herein refers to any 

immunogenic mutation in a tumor antigen and is used synonymously with the term 

cancer neoepitope. The presence of a mutation is determined by comparing the 

sequence of the neoepitope derived from a tumor sample with a reference sequence 

present in a reference sample, such as a healthy tissue from the same individual. It 

20 typically refers to a peptide with a length of 27 amino acids. A neoepitope may 

comprise one or several minimal epitopes, as defined herein. The mutation is typically 

present at or near the center of the neoepitope, i.e. in position 14 in a 27-mer, but not 

necessarily at the center of the minimal epitope(s).  

25 The term "tumor neoepitope sequence" or "neoepitope sequence" as used herein 

refers to the sequence comprising the neoepitope in an antigenic subunit, and is used 

synonymously with the term cancer neoepitope sequence.  

The term "tumor neoepitope peptide", "neoepitope peptide" as used herein refers to a 

30 peptide sequence of the neoepitope wherein said peptide sequence comprises the 

mutation.  

The term "minimal epitope" refers to a subsequence of a neoepitope predicted to bind 

to MHC I or MHC II, said subsequence comprising the mutation, which may be 

35 immunogenic. In other words, the minimal epitope may be immunogenic, i.e. capable of
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eliciting an immune response, for example if it comprises a mutation which confers 

immunogenicity to the minimal epitope or which increases immunogenicity of the 

minimal epitope. Such a mutation is herein referred to as an immunogenic mutation.  

The term minimal epitope thus may refer to short subsequences of a neoepitope, which 

5 are predicted to bind to MHC I or MHC II, and which comprise the mutation found in the 

neoepitope. A 27-mer neoepitope comprising a mutation at position 14 may thus 

encompass several minimal binding epitopes, i.e. minimal binding epitopes, having a 

length shorter than 27 amino acids, but which each comprise the mutation. For 

example, a minimal epitope could consist of the first 14 amino acids of the neoepitope, 

10 provided that it is predicted to bind to MHC I or MHC II, or it could consist of amino 

acids 9 to 18 of the neoepitope, or of amino acids 7 to 22.  

The term "MHC molecule" as used herein includes both MHC class I (MHC I) and MHC 

class II (MHC II) molecules. MHC I represents several loci such as HLA-A (Human 

15 Leukocyte Antigen-A), HLA-B, HLA-C, HLA-E, HLA-F, HLA-G, HLA-H, HLA-J, HLA-K, 

HLA-L, HLA-P and HLA-V, whereas MHC| represents loci such as HLA-DRA, HLA

DRB 1-9, HLA-, HLA-DQA1, HLA- DQB1, HLA-DPA1, HLA-DPB1, HLA-DMA, HLA

DMB, HLA-DOA, and HLA-DOB. The terms "MHC molecule " and " HLA molecule " are 

used interchangeably herein.  

20 

The terms "a neoepitope is selected" or "selection of a neoepitope" as used herein refer 

to the selection of a neoepitope for potential clinical or therapeutic use, preferably for 

use in a cancer vaccine. Thus, when a neoepitope is selected it is a potential candidate 

for clinical use or for use in a cancer vaccine. Selected neoepitopes a ranked higher or 

25 prioritized above neoepitopes which are not selected.  

A nucleotide is herein defined as a monomer of RNA or DNA. A nucleotide is a ribose 

or a deoxyribose ring attached to both a base and a phosphate group. Both mono-, di-, 

and tri-phosphate nucleosides are referred to as nucleotides.  

30 

The term "genome" as used herein refers to the total amount of genetic information in 

the chromosomes of an organism or a cell.  

The term "exome" as used herein refers to part of the genome formed by exons, the 

35 sequences which when transcribed remain within the mature RNA after introns are
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removed by RNA splicing. It consists of all DNA that is transcribed into mature RNA in 

cells of any type as distinct from the transcriptome, which is the RNA that has been 

transcribed only in a specific cell population.  

5 The term "mutation" as used herein includes translocations, inversions, deletions, 

duplications and point mutations preferably present in a nucleotide encoding a 

neoepitope. In one preferred embodiment the mutation is an amino acid substitution 

preferably present in the neoepitope.  

10 The term "cancer vaccine" as used herein refers to a vaccine that either treats existing 

cancer or prevents development of a cancer. Vaccines that treat existing cancer are 

known as therapeutic cancer vaccines.  

Identifying neoepitopes 

15 The method according to the present invention may comprise a step of identifying one 

or more neoepitopes by identifying tumor specific mutations in nucleic acid sequences 

from a sample obtained from the individual as described herein. Said one or more 

neoepitopes is preferably a plurality of neoepitopes; however, in some cases even a 

single neoepitope can be useful in the context of personalised therapy, e.g.  

20 personalised cancer therapy, provided that it is capable of inducing the desired 

immunological response.  

Preferably said individual is a cancer patient. One or more samples may be obtained 

from the cancer patient to identify neoepitopes that may be potential candidates for 

25 clinical use such as for example a personalized immunogenic cancer vaccine.  

Preferably, tumor specific mutations are identified by comparing nucleotide sequences 

obtained from a tumor sample from said individual with normal nucleotide sequences.  

Normal nucleotide sequences can be obtained by sequencing nucleic acids obtained 

30 from a body fluid sample or any non-tumor tissue from said individual. Preferably, the 

normal nucleotide sequences are obtained from a healthy tissue from the same 

individual. Normal nucleotide sequences may also be obtained from a database. The 

term "normal" when applied to a sequence, whether a peptide sequence or a 

nucleotide sequence, will here be used interchangeably with the term "reference" or 

35 "wild type". The term may thus apply to the corresponding sequence found under
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"normal" circumstances within the same individual or within a normal, healthy 

population. Comparing tumor-specific sequences with the corresponding sequence 

found in another, non-tumor tissue isolated from the same individual, may thus reduce 

the number of false positives, because neoepitopes resulting from genetic variation 

5 between individuals, for example comprising SNPs which may be individual-specific but 

not tumor-specific, will be filtered out from the results. The reference sequence isolated 

from the individual may be from a sample of healthy cells obtained from the same 

individual prior to diagnosis. The sample may also have been obtained prior to 

commencement of therapy, or after therapy has started.  

10 

The term "tumor sample" as used herein refers to a sample comprising tumor cells. The 

tumor sample can be obtained by taking a biopsy from said individual or cancer patient.  

The biopsy may be a small sample of tumor tissue that is taken with a needle or minor 

surgery. The sample may also be a lymph node biopsy. Also, several biopsies or tumor 

15 biopsies may be taken.  

The reference sample can be a body fluid sample. The body fluid sample can for 

example be a urine sample, a faecal sample, a serum sample or a saliva sample. In a 

preferred embodiment, the body fluid sample is a blood sample. Preferably, the 

20 reference sample is obtained from a healthy tissue of the individual in need of 

treatment.  

The nucleic acids obtained from the samples may be sequenced using any known 

sequencing method. For example, next generation sequencing may be used. In some 

25 embodiments, nucleic acid sequences from tumor cells from an individual are 

compared to nucleic acid sequences from normal cells such as healthy cells from the 

same individual or reference cells in order to identify differences in sequence.  

MHC I and MHC || binding affinities 

30 To select and prioritize neoepitopes being the strongest candidates for personalized 

cancer vaccines, the present inventors have developed a method to rank and select 

neoepitopes that elicit a strong immune response.  

To initiate an immune response the neoepitopes should target major histocompatibility 

35 complex (MHC) restricted epitopes, since only peptides that can bind MHC molecules
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provide eligible T-cell targets. Thus, a first step to select the most promising 

neoepitopes may be to determine their MHC binding affinities.  

MHC I is found on the cell surface of all nucleated cells in the body. One function of 

5 MHC I is to display peptides from within the cell to cytotoxic T cells. The MHC I 

complex-peptide complex is inserted into the plasma membrane of the cell presenting 

the peptide to the cytotoxic T cells, whereby an activation of cytotoxic T cells against 

the particular MHC-peptide complex is triggered. The peptide is positioned in a groove 

in the MHC I molecule, allowing the peptide to be usually about 8-10 amino acids long.  

10 MHC I may be used interchangeably with MHC class 1.  

MHC || molecules are a family of molecules normally found only on antigen-presenting 

cells such as dendritic cells, mononuclear phagocytes, some endothelial cells, thymic 

epithelial cells, and B cells. MHC || may be used interchangeably with MHC class 1l.  

15 

As opposed to MHC 1, the antigens presented by MHC class || peptides are derived 

from extracellular proteins. Extracellular proteins are endocytosed, digested in 

lysosomes, and the resulting antigenic peptides are loaded onto MHC class || 

molecules and then presented at the cell surface. The antigen-binding groove of MHC 

20 class || molecules is open at both ends and is able to present longer peptides, 

generally between 15 and 24 amino acid residues long. In addition, exogenous 

antigens, which are normally presented by MHC II on the surface of dendritic cells, can 

be presented through the MHC I pathway via cross-presentation. Cross-presentation is 

necessary for immunity against most tumors and viruses.  

25 

MHC class I molecules are recognized by T cell receptors (TCR) and co-receptors on 

the CD8+ T cells, whereas MHC class || molecules are recognized by TCR and co

receptors on the CD4 +T cells.  

30 The inventors of the present invention have established a method for selecting 

neoepitopes wherein neoepitopes are ranked with respect to their clinical utility, and 

wherein neoepitopes having affinity for MHC, e.g. MHC I and/or MHC II, are selected.  

Thus, one aspect of the present invention relates to a method for selecting a number A 

35 of neoepitopes for an individual, said method comprising the steps of:
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a. Obtaining one or more neoepitopes from said individual, each neoepitope 

comprising at least one minimal epitope, wherein each neoepitope comprises at 

least one mutation such as an immunogenic mutation compared to a reference 

sequence; 

5 b. Determining MHC I and/or MHC || binding affinity for at least one minimal 

epitope, such as at least two, three or four minimal epitopes within each of said 

neoepitopes; 

c. Selecting neoepitopes comprising at least one minimal epitope predicted to bind 

to MHC I and/or to MHC II, thereby obtaining MHC binding neoepitopes; 

10 d. Ranking the MHC binding neoepitopes with respect to their likelihood of clinical 

utility; 

e. Selecting A neoepitopes among the highest ranking MHC binding neoepitopes, 

thereby selecting A neoepitopes likely to have clinical utility.  

15 Neoepitopes with a high likelihood of clinical utility are neoepitopes that are 

immunogenic and are likely to be suitable for use in a cancer vaccine. Thus, the 

method of the present invention is a method to select the most immunogenic 

neoepitopes that are highly suitable for use in a cancer vaccine.  

20 The MHC alleles within the human population display an extreme polymorphism. Each 

genetic locus comprises a great number of haplotypes comprising distinct alleles 

encoding different peptides. Therefore, the MHC I and MHC || binding affinities are 

preferably determined between neoepitope sequences and MHC I and/or MHC || 

sequences obtained from the same individual.  

25 

To determine the MHC binding affinity of a neoepitope identified in an individual, it is 

necessary to perform a HLA typing of said individual. Thus, the method of the present 

invention may also comprise a step wherein the MHC binding affinity is determined by 

determining the HLA genotype of said individual. For example, said HLA genotype is 

30 determined from a blood sample of said individual.  

Techniques for determining the HLA type of an individual are well-known. HLA typing 

can be performed by using any suitable sequencing method. Preferably, next 

generation sequencing is used.  

35
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For example, DNA isolated from blood samples from said individual can be sequenced 

on a next generation sequencing platform, such as for example the Illumina platform.  

The MHC I and MHC || binding affinities may be determined or predicted using 

5 computer programs that predict the binding affinities between a peptide and MHC I and 

MHC || molecules.  

Thus, in one embodiment, the MHC binding affinity is determined by in siico prediction.  

Preferably, said in silico prediction is performed by using a computer program that 

10 predicts binding of peptides to MHC class I and/or MHC class || molecules. The 

predicted binding affinity values are translated to a percentile score by comparing them 

to the predicted binding affinities of a set of 100,000 random natural 9 mer peptides.  

Preferably, the %Rank score used to predict binding affinities of neoepitopes to MHC I 

and MHC || molecules is calculated using the NetMHCpan described in Nielsen et al 

15 2016 (Nielsen, M. et al. (2016) "NetMHCpan-3.0: improved prediction of binding to 

MHC class I molecules integrating information from multiple receptor and peptide 

length data sets." Genome Medicine: 8:33) and Vannessa, J. et al (2017) 

"NetMHCpan-4.0: Improved Peptide-MHC Class I Interaction Predictions Integrating 

Eluted Ligand and Peptide Binding Affinity Data." Vanessa Jurtz, Sinu Paul, Massimo 

20 Andreatta, Paolo Marcatili, Bjoern Peters and Morten Nielsen. The Journal of 

Immunology (2017)) and NetMHC Ilpan computer programs as described in Andreatta 

et al. 2015 (Andreatta M et al. Accurate pan-specific prediction of peptide-MHC class || 

binding affinity with improved binding core identification. Immunogenetics. 2015;67(11

12):641-650). The %Rank score as referred to herein is calculated using the above 

25 databases of 30.03.2016 for NetMHCpan and 29.09.2015 for NetMHCllpan.  

A low %Rank score indicates a strong binding affinity whereas a higher %Rank score 

indicates a weaker binding affinity. Thus, neoepitopes with a low %Rank score are 

preferably ranked above neoepitopes with a higher %Rank score.  

30 

%Rank score (MHC I) refers to the %Rank score predicting the MHC I binding affinity 

for a peptide, a minimal epitope or a neoepitope.  

%Rank score (MHC II) refers to the %Rank score predicting the MHC || binding affinity 

35 for a peptide, a minimal epitope or a neoepitope.
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As explained above, each neoepitope may comprise one or more minimal epitopes.  

The %Rank score (MHC I) or %Rank score (MHC II) for each minimal epitope within a 

given neoepitope may also be determined. Preferably, the %Rank score of the 

5 neoepitope is then equal to the %Rank score of the minimal epitope it comprises which 

is lowest, i.e. the binding affinity of the neoepitope is considered to be the same as the 

binding affinity of the best binder among the miminal epitopes it comprises.  

In some embodiments, neoepitopes or minimal epitopes having a %Rank score (MHC 

10 I) less than or equal to 2 are considered to bind MHC 1. Generally, a lower %Rank 

score (MHC I) is indicative of a higher binding affinity. For example, a neoepitope or 

minimal epitope having a %Rank score (MHC I) comprised between 0.5 and 2 (0.5 < 

%Rank score (MHC I)5 2) may in some embodiments be considered a weak MHC I 

binder, while a %Rank score (MHC I) equal to or below 0.5 indicates that the 

15 neoepitope or minimal epitope is a strong MHC I binder. In some embodiments, 

neoepitopes or minimal epitopes having a %Rank score > 2 are considered not to be 

capable of binding to MHC 1. In preferred embodiments neoepitopes not comprising 

any minimal epitopes predicted to bind to MHC I are considered not to be of clinical 

utility and are excluded or down-prioritized. In other words step e of the present 

20 methods may comprise or consist of the step of excluding or down-prioritizing 

neoepitopes which are predicted not to bind to MHC 1. Down-prioritizing a neoepitope 

means that the neoepitope is considered of remote relevance for clinical use. Exclusion 

of a neoepitope means that the neoepitope is not selected for clinical use and/or that 

the neoepitope is not selected for use in a vaccine.  

25 

In general, neoepitopes including minimal epitopes with a high MHC I binding affinity, 

i.e. a low %Rank score (MHC I), are ranked above neoepitopes comprising minimal 

epitopes with a lower MHC I binding affinity, i.e. a higher %Rank score (MHC I).  

Neoepitopes comprising minimal epitopes with a high MHC I binding affinity, i.e. a low 

30 %Rank score (MHC I), are ranked above neoepitopes comprising minimal epitopes 

with a lower MHC I binding affinity, i.e. a higher %Rank score (MHC I).  

In some embodiments, neoepitopes or minimal epitopes having a %Rank score (MHC 

II) less than or equal to 10 are considered to bind MHC 1. For example, a neoepitope or 

35 minimal epitope having a %Rank score (MHC II) comprised between 2 and 10 (2 <



WO 2020/065023 PCT/EP2019/076210 
16 

%Rank score (MHC II)5 10) may in some embodiments be considered a weak MHC II 

binder, while a %Rank score (MHC II) equal to or below 2 indicates that the neoepitope 

or minimal epitope is a strong MHC || binder. In some embodiments, neoepitopes or 

minimal epitopes having a %Rank score > 10 are considered not to be capable of 

5 binding to MHC II. In preferred embodiments neoepitopes not comprising any binding 

minimal epitopes are considered not to be of clinical utility and are excluded or down

prioritized. In other words steps of the present methods, for example step c or e of the 

present methods, may comprise or consist of the step of excluding neoepitopes 

comprising only minimal epitopes which are predicted not to bind to MHC II. Down

10 prioritizing a neoepitope means that the neoepitope is considered of remote relevance 

for clinical use. Exclusion of a neoepitope means that the neoepitope is not selected for 

clinical use and/or that the neoepitope is not selected for use in a vaccine.  

In general, neoepitopes or minimal epitopes with a high MHC || binding affinity, i.e. a 

15 low %Rank score (MHC II), are ranked above neoepitopes or minimal epitopes with a 

lower MHC I binding affinity, i.e. a higher %Rank score (MHC II). Neoepitopes 

comprising minimal epitopes with a high MHC || binding affinity, i.e. a low %Rank score 

(MHC II), are ranked above neoepitopes comprising minimal epitopes with a lower 

MHC || binding affinity, i.e. a higher %Rank score (MHC II).  

20 

In one preferred embodiment, the MHC || binding minimal epitopes have a %Rank 

(MHC II) score below 10. Thus, the MHC || binding minimal epitopes comprised in the 

neoepitopes selected in step b of the method according to the present invention 

preferably have a %Rank score (MHC II) below 10. This means that neoepitopes 

25 comprising minimal epitopes predicted or determined to bind MHC II with a %Rank 

score below 10 are selected for potential clinical use and constitute potential vaccine 

candidates. Neoepitopes comprising minimal epitopes predicted to bind MHC II with a 

%Rank score (MHC II) greater than 10 are preferably down-prioritised or excluded.  

30 In general, MHC || binding neoepitopes comprising minimal epitopes having a high 

MHC || binding affinity are ranked above neoepitopes comprising minimal epitopes 

having a lower MHC || binding affinity.
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Number of minimal epitopes 

Neoepitopes comprising more than one minimal epitope may be expected to have 

higher clinical utility than neoepitopes comprising only one minimal epitope.  

Accordingly, in some embodiments, the number of minimal epitopes comprising the 

5 immunogenic mutation and capable of binding to MHC molecules is the most important 

parameter in step d of the method above. It is however also possible that the 

neoepitopes likely to have clinical utility and selected by the present methods only 

comprise a single minimal epitope; such neoepitopes may be clinically relevant if no 

others are available, and/or if the minimal epitope confers binding or strong binding to 

10 MHC molecules.  

In one embodiment, neoepitopes comprising a higher number of minimal epitopes are 

ranked higher than neoepitopes comprising a lower number of minimal epitopes.  

Neoepitopes comprising a lower number of minimal epitopes include neoepitopes 

15 comprising only one minimal epitope.  

Thus, in one embodiment, the method of the present invention further comprises a step 

of determining the number of minimal epitopes comprised in the MHC I binding 

neoepitopes, wherein MHC I binding neoepitopes comprising a higher number of 

20 binding minimal epitopes are ranked above MHC I binding neoepitopes comprising a 

lower number of binding minimal epitopes.  

In another embodiment, the method of the present invention comprises or further 

comprises a step of determining the number of minimal epitopes present in the MHC || 

25 binding neoepitopes, wherein MHC || binding neoepitopes comprising a higher number 

of binding minimal epitopes are ranked above MHC || binding neoepitopes comprising 

a lower number of binding minimal epitopes.  

In some embodiments, the present method comprises a step of determining both the 

30 number of minimal epitopes which are capable of binding MHC I molecules and the 

number of minimal epitopes which are capable of binding MHC || molecules.  

In order to rank neoepitopes as a function of the total number of minimal epitopes they 

comprise, the number of MHC I binding minimal epitopes is in some embodiments 

35 weighed higher, for example double, compared to the number of MHC || binding
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minimal epitopes. This means that the score for the number of MHC I binding minimal 

epitopes is higher than the score for the number of MHC I Ibinding minimal epitopes, 

such as twice as high. For example, a neoepitope with 14 MHC I binding minimal 

epitopes and 13 MHC || binding minimal epitopes is predicted to be more immunogenic 

5 than a neoepitope comprising 12 MHC I binding minimal epitopes and 15 MHC || 

minimal neoepitopes.  

A binding score for each neoepitope is thus determined. In practice, the number of 

minimal (binding) epitopes comprised within a neoepitope is determined, thereby 

10 identifying x MHCI binding minimal epitopes and/or y MHCII binding minimal epitopes.  

A suitable scoring scheme to determine the binding score of a neoepitope may be: 

a*2x + b*y 

15 wherein a higher binding score is indicative of a higher likelihood of clinical utility as 

explained above.  

For example, a=1 if y > 0, and a=O if y=, and b=1 if x > 0, and b=0 if x=O.  

20 Another suitable scoring scheme may be: 

a*x + b*y 

wherein a higher binding score is indicative of a higher likelihood of clinical utility as 

explained above.  

25 

For example, a=2 and b=1, or a=2 if y>, and a=O if y=, and b=1 if x > 0, and b=0 if 

x=O.  

In some embodiments, neoepitopes comprising at least one MHC I binding minimal 

30 epitope and at least one MHC || binding minimal epitope are ranked higher than 

neoepitopes comprising only MHC I binding minimal epitopes or only MHC || binding 

minimal epitopes. In other embodiments, neoepitopes comprising at least one MHC I 

binding minimal epitope are ranked higher than neoepitopes comprising only MHC || 

binding minimal epitopes. In other embodiments, neoepitopes comprising at least one
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MHC || binding minimal epitope are ranked higher than neoepitopes comprising only 

MHC I binding minimal epitopes.  

In some embodiments, neoepitopes comprising at least 2 MHC binding minimal 

5 epitopes are ranked higher than neoepitopes comprising only one MHC binding 

minimal epitopes. In some embodiments, neoepitopes comprising at least 3 MHC 

binding minimal epitopes are ranked higher than neoepitopes comprising less than 3 

MHC binding minimal epitopes. In some embodiments, neoepitopes comprising at least 

4 MHC binding minimal epitopes are ranked higher than neoepitopes comprising less 

10 than 4 MHC binding minimal epitopes. In some embodiments, neoepitopes comprising 

at least 5 MHC binding minimal epitopes are ranked higher than neoepitopes 

comprising less than 5 MHC binding minimal epitopes. In some embodiments, 

neoepitopes comprising at least 6 MHC binding minimal epitopes are ranked higher 

than neoepitopes comprising less than 6 MHC binding minimal epitopes. In some 

15 embodiments, neoepitopes comprising at least 7 MHC binding minimal epitopes are 

ranked higher than neoepitopes comprising less than 7 MHC binding minimal epitopes.  

In some embodiments, neoepitopes comprising at least 8 MHC binding minimal 

epitopes are ranked higher than neoepitopes comprising less than 8 MHC binding 

minimal epitopes. In some embodiments, neoepitopes comprising at least 9 MHC 

20 binding minimal epitopes are ranked higher than neoepitopes comprising less than 9 

MHC binding minimal epitopes. In some embodiments, neoepitopes comprising at least 

10 MHC binding minimal epitopes are ranked higher than neoepitopes comprising less 

than 10 MHC binding minimal epitopes. The MHC binding minimal epitope may be an 

MHC I binding minimal epitopes or an MHC || binding minimal epitope.  

25 

In some embodiments, neoepitopes comprising at least 2 MHC I binding minimal 

epitopes are ranked higher than neoepitopes comprising only one MHC I binding 

minimal epitope or than neoepitopes comprising only MHC || binding minimal epitopes.  

In some embodiments, neoepitopes comprising at least 3 MHC I binding minimal 

30 epitopes are ranked higher than neoepitopes comprising less than 3 MHC I binding 

minimal epitopes or than neoepitopes comprising only MHC || binding minimal 

epitopes. In some embodiments, neoepitopes comprising at least 4 MHC I binding 

minimal epitopes are ranked higher than neoepitopes comprising less than 4 MHC I 

binding minimal epitopes or than neoepitopes comprising only MHC || binding minimal 

35 epitopes. In some embodiments, neoepitopes comprising at least 5 MHC I binding
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minimal epitopes are ranked higher than neoepitopes comprising less than 5 MHC I 

binding minimal epitopes or than neoepitopes comprising only MHC || binding minimal 

epitopes. In some embodiments, neoepitopes comprising at least 6 MHC I binding 

minimal epitopes are ranked higher than neoepitopes comprising less than 6 MHC I 

5 binding minimal epitopes or than neoepitopes comprising only MHC || binding minimal 

epitopes. In some embodiments, neoepitopes comprising at least 7 MHC I binding 

minimal epitopes are ranked higher than neoepitopes comprising less than 7 MHC I 

binding minimal epitopes or than neoepitopes comprising only MHC || binding minimal 

epitopes. In some embodiments, neoepitopes comprising at least 8 MHC I binding 

10 minimal epitopes are ranked higher than neoepitopes comprising less than 8 MHC I 

binding minimal epitopes or than neoepitopes comprising only MHC || binding minimal 

epitopes. In some embodiments, neoepitopes comprising at least 9 MHC I binding 

minimal epitopes are ranked higher than neoepitopes comprising less than 9 MHC I 

binding minimal epitopes or than neoepitopes comprising only MHC || binding minimal 

15 epitopes. In some embodiments, neoepitopes comprising at least 10 MHC I binding 

minimal epitopes are ranked higher than neoepitopes comprising less than 10 MHC I 

binding minimal epitopes or than neoepitopes comprising only MHC || binding minimal 

epitopes.  

20 In some embodiments, neoepitopes comprising at least 2 MHC || binding minimal 

epitopes are ranked higher than neoepitopes comprising only one MHC || binding 

minimal epitopes. In some embodiments, neoepitopes comprising at least 3 MHC || 

binding minimal epitopes are ranked higher than neoepitopes comprising less than 3 

MHC || binding minimal epitopes. In some embodiments, neoepitopes comprising at 

25 least 4 MHC || binding minimal epitopes are ranked higher than neoepitopes 

comprising less than 4 MHC || binding minimal epitopes. In some embodiments, 

neoepitopes comprising at least 5 MHC || binding minimal epitopes are ranked higher 

than neoepitopes comprising less than 5 MHC || binding minimal epitopes. In some 

embodiments, neoepitopes comprising at least 6 MHC || binding minimal epitopes are 

30 ranked higher than neoepitopes comprising less than 6 MHC || binding minimal 

epitopes. In some embodiments, neoepitopes comprising at least 7 MHC || binding 

minimal epitopes are ranked higher than neoepitopes comprising less than 7 MHC || 

binding minimal epitopes. In some embodiments, neoepitopes comprising at least 8 

MHC || binding minimal epitopes are ranked higher than neoepitopes comprising less 

35 than 8 MHC || binding minimal epitopes. In some embodiments, neoepitopes
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comprising at least 9 MHC || binding minimal epitopes are ranked higher than 

neoepitopes comprising less than 9 MHC || binding minimal epitopes. In some 

embodiments, neoepitopes comprising at least 10 MHC || binding minimal epitopes are 

ranked higher than neoepitopes comprising less than 10 MHC I Ibinding minimal 

5 epitopes.  

Binding differential 

In some embodiments, neoepitopes comprising minimal epitopes which have an MHC I 

10 binding affinity that is higher or much higher compared to the MHC I binding affinity of 

the corresponding reference peptide are prioritized above neoepitopes comprising 

minimal epitopes for which the MHC I binding affinity is only slightly improved 

compared to the corresponding reference MHC I binding affinity.  

15 Therefore, the ratio of the %Rank scores (MHC I) between neoepitope and the 

corresponding reference peptide can be used to select neoepitopes for potential clinical 

use. Herein, the %Rank score ratio for MHC I binding is also referred to as the MHC I 

binding differential.  

20 Likewise, in some embodiments, neoepitopes which have an MHC || binding affinity 

that is higher or much higher compared to the MHC || binding affinity of the 

corresponding reference peptide are prioritized above neoepitopes expressing peptides 

for which the MHC || binding affinity is only slightly improved compared to the 

corresponding reference MHC || binding affinity.  

25 

Therefore, the ratio of the %Rank scores (MHC II) between neoepitope and the 

corresponding reference peptide can be used to select neoepitopes for potential clinical 

use. Herein, the %Rank score ratio for MHC || binding is also referred to as the MHC || 

binding differential.  

30 

The MHC I binding differential between reference peptide and neoepitope is given by 

the following formula: (%Rank score (MHC I) for reference) / (%Rank score (MHC I) for 

neoepitope), wherein the %Rank score (MHC I) for reference is the predicted binding 

affinity between reference peptide and MHC I molecules and the %Rank score (MHC I)
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for neoepitope is the predicted binding affinity between neoepitope peptide and MHC I 

molecules.  

In one embodiment of the present invention, step b or c of the method described above 

5 further comprises determining the MHC I binding differential given by the formula 

(%Rank score (MHC I) for reference) / (%Rank score (MHC I) for neoepitope), wherein 

neoepitopes with a high MHC I binding differential are ranked higher than neoepitopes 

with a lower MHC I binding differential.  

10 In one embodiment, neoepitopes are down-prioritized if the MHC I binding differential, 

(%Rank score (MHC I) for reference) / (%Rank score (MHC I) for neoepitope) is below 

2.  

In one embodiment, neoepitopes are down-prioritized if the MHC I binding differential, 

15 (%Rank score (MHC I) for reference) / (%Rank score (MHC I) for neoepitope) is below 

20, such as below 3, such as below 1. Neoepitopes are considered of potential clinical 

relevance if the binding differential is equal to or greater than 1, such as equal to or 

greater than 3, such as equal to or greater than 20.  

20 In a similar manner, the MHC I binding differential between reference peptide and a 

minimal epitope is given by the following formula: (%Rank score (MHC I) for reference) 

/ (%Rank score (MHC I) for minimal epitope), wherein the %Rank score (MHC I) for 

reference is the predicted binding affinity between reference peptide and MHC I 

molecules and the %Rank score (MHC I) for minimal epitope is the predicted binding 

25 affinity between minimal epitope peptide and MHC I molecules.  

In one embodiment of the present invention, step b or c of the method described above 

further comprises determining the MHC I binding differential given by the formula 

(%Rank score (MHC I) for reference) / (%Rank score (MHC I) for minimal epitope), 

30 wherein neoepitopes comprising minimal epitopes with a high MHC I binding 

differential are ranked higher than neoepitopes comprising minimal epitopes with a 

lower MHC I binding differential.  

In one embodiment, neoepitopes are down-prioritized if the MHC I binding differential, 

35 (%Rank score (MHC I) for reference sequence of the minimal epitope) / (%Rank score
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(MHC I) for the minimal epitope)is below 20, such as below 3, such as below 1.  

Neoepitopes are considered of potential clinical relevance if the binding differential of 

the minimal epitopes they comprise is equal to or greater than 1, such as equal to or 

greater than 3, such as equal to or greater than 20.  

5 

If a neoepitope comprises only one MHC I binding minimal epitope, the MHC I binding 

differential of the neoepitope is equal to the MHC I binding differential of said minimal 

epitope. If a neoepitope comprises two or more MHC I binding minimal epitopes, the 

MHC I binding differential of the neoepitope is considered to be equal to the highest 

10 MHC I binding differential among said two or more MHC I binding minimal epitopes.  

Likewise, if a neoepitope comprises only one MHC || binding minimal epitope, the MHC 

|| binding differential of the neoepitope is equal to the MHC || binding differential of said 

minimal epitope. If a neoepitope comprises two or more MHC || binding minimal 

epitopes, the MHC || binding differential of the neoepitope is considered to be equal to 

15 the highest MHC || binding differential among said two or more MHC || binding minimal 

epitopes. This is true in relation to reference peptides also.  

In some embodiments, the position of the mutation is also considered. In other words, 

clinical utility of a neoepitope or minimal epitope is determined not only in light of the 

20 above, but also as a function of the position of the mutation. In preferred embodiments, 

the mutation is immunogenic. The peptide-binding groove of MHC molecules 

accommodates peptides or fragments of peptides, generally of 9 amino acid in length, 

i.e. the minimal epitopes. Contact between the minimal epitope and the MHC molecule 

is mediated through the side chains of anchor residues. Taking as example a minimal 

25 epitope of 9 amino acid in length, the anchoring positions of a minimal epitope to an 

MHC I molecule are positions 2 and 9. For binding to MHC || molecules, the anchoring 

positions are positions 1, 4 and 9.  

In some embodiments, neoepitopes comprising minimal epitopes in which the mutation 

30 is in a non-anchoring position are excluded or down-prioritized regardless of their 

binding differential. For MHC I binding minimal epitopes, this means that in some 

embodiments, neoepitopes are excluded or down-prioritized if the mutation is in 

position 1, 3, 4, 5, 6, 7 or 8 of the minimal epitope or of the part of the minimal epitope 

which is accommodated within the binding groove of the MHC molecule, no matter how 

35 high the binding differential is. Preferred neoepitopes comprise minimal epitopes with a
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mutation in an anchoring position and a binding differential equal to or greater than 2, 

such as equal to or greater than 4, such as equal to or greater than 6, such as equal to 

or greater than 8, such as equal to or greater than 10, such as equal to or greater than 

12, such as equal to or greater than 14, such as equal to or greater than 16, such as 

5 equal to or greater than 18, most preferably such as equal to or greater than 20.  

The MHCII binding differential may also be used as a selection criteria. The MHC || 

binding differential between reference peptide and neoepitope is given by the following 

formula: (%Rank score (MHC II) for reference sequence of the minimal epitope) / 

10 (%Rank score (MHC II) for the minimal epitope), wherein the %Rank score (MHC II) for 

the minimal epitope is the predicted binding affinity for the best ranking minimal epitope 

within the neoepitope, and the %Rank score (MHC II) for the reference is the predicted 

binding affinity for the corresponding peptide in the reference sequence.  

15 In one embodiment of the present invention, step b or c of the method described above 

further comprises determining the MHC || binding differential given by the formula 

(%Rank score (MHC II) for reference sequence of the minimal epitope) / (%Rank score 

(MHC II) for the minimal epitope), wherein neoepitopes with a high MHC || binding 

differential are ranked higher than neoepitopes with a lower MHC || binding differential.  

20 

In a similar manner, the MHC| binding differential between reference peptide and a 

minimal epitope is given by the following formula: (%Rank score (MHC II) for 

reference) / (%Rank score (MHC II) for minimal epitope), wherein the %Rank score 

(MHC II) for reference is the predicted binding affinity between reference peptide and 

25 MHC || molecules and the %Rank score (MHC II) for minimal epitope is the predicted 

binding affinity between minimal epitope peptide and MHC || molecules.  

Methods for determining the MHC || binding affinity are described above.  

30 In one embodiment of the present invention, neoepitopes comprising MHC || binding 

minimal epitopes predicted to bind MHC II with a %Rank score (MHC II) below 20, 

such as below 15, such as below 14, such as for example below 13, below 12 or for 

example below 11 are excluded or down-prioritized.
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In a preferred embodiment neoepitopes comprising MHC || binding minimal epitopes 

with a %Rank score (MHC II) below 10 are excluded or down-prioritized.  

In another embodiment, neoepitopes comprising MHC || binding minimal epitopes with 

5 a %Rank score (MHC II) at or below 9, such as at or below 8, such as for example at or 

below 7, at or below 6, such as at or below 5, such as for example at or below 4, at or 

below 3 or for example at or below 2 are excluded or down-prioritized.  

An example of a scoring scheme which can be used in a step of the above method, 

10 such as in step d, is given below: 

* minimal epitope having a mutation with a binding differential < 1 regardless of 

the position of the mutation: score equals 1; 

* minimal epitope having a mutation in a non-anchoring position, and 15 binding 

differential < 3: score equals 2; 

15 • minimal epitope having a mutation in an anchoring position and 1 5 binding 

differential < 3: score equals 3; 

* minimal epitope having a mutation in a non-anchoring position and 3 5 binding 

differential < 20: score equals 4; 

* minimal epitope having a mutation in an anchoring position and 3:5 binding 

20 differential < 20: score equals 5; 

* minimal epitope having a mutation in a non-anchoring position and a binding 

differential > 20: score equals 6; 

* minimal epitope having a mutation in an anchoring position and a binding 

differential > 20: score equals 7.  

25 

The binding differential may be the MHCI or MHCII binding differential.  

It will be understood that the scores given above are arbitrary values, and could be 

replaced by other arbitrary values, as long as the score increases as exemplified 

30 above. In general, as can be seen, minimal epitopes or epitopes having a low binding 

differential (e.g. less than 1) are ranked lowest, regardless of the position of the 

mutation. For minimal epitopes or epitopes having binding differentials in the same 

range (e.g. 15 binding differential < 3; or 3 5 binding differential < 20; or binding 

differential > 20), the minimal epitopes or neoepitopes comprising a mutation in an 

35 anchoring position are rated higher than the minimal epitopes or neoepitopes
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comprising a mutation in a non-anchoring position. In general, the higher the binding 

differential, the higher the score. For similar scores, a mutation in an anchoring position 

gives a higher score than a mutation in a non-anchoring position.  

5 In the above scoring scheme, minimal epitopes ranked lowest either have a mutation in 

a non-anchoring position, or have a mutation in an anchoring position and a binding 

differential < 1.  

Length of the neoepitopes 

10 The neoepitope sequence preferably has a length suitable for processing and 

presentation of minimal epitopes comprised within a neoepitope on MHC molecules.  

Thus, in one embodiment the neoepitopes have a length of from 7 to 40 amino acids 

such as from 10 to 35 amino acids, or more preferably from 15 to 30 amino acids such 

as from 25 to 30 amino acids. In a preferred embodiment the neoepitope is 27 amino 

15 acids. The lengths of the neoepitopes include lengths of both MHC I and MHC || 

binding neoepitopes.  

It is preferred that the mutation is positioned essentially in the middle of the neoepitope 

sequence.  

20 

In some embodiments, the minimal epitopes for a given neoepitope consist of a 

number of amino acids smaller or equal to the number of amino acids of the 

neoepitope. In cases where the neoepitope is the minimal epitope, the neoepitope and 

the minimal epitope have the same length. In such embodiments the minimal epitope 

25 has a length of from 7 to 40 amino acids such as from 10 to 35 amino acids, or more 

preferably from 15 to 30 amino acids such as from 25 to 30 amino acids. In one 

embodiment the length of the minimal epitope is 27 amino acids. The lengths of the 

minimal epitopes include lengths of both MHC I and MHC || binding neoepitopes.  

30 In other embodiments, the minimal epitopes comprised within a neoepitope are shorter 

than the neoepitope. For example, the neoepitope has a length of from 7 to 40 amino 

acids and the corresponding minimal epitope(s) have a length of from 6 to 39 amino 

acids, or have a length shorter than the length of the neoepitope by at least one amino 

acid, such as by at least 2 amino acids, such as by at least 3 amino acids, such as by 

35 at least 4 amino acids, such as by at least 5 amino acids, such as by at least 6 amino
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acids, such as by at least 7 amino acids, such as by at least 8 amino acids, such as by 

at least 9 amino acids, such as by at least 10 amino acids, such as by at least 11 

amino acids, such as by at least 12 amino acids, such as by at least 13 amino acids, 

such as by at least 15 amino acids, such as by at least 16 amino acids, such as by at 

5 least 17 amino acids, such as by at least 18 amino acids, such as by at least 19 amino 

acids, such as by at least 20 amino acids. In a preferred embodiment the neoepitope is 

27 amino acids, and the minimal epitope has a length of 6, 7, 8, 9, 10, 11, 12, 13, 14, 

15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or 26 amino acids.  

10 In some embodiments, the minimal epitope binds or is predicted to bind to MHC 1, and 

the minimal epitope has a length of between 5 and 20 amino acids, such as between 6 

and 19 amino acids, such as between 7 and 18 amino acids, such as between 7 and 

17 amino acids, such as between 7 and 16 amino acids, such as between 8 and 15 

amino acids, such as between 8 and 14 amino acids. Typically, such minimal epitopes 

15 have a length between 8 and 14 amino acids.  

In some embodiments, the minimal epitope binds or is predicted to bind to MHC II, and 

the minimal epitope has a length of between 5 and 20 amino acids, such as between 6 

and 19 amino acids, such as between 7 and 18 amino acids, such as between 7 and 

20 17 amino acids, such as between 8 and 16 amino acids, such as between 9 and 15 

amino acids. Typically, such minimal epitopes have a length between 9 and 15 amino 

acids.  

Resemblance to known T cell recognized epitopes 

25 In some embodiments, the method further comprises a step of selecting a group of 

neoepitopes which comprise minimal epitopes with high resemblance to epitopes which 

are known to be recognized by T cells. The skilled person knows where to find lists of 

such epitopes. For example, epitopes which are known to be recognized by T cells 

may be obtained from the Immune Epitope Database and Analysis Resource (IEDB 

30 database), where human infectious epitopes are listed (https://www.iedb.org/). The 

sequences of the minimal epitopes comprised in the neoepitopes considered likely to 

have clinical utility can thus be run in the database in order to determine whether the 

minimal epitopes have high resemblance to epitopes known to be recognized by T 

cells.  

35
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The term "high resemblance" when applied to two sequences means that the 

sequences share significant similarity, i.e. the sum of identical and similar matches is 

high. The resemblance can be determined by calculating an alignment score, e.g.  

using BLOSUM62. The skilled person knows which threshold of alignment scores can 

5 be used to determine if the two sequences have high resemblance to one another. For 

example, for 9-mer epitopes, an alignment score > 26 can aptly be used as threshold 

for selecting epitopes with high resemblance.  

Normalised alignment scores can also be used to evaluate whether two peptide 

10 sequences have high resemblance to one another. For example, a normalised 

alignment score may be the BLOSUM62 alignment score obtained for a given minimal 

epitope and a given epitope in the IEDB database, divided by the alignment score 

between said minimal epitope and itself (corresponding to the maximal alignment score 

for this minimal epitope). To obtain a measure for resemblance, the result is then 

15 subtracted from 1. In other words, the following calculation may be performed: 

Resemblance to known epitope = 1 - (alignment score minimal epitope)/(alignment 

score known epitope) 

20 The higher the score, the higher the resemblance to the known epitope.  

Number of total minimal epitopes 

Useful neoepitopes comprise at least one minimal epitope comprising a mutation, e.g.  

an immunogenic mutation, and having a length of between 5 and 20 amino acids, 

preferably between 6 and 19 amino acids, such as between 7 and 18 amino acids, for 

25 example between 8 and 17 amino acids, such as between 9 and 16 amino acids, for 

example between 10 and 15 amino acids, such as between 11 and 14 amino acids, for 

example 12 or 13 amino acids, such as 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 

19, or 20 amino acids. Preferably, the minimal epitope has a length of 8 to 14 amino 

acids. A neoepitope may comprise several minimal epitopes, which may overlap. A 

30 neoepitope may thus comprise between 1 and 100 minimal epitopes, such as between 

1 and 90 minimal epitopes, such as between 1 and 80 minimal epitopes, such as 

between 1 and 70 minimal epitopes, such as between 1 and 60 minimal epitopes, such 

as between 1 and 50 minimal epitopes, such as between 1 and 40 minimal epitopes, 

such as between 1 and 30 minimal epitopes, such as between 1 and 20 minimal 

35 epitopes, such as between 2 and 19 minimal epitopes, for example between 3 and 18
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minimal epitopes, such as between 4 and 17 minimal epitopes, for example between 5 

and 16 minimal epitopes, such as between 6 and 15 minimal epitopes, for example 

between 7 and 14 minimal epitopes, such as between 8 and 13 minimal epitopes, for 

example between 9 and 12 minimal epitopes, such as 10 or 11 minimal epitopes, all 

5 comprising the immunogenic mutation. A minimal epitope has affinity for an MHC 

molecule, such as an MHC I molecule or an MHC || molecule. The mutation comprised 

in the neoepitope is not necessarily centered in the minimal epitope, but may in some 

embodiments be centered in the minimal epitope. Thus, the mutation may be at the first 

or last residue of the minimal epitope, or any other residue therebetween. As described 

10 above, in preferred embodiments the mutation is in an anchoring position. In some 

embodiments, minimal epitopes having a mutation in a non-anchoring position are 

excluded or down-prioritised.  

In general, a neoepitope may comprise n different minimal epitopes having a length of 

15 k amino acids all comprising the mutation. A given neoepitope may comprise minimal 

epitopes of different lengths.  

Probability that a mutation occurs in nature 

In a preferred embodiment, the method of the present invention further comprises a 

20 step of determining a probability that a mutation present in the neoepitopes occurs in 

nature. Changing an amino acid in a protein may reduce its ability to carry out its 

function, or even change the function. Changes in proteins having important functions 

in the cell may potentially cause the cell to die. Conversely, the change may allow the 

cell to continue functioning albeit in a different manner, and may even lead to 

25 efficient/advantageous modifications compared to the original protein, allowing the 

mutation to be passed on to the organism's offspring. If the change does not result in 

any significant physical disadvantage to the offspring, the possibility that the mutation 

will persist within the population nevertheless exists. Since amino acids vary greatly in 

the physical and chemical properties, they are divided into groups with similar 

30 properties. Substituting an amino acid with another from the same group is more likely 

to have a smaller impact on the structure and function of a protein than replacement 

with an amino acid from a different category. Thus, neoepitopes comprising a mutated 

amino acid that is from a different physicochemical group than the reference amino 

acid are in some embodiments prioritized above neoepitopes comprising a mutated 

35 amino acid that is from the same physicochemical group as the reference amino acid.
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Preferably, the mutation gives rise to an amino acid substitution. The term "substitution 

pair" as used herein refers to the pair consisting of the amino acid being substituted 

and of the amino acid which substitutes it.  

5 

Thus, in a preferred embodiment of the present invention, step d of the method 

described herein and above further comprises determining a score reflecting the 

similarity between the mutated amino acid sequence and the reference amino acid 

sequence.  

10 

To calculate the score for a specific amino acid substitution, substitution matrices may 

be used. Substitution matrices contain a probability or a log score based on the 

observed mutation frequencies in all available protein sequences. The lower the log 

odds score, the less likely is to observe this amino acid substitution when comparing 

15 naturally occurring amino acid sequences to each other. It has also been shown that 

the low log odds score correlates well with high difference in physicochemical 

properties between the amino acid substitution pair. For example a substitution with a 

low log odds score, or a lower probability/frequency of this mutation to occur in an 

evolutionary perspective, has a better chance of being discovered by a T cell receptor 

20 than a substitution with a high log odds score due to a larger difference in 

physicochemical properties between the newly formed mutated peptide (epitope) 

compared to the reference peptide. T cell receptors have the ability to tolerate not only 

self-peptides, but also peptides with high similarity to self-peptides, i.e. peptides having 

mutations with a high log score score. This mechanism is known as central tolerance.  

25 

The probabilities used in the matrix calculation are computed by looking at "blocks" of 

conserved sequences found in multiple protein alignments. These conserved 

sequences are assumed to be of functional importance within related proteins and will 

therefore have lower substitution rates than less conserved regions. To reduce bias 

30 from closely related sequences on substitution rates, segments in a block with a 

sequence identity above a certain threshold have been clustered, reducing the weight 

of each such cluster (Henikoff, S; Henikoff, JG (1992). "Amino acid substitution 

matrices from protein blocks". Proceedings of the National Academy of Sciences of the 

United States of America. 89 (22): 10915-9.). For the BLOSUM62 matrix, this 

35 threshold has been set at 62%. Pair frequencies were then counted between clusters,
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hence pairs were only counted between segments less than 62% identical. One would 

use a higher numbered BLOSUM matrix for aligning two closely related sequences and 

a lower number for more divergent sequences.  

5 Thus, in a preferred embodiment of the present invention a score reflecting the 

probability that an amino acid substitution present in the neoepitopes occurs randomly 

is determined using an evolutionary based scoring matrix. In a more preferred 

embodiment said scoring matrix is a log-odd matrix. In a particularly preferred 

embodiment said matrix is the BLOSUM matrix, preferably the BLOSUM62 matrix 

10 

To calculate a BLOSUM matrix, the following equation is used: 

Sij = (1/X) * log(pij/(qi*qj)) 

15 pij is the probability of two amino acids i and j replacing each other in a homologous 

sequence, and qi and qj are the background probabilities of finding the amino acids i 

and j in any protein sequence. The factor k is a scaling factor, set such that the matrix 

contains easily computable integer values.  

20 Neoepitopes comprising a mutation where the amino acid substitution pair has a low 

BLOSUM62 score are ranked above neoepitopes with an amino acid substitution pair 

with a higher BLOSUM62 score.  

In one embodiment, neoepitopes not comprising mutations linked to an amino acid 

25 substitution pair with a BLOSUM62 score below 3, such as for example below 2 are 

down-prioritized or excluded.  

In a preferred embodiment of the present invention neoepitopes not comprising amino 

acid substitution pairs with a BLOSUM62 score below 1 are down-prioritized or 

30 excluded. Thus, preferably neoepitopes comprising at least one amino acid substitution 

pair with a BLOSUM62 score below 1 are prioritized or selected for clinical use.  

In another embodiment of the present invention neoepitopes not comprising amino acid 

substitution pairs with a BLOSUM62 score below 1 are down-prioritised or excluded.



WO 2020/065023 PCT/EP2019/076210 
32 

Thus, in one embodiment neoepitopes comprising at least one amino acid substitution 

pair with a BLOSUM62 score below 1 are prioritized or selected for clinical use.  

For MHC I binding neoepitopes to be selected for potential clinical use, it is preferred 

5 that the neoepitope meets at least one of the following two criteria i and ii: 

i. a high MHC I binding differential 

ii. a low BLOSUM62 score.  

In one embodiment, MHC I binding neoepitopes meeting at least one of the following 

10 two criteria i and ii: 

i. the MHC I binding differential for the neoepitope is above 1; 

ii. the neoepitope comprises an amino acid substitution with a BLOSUM62 

score below 3, such as below 2, preferably below 1 

are ranked higher than MHC I binding neoepitopes not meeting any of criteria i and ii.  

15 

In a preferred embodiment MHC I binding neoepitopes meeting at least one of the 

following two criteria i and ii: 

i. the MHC I binding differential for the neoepitope is above 3; 

ii. the neoepitope comprises an amino acid substitution with a BLOSUM62 

20 score below 3, such as below 2, preferably below 1 

are ranked higher than MHC I binding neoepitopes not meeting any of criteria i and ii.  

In an even more preferred embodiment, MHC I binding neoepitopes meeting at least 

one of the following two criteria i and ii: 

25 i. the MHC I binding differential for the neoepitope is above 2; 

ii. the neoepitope comprises an amino acid substitution pair with a 

BLOSUM62 score below 3, such as below 2, preferably below 1 

are ranked higher than MHC I binding neoepitopes not meeting any of criteria i and ii.  

30 In some embodiments, MHC I binding neoepitopes not meeting any of the criteria i and 

ii above are preferably excluded or down-prioritized. In addition, in some embodiments 

MHC I binding neoepitopes meeting criteria i but wherein the mutation is a non

anchoring position are excluded or down-prioritised, as described herein above.
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For MHC || binding neoepitopes to be selected for potential clinical use, it is preferred 

that at least one of the following two criteria i and ii is met: 

i. a high MHC || binding differential 

ii. a low BLOSUM62 score.  

5 

In one embodiment, MHC || binding neoepitopes meeting at least one of the following 

two criteria i and ii: 

i. the MHC || binding differential for the neoepitope is above 2 

ii. the neoepitope comprises an amino acid substitution pair with a 

10 BLOSUM62 score below 3, such as below 2 or preferably below 1 

are ranked higher than MHC || binding neoepitopes not meeting any of criteria i and ii.  

In a preferred embodiment MHC || binding neoepitopes meeting at least one of the 

following two criteria i and ii: 

15 i. the MHC || binding differential for the neoepitope is above 3 

ii. the neoepitope comprises an amino acid substitution pair with a 

BLOSUM62 score below 3, such as below 2 or preferably below 1 

are ranked higher than MHC || binding neoepitopes not meeting any of criteria i and ii.  

20 In an even more preferred embodiment, MHC| binding neoepitopes meeting at least 

one of the following two criteria i and ii: 

i. the MHC || binding differential for the neoepitope is above 2 

ii. the neoepitope comprises an amino acid substitution pair with a 

BLOSUM62 score below 1 

25 are ranked higher than MHC || binding neoepitopes not meeting any of criteria i and ii.  

MHC || binding neoepitopes not meeting any of the criteria i and ii above are preferably 

excluded or down-prioritized. In addition, in some embodiments MHC || binding 

neoepitopes meeting criteria i but wherein the mutation is a non-anchoring position are 

30 excluded or down-prioritised, as described herein above.  

Level of RNA expression 

The level of RNA expression of the source gene where a mutation is found may be an 

important factor for the immunogenicity of a neoepitope. A higher RNA expression level 

35 will normally lead to a higher expression of the protein and presentation of the
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neoepitope on MHC molecules on the tumor cell and thus a higher potential for 

induction of cancer-specific immunogenicity.  

Thus, in a preferred embodiment, the method of the present invention further 

5 comprises a step of determining the RNA expression levels of the neoepitopes.  

In general neoepitopes with a high RNA expression level are ranked higher than 

neoepitopes with a lower RNA expression level.  

10 In a particular embodiment, in step d of the present methods, MHC I binding 

neoepitopes with a high RNA expression level are ranked higher than MHC I binding 

neoepitopes with a lower RNA expression level. In another particular embodiment, 

MHC || binding neoepitopes with a high RNA expression level are ranked higher than 

MHC || binding neoepitopes with a lower RNA expression level.  

15 

Preferably, neoepitopes for which RNA of the source gene is not detected are excluded 

or down-prioritized. In particular, neoepitopes having a normalised transcript-level 

expression of 0 transcript per million (TPM) are excluded or down-prioritized.  

Transcripts having a detectable normalised transcript-level expression, such as a 

20 transcript-level expression above 0 TPM, are not excluded.  

The RNA expression levels can be determined by RNA sequencing of nucleic acids 

obtained from the tumor samples as defined above. RNA sequencing can be 

performed by techniques known in the art. Methods for determining RNA expression 

25 levels are well known to the skilled person. For example, RNA expression levels can be 

determined using next-generation sequencing technologies such as for example the 

Illumina platform.  

Risk of autoimmunity 

30 To minimize the risk of cross-reactivity, it is preferred that neoepitopes comprising a 

naturally occurring core peptide (such as a 9 aa long peptide including the mutation) 

that matches a peptide sequence in the human proteome are excluded or down

prioritized. Thus, the methods of the present invention may further comprise a step of 

comparing neoepitope peptide sequences with peptide sequences of the human 

35 proteome.
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The human proteome is here defined as all translations resulting from known genes of 

the human genome. Known genes are published at www.ensembl.org. Thus, for the 

purpose of determining if the neoepitope core peptide sequence matches a peptide 

5 sequence in the human proteome, the sequences may be compared with peptide 

sequences of the human genome obtained from a database.  

The neoepitope core peptide sequences are comprised in the neoepitopes as 

described above. Neoepitopes comprising a peptide sequence including a mutation, 

10 which matches a naturally occurring peptide sequence in the human proteome will 

preferably be excluded or down-prioritized.  

This is because, without being bound by theory, it is expected that mutations matching 

a naturally occurring peptide sequence are at greater risk of being tolerated by T cell 

15 receptors as a consequence of central tolerance, and are thus expected to be less 

immunogenic than mutations which do not match a naturally occurring sequence.  

In one embodiment, the neoepitope core peptide sequence, which is compared with 

peptide sequences of the human genome, comprises or consists of 9 to 27 amino 

20 acids, such as for example 10 to 25 amino acids, such as 11 to 15 amino acids or such 

as 12, 13 or 14 amino acids.  

In one embodiment, the neoepitope peptide sequence, which is compared with peptide 

sequences of the human genome, comprises or consists of 5 to 15 amino acids, such 

25 as for example 6 to 12 amino acids, preferably 7 to 11 amino acids or more preferably 

8 to 10 amino acids.  

In a preferred embodiment said neoepitope peptide sequence, which is compared with 

peptide sequences of the human genome, comprises or consists of 9 amino acids.  

30 

In another embodiment said neoepitope peptide sequence, which is compared with 

peptide sequences of the human genome, comprises or consists of 15 amino acids, 14 

amino acids, 13 amino acids, 12 amino acids, 11 amino acids or for example 10 amino 

acids.  

35
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The neoepitope peptide sequence comprises the neoepitope mutation. In a preferred 

embodiment said mutation is an amino acid substitution. It will be clear to the skilled 

person that instead of comparing the sequence of a given neoepitope to peptide 

sequences of the human genome, it is possible to compare the sequence of the 

5 minimal epitopes comprised within said neoepitope to peptide sequences of the human 

genome.  

To further minimize the risk of organ-specific autoimmunity, neoepitopes which are 

found in genes that are highly expressed in specific organs/tissues, will be excluded or 

10 down-prioritized in some embodiments.  

In one embodiment, neoepitopes or minimal epitopes present in genes, wherein said 

genes show at least 3-fold, such as at least 4-fold higher RNA expression level in any 

organ compared to other tissues, are excluded or down-prioritized.  

15 

In a preferred embodiment, neoepitopes or minimal epitopes such as MHC I and /or 

MHC || binding neoepitopes, present in genes, wherein said genes show at least 5-fold 

higher RNA expression level in any organ compared to other tissues, are excluded or 

down-prioritized.  

20 

In another embodiment, neoepitopes or minimal epitopes, such as MHC I and /or MHC 

|| binding neoepitopes or minimal epitopes, present in genes, wherein said genes show 

at least 6-fold, at least 7-fold or such as at least 8-fold higher RNA expression level in 

any organ compared to other tissues, are excluded or down-prioritized.  

25 

It is preferred that the organ and the tissue are from the same species such as a 

human. RNA expression levels can for example be obtained from databases such as 

for example www.gtexportal.org. RNA expression levels are also described in Uhlen, 

M. et al. (2015) (Uhlen, M. et al. (2015) "Proteomics. Tissue-based map of the human 

30 proteome." Science;347(6220)). Alternatively, the RNA expression levels are obtained 

from the individual from which the neoepitopes are derived.  

The organ can for example be selected from heart and brain. In another embodiment 

said organ is selected from liver, lungs, stomach, kidney, spleen, colon and intestine.  

35
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Allele frequency 

In one embodiment, the methods of the present invention comprise a step of 

determining the allele frequency of the mutation present in each neoepitope. The term 

allele frequency as used herein refers to the relative frequency of an allele sequence 

5 containing a specific genomic mutation at a particular locus compared to the total 

number of sequences for all alleles at this specific genomic region. The term mutant 

allele frequency refers to the frequency of alleles comprising the mutation or the 

neoepitope mutation and is used herein interchangeably with the term variant allele 

frequency (VAF). In general, a high mutant allele frequency or VAF is indicative of a 

10 higher clinical utility. A high mutant allele frequency or VAF is indicative of a higher 

proportion of cancer cells containing the same mutation. Thus, without being bound by 

theory, neoepitopes having a high allele frequency or VAF may be expected to be 

present in a higher proportion of cancer cells than neoepitopes having a low mutant 

allele frequency or VAF.  

15 

In a particular embodiment, MHC I binding neoepitopes with a high mutant allele 

frequency or VAF are ranked higher than MHC I binding neoepitopes with a lower 

mutant allele frequency or VAF. In another particular embodiment, MHC || binding 

neoepitopes with a high mutant allele frequency or VAF are ranked higher than MHC || 

20 binding neoepitopes with a lower mutant allele frequency or VAF.  

The allele frequency of a mutation can for example be determined by analysing the 

sequencing data from the tumor samples and comparing the frequency of the mutant 

allele with other alleles present in the same gene.  

25 

In some embodiments, a mutant allele frequency or VAF greater than 0.05 is indicative 

of clinical utility for the minimal epitope or neoepitope comprising said mutation. Thus in 

some embodiments, a neoepitope or minimal epitope comprising a mutation having a 

VAF greater than 0.05, such as greater than 0.06, such as greater than 0.07, such as 

30 greater than 0.08, such as greater than 0.09, such as greater than 0.1, such as greater 

than 0.15, such as greater than 0.20, is ranked higher than a neoepitope or minimal 

epitope comprising a mutation having a VAF equal to or lower than 0.05, such as equal 

to or lower than 0.06, such as equal to or lower than 0.07, such as equal to or lower 

than 0.08, such as equal to or lower than 0.09, such as equal to or lower than 0.1, such 

35 as equal to or lower than 0.15, such as equal to or lower than 0.20, respectively.
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Variant calling 

Many types of somatic mutation identification software (variant callers) are available in 

the art. In some embodiments, neoepitopes or minimal epitopes are considered likely 

5 to have clinical utility if the mutations they comprise are identified by at least two 

different variant callers. Thus in some embodiments the neoepitopes or minimal 

epitopes are ranked depending on how many variant callers identify the mutation(s) 

they contain. Neoepitopes or minimal epitopes comprising mutation(s) that are 

identified by at least two different variant callers are ranked higher than neoepitopes or 

10 minimal epitopes comprising mutation(s) that are identified by only one variant caller. In 

some embodiments, the mutation is identified by at least 3 different variant callers, 

such as at least 4 different variant callers, such as at least 5 different variant callers, 

such as at least 6 different variant callers, such as at least 7 different variant callers, 

such as at least 8 different variant callers, such as at least 9 different variant callers, 

15 such as 10 different variant callers or more.  

Similarity to known cancer related gene 

In some embodiments, neoepitopes that arise from a known cancer related gene are 

prioritized.  

20 

A cancer related gene is defined as a gene which is involved in the development of 

cancer. Cancer related genes can be found e.g. in the Catalogue Of Somatic Mutations 

in Cancer (COSMIC) database, or other databases containing a curated list of cancer

associated mutations and/or genes, as is known to the skilled person. Thus, a match to 

25 a known cancer related gene can be found by comparing the neoepitope's source 

gene, genomic position or variant position (HGVS-nomenclature) with the 

corresponding information in the COSMIC database.  

In some embodiments, neoepitopes are considered likely to be of clinical utility if the 

30 gene in which they are comprised is a gene which is known to be associated with 

cancer. Such neoepitopes are thus prioritized above neoepitopes comprised in genes 

which are not known to be associated with cancer.
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Clonality 

The term "clonality" as used herein refers to the occurrence of the neoepitope across 

tumor samples. If for example a neoepitope or a minimal epitope is found in more than 

one tumor biopsy, it is indicative of a high clonality and thus a higher likelihood to be 

5 present in the majority of cancer cells and thus a higher likelihood to be of clinical 

utility.  

The clonality of a neoepitope can be determined by obtaining at least two tumor 

samples from the same individual and determining whether a mutation is present in 

10 more than one biopsy. Preferably, neoepitopes found in more than one tumor sample 

are prioritized above neoepitopes that are found in only one biopsy. By "more than one 

tumor sample" is understood several samples originating from the same individual, 

either from the same lesion or from different lesions.  

15 In some embodiments, minimal epitopes or neoepitopes having a mutation found in at 

least two different samples from the same individual are likely to have a higher clinical 

utility than minimal epitopes or neoepitopes having a mutation found in only one tumor 

sample. In some embodiments, the at least two different samples are samples from: 

- the same tumor or lesion, for example multi-angled biopsies from the same 

20 tumor or lesion 

- at least two different tumors or lesions 

- at least one tumor or lesion and at least one archival tumor material such as an 

archival biopsy or archival resected material from the tumor or lesion, 

where finding minimal epitopes or neoepitopes comprising the mutation in at least two 

25 different samples is indicative of a higher clinical utility. The term "archival tumor 

material" refers to material sampled at earlier time points from tumour tissue from the 

same individual, for example an archival biopsy or archival resected material from the 

tumor or lesion.  

30 In some embodiments the at least two different samples is at least three different 

samples, such as at least four different samples, such as at least five different samples, 

such as at least six different samples, such as at least seven different samples, such 

as at least eight different samples, such as at least nine different samples, such as at 

least ten different samples or more. In some embodiments at least one of the at least
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two different samples is archival tumor material from the individual and at least one of 

the at least two different samples is a sample from a tumor or a lesion.  

Liquid biopsies 

5 It may be advantageous, when selecting neoepitopes comprising minimal epitopes 

which are likely to have clinical utility, to determine whether the neoepitopes or minimal 

epitopes are also found in the individual's plasma. Thus in some embodiments, the 

methods comprise sequencing of the nucleic acid sequences from cell free DNA, for 

example circulating tumour DNA in plasma from a liquid biopsy obtained from the 

10 individual. This may be useful to identify, confirm and/or track neoepitopes, and can be 

done e.g. by sequencing cell free DNA.  

In some embodiments, a neoepitope which is found in circulating tumor DNA in a 

plasma sample from the individual is ranked higher than a neoepitope which is not 

15 found in said sample.  

The individual 

The individual according to the method of the present invention is preferably a human.  

Preferably the individual or the human is a cancer patient. Thus, the individual is 

preferably a human having cancer. The cancer can be all types of cancer. Preferably 

20 the individual has at least one tumor.  

The cancer may be any cancer wherein the cancer cells comprise at least one 

mutation. The cancer may be a primary tumor, metastasis or both. The tumor 

examined for mutations may be a primary tumor or a metastasis. The cancer to be 

25 treated may be a cancer known to have a high mutational load, such as melanomas or 

lung cancer. The cancer to be treated may also be a cancer characterised by only one 

cancer-specific mutation.  

Further criteria 

30 It is preferred that the MHC I binding and/or MHC || binding neoepitopes fulfil at least 

one of the following criteria i-vii: 

i. a high RNA expression level 

ii. a high allele frequency
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iii. a high clonality 

iv. match a known cancer related gene 

v. comprise a mutation identified by at least two different variant callers 

vi. are also found in the individual's plasma as determined e.g. by sequencing cell 

5 freeDNA 

vii. are found in at least two samples from the same individual, such as two 

samples from the same lesion or from two different lesions, or at least one 

tumor or lesion and at least one archival tumor material sample from the tumor 

or lesion.  

10 

RNA expression level, allele frequency, clonality, match to a known cancer related 

gene, identification by at least two different variant callers, presence in the individual's 

plasma, and presence in at least two samples from the same individual are as defined 

herein above.  

15 

In a more preferred embodiment the MHC I binding and/or MHC || binding neoepitopes 

fulfil at least two of the following criteria i-vii: 

i. a high RNA expression level 

ii. a high allele frequency 

20 iii. a high clonality 

iv. match a known cancer related gene 

v. comprise a mutation identified by at least two different variant callers 

vi. are also found in the individual's plasma as determined e.g. by sequencing cell 

free DNA 

25 vii. are found in at least two samples from the same individual, such as two 

samples from the same lesion or from two different lesions, or at least one 

tumor or lesion and at least one archival tumor material sample from the tumor 

or lesion.  

30 In an even more preferred embodiment the MHC I binding and/or MHC| binding 

neoepitopes fulfil at least three of the following criteria i-vii: 

i. a high RNA expression level 

ii. a high allele frequency 

iii. a high clonality 

35 iv. match a known cancer related gene
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v. comprise a mutation identified by at least two different variant callers 

vi. are also found in the individual's plasma as determined e.g. by sequencing cell 

free DNA 

vii. are found in at least two samples from the same individual, such as two 

5 samples from the same lesion or from two different lesions, or at least one 

tumor or lesion and at least one archival tumor material sample from the tumor 

or lesion.  

In a preferred embodiment the MHC I binding and/or MHC || binding neoepitopes fulfil 

10 at least four of the following criteria i-vii: 

i. a high RNA expression level 

ii. a high allele frequency 

iii. a high clonality 

iv. match a known cancer related gene 

15 v. comprise a mutation identified by at least two different variant callers 

vi. are also found in the individual's plasma as determined e.g. by sequencing cell 

free DNA 

vii. are found in at least two samples from the same individual, such as two 

samples from the same lesion or from two different lesions, or at least one 

20 tumor or lesion and at least one archival tumor material sample from the tumor 

or lesion.  

In another preferred embodiment the MHC I binding and/or MHC || binding neoepitopes 

fulfil at least five of the following criteria i-vii: 

25 i. a high RNA expression level 

ii. a high allele frequency 

iii. a high clonality 

iv. match a known cancer related gene 

v. comprise a mutation identified by at least two different variant callers 

30 vi. are also found in the individual's plasma as determined e.g. by sequencing cell 

free DNA 

vii. are found in at least two samples from the same individual, such as two 

samples from the same lesion or from two different lesions, or at least one 

tumor or lesion and at least one archival tumor material sample from the tumor 

35 or lesion.
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In another preferred embodiment the MHC I binding and/or MHC || binding neoepitopes 

fulfil six of the following criteria i-vii: 

i. a high RNA expression level 

5 ii. a high allele frequency 

iii. a high clonality 

iv. match a known cancer related gene 

v. comprise a mutation identified by at least two different variant callers 

vi. are also found in the individual's plasma as determined e.g. by sequencing cell 

10 freeDNA 

vii. are found in at least two samples from the same individual, such as two 

samples from the same lesion or from two different lesions, or at least one 

tumor or lesion and at least one archival tumor material sample from the tumor 

or lesion.  

15 

In another preferred embodiment the MHC I binding and/or MHC || binding neoepitopes 

fulfil all of the following criteria i-vii: 

i. a high RNA expression level 

ii. a high allele frequency 

20 iii. a high clonality 

iv. match a known cancer related gene 

v. comprise a mutation identified by at least two different variant callers 

vi. are also found in the individual's plasma as determined e.g. by sequencing cell 

free DNA 

25 vii. are found in at least two samples from the same individual, such as two 

samples from the same lesion or from two different lesions, or at least one 

tumor or lesion and at least one archival tumor material sample from the tumor 

or lesion.  

30 The criteria i-vii above are not listed in any preferred order, and may be prioritized in 

any manner. RNA expression level, allele frequency, clonality, match to a known 

cancer related gene, identification by at least two different variant callers, presence in 

the individual's plasma, and presence in at least two samples from the same individual 

are as defined herein above.  

35
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Thus, preferably MHC I binding and/or MHC || binding neoepitopes with a higher RNA 

expression level are ranked above neoepitopes with a lower RNA expression level.  

Preferably, MHC I binding and/or MHC || binding neoepitopes with a higher allele 

5 frequency are ranked above neoepitopes with a lower allele frequency.  

Preferably, MHC I binding and/or MHC || binding neoepitopes with a higher clonality 

are ranked above neoepitopes with a lower clonality.  

10 Preferably, MHC I binding and/or MHC || binding neoepitopes matching a known 

cancer related gene are ranked above neoepitopes not matching a known cancer 

related gene.  

Preferably, MHC I binding and/or MHC || binding neoepitopes comprising a mutation 

15 identified by at least two different variant callers are ranked above neoepitopes 

comprising a mutation identified by only one variant caller.  

Preferably, MHC I binding and/or MHC || binding neoepitopes which are found in the 

individual's plasma are ranked above neoepitopes which are not found in the 

20 individual's plasma.  

Preferably, MHC I binding and/or MHC || binding neoepitopes which are found in two or 

more samples from the same individual are ranked above neoepitopes which are found 

in only one sample from the individual. The two or more samples may be samples from 

25 the same lesion or from different lesions, or from at least one tumor or lesion and at 

least one archival tumor material sample from the tumor or lesion.  

Number of selected neoepitopes 

The neoepitopes which are selected for the individual are preferably used in a cancer 

30 vaccine such as a cancer vaccine construct, preferably a nucleotide vaccine construct.  

The vaccine is also referred to as a personalized cancer vaccine. The vaccine is 

immunogenic.  

In the method according to the present invention, A neoepitopes having clinical utility 

35 are selected. The A neoepitopes are preferably used in a cancer vaccine or in a cancer
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vaccine construct. Thus, the A neoepitopes are preferably included in the same 

vaccine construct. The vaccine construct is preferably a nucleotide construct. The 

nucleotide construct can be an RNA construct and/or a DNA construct. Preferably, the 

vaccine is a DNA construct, also referred to as a vaccibody DNA vaccine.  

5 

A is an integer. For example A is at least 1, such as at least 3, such as at least 5, such 

as at least 7, or for example at least 10, for example at least 20, such as at least 30, 

such as 40 or more. A may be a predetermined number.  

10 In addition, the inventors of the present invention have found that increasing the 

numbers of neoepitopes in the vaccine constructs from 1 to 3 neoepitopes or from 3 

neoepitopes to 10 neoepitopes leads to a surprising increase in the immune response.  

In addition, it has been found that increasing the number of neoepitopes in the vaccine 

constructs from 10 neoepitopes to 15 or 20 neoepitopes leads to a further increase in 

15 the immune response. In some embodiments, the number of neoepitopes in the 

vaccine construct is between 20 and 40, such as 30. In some embodiments, the 

number of neoepitopes in the vaccine construct is 40 or more.  

In one embodiment A is an integer of from 3 to 100, such as from 3 to 75, such as from 

20 3 to 50, such as from 3 to 30, such as from 3 to 20, such as from 3 to 15 or such as for 

example from 3 to 10 neoepitopes.  

In another embodiment A is an integer of from 5 to 50, such as from 5 to 30, such as 

for example from 5 to 25, such as from 5 to 20, such as from 5 to 15, such as from 5 to 

25 10.  

In a further embodiment A is an integer of from 10 to 50, such as from 10 to 40, such 

as from 10 to 30, such as from 10 to 20, such as from 10 to 25, such as from 10 to 20 

or such as for example from 10 to 15.  

30 

The neoepitopes selected by the present methods may be used to design vaccibody 

vaccines, which are described in detail further below. Vaccibody vaccines comprise at 

least one antigenic unit, a targeting unit and a dimerization unit. The neoepitopes are 

preferably comprised in the antigenic unit.  

35
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The inventors of the present invention have shown that vaccibody DNA vaccines 

comprising 10 neoepitopes induce a stronger and broader total immune response than 

vaccibody DNA vaccines comprising only 3 neoepitopes. Similarly, vaccibody DNA 

vaccines comprising 20 neoepitopes induce a stronger and broader total immune 

5 response than vaccines comprising only 10 neoepitopes. However, the cancer to be 

treated may be associated with only one cancer-specific neoepitope, and it may not be 

possible to construct a vaccibody DNA vaccine comprising more than one epitope.  

In a preferred embodiment A is an integer of from 10 to 20.  

10 

In another embodiment A is an integer of from 15 to 50, such as from 15 to 30 or such 

as from 15 to 20.  

In a specific embodiment A is 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 

15 20,21,22,23,24,25,26,27,28,29, 30,31, 32,33, 34,35, 36,37, 38,39 or40.  

In one embodiment, the antigenic unit comprises one copy of each cancer neoepitope, 

so that when 10 neoepitopes are included in the vaccine, a cell-mediated immune 

response against 10 different neoepitopes can be evoked.  

20 

In the method of the present invention x neoepitopes among the highest ranking of 

MHC I binding neoepitopes are selected, whereas y neoepitopes among the highest 

ranking MHC || binding neoepitopes are selected, wherein x+y=A. A is the total number 

of neoepitopes selected. A is as defined herein above.  

25 

x and y are integers.  

In a preferred embodiment x>y. For example, x > 2y. In another embodiment x > 2.5y. I 

one embodiment x> 3y.  

30 

In one embodiment 0.5A<x<A, wherein A is as defined above. Preferably A is an 

integer of from 10 to 20.  

In another embodiment 0.6A<x<A, such as 0.7A<x<A, such as for example 0.8A<x<A 

35 wherein A is as defined above. Preferably A is an integer of from 10 to 20.
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Specific methods 

In a particular embodiment, the method is a method for selecting a number A of 

neoepitopes for an individual, said method comprising the steps of: 

5 a. Obtaining one or more neoepitopes from said individual, each 

neoepitope comprising at least one minimal epitope, wherein each 

neoepitope comprises at least one immunogenic mutation compared to 

reference sequences; 

b. Determining MHC I binding affinity for at least one minimal epitope, such 

10 as at least two, three or four minimal epitopes within each of said 

neoepitopes, and determining the number of MHC I binding minimal 

epitopes for each of said neoepitopes; thereby identifying x MHC I 

binding neoepitopes; 

c. Ranking the neoepitopes as follows: 

15 i. prioritizing neoepitopes comprising a high number of minimal 

epitopes and select a first group of neoepitopes having a high 

score; 

ii. optionally, prioritizing neoepitopes from the first group of 

neoepitopes as follows: 

20 1) if the mutation is in an anchoring position and 

the binding differential of the minimal epitope is equal 

to or greater than 20, the minimal epitope has the 

highest score; 

2) if the mutation is in a non-anchoring position 

25 and the binding differential of the minimal epitope is 

equal to or greater than 20, the score of the minimal 

epitope is lower than the score for the minimal 

epitopes of 1); 

3) if the mutation is in an anchoring position and 

30 the binding differential of the minimal epitope is lower 

than 20 and equal to or greater than 3, the score of 

the minimal epitope is lower than the score the 

minimal epitopes of 2); 

4) if the mutation is in a non-anchoring position 

35 and the binding differential of the minimal epitope is
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lower than 20 and equal to or greater than 3, the 

score of the minimal epitope is lower than the score 

the minimal epitopes of 3); 

5) if the mutation is in an anchoring position and 

5 the binding differential of the minimal epitope is less 

than 3, the score of the minimal epitope is lower than 

the score of the minimal epitopes of 4); 

6) if the mutation is in a non-anchoring position 

and the binding differential of the minimal epitope is 

10 less than 3, the score of the minimal epitope is lower 

than the score of the minimal epitopes of 5); 

7) if the minimal epitope has a mutation with a 

binding differential lower than 1, regardless of the 

position of the mutation, the minimal epitope has the 

15 lowest score, 

wherein the MHC I binding differential is given by the formula 

(%Rank score (MHC I) for reference) / (%Rank score (MHC I) for 

minimal epitope); and selecting a second group of neoepitopes 

having a high score; 

20 iii. optionally, prioritizing neoepitopes from second group based on 

their MHC I %Rank score and selecting a third group of 

neoepitopes having a low MHC I %Rank score; 

iv. optionally, selecting a fourth group of neoepitopes including 

minimal epitopes with high resemblance to epitopes known to be 

25 recognized by T cells; 

v. optionally, prioritizing neoepitopes from the third group or from 

the fourth group based on their BLOSUM score, wherein a 

BLOSUM score less than a predetermined threshold is ranked 

higher than a BLOSUM score equal to or greater than said 

30 threshold, and selecting a fifth group of neoepitopes having a 

BLOSUM score less than said threshold, wherein said threshold 

preferably is 1; 

wherein the first, second, third, fourth or fifth group of neoepitopes comprises said A 

neoepitopes.  

35
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In a particular embodiment, the method is a method for selecting a number A of 

neoepitopes for an individual, said method comprising the steps of: 

a. Obtaining one or more neoepitopes from said individual, each 

neoepitope comprising at least one minimal epitope, wherein each 

5 neoepitope comprises at least one immunogenic mutation compared to 

reference sequences; 

b. Determining MHC I binding affinity for at least one minimal epitope, such 

as at least two, three or four minimal epitopes within each of said 

neoepitopes, and determining the number of MHC I binding minimal 

10 epitopes for each of said neoepitopes; thereby identifying x MHC I 

binding neoepitopes; 

c. Ranking the neoepitopes as follows: 

i. prioritizing neoepitopes comprising a high number of minimal 

epitopes and select a first group of neoepitopes having a high 

15 score; 

ii. optionally, prioritizing neoepitopes from the first group of 

neoepitopes as follows: 

1) if the mutation is in an anchoring position and the 

binding differential of the minimal epitope is equal to 

20 or greater than 20, the minimal epitope has the 

highest score; 

2) if the mutation is in a non-anchoring position and 

the binding differential of the minimal epitope is 

equal to or greater than 20, the score of the minimal 

25 epitope is lower than the score for the minimal 

epitopes of 1); 

3) if the mutation is in an anchoring position and the 

binding differential of the minimal epitope is lower 

than 20 and equal to or greater than 3, the score of 

30 the minimal epitope is lower than the score the 

minimal epitopes of 2); 

4) if the mutation is in a non-anchoring position and 

the binding differential of the minimal epitope is 

lower than 20 and equal to or greater than 3, the
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score of the minimal epitope is lower than the score 

the minimal epitopes of 3); 

5) if the mutation is in an anchoring position and the 

binding differential of the minimal epitope is less 

5 than 3, the score of the minimal epitope is lower 

than the score of the minimal epitopes of 4); 

6) if the mutation is in a non-anchoring position and 

the binding differential of the minimal epitope is less 

than 3, the score of the minimal epitope is lower 

10 than the score of the minimal epitopes of 5); 

7) if the minimal epitope has a mutation with a binding 

differential lower than 1, regardless of the position 

of the mutation, the minimal epitope has the lowest 

score, 

15 wherein the MHC I binding differential is given by the formula 

(%Rank score (MHC I) for reference) / (%Rank score (MHC I) for 

minimal epitope); and selecting a second group of neoepitopes 

having a high score; 

iii. optionally, prioritizing neoepitopes from second group based on 

20 their MHC I %Rank score and selecting a third group of 

neoepitopes having a low MHC I %Rank score; 

iv. optionally, selecting a fourth group of neoepitopes including 

minimal epitopes with high resemblance to epitopes known to be 

recognized by T cells; 

25 v. optionally, prioritizing neoepitopes from the third group or from 

the fourth group based on their BLOSUM score, wherein a 

BLOSUM score less than a predetermined threshold is ranked 

higher than a BLOSUM score equal to or greater than said 

threshold, and selecting a fifth group of neoepitopes having a 

30 BLOSUM score less than said threshold, wherein said threshold 

preferably is 1; 

vi. optionally, selecting neoepitopes from the first, second, third, 

fourth or fifth group of neoepitopes based on the neoepitopes 

being found in two or more samples, and selecting a sixth group 

35 of neoepitopes found in two or more samples;



WO 2020/065023 PCT/EP2019/076210 
51 

vii. optionally, selecting neoepitopes from the first, second, third, 

fourth, fifth or sixth group of neoepitopes based on the 

identification of the mutation by at least two different variant 

callers, and selecting a seventh group of neoepitopes comprising 

5 a mutation identified by at least two different variant callers, 

wherein the first, second, third, fourth, fifth, sixth or seventh group of neoepitopes 

comprises said A neoepitopes.  

The method may also further comprise ranking the neoepitopes according to any of the 

10 additional parameters described herein, such as clonality, levels of RNA expression 

and allele frequency.  

In some embodiments, the second group is a subgroup of the first group. In some 

embodiments, the third group is a subgroup of the second group and/or of the first 

15 group. In some embodiments, the fourth group is a subgroup of the third group and/or 

of the second group and/or of the first group. In some embodiments, the fifth group is a 

subgroup of the fourth group and/or of the third group and/or of the second group 

and/or of the first group. In some embodiments, the sixth group is a subgroup of the 

fifth group and/or of the fourth group and/or of the third group and/or of the second 

20 group and/or of the first group. In some embodiments the seventh group is a subgroup 

of the sixth group and/or of the fifth group and/or of the fourth group and/or of the third 

group and/or of the second group and/or of the first group. Subgroups may be of 

identical sizes.  

25 In one embodiment, the method comprises step i. above. In another embodiment, the 

method comprises steps i. and ii. above. In another embodiment, the method 

comprises steps i. and iii. above. In another embodiment, the method comprises steps 

i. and iv. above. In another embodiment, the method comprises steps i., ii. and iii.  

above. In another embodiment, the method comprises steps i., ii. and iv. above. In 

30 another embodiment, the method comprises steps i., iii. and iv. above. In another 

embodiment, the method comprises steps i., ii., iii. and iv. above. In some 

embodiments, the method further comprises step v. and/or step vi. and/or step vii.  

above.
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In one embodiment, the method for selecting a number A of neoepitopes for an 

individual suffering from or suspected of suffering from cancer comprises the steps of: 

a. Obtaining one or more neoepitopes from said individual, each neoepitope 

comprising at least one minimal epitope, wherein each neoepitope comprises at 

5 least one mutation such as an immunogenic mutation compared to a reference 

sequence, wherein the minimal epitope consists of a number of amino acids 

equal to or smaller than the number of amino acids of the neoepitope and 

comprises said at least one mutation; wherein preferably obtaining the 

neoepitopes comprises the step of identifying mutations in nucleic acid 

10 sequences which are specific for the tumor; 

b. Determining MHC I and/or MHC || binding affinity for at least one minimal 

epitope, such as at least two, three or four minimal epitopes within each of said 

neoepitopes, optionally wherein the binding affinity is determined by in siico 

prediction; 

15 c. Selecting neoepitopes comprising at least one minimal epitope predicted to bind 

to MHC I and/or to MHC II, thereby obtaining MHC binding neoepitopes; 

d. Ranking the MHC binding neoepitopes with respect to their likelihood of clinical 

utility as described herein; 

e. Selecting A neoepitopes among the highest ranking MHC binding neoepitopes, 

20 thereby selecting A neoepitopes likely to have clinical utility, wherein step d further 

comprises ranking the neoepitopes as follows: 

i) determining whether the mutation is in an anchoring position or a non

anchoring position of the minimal neoepitope for each minimal epitope 

comprised within the neoepitope; 

25 ii) prioritizing the neoepitopes, 

optionally wherein prioritizing the neoepitopes in step ii) is performed by 

assigning to each neoepitope the highest score of the minimal epitopes they 

comprise, and wherein the prioritizing of the neoepitopes is performed as 

follows: 

30 1) if the mutation is in an anchoring position and the binding 

differential of the minimal epitope is equal to or greater than 20, 

the minimal epitope has the highest score; 

2) if the mutation is in a non-anchoring position and the binding 

differential of the minimal epitope is equal to or greater than 20,
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the score of the minimal epitope is lower than the score for the 

minimal epitopes of 1); 

3) if the mutation is in an anchoring position and the binding 

differential of the minimal epitope is lower than 20 and equal to 

5 or greater than 3, the score of the minimal epitope is lower than 

the score the minimal epitopes of 2); 

4) if the mutation is in a non-anchoring position and the binding 

differential of the minimal epitope is lower than 20 and equal to 

or greater than 3, the score of the minimal epitope is lower than 

10 the score the minimal epitopes of 3); 

5) if the mutation is in an anchoring position and the binding 

differential of the minimal epitope is less than 3 and equal to or 

greater than 1, the score of the minimal epitope is lower than 

the score of the minimal epitopes of 4); 

15 6) if the mutation is in a non-anchoring position and the binding 

differential of the minimal epitope is less than 3 and equal to or 

greater than 1, the score of the minimal epitope is lower than 

the score of the minimal epitopes of 5); 

7) if the minimal epitope has a mutation with a binding differential 

20 lower than 1, regardless of the position of the mutation, the 

minimal epitope has the lowest score.  

In one embodiment, the method for selecting a number A of neoepitopes for an 

individual suffering from or suspected of suffering from cancer comprises the steps of: 

25 a. Obtaining one or more neoepitopes from said individual, each neoepitope 

comprising at least one minimal epitope, wherein each neoepitope comprises at 

least one mutation such as an immunogenic mutation compared to a reference 

sequence, wherein the minimal epitope consists of a number of amino acids 

equal to or smaller than the number of amino acids of the neoepitope and 

30 comprises said at least one mutation; wherein preferably obtaining the 

neoepitopes comprises the step of identifying mutations in nucleic acid 

sequences which are specific for the tumor; 

b. Determining MHC I and/or MHC || binding affinity for at least one minimal 

epitope, such as at least two, three or four minimal epitopes within each of said
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neoepitopes, optionally wherein the binding affinity is determined by in siico 

prediction; 

c. Selecting neoepitopes comprising at least one minimal epitope predicted to bind 

to MHC I and/or to MHC II, thereby obtaining MHC binding neoepitopes; 

5 d. Ranking the MHC binding neoepitopes with respect to their likelihood of clinical 

utility; 

e. Selecting A neoepitopes among the highest ranking MHC binding neoepitopes, 

thereby selecting A neoepitopes likely to have clinical utility, 

wherein step d comprises ranking the neoepitopes with respect to the number of 

10 minimal epitopes they comprise, where a higher number of minimal epitopes gives a 

higher rank.  

In another embodiment, the method for selecting a number A of neoepitopes for an 

individual suffering from or suspected of suffering from cancer comprises the steps of: 

15 a. Obtaining one or more neoepitopes from said individual, each neoepitope 

comprising at least one minimal epitope, wherein each neoepitope comprises at 

least one mutation such as an immunogenic mutation compared to a reference 

sequence, wherein the minimal epitope consists of a number of amino acids 

equal to or smaller than the number of amino acids of the neoepitope and 

20 comprises said at least one mutation; wherein preferably obtaining the 

neoepitopes comprises the step of identifying mutations in nucleic acid 

sequences which are specific for the tumor; 

b. Determining MHC I and/or MHC || binding affinity for at least one minimal 

epitope, such as at least two, three or four minimal epitopes within each of said 

25 neoepitopes, optionally wherein the binding affinity is determined by in siico 

prediction; 

c. Selecting neoepitopes comprising at least one minimal epitope predicted to bind 

to MHC I and/or to MHC II, thereby obtaining MHC binding neoepitopes; 

d. Ranking the MHC binding neoepitopes with respect to their likelihood of clinical 

30 utility; 

e. Selecting A neoepitopes among the highest ranking MHC binding neoepitopes, 

thereby selecting A neoepitopes likely to have clinical utility, 

wherein step d comprises ranking the neoepitopes with respect to the number of 

samples in which they are found, wherein neoepitopes found in a higher number of
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samples are ranked higher than neoepitopes found in a lower number of samples, 

preferably wherein the samples are samples from different lesions.  

Each of the above steps of the specific methods described in this section may be as 

5 described herein elsewhere.  

Vaccine 

Another aspect of the present invention relates to a method of preparing a cancer 

vaccine comprising neoepitopes, said method comprising a step of selecting said 

neoepitopes using the methods for selecting neoepitopes as defined herein.  

10 

In some embodiments 10-40 neoepitopes are selected. That is, A is an integer of from 

10 to 40. In other embodiment, 10-30 or 10-20 neoepitopes are selected.  

In one embodiment said cancer vaccine comprises a nucleotide construct comprising: 

15 - a targeting unit 

- a dimerization unit 

- a first linker 

- an antigenic unit, wherein said antigenic unit comprises A-1 antigenic 

subunits, each subunit comprising a sequence encoding at least one of 

20 said neoepitopes and a second linker and said antigenic unit further 

comprising a final sequence encoding one of said neoepitopes, wherein 

A is an integer from 1 to 100, such as from 3 to 50.  

wherein said nucleotide construct is applied to the anticancer vaccine in an 

immunologically effective amount.  

25 

The integer A is as described herein and above. The above DNA vaccine is also called 

a vaccibody DNA vaccine.  

The present invention relates to a vaccine prepared by the method as described above.  

30 

Thus, the neoantigen vaccines provided by the methods described herein may 

comprise a polynucleotide encoding a polypeptide comprising three units, i.e. a 

targeting unit, a dimerization unit and an antigenic unit. Due to the dimerization unit the 

polypeptide forms a dimeric protein called a vaccibody.
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The genes encoding the three units are genetically engineered to be expressed as one 

gene. When expressed in vivo, the polypeptides/dimeric proteins target antigen 

presenting cells (APCs), which results in enhanced vaccine potency compared to 

5 identical non-targeted antigens.  

Antigenic unit 

The antigenic unit comprises a plurality of tumor neoepitopes, wherein each 

neoepitope corresponds to a mutation identified in a tumor neoantigen. Said mutation 

10 may be one or more mutations, as explained above.  

In the antigenic unit, all but the last of the tumor neoepitopes are arranged in antigenic 

subunits, wherein each subunit consists of a tumor neoepitope sequence and a second 

linker, whereas the last subunit comprises a neoepitope only, i.e. no such second 

15 linker. Due to the separation of the tumor neoepitope sequences by said second linker, 

each neoepitope is presented in an optimal way to the immune system, whereby the 

efficiency of the vaccine is ensured as discussed below.  

The cancer neoepitope sequence preferably has a length suitable for presentation by 

20 the MHC molecules discussed above. Preferred neoepitope lengths are described 

above.  

In order to avoid that tumors escape the immune system by shutting down expression 

of a mutated gene if the vaccine is directed towards the expression product of said 

25 gene, it is preferred to include a plurality of different neoepitopes into the antigenic unit.  

In general the more genes the tumor has to shut down the less likely is it that the tumor 

is capable of shutting down all of them and still be able to proliferate or even survive.  

Furthermore, the tumor may be heterogeneous in that not each and every neoantigen 

is expressed by all the tumor cells. Accordingly, in accordance with the present 

30 invention, the approach is to include many neoepitopes into the vaccine in order to 

attack the tumor efficiently. Preferably, the plurality of neoepitopes targets the 

expression of a plurality of genes. Also, in order to secure that all neoepitopes are 

loaded efficiently to the same antigen presenting cell they are arranged as one amino 

acid chain instead of as discrete peptides.  

35
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The number of neoepitopes that are selected and included in the vaccine construct is 

as described above.  

In one embodiment, the antigenic unit comprises one copy of each cancer neoepitope, 

5 so that a response can be evoked against as many different neoepitopes as are 

included in the vaccine. For example, when 10 neoepitopes are included in the vaccine 

a cell-mediated immune response against 10 different neoepitopes can be evoked, or 

when 20 neoepitopes are included in the vaccine a cell-mediated immune response 

against 20 different neoepitopes can be evoked. In some embodiments, the vaccine 

10 may comprise more than 20 neoepitopes, thereby evoking a response against as many 

neoepitopes.  

If however only a few relevant antigenic mutations are identified, then the antigenic unit 

may comprise at least two copies of at least one neoepitope in order to strengthen the 

15 immune response to these neoepitopes. Also for manufacturing and regulatory reasons 

it may be an advantage to keep the length of plasmid and i.e. the antigenic unit 

constant or of similar length, and therefore it may be advantageous to include more 

than one copy of the same neoepitope in the antigenic unit.  

20 As discussed above, it may be an advantage to keep the length of the antigenic unit 

constant, and therefore it is preferred in one embodiment that all the cancer neoepitope 

sequences have identical length. However, if one or more of the neoepitopes result 

from a mutation leading to a frame shift or stop codon mutation, the neoepitope may 

have a substantial length, such as consisting of at least the mutated part of the protein, 

25 the most antigenic portion of the mutated protein or maybe of the whole mutated 

protein, whereby the length of at least one of the neoepitopes is substantially longer 

than the neoepitopes arising from a non-synonymous point mutation.  

The length of the antigenic unit is primarily determined by the length of the neoepitopes 

30 and the number of neoepitopes arranged in the antigenic unit and is from about 21 to 

1500, preferably from about 30 amino acids to about a 1000 amino acids, more 

preferably from about 50 to about 500 amino acids, such as from about 100 to about 

400 amino acids, from about 100 to about 300 amino acids.
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The cancer neoepitope sequence inserted into the vaccine may comprise the mutation 

flanked at both sides by an amino acid sequence. Preferably, the mutation is positioned 

essentially in the middle of a cancer neoepitope sequence, in order to ensure that the 

immunogenic mutation is presented by the antigen presenting cells after processing.  

5 The amino acid sequences flanking the mutation are preferably the amino acid 

sequences flanking the mutation in the neoantigen, whereby the cancer neoepitope 

sequence is a true subsequence of the cancer neoantigen amino acid sequence.  

The second linker is designed to be non-immunogenic and is preferably also a flexible 

10 linker, whereby the tumor neoepitopes, in spite of the high numbers of antigenic 

subunits present in the antigenic unit, are presented in an optimal manner to the T 

cells. Preferably, the length of the second linker is from 4 to 20 amino acids to secure 

the flexibility. In another preferred embodiment, the length of the second linker is from 8 

to 20 amino acids, such as from 8 to 15 amino acids, for example 8 to 12 amino acids 

15 or such as for example from 10 to 15 amino acids. In a particular embodiment, the 

length of the second linker is 10 amino acids.  

In a specific embodiment, the vaccine of the present invention comprises 10 

neoepitopes, wherein the second linkers have a length of from 8 to 20 amino acids, 

20 such as from 8 to 15 amino acids, for example 8 to 12 amino acids or such as for 

example from 10 to 15 amino acids. In a particular embodiment, the vaccine of the 

present invention comprises 10 neoepitopes and wherein the second linkers have a 

length of 10 amino acids.  

25 The second linker is preferably a serine-glycine linker, such as a flexible GGGGS 

linker, such as GGGSS, GGGSG, GGGGS or multiple variants thereof such as 

GGGGSGGGGS or (GGGGS)m, (GGGSS)m, (GGGSG)m, where m is an integer from 

1 to 5, from 1 to 4 or from 1 to 3. In a preferred embodiment m is 2.  

30 Targeting unit 

Due to the targeting unit, the polypeptide/dimeric protein leads to attraction of dendritic 

cells (DCs), neutrophils and other immune cells. Thus, the polypeptide/dimeric protein 

comprising the targeting module will not only target the antigens to specific cells, but in 

addition facilitate a response-amplifying effect (adjuvant effect) by recruiting specific 

35 immune cells to the administration site of the vaccine. This unique mechanism is of
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great importance in a clinical setting where patients can receive the vaccine without 

any additional adjuvants since the vaccine itself gives the adjuvant effect.  

The term "targeting unit" as used herein refers to a unit that delivers the 

5 polypeptide/protein with its antigen to an antigen presenting cell for MHC class ||

restricted presentation to CD4+ T cells or for providing cross presentation to CD8+ T 

cells by MHC class I restriction.  

The targeting unit is connected through the dimerization unit to the antigenic unit, 

10 wherein the latter is in either the COOH-terminal or the NH 2-terminal end of the 

polypeptide/dimeric protein. It is preferred that the antigenic unit is in the COOH

terminal end of the polypeptide/dimeric protein.  

The targeting unit is designed to target the polypeptide/dimeric protein of the invention 

15 to surface molecules expressed on the relevant antigen presenting cells, such as 

molecules expressed exclusively on subsets of dendritic cells (DC).  

Examples of such target surface molecules on APC are human leukocyte antigen 

(HLA), cluster of differentiation 14 (CD14), cluster of differentiation 40 (CD40), 

20 chemokine receptors and Toll-like receptors (TLRs). HLA is a major histocompatibility 

complex (MHC) in humans. The Toll-like receptors may for example include TLR-2, 

TLR-4 and/or TLR-5.  

The polypeptide/dimeric protein of the invention can be targeted to said surface 

25 molecules by means of targeting units comprising for example antibody binding regions 

with specificity for CD14, CD40, or Toll- like receptor; ligands, e.g. soluble CD40 ligand; 

natural ligands like chemokines, e.g. RANTES or MIP-1a ; or bacterial antigens like for 

example flagellin.  

30 In one embodiment the targeting unit has affinity for an MHC class || protein. Thus, in 

one embodiment the nucleotide sequence encoding the targeting unit encodes the 

antibody variable domains (VL and VH) with specificity for MHC class || proteins, 

selected from the group consisting of anti-HLA-DP, anti-HLA-DR and anti-HLA-I.
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In another embodiment the targeting unit has affinity for a surface molecule selected 

from the group consisting of CD40, TLR-2, TLR-4 and TLR-5, Thus, in one 

embodiment the nucleotide sequence encoding the targeting unit encodes the antibody 

variable domains (VL and VH) with specificity for anti-CD40, anti-TLR-2, anti-TLR-4 

5 and anti-TLR-5. In one embodiment the nucleotide sequence encoding the targeting 

unit encodes Flagellin. Flagellin has affinity for TLR-5.  

Preferably, the targeting unit has affinity for a chemokine receptor selected from CCR1, 

CCR3 and CCR5. More preferably, the nucleotide sequence encoding the targeting 

10 unit encodes the chemokine hMIP-1alpha (LD78beta), which binds to its cognate 

receptors, CCR1, CCR3 and CCR5 expressed on the cell surface of APCs. hMIP

lalpha (human MIP-1alpha) is also known as Chemokine (C-C motif) ligand 3 (CCL3), 

which in humans is encoded by the CCL3 gene. CCL3, also known as Macrophage 

inflammatory protein-la (MIP-1a), is a cytokine belonging to the CC chemokine family 

15 that is involved in the acute inflammatory state in the recruitment and activation of 

polymorphonuclear leukocytes. While mouse CCL3 is a single copy gene encoding for 

a mature chemokine of 69 amino acids, the human homolog has been duplicated and 

mutated to generate two non-allelic variants, LD78a (CCL3) and LD78P (CCL3-L1), 

both showing a 74% homology with the mouse CCL3.  

20 

The binding of the polypeptide/dimeric protein of the invention to its cognate receptors 

leads to internalization in the APC and degradation of the proteins into small peptides 

including the minimal epitopes - and hence the mutation - that are loaded onto MHC 

molecules and presented to CD4+ and CD8+ T cells to induce tumor specific immune 

25 responses. Once stimulated and with help from activated CD4+ T cells, CD8+ T cells 

will target and kill tumor cells expressing the same neoantigens.  

In one embodiment of the present invention, the targeting unit comprises an amino acid 

sequence having at least 80% sequence identity to the amino acid sequence 5-70 of 

30 SEQ ID NO: 1. In a preferred embodiment, the targeting unit comprises an amino acid 

sequence having at least 85% sequence identity to the amino acid sequence 5-70 of 

SEQ ID NO: 1, such as at least 86%, such as at least 87%, such as at least 88%, such 

as at least 89%, such as at least 90%, such as at least 91%, such as at least 92%, 

such as at least 93%, such as at least 94%, such as at least 95%, such as at least
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96%, such as at least 97%, such as at least 98%, such as at least 99% sequence 

identity.  

In a more preferred embodiment the targeting unit consists of an amino acid sequence 

5 having at least 80% sequence identity to the amino acid sequence 5-70 of SEQ ID NO: 

1, such as at least 85%, such as at least 86%, such as at least 87%, such as at least 

88%, such as at least 89%, such as at least 90%, such as at least 91%, such as at 

least 92%, such as at least 93%, such as at least 94%, such as at least 95%, such as 

at least 96%, such as at least 97%, such as at least 98%, such as at least 99%, such 

10 as at least 100% sequence identity to the amino acid sequence 5-70 of SEQ ID NO: 1.  

Dimerization unit 

The term "dimerization unit" as used herein, refers to a sequence of amino acids 

between the antigenic unit and the targeting unit. Thus, the dimerization unit serves to 

15 connect the antigenic unit and the targeting unit, and facilitates dimerization of two 

monomeric polypeptides into a dimeric protein. Furthermore, the dimerization unit also 

provides the flexibility in the polypeptide/dimeric protein to allow optimal binding of the 

targeting unit to the surface molecules on the antigen presenting cells (APCs), even if 

they are located at variable distances. The dimerization unit may be any unit that fulfils 

20 these requirements.  

Accordingly, in one embodiment the dimerization unit may comprise a hinge region and 

optionally another domain that facilitates dimerization, and the hinge region and the 

other domain may be connected through a third linker.  

25 

The term "hinge region" refers to a peptide sequence of the dimeric protein that 

facilitates the dimerization. The hinge region functions as a flexible spacer between the 

units allowing the two targeting units to bind simultaneously to two target molecules on 

APCs, even if they are expressed with variable distances. The hinge region may be Ig 

30 derived, such as derived from IgG3. The hinge region may contribute to the 

dimerization through the formation of covalent bond(s), e.g. disulfide bridge(s). Thus, in 

one embodiment the hinge region has the ability to form one or more covalent bonds.  

The covalent bond can for example be a disulfide bridge.



WO 2020/065023 PCT/EP2019/076210 
62 

In one embodiment, the other domain that facilitates dimerization is an immunoglobulin 

domain, such as a carboxyterminal C domain, or a sequence that is substantially 

identical to the C domain or a variant thereof. Preferably, the other domain that 

facilitates dimerization is a carboxyterminal C domain derived from IgG.  

5 

The immunoglobulin domain contributes to dimerization through non-covalent 

interactions, e.g. hydrophobic interactions. For example, the immunoglobulin domain 

has the ability to form dimers via noncovalent interactions. Preferably, the noncovalent 

interactions are hydrophobic interactions.  

10 

It is preferred that the dimerization unit does not comprise a CH2 domain capable of 

binding to F cell receptors. In some embodiments, the dimerisation unit is devoid of the 

CH2 domain altogether. In other embodiments, the CH2 domain is mutated so that it 

has lost its ability to bind to F cell receptors.  

15 

In a preferred embodiment, the dimerization unit consists of hinge exons hi and h4 

connected through a third linker to a CH3 domain of human IgG3.  

CD8+ T cell response 

20 The vaccines described herein, obtained by the present ranking methods, may induce 

a shift of the immune response from a CD4+ T cell response to a CD8+ T cell response 

for a given neoepitope. Thus in one aspect is provided a method for selecting a number 

A of neoepitopes for an individual, said method comprising the steps of: 

a. Obtaining one or more neoepitopes from said individual, each neoepitope 

25 comprising at least one minimal epitope, wherein each neoepitope comprises at least 

one mutation such as an immunogenic mutation compared to a reference sequence; 

b. Determining MHC I and/or MHC || binding affinity for at least one minimal 

epitope, such as at least two, three or four minimal epitopes within each of said 

neoepitopes; 

30 c. Selecting neoepitopes predicted to bind to MHC I and/or to MHC II, 

thereby obtaining MHC binding neoepitopes; 

d. Ranking the MHC binding neoepitopes with respect to their likelihood of 

clinical utility;
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e. Selecting A neoepitopes among the highest ranking MHC binding 

neoepitopes, wherein A is an integer and A is at least 3, such as at least 4, such as at 

least 5, 

thereby selecting A neoepitopes capable of inducing a CD8+ T cell response when 

5 administered as a vaccine as described herein.  

In some embodiments, the vaccines comprising the neoepitopes selected by the 

methods described herein are thus able to induce a CD8+ T cell response. In particular 

embodiments, such vaccines are capable of inducing a dominant CD8+ T cell response 

10 in contrast to other vaccine formats. For example, a neoepitope which induces a CD4+ 

T cell response when administered as a peptide vaccine and/or as an RNA vaccine 

may induce a CD8+ T cell response when administered as a vaccibody DNA vaccine 

as described herein. In particular, the neoepitopes selected by the present methods 

may not previously have been found to be able to induce a CD8+ T cell response. The 

15 inventors have found this to be the case for several neoepitopes, as shown in example 

13 and figure 6.  

In some embodiments, A is an integer as otherwise described herein.  

20 Examples 

Example 1 - Source, history and generation of the VB10.NEO patient-specific host cell 

lines 

The design of the Neoepitope Antigenic Module is based on unique tumor-specific 

25 sequences identified for each patient. In order to predict the most immunogenic 

neoepitopes, an optimized workflow is established as summarized below and illustrated 

in Figure 7.  

1) The first step of neoepitope selection is the identification of all tumor 

30 specific mutations. The neoepitopes that are not expressed in the tumor or may for 

example comprise 9 aa peptides (including the mutation site) that have an identical 

sequence match elsewhere in the proteome are excluded or down-prioritized.  

Furthermore, neoepitopes in genes that show at least five-fold higher RNA expression 

level in a specific organ/tissue compared to all other tissues are also excluded or down

35 prioritized.
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2) The next step is the construction of the neoepitopes (27 amino acid long, 

the mutation being in the middle) and ranking of these based on an optimal 

combination of peptide binding affinity to HLA molecules and their residue properties.  

5 

3) In some embodiments, the finalization of the neoepitope set includes an 

evaluation of neoepitopes based on carefully selected evaluation criteria consisting of 

properties of the neoepitopes and/or their source genes reported to be potentially 

important for defining immunogenic neoepitopes. This evaluation is performed by a 

10 target selection board consisting of a clinician (CMO), immunologist (CSO) and a 

bioinformatician.  

Example 2 - Patient Tissue Collection and Handling 

Solid tumor tissue as well as blood samples are collected from eligible patients during 

screening.  

15 

At least one core biopsy is collected for exome sequencing and RNA sequencing.  

Cryopreservation is ideal to maintain specimen integrity for exome and transcriptome 

sequencing and thus this material is preferentially used for sequencing purposes. In 

case fresh tumor material cannot be obtained at screening, tumor material preserved in 

20 FFPE before screening may be accepted for sequencing.  

Blood samples are collected . For cryopreserved tumor biopsy samples, the samples 

are submerged into liquid nitrogen for flash freezing and stored in liquid nitrogen. For 

FFPE tumor material, tissue samples are fixed in 4-10% neutral buffered formalin.  

25 Samples are then dehydrated prior to embedding and storage at room temperature.  

Example 3 - Patient Exome and RNA Sequencing and HLA typing 

Exome and RNA sequencing data are obtained from blood and tumor as well as 

patient's HLA type. Sequencing of tumor and blood samples are performed using at 

30 least 2x100 bp read length. The raw data output is at least 24 gigabases (Gbs).  

RNA sequencing is performed from tumor samples with at least 2x100 bp read length.  

The total data output is at least 100 million reads.
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For HLA typing, DNA isolated from blood samples is sequenced with at least 2x150 bp 

read length on Illumina platform with more than 100x coverage.  

Example 4 - Bioinformatics processing and identification of mutations in tumor 

5 The exome and RNA expression data is provided as FASTQ files for download from 

the sequencing provider's internal secured server. The analysis of the QC-passed raw 

exome sequences (FASTQ files) follows the best practices workflow defined by the 

latest technology and optimized algorithms for fastq processing and variant calling for 

pairs of tumor and normal samples (e.g. Miller et al., 2015; Van der Auwera et al., 

10 2013).  

The raw FASTQ files from RNA sequencing are mapped using the most advanced 

practices within RNA sequencing analysis (e.g. Dobin et al., 2013; Dutton G. 2016).  

15 The patient's HLA-alleles are identified from EDTA-blood sample using Illumina 

sequencing platform.  

All mutations (variants identified in vcf files) found in the protein coding genes for which 

RNA expression is detected in tumor tissue (TPM > 0, as defined in Gubin et al., 2015) 

20 are investigated for their potential utility as a neoepitope.  

A peptide sequence spanning 13 amino acids on each side of the mutation is 

extracted, forming the neoepitope sequence with a total length of 27 amino acids. For 

the non-synonymous mutations located closer than 13 amino acids to the protein C

25 terminal or N-terminal, the mutation flanking sequence is shorter than 13 amino acids 

on one side, thus, the total length of the neoepitope sequence will be shorter than 27 

amino acids.  

Example 5 - The exclusion criteria to minimize the risk of autoimmunity 

30 To minimize the risk of cross-reactivity, all neoepitopes with a core peptide of 9 amino 

acids (including the mutation) that match any peptide sequence in the normal human 

proteome are preferably excluded or down-prioritized at this stage.. Furthermore, 

neoepitopes in genes that show at least five-fold higher RNA expression level in a
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specific tissue or organ compared to all other tissues or organs (as defined by Human 

Proteome Atlas, Uhlen et al., 2015) are excluded or down-prioritized as well.  

Example 6 - Development of computational model for neoepitope Prioritisation in 

5 mouse tumor models 

In order to identify the most immunogenic neoepitopes, the data and results from two in 

vivo mouse tumor models were utilized to develop a computational model for prediction 

of neoepitope prioritization.  

10 Using multiple data sets from pre-clinical experiments in vivo in mice, features relevant 

for prediction of immunogenic neoepitopes were collected and their prediction potential 

was assessed. Neoepitopes identified in the CT26 colon carcinoma model and their 

immunogenicity observed in VB10.NEO vaccinated BALB/c mice (H-2d) were used to 

develop a strategy to prioritise neoepitopes based on predicted immunogenicity. The 

15 prediction ability of this strategy was validated using immunogenicity data collected for 

neoepitopes identified in the B16 melanoma model and in the LL2 lung cancer model 

and their immunogenicity observed in VB10.NEO vaccinated C57B11/6 mice (H-2b). The 

neoepitopes were classified as immunogenic if the number of IFN-y > the negative 

control + 2xSD and number of spots > 25 analysed by IFN-y ELISpot assays performed 

20 in-house. Binding affinity (%Rank) for the MHC molecules class I and II using the 

prediction tools NetMHCpan (Nielsen et al., 2016) and NetMHCllpan (Andreatta et al., 

2015), the total number of binding minimal epitopes, the difference between binding 

affinity between the mutated and wildtype epitope (binding differential) and the BLOcks 

SUbstitution Matrix (BLOSUM) score (Henikoff et al., 1992) showed a distinct pattern 

25 between immunogenic and non-immunogenic neoepitopes.  

Example 7 - Binding affinity (%Rank), the total number of binding epitopes, binding 

differential and BLOSUM score.  

In mice, only peptides that have an affinity for MHC class I or II (in humans HLA class 1 

30 or II) provide eligible T-cell targets. One strategy for selecting vaccine targets is to 

choose candidate neoepitopes based on their predicted affinities for the MHC 

molecules class I and II using NetMHCpan and NetMHCllpan, respectively. For all 

neoepitopes of 27 amino acids, these servers provide binding affinity scores for the 

selected MHC molecules. The binding affinity prediction servers provide several score
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values for MHC affinity, of which %Rank is highly recommended (Nielsen et al., 2016 

and Andreatta. et al., 2015). A low % Rank score indicates strong binding affinity.  

Figure 2 illustrates the distribution of the %Rank for the immunogenic and non

5 immunogenic neoepitopes tested in VB10.NEO vaccinated mice, for MHC class I and 

MHC class 1l.  

Within a 27 amino acid long neoepitope, it is possible to have more than one minimal 

epitope (8-14 amino acids for MHC class I and 9 -15 amino acids for MHC class 1l, 

10 respectively) predicted to bind to the relevant MHC molecule. The neoepitopes 

containing the highest number of predicted minimal epitopes have an increased chance 

to process and present one or more immunogenic peptide(s) on the patient's MHC 

molecule(s) and thus elicit a more effective tumor-specific immune response. Figure 8 

shows a comparison of the total number of minimal epitopes between the immunogenic 

15 and non-immunogenic neoepitopes in the B16 and CT26 data.  

If the neoepitope has a higher binding affinity to MHC molecules than the 

corresponding wildtype sequence (high binding differential), it is likely that the wildtype 

is poorly or not presented in healthy tissue and thus the neoepitope-specific T cells 

20 should have a low risk for recognizing healthy cells and a high potential for recognizing 

cancer cells expressing the neoepitope. To measure the binding differential between 

the reference and the mutant neoepitope sequence, one can use the ratio between 

their % Rank values (reference/mutant) and group them by the residue type: anchor 

(P2 or P8/P9) and non-anchor (all other residue positions). Figure 9 illustrates that if an 

25 epitope has a mutation in an anchoring position and a high binding differential, it has a 

higher chance of being immunogenic.  

BLOSUM score describes the likelihood of the occurrence of a pairwise amino acid 

substitution. In our case, the amino acids found in proteins expressed in healthy tissue 

30 has been replaced by the mutated amino acid. The lower the score, the less likely it is 

that this substitution will occur in the alignment of related proteins. The BLOSUM score 

for the neoepitopes in the CT26 melanoma model data set with high binding affinity is 

in general lower for immunogenic neoepitopes (Figure 10).
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To predict the most immunogenic neoepitopes, a combination of all five factors: the 

%Rank values for MHCI and MHCII, the number of minimal epitopes within a 

neoepitope, the binding differential in anchoring position and BLOSUM score are 

included. The strategy for prioritisation of neoepitopes, called NeoSELECT, weighs 

5 these five factors and generates a ranked list of neoepitopes. The NeoSELECT ranking 

was tested on neoepitopes from the LL2, CT26 and B16 tumor models and their 

observed immunogenicity is displayed in Figure 3.  

The observed cross-reactivity against the reference peptide sequence of the top 20 

10 neoepitopes predicted by the NeoSELECT strategy is shown together with the 

response to the mutated peptide sequence in Figure 4 for (A) CT26, (B) B16 and (C) 

LL2 models. For the CT26 model, cross-reactivity measurements were obtained for 12 

of the 20 neoepitopes; for the B26 model, cross-reactivity measurements were 

obtained for 17 of the 20 neoepitopes. For the LL2 model, cross-reactivity 

15 measurements were obtained for all 20 neoepitopes. Thus, using the NeoSELECT 

strategy, the risk of inducing cross-reactive T cell is limited.  

Example 8 - Neoepitope prediction process employed in the VB N-01 clinical trial 

If more than 20 potential neopitopes are found for a patient, these are ranked 

20 according to the NeoSELECT prioritisation strategy for neoepitope prediction described 

above. For patient data, the patient specific HLA alleles are used in the process of 

obtaining %Rank values for reference and WT neoepitope from NetMHCpan and 

NetMHCllpan. The binding differentials are calculated and the anchoring positions are 

determined. The number of minimal epitopes for MHC class I and II is calculated using 

25 the complete list of predicted minimal epitopes for all HLA alleles. The BLOSUM score 

for each mutation is extracted from the BLOSUM score matrix. These factors are 

subsequently used in the NeoSELECT strategy to obtain a ranked list of the predicted 

immunogenic neoepitopes. The binding affinity measured in %Rank, binding 

differential, number of minimal epitopes as well as BLOSUM score, are standardised 

30 values, unaffected by the organism in which the neoepitope was identified. Thus, the 

prediction model developed on mice data does not require additional customisation to 

be utilised for neoepitope prediction in humans.
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Example 9 - Final neoepitope quality control and selection 

Finally, additional information for all neoepitopes passing these exclusion criteria is 

collected to serve as selection criteria. These criteria include: 

5 • Clonality (i.e. the neoepitope found in more than one biopsy sample from the 

patient are prioritized, for example the neoepitope is found in archival tumor 

material, in multi-angled biopsies from the same lesion, or in cell free DNA) 

* high RNA expression levels (in TPM) 

* low %Rank (high binding affinity) for MHC class I and || for the neoepitope 

10 • High binding differential (%Rank of neoepitope versus reference) 

• low BLOSUM score: residue characteristics of the substituted amino acid in the 

neoepitope compared to the wildtype 

* high allele frequencies (AFs) or variant allele frequencies (VAFs) at the position of 

the mutations estimated from VCF files 

15 • the source gene is known cancer-related gene in the Catalogue Of Somatic 

Mutations In Cancer (COSMIC) database 

* the neoepitopes have high resemblance to epitopes which are known to be 

recognized by T cells, for example as obtained from the Immune Epitope Database 

and Analysis Resource (IEDB database) 

20 • high number of minimal epitopes (8-15 amino acids) within the 27 amino acid 

neoepitope 

* position of the mutation in the HLA-TCR complex as described in Fritsch et al., 

2014 

* high binding stability score to MHC class I / MHC class || molecules estimated 

25 using NetMHCstabpan (Rasmussen et al., 2016) or similar 

* high proteasome cleavage score as predicted by NetChop (Nielsen et al., 2005) or 

similar.  

These criteria, in addition to the predicted prioritisation from NeoSELECT strategy, 

30 form the basis for the selection of the final set of 10 - 20 neoepitopes and are 

evaluated by a target selection board. The decision criteria are recorded and analysed 

against the patient's immune response to each neoepitope in the vaccine and the 

patient's clinical response.
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The recommended set of neoepitopes are combined and separated by flexible non

immunogenic glycine/serine-rich linkers (see example 11). The order of the 

neoepitopes depends on the junctional sequences between each neoepitope and the 

linker, where all junctional sequences of length 9 amino acids with identical match 

5 elsewhere in the proteome are avoided.  

Example 10 - Data storage and analysis 

The storage of raw data, as well as the results from exome and RNA sequence 

analysis, is performed in a safe, controlled computer cluster environment platform that 

10 meets requirements for processing and storing of patient sensitive data. All patients are 

given a unique d-digit code at enrolment to offer safeguards to the patient's identity.  

Example 11 - Neoepitope Antigenic Module synthesis 

Each patient-specific Neoepitope Antigenic Module are designed by Vaccibody AS on 

15 the basis of 10-20 27 amino acid long neoepitopes connected with 10 amino acid long 

glycine/serine rich linkers. The Neoepitope Antigenic Module is synthesised de novo by 

a DNA synthesis provider and cloned into the plasmid to generate VB10.NEO.  

Example 12 - Vaccibody induces strong, dominant CD8+ T cell responses compared 

20 to other vaccine formats 

10 different neoepitopes (pep1-10) all predicted to bind MCH class I (CD8+ T cell 

response) have been investigated by Kreiter et al., 2015, and Castle et al., 2012, to 

investigate if they could induce CD8+ T cell responses in a mouse B16-F10 melanoma 

tumor model. The responses induced by 6 of the 10 neoepitopes when administered as 

25 peptide, as RNA or as vaccibody as described herein ("VB10.NEO") are shown in 

figure 6.  

When neoepitopes were administrated as synthetic peptides 1 out of 6 induced a CD8+ 

T cell response and as mRNA 2 out of 6 induced a CD8+ T cell response.  

30 

However, when delivering the same 6 neoepitopes as Vaccibody targeting human 

MIP1a, all neoepitopes induced a CD8+ T cell response clearly demonstrating the



WO 2020/065023 PCT/EP2019/076210 
71 

importance of the vaccine format to induce strong CD8+ Killer T cells responses 

against neoepitopes.  

Example 13 - Immunoqenicity of selected neoepitopes 

5 Neoepitopes were selected using the described methods for 4 patients suffering from 

renal cell carcinoma or squamous cell carcinoma of the head and neck. Personalised 

vaccines were constructed and administered to the patients. The immunogenicity was 

measured in peripheral blood mononuclear cells harvested 3 to 9 months after 

administering the first dose of the personalized vaccine. T cell responses were 

10 measured in a 10 day pre-stimulation ELISPOT assay (background was subtracted).  

Vaccine-induced response: > 30 SFU increased response post-vaccination.  

Immunogenic neoepitopes: > 30 SFU in at least one time point.  

# neoepitopes % neoepitopes 

# % with increased with increased 

Patient ID Indication immunogenic immunogenic immune immune 

neoepitopes epitopes response after response after 

vaccination vaccination 

01-001 RCC 20 100 % 17 85 % 

01-002 SCCHN 20 100 % 19 95 % 

01-004 SCCHN 19 95 % 12 60 % 

01-005 RCC 17 85% 14 70% 

15 RCC: renal cell carcinoma; SCCHN: squamous cell carcinoma of the head and neck.  

On average, 95% of the neoepitopes selected by the method in these 4 patients were 

immunogenic, i.e. able to activate a T cell response in the patients harbouring the 

corresponding mutated sequences in their tumour. When the selected neoepitopes 

20 were incorporated in a personalized vaccine and administered to the patients, an 

increased T cell response was induced compared to before vaccination towards 78% of 

the neoepitopes on average.
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The example shows that the method of selection of neoepitopes results in selection of 

neoepitopes which are able to increase T cell responses when administered to the 

patient.  

5 SEQUENCES 

SEQ ID NO: 1 

C-C motif chemokine 3-like 1 precursor including signal peptide and mature peptide 

(LD78-beta), aa 24-93: 

10 

MQVSTAALAVLLCTMALCNQVLSAPLAADTPTACCFSYTSRQIPQNFIADYFETSSQC 

SKPSVIFLTKRGRQVCADPSEEWVQKYVSDLELSA 

REFERENCES 

15 Andreatta, M. et al. (2015) "Accurate pan-specific prediction of peptide-MHC class || 

binding affinity with improved binding core identification." Immunogenetics. 2015.  

67(11-12):641-50.  

Castle, J.C. et al (2012) "Exploiting the Mutanome for Tumor Vaccination." Cancer 

Res; 72(5):1081-91.  

20 Dobin, A. et al. (2013) "STAR: ultrafast universal RNA-seq aligner." 

Bioinformatics.1;29(1):15-21.  

Dutton, G. (2016) "From DNA to Diagnosis without Delay. Purpose-Built for Genomics, 

Dragen Processor Could Form Core of Clinic-Ready Data Systems." Genet Eng 

Biotechn N. 36 (5): 8-9.  

25 Fritsch, E.F. et al. (2014) "HLA-binding properties of tumor neoepitopes in humans." 

Cancer Immunol Res.;2(6):522-9.  

Gubin, M.M. et al. (2015) "Tumor neoantigens: building a framework for personalized 

cancer immunotherapy." J. Clin. Invest. 125(9):3413-21.  

Henikoff, S. et al. (1992) "Amino acid substitution matrices from protein blocks." Proc 

30 Natl Acad Sci U S A.; 89(22): 10915-10919.  

Jurtz, V. et al (2017) "NetMHCpan-4.0: Improved Peptide-MHC Class I Interaction 

Predictions Integrating Eluted Ligand and Peptide Binding Affinity Data." Vanessa 

Jurtz, Sinu Paul, Massimo Andreatta, Paolo Marcatili, Bjoern Peters and Morten 

Nielsen. The Journal of Immunology (2017))



WO 2020/065023 PCT/EP2019/076210 
73 

Kreiter S et al.. Mutant MHC class || epitopes drive therapeutic immune responses to 

cancer. Nature. 2015 Apr 30;520(7549):692-6 

Kreiter, S. et al. (2015) "Erratum: Mutant MHC Class 2 Epitopes Drive Therapeutic 

Immune Responses To Cancer." Nature 523.7560:370-370.  

5 Miller, N.A. et al. (2015) "26-hour system of highly sensitive whole genome sequencing 

for emergency management of genetic diseases". Genome Med. 7:100.  

Nielsen, M. et al. (2005) "The role of the proteasome in generating cytotoxic T cell 

epitopes: Insights obtained from improved predictions of proteasomal cleavage." 

Immunogenetics., 57(1-2):33-41.  

10 Nielsen, M. et al. (2016) "NetMHCpan-3.0: improved prediction of binding to MHC class 

I molecules integrating information from multiple receptor and peptide length data sets." 

Genome Medicine: 8:33.  

Rasmussen, M. (2016) "Pan-Specific Prediction of Peptide-MHC Class I Complex 

Stability, a Correlate of T Cell Immunogenicity." J Immunol.;197(4):1517-24.  

15 Uhlen, M. et al. (2015) "Proteomics. Tissue-based map of the human proteome." 

Science;347(6220) 

Van der Auwera G.A. et al. (2013) "From FastQ data to high confidence variant calls: 

the Genome Analysis Toolkit best practices pipeline." Curr Protoc Bioinformatics. 43.  

20 Items 

1. A method for selecting a number A of neoepitopes for an individual, said 

method comprising the steps of: 

a. Obtaining one or more neoepitopes from said individual, each neoepitope 

25 comprising at least one minimal epitope, wherein each neoepitope comprises at 

least one mutation such as an immunogenic mutation compared to a reference 

sequence; 

b. Determining MHC I and/or MHC || binding affinity for at least one minimal 

epitope, such as at least two, three or four minimal epitopes within each of said 

30 neoepitopes; 

c. Selecting neoepitopes comprising at least one minimal epitope predicted to bind 

to MHC I and/or to MHC II, thereby obtaining MHC binding neoepitopes; 

d. Ranking the MHC binding neoepitopes with respect to their likelihood of clinical 

utility; 

35 e. Selecting A neoepitopes among the highest ranking MHC binding neoepitopes,
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thereby selecting A neoepitopes likely to have clinical utility.  

2. The method according to item 1, wherein some or all of the A neoepitopes bind 

at least to MHC 1.  

5 

3. The method according to any one of the preceding items, wherein the at least 

one minimal epitope is between 1 and 50 minimal epitopes, such as between 1 

and 40 minimal epitopes, such as between 1 and 30 minimal epitopes, such as 

between 1 and 20 minimal epitopes.  

10 

4. The method according to any one of the preceding items, wherein each minimal 

epitope comprises the mutation.  

5. The method according to any one of the preceding items, wherein step b is 

15 performed by determining MHC I and/or MHC || binding affinity for each of said 

minimal epitopes, thereby identifying x MHC I binding minimal epitopes and/or y 

MHC || binding minimal epitopes.  

6. The method according to any one of the preceding items, wherein the MHC I 

20 and MHC || binding affinity for each of said neoepitopes is calculated as the 

highest MHC I and MHC || binding affinity of the minimal epitopes comprised 

within each of said neoepitopes.  

7. The method according to any one of the preceding items, wherein step c 

25 comprises or consists of selecting neoepitopes comprising at least one minimal 

epitope predicted to bind to MHC I and/or at least one minimal epitope 

predicted to bind to MHC II, thereby obtaining MHC binding neoepitopes.  

8. The method according to any one of the preceding items, wherein step c 

30 comprises selecting neoepitopes comprising at least one minimal epitope 

predicted to bind to MHC I and at least one minimal epitope predicted to bind to 

MHC II.  

9. The method according to any one of the preceding items, wherein step d 

35 comprises the step of determining the number of MHC I and/or MHC || binding
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minimal epitopes within each of said neoepitope, and wherein a higher number 

of MHC I and/or MHC || binding minimal epitopes is indicative of a higher 

likelihood of clinical utility of the neoepitope.  

5 10. The method according to any one of the preceding items, wherein step d 

comprises the step of determining a binding score for the neoepitope, wherein 

the binding score is a * 2x + b * y, wherein preferably a = 0 if y = 0 and b = 0 if x 

= 0 and where a = 1 if y > 0 and b = 1 if x > 0, and wherein a higher binding 

score is indicative of a higher likelihood of clinical utility of the neoepitope.  

10 

11. The method according to any one of the preceding items, wherein step d 

comprises the step of determining a binding score for the neoepitope, wherein 

the binding score is a * x + b * y, wherein preferably a = 2 and b = 1, or a = 0 if y 

= 0 and b = 0 if x = 0 and where a = 1 if y > 0 and b = 1 if x > 0, and wherein a 

15 higher binding score is indicative of a higher likelihood of clinical utility of the 

neoepitope.  

12. The method according to any one of the preceding items, wherein step d further 

comprises the step of determining the MHC I binding differential of the MHC I 

20 binding neoepitope of step c, wherein the MHC I binding differential is given by 

the formula (%Rank score (MHC I) for reference) / (%Rank score (MHC I) for 

neoepitope), wherein neoepitopes with a high MHC I binding differential are 

ranked higher than neoepitopes with a lower MHC I binding differential.  

25 13. The method according to any one of the preceding items, wherein step d 

comprises the step of determining the MHC I binding differential of the MHC I 

binding minimal epitope of step c, wherein the MHC I binding differential is 

given by the formula (%Rank score(MHC I) for reference) / (%Rank score 

(MHC I) for minimal epitope), wherein neoepitopes comprising a minimal 

30 epitope with a high MHC I binding differential are ranked higher than 

neoepitopes comprising a minimal epitope with a lower MHC I binding 

differential.



WO 2020/065023 PCT/EP2019/076210 
76 

14. The method according to any one of the preceding items, wherein the MHC I 

binding differential of each neoepitope is equal to the greatest MHC I binding 

differential of the minimal epitopes it comprises.  

5 15. The method according to any one of the preceding items, wherein step d further 

comprises the step of determining the MHC || binding differential of the MHC || 

binding neoepitope of step c, wherein the MHC || binding differential is given by 

the formula (%Rank score(MHC II) for reference) / (%Rank score (MHC II) for 

neoepitope), wherein neoepitopes with a high MHC || binding differential are 

10 ranked higher than neoepitopes with a lower MHC || binding differential.  

16. The method according to any one of the preceding items, wherein step d further 

comprises the step of determining the MHC || binding differential of the MHC || 

binding minimal epitope of step c, wherein the MHC || binding differential is 

15 given by the formula (%Rank score(MHC II) for reference) / (%Rank score 

(MHC II) for minimal epitope), wherein neoepitopes comprising a minimal 

epitope with a high MHC || binding differential are ranked higher than 

neoepitopes comprising a minimal epitope with a lower MHC || binding 

differential.  

20 

17. The method according to any one of the preceding items, wherein the MHC || 

binding differential of each neoepitope is equal to the highest MHC || binding 

differential of the minimal epitopes it comprises.  

25 18. The method according to any one of the preceding items, wherein the 

neoepitopes selected in step c bind to MHC II.  

19. The method according to any one of the preceding items, wherein neoepitopes 

binding to MHC I are selected in step e only if the plurality of neoepitopes does 

30 not comprise any neoepitope binding to MHC II.  

20. The method according to any one of the preceding items, wherein step d further 

comprises ranking the neoepitopes as follows:
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i) determining whether the mutation is in an anchoring position or a non

anchoring position of the minimal neoepitope for each minimal epitope 

comprised within the neoepitope; 

ii) prioritizing the neoepitopes, preferably wherein neoepitopes with higher 

5 binding differential are prioritized over neoepitopes with lower binding 

differential.  

21. The method according to item 20, wherein prioritizing the neoepitopes in step ii) 

is performed by assigning to said neoepitopes the highest score of the minimal 

10 epitopes they comprise.  

22. The method according to any one of items 20 or 21, wherein neoepitopes with 

higher binding differential are scored higher than neoepitopes with lower 

binding differential, and wherein neoepitopes comprising a mutation in an 

15 anchoring position are scored higher than neoepitopes comprising a mutation in 

a non-anchoring position.  

23. The method according to any one of items 19 to 21, wherein the prioritizing of 

the neoepitopes is performed as follows: 

20 1) if the mutation is in an anchoring position and the binding 

differential of the minimal epitope is equal to or greater than 20, 

the minimal epitope has the highest score; 

2) if the mutation is in a non-anchoring position and the binding 

differential of the minimal epitope is equal to or greater than 20, 

25 the score of the minimal epitope is lower than the score for the 

minimal epitopes of 1); 

3) if the mutation is in an anchoring position and the binding 

differential of the minimal epitope is lower than 20 and equal to 

or greater than 3, the score of the minimal epitope is lower than 

30 the score the minimal epitopes of 2); 

4) if the mutation is in a non-anchoring position and the binding 

differential of the minimal epitope is lower than 20 and equal to 

or greater than 3, the score of the minimal epitope is lower than 

the score the minimal epitopes of 3);
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5) if the mutation is in an anchoring position and the binding 

differential of the minimal epitope is less than 3 and equal to or 

greater than 1, the score of the minimal epitope is lower than 

the score of the minimal epitopes of 4); 

5 6) if the mutation is in a non-anchoring position and the binding 

differential of the minimal epitope is less than 3 and equal to or 

greater than 1, the score of the minimal epitope is lower than 

the score of the minimal epitopes of 5); 

7) if the minimal epitope has a mutation with a binding differential 

10 lower than 1, regardless of the position of the mutation, the 

minimal epitope has the lowest score.  

24. The method according to any one of the preceding items, wherein step d further 

comprises the step of prioritizing the neoepitopes with respect to their MHC I 

15 rank.  

25. The method according to item 24, wherein the %Rank score (MHC I) of a 

neoepitope comprising one or more minimal epitopes predicted to bind to MHC 

I is equal to the lowest %Rank score (MHC I) of said one or more minimal 

20 epitopes.  

26. The method according to any one of the preceding items, wherein step e 

comprises selecting neoepitopes having a %Rank score (MHC I) below 2.0, 

such as below 1.5, such as below 1, preferably equal to or below 0.5.  

25 

27. The method according to any one of the preceding items, wherein MHC I 

binding neoepitopes having a %Rank score (MHC I) above 2, are excluded or 

down-prioritized.  

30 28. The method according to any one of the preceding items, wherein step d further 

comprises the step of prioritizing the neoepitopes with respect to their MHC || 

rank.  

29. The method according to any one of items 24 to 28, wherein the %Rank score 

35 (MHC II) of a neoepitope comprising one or more minimal epitopes predicted to
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bind to MHC II is equal to the lowest %Rank score (MHC II) of said one or more 

minimal epitopes.  

30. The method according to any one of the preceding items, wherein step e 

5 comprises selecting neoepitopes having a %Rank score (MHC II) below 10, 

such as below 2.  

31. The method according to any one of the preceding items, wherein MHC I 

binding neoepitopes having a %Rank score (MHC I) above 10, such as above 

10 2, are excluded or down-prioritized.  

32. The method according to any one of the preceding items, wherein step d further 

comprises the step of prioritizing the neoepitopes with respect to their BLOSUM 

score in a descending order, where the BLOSUM score of a neoepitope is 

15 equal to the BLOSUM score of the best ranking minimal epitope it comprises, 

wherein a minimal epitope with a BLOSUM score < 1 is ranked higher than a 

minimal epitope with a BLOSUM score > 1.  

33. The method according to any one of the preceding items, wherein step d 

20 according to item 1 further comprises determining a probability that an amino 

acid substitution present in the neoepitope occurs randomly, and wherein 

neoepitopes comprising an amino acid substitution that occurs randomly with a 

low probability are ranked higher than neoepitopes comprising an amino acid 

substitution that occurs randomly with a higher probability.  

25 

34. The method according to item 33, wherein said probability that an amino acid 

substitution present in the neoepitopes occurs randomly is determined using an 

evolutionary based scoring matrix.  

30 35. The method according to item 34, wherein said scoring matrix is a log-odd 

matrix.  

36. The method according the item 35, wherein said log-odd matrix is the BLOSUM 

matrix.  

35
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37. The method according the item 36, wherein said BLOSUM matrix is the 

BLOSUM62 matrix.  

38. The method according to item 37, wherein neoepitopes devoid of mutations 

5 linked to an amino acid substitution pair with a BLOSUM62 score below 1 are 

excluded or down-prioritized.  

39. The method according to any one of the preceding items, further comprising 

determining the RNA expression levels of said neoepitopes, wherein 

10 neoepitopes for which RNA expression is not detected are excluded or down

prioritized.  

40. The method according to item 39, wherein neoepitopes with a high RNA 

expression level are ranked higher than neoepitopes with a lower RNA 

15 expression level.  

41. The method according to any one of items 39 or 40, wherein said RNA 

expression levels are determined for MHC I binding and/or MHC || binding 

neoepitopes.  

20 

42. The method according to any one of the preceding items, further comprising a 

step of comparing neoepitope peptide sequences with peptide sequences of the 

human proteome, wherein neoepitopes comprising a peptide sequence that 

matches a peptide sequence in the human proteome are excluded or down

25 prioritized.  

43. The method according to item 42, wherein said neoepitope peptide comprises 

or consists of 5 to 15 amino acids.  

30 44. The method according to any one of the preceding items, further comprising a 

step of identifying said plurality of neoepitopes by identifying one or more tumor 

specific mutations in said individual.  

45. The method according to item 44, wherein said one or more tumor specific 

35 mutations are identified by exome sequencing of tumor DNA from said
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individual.  

46. The method according to any one of any one of items 44 to 45, wherein said 

one or more tumor specific mutations result in amino acid substitutions.  

5 

47. The method according to any one of the preceding items, wherein said MHC 

binding affinity comprises determining the HLA genotype of said individual.  

48. The method according to any one of the preceding items, wherein said HLA 

10 genotype is determined from a blood sample of said individual.  

49. The method according to any one of the preceding items, wherein said MHC I 

and/ or MHC || binding affinities are determined by in siico prediction.  

15 50. The method according to item 49, wherein said in siico prediction is performed 

by using a computer program that predicts binding of peptides to MHC class I 

and/or MHC class || molecules.  

51. The method according to any one of the preceding items, wherein neoepitopes 

20 present in genes showing at least 5-fold higher RNA expression level in a given 

organ or tissue compared to other organs or tissues, are excluded or down

prioritized.  

52. The method according to item 51, wherein said organ is selected from heart 

25 and brain.  

53. The method according to item 52, wherein said organ is selected from liver, 

lungs, stomach, kidney, spleen, colon and intestine.  

30 54. The method according to any one of the preceding items, wherein step d further 

comprises a step of determining the allele frequency of mutations present in the 

MHC binding neoepitopes, wherein MHC binding neoepitopes with a high allele 

frequency are ranked above MHC binding neoepitopes with a lower allele 

frequency.  

35
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55. The method according to any one of the preceding items, wherein MHC binding 

neoepitopes comprising a mutation that is found in more than one biopsy is 

ranked above MHC binding neoepitopes comprising a mutation that are found 

in only one biopsy.  

5 

56. The method according to any one of the preceding items, wherein said 

neoepitopes have a length of from 7 to 40 amino acids.  

57. The method according to any one of the preceding items, wherein said 

10 neoepitopes have a length of from 15 to 30 amino acids.  

58. The method according to any one of the preceding items, wherein said 

neoepitopes have a length of from 25 to 30 amino acids, such as 27 amino 

acids.  

15 

59. The method according to any one of the preceding items, wherein said mutation 

is positioned essentially in the middle of the neoepitope sequence.  

60. The method according to any one of the preceding items, wherein said 

20 individual is a cancer patient.  

61. The method according to any one of the preceding items, wherein the 

neoepitopes, which are selected for said individual, are used in a cancer 

vaccine.  

25 

62. The method according to any one of the preceding items, wherein A is an 

integer of from 1 to 100, such as from 5 to 50, such as from 5 to 30.  

63. The method according to any one of the preceding items, wherein A is an 

30 integer of from 10 to 20.  

64. The method according to any one of the preceding items, wherein x>y.  

65. The method according to any one of the preceding items, wherein x > 2y.  

35



WO 2020/065023 PCT/EP2019/076210 
83 

66. The method according to any one of the preceding items, wherein x > 2.5y.  

67. The method according to any one of the preceding items, wherein A3.  

5 68. The method according to any one of the preceding items, wherein at least some 

of the A neoepitopes, such as A/2 of the A neoepitopes, such as between A/2 

and A of the A neoepitopes are capable of inducing a CD8+ T cell response.  

69. The method according to any one of the preceding items, said method 

10 comprising the steps of: 

a. Obtaining a plurality of neoepitopes from said individual, each neoepitope 

comprising at least 3 minimal epitopes, wherein each neoepitope comprises at 

least one immunogenic mutation compared to reference sequences; 

b. Determining MHC I and MHC || binding affinity for each of said neoepitopes, 

15 thereby identifying x MHC I binding neoepitopes and y MHC || binding 

neoepitopes, wherein x + y 3; 

c. Selecting neoepitopes predicted to bind at least to MHC I and optionally to MHC 

II, thereby obtaining MHC binding neoepitopes; 

d. Ranking the MHC binding neoepitopes with respect to their likelihood of clinical 

20 utility; wherein the ranking is performed as follows: 

i. Neoepitopes are ranked according to the number of MHC I and 

optionally MHC || binding minimal epitopes they comprise, where a 

higher number gives a higher rank; 

e. Selecting A neoepitopes among the highest ranking MHC binding neoepitopes, 

25 thereby selecting A neoepitopes likely to have clinical utility.  

70. The method according to item 69, wherein the number of MHC I binding 

minimal epitopes comprised within a neoepitope is weighed more than the 

number of MHC || binding minimal epitopes comprised within said neoepitope, 

30 such as twice more.  

71. The method according to any one of items 69 to 70, wherein step i. of step d is 

followed by step ii wherein: 

ii. The MHC I and/or MHC || binding differential score of the neoepitope is 

35 determined, wherein the MHC I binding differential is given by the



WO 2020/065023 PCT/EP2019/076210 
84 

formula (%Rank score (MHC I) for reference) / (%Rank score (MHC I) 

for neoepitope) and the MHC || binding differential is given by the 

formula (%Rank score (MHC II) for reference) / (%Rank score (MHC II) 

for neoepitope); wherein neoepitopes with a high binding differential are 

5 ranked higher than neoepitopes with a lower binding differential.  

72. The method according to item 70, wherein the neoepitopes are ranked in a 

descending order as follows: 

1) if the mutation is in an anchoring position and the binding 

10 differential of the minimal epitope is equal to or greater than 20, 

the minimal epitope has the highest score; 

2) if the mutation is in a non-anchoring position and the binding 

differential of the minimal epitope is equal to or greater than 20, 

the score of the minimal epitope is lower than the score for the 

15 minimal epitopes of 1); 

3) if the mutation is in an anchoring position and the binding 

differential of the minimal epitope is lower than 20 and equal to 

or greater than 3, the score of the minimal epitope is lower than 

the score the minimal epitopes of 2); 

20 4) if the mutation is in a non-anchoring position and the binding 

differential of the minimal epitope is lower than 20 and equal to 

or greater than 3, the score of the minimal epitope is lower than 

the score the minimal epitopes of 3); 

5) if the mutation is in an anchoring position and the binding 

25 differential of the minimal epitope is less than 3 and equal to or 

greater than 1, the score of the minimal epitope is lower than the 

score of the minimal epitopes of 4); 

6) if the mutation is in a non-anchoring position and the binding 

differential of the minimal epitope is less than 3 and equal to or 

30 greater than 1, the score of the minimal epitope is lower than the 

score of the minimal epitopes of 5; 

7) if the minimal epitope has a mutation with a binding differential 

lower than 1, regardless of the position of the mutation, the 

minimal epitope has the lowest score.  

35
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73. The method according to any one of items 69 to 72, wherein step i. or step ii. of 

step d is followed by step iii wherein: 

iii. The neoepitopes are ranked according to their %Rank score, wherein 

neoepitopes with a low %Rank score are ranked higher than 

5 neoepitopes with a high %Rank score.  

74. The method according to item 73, wherein the %Rank score of a neoepitope is 

equal to the lowest %Rank score of the minimal epitopes it comprises.  

10 75. The method according to any one of items 73 to 74, wherein a neoepitope or 

minimal epitope is predicted to be: 

- a strong MHC I binder if it has a %Rank score (MHC I):5 

0.5; 

- a weak MHC I binder if 0.5 < %Rank score (MHC I) 5 2; 

15 - a non-MHC I binder if it has a %Rank score (MHC I) > 2.  

76. The method according to any one of items 73 to 75, wherein a neoepitope or 

minimal epitope is predicted to be: 

- a strong MHC I binder if it has a %Rank score (MHC II)<5 

20 2; 

- a weak MHC I binder if 2 < %Rank score (MHC II): 10; 

- a non-MHC I binder if it has a %Rank score (MHC II) > 

10.  

25 77. The method according to any one of items 69 to 76, wherein step i., ii. or iii. is 

followed by step iv, wherein: 

iv. The neoepitopes are scored according to their BLOSUM score, wherein 

a low BLOSUM score gives a higher score.  

30 78. The method according to any one of items 69 to 77, wherein the neoepitopes 

with a BLOSUM score <3, such as BLOSUM score <2, such as BLOSUM score 

<1, such as BLOSUM score <0, are prioritised.  

79. A method for selecting a number A of neoepitopes for an individual, said 

35 method comprising the steps of:
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a. Obtaining one or more neoepitopes from said individual, each 

neoepitope comprising at least one minimal epitope, wherein each 

neoepitope comprises at least one mutation such as an immunogenic 

mutation compared to a reference sequence; 

5 b. Determining MHC I binding affinity for at least one minimal epitope, such 

as at least two, three or four minimal epitopes within each of said 

neoepitopes, and determining the number of MHC I binding minimal 

epitopes for each of said neoepitopes; 

c. Ranking the neoepitopes as follows: 

10 i. prioritizing neoepitopes comprising a high number of MHC I 

binding minimal epitopes and selecting a first group of 

neoepitopes having a high score; 

ii. optionally, prioritizing neoepitopes from the first group of 

neoepitopes as follows: 

15 1) if the mutation is in an anchoring position and 

the binding differential of the minimal epitope is equal 

to or greater than 20, the minimal epitope has the 

highest score; 

2) if the mutation is in a non-anchoring position 

20 and the binding differential of the minimal epitope is 

equal to or greater than 20, the score of the minimal 

epitope is lower than the score for the minimal 

epitopes of 1); 

3) if the mutation is in an anchoring position and 

25 the binding differential of the minimal epitope is lower 

than 20 and equal to or greater than 3, the score of 

the minimal epitope is lower than the score the 

minimal epitopes of 2); 

4) if the mutation is in a non-anchoring position 

30 and the binding differential of the minimal epitope is 

lower than 20 and equal to or greater than 3, the 

score of the minimal epitope is lower than the score 

the minimal epitopes of 3); 

5) if the mutation is in an anchoring position and 

35 the binding differential of the minimal epitope is less
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than 3 and equal to or greater than 1, the score of the 

minimal epitope is lower than the score of the minimal 

epitopes of 4); 

6) if the mutation is in a non-anchoring position 

5 and the binding differential of the minimal epitope is 

less than 3 and equal to or greater than 1, the score 

of the minimal epitope is lower than the score of the 

minimal epitopes of 5); 

7) if the minimal epitope has a mutation with a 

10 binding differential lower than 1, regardless of the 

position of the mutation, the minimal epitope has the 

lowest score; 

wherein the MHC I binding differential is given by the formula 

(%Rank score (MHC I) for reference) / (%Rank score (MHC I) for 

15 minimal epitope); and selecting a second group of neoepitopes 

having a high score; 

iii. optionally, prioritizing neoepitopes from the second group based 

on their MHC I %Rank score and selecting a third group of 

neoepitopes having a low MHC I %Rank score; 

20 iv. optionally, selecting a fourth group of neoepitopes from the 

second or the third group including minimal epitopes with high 

resemblance to epitopes known to be recognized by T cells; 

v. prioritizing neoepitopes from the second group, from the third 

group or from the fourth group based on their BLOSUM score, 

25 wherein a BLOSUM score less than a predetermined threshold is 

ranked higher than a BLOSUM score equal to or greater than 

said threshold, and selecting a fifth group of neoepitopes having 

a BLOSUM score less than said threshold, wherein said 

threshold preferably is 1; 

30 wherein the first, second, third, fourth or fifth group of neoepitopes comprises said A 

neoepitopes.  

80. The method according to item 79, wherein step c comprises steps i. and ii., or i.  

and iii., or i. and iv., or i. and v., or i., ii. and iii., or i., ii. and iv., or i., iii. and iv., or
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i., ii. and v., or i., iii. and v., or i., iv. and v., or i., ii., iii. and iv., or i., ii., iii. and v., 

or i., ii., iv. and v., or i., iii., iv. and v., or i., ii., iii., iv. and v.  

81. The method according to any one of items 79 to 80, wherein the method further 

5 comprises any of the features of the method according to any one of items 1 to 

78.  

82. A method for selecting a number A of neoepitopes for an individual, said 

method comprising the steps of: 

10 a. Obtaining one or more neoepitopes from said individual, each 

neoepitope comprising at least one minimal epitope, wherein each 

neoepitope comprises at least one mutation such as an immunogenic 

mutation compared to a reference sequence; 

b. Determining MHC I binding affinity for at least one minimal epitope, such 

15 as at least two, three or four minimal epitopes within each of said 

neoepitopes, and determining the number of MHC I binding minimal 

epitopes for each of said neoepitopes; 

c. Ranking the neoepitopes as follows: 

i. prioritizing neoepitopes comprising a high number of MHC I 

20 binding minimal epitopes and selecting a first group of 

neoepitopes having a high score; 

ii. optionally, prioritizing neoepitopes from the first group of 

neoepitopes as follows: 

1) if the mutation is in an anchoring position and 

25 the binding differential of the minimal epitope is equal 

to or greater than 20, the minimal epitope has the 

highest score; 

2) if the mutation is in a non-anchoring position 

and the binding differential of the minimal epitope is 

30 equal to or greater than 20, the score of the minimal 

epitope is lower than the score for the minimal 

epitopes of 1); 

3) if the mutation is in an anchoring position and 

the binding differential of the minimal epitope is lower 

35 than 20 and equal to or greater than 3, the score of
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the minimal epitope is lower than the score the 

minimal epitopes of 2); 

4) if the mutation is in a non-anchoring position 

and the binding differential of the minimal epitope is 

5 lower than 20 and equal to or greater than 3, the 

score of the minimal epitope is lower than the score 

the minimal epitopes of 3); 

5) if the mutation is in an anchoring position and 

the binding differential of the minimal epitope is less 

10 than 3 and equal to or greater than 1, the score of the 

minimal epitope is lower than the score of the minimal 

epitopes of 4); 

6) if the mutation is in a non-anchoring position 

and the binding differential of the minimal epitope is 

15 less than 3 and equal to or greater than 1, the score 

of the minimal epitope is lower than the score of the 

minimal epitopes of 5); 

7) if the minimal epitope has a mutation with a 

binding differential lower than 1, regardless of the 

20 position of the mutation, the minimal epitope has the 

lowest score; 

wherein the MHC I binding differential is given by the formula 

(%Rank score (MHC I) for reference) / (%Rank score (MHC I) for 

minimal epitope); and selecting a second group of neoepitopes 

25 having a high score; 

iii. optionally, prioritizing neoepitopes from the second group based 

on their MHC I %Rank score and selecting a third group of 

neoepitopes having a low MHC I %Rank score; 

iv. optionally, selecting a fourth group of neoepitopes from the 

30 second or the third group including minimal epitopes with high 

resemblance to epitopes known to be recognized by T cells; 

v. prioritizing neoepitopes from the second group, from the third 

group or from the fourth group based on their BLOSUM score, 

wherein a BLOSUM score less than a predetermined threshold is 

35 ranked higher than a BLOSUM score equal to or greater than
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said threshold, and selecting a fifth group of neoepitopes having 

a BLOSUM score less than said threshold, wherein said 

threshold preferably is 1; 

vi. optionally, selecting neoepitopes from the first, second, third, 

5 fourth or fifth group of neoepitopes based on the neoepitopes 

being found in two or more samples, and selecting a sixth group 

of neoepitopes found in two or more samples; 

vii. optionally, selecting neoepitopes from the first, second, third, 

fourth, fifth or sixth group of neoepitopes based on the 

10 identification of the mutation by at least two different variant 

callers, and selecting a seventh group of neoepitopes comprising 

a mutation identified by at least two different variant callers, 

wherein the first, second, third, fourth, fifth, sixth or seventh group of neoepitopes 

comprises said A neoepitopes.  

15 

83. The method according to item 82, wherein step c comprises steps i. and ii., or i.  

and iii., or i. and iv., or i. and v., or i. and vi., or i. and vii., or i., ii. and iii., or i., ii.  

and iv., or i., ii. and v., or i., ii. and vi., or i., ii. and vii., or i., iii. and iv., or i., iii.  

and v., or i., iii. and vi., or i., iii. and vii., or i., iv. and v., or i., iv. and vi., or i., iv.  

20 and vii., or i., v. and vi., or i., v. and vii., or i., vi. and vii., or ii., iii. and iv., or ii., iii.  

and v., or ii., iii. and vi., or ii., iii. and vii., or ii., iv. and v., or ii., iv. and vi., or ii., 

iv. and vii., or ii., v. and vi.. or ii., v. and vii., or ii., vi. and vii., or iii., iv. and v., or 

iii., iv. and vi., or iii., iv. and vii., or iii., v. and vi., or iii., v. and vii., or iii., vi. and 

vii., or iv., v. and vi., or iv., v. and vii., or iv., vi. and vii., or v., vi. and vii..  

25 

84. The method according to any one of items 82 to 83, wherein the method further 

comprises any of the features of the method according to any one of items 1 to 

78.  

30 85. A method of preparing a cancer vaccine comprising neoepitopes, said method 

comprising a step of selecting said neoepitopes using the method according to 

any one of items 1-78 or 79 to 84.  

86. The method according to item 85, wherein 10-20 neoepitopes are selected.  

35
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87. The method according to any one of items 85 to 86, wherein said cancer 

vaccine comprises a nucleotide construct comprising: 

- a targeting unit 

- a dimerization unit 

5 - a first linker 

- an antigenic unit, wherein said antigenic unit comprises A-1 antigenic 

subunits, each subunit comprising a sequence encoding at least one of 

said neoepitopes and a second linker and said antigenic unit further 

comprising a final sequence encoding one of said neoepitopes, wherein 

10 A is an integer of from 1 to 100, preferably A is an integer of from 3 to 

50, 

wherein said nucleotide construct is applied to the anticancer vaccine in an 

immunologically effective amount.  

15 88. The method according to any one of items 85 to 87, wherein the second linker 

is a Serine-Glycine linker.  

89. The method according to any one of items 85 to 88, wherein the targeting unit 

has affinity for a chemokine receptor selected from CCR1, CCR3 and CCR5.  

20 

90. The method according to item 89, wherein the targeting unit comprises an 

amino acid sequence having at least 80 % sequence identity to amino acids 5

70 of the amino acid sequence SEQ ID NO:i (MIPia).  

91. A cancer vaccine obtainable by the method according to any one of items 85 to 

25 90.  

92. The cancer vaccine according to item 91, wherein said cancer vaccine 

comprises a nucleotide construct comprising: 

- a targeting unit 

- a dimerization unit 

30 - a first linker 

- an antigenic unit, wherein said antigenic unit comprises n-1 antigenic 

subunits, each subunit comprising a sequence encoding at least one of 

said neoepitopes and a second linker and said antigenic unit further
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comprising a final sequence encoding one of said neoepitopes, wherein 

n is an integer of from 1 to 100, such as from 3 to 50.  

wherein said nucleotide construct is applied to the anticancer vaccine in an 

immunologically effective amount.  

5 

93. The cancer vaccine according to any one of items 91 to 92, wherein the second 

linker is a Serine-Glycine linker.  

94. The cancer vaccine according to any one of items 91 to 93, wherein the 

10 targeting unit has affinity for a chemokine receptor selected from CCR1, CCR3 

and CCR5.  

95. The cancer vaccine according to any one of items 91 to 94, wherein the 

targeting unit comprises an amino acid sequence having at least 80 % 

15 sequence identity to amino acids 5-70 of the amino acid sequence SEQ ID NO: 

1 (MIPla).  

96. A method for selecting a number A of neoepitopes for an individual, said 

method comprising the steps of: 

20 a. Obtaining one or more neoepitopes from said individual, each neoepitope 

comprising at least one minimal epitope, wherein each neoepitope comprises 

at least one mutation such as an immunogenic mutation compared to a 

reference sequence; 

b. Determining MHC I and/or MHC || binding affinity for each of said 

25 neoepitopes; 

c. Selecting neoepitopes comprising at least one minimal epitope predicted 

to bind to MHC I and/or to MHC II, thereby obtaining MHC binding 

neoepitopes; 

d. Ranking the MHC binding neoepitopes with respect to their likelihood of 

30 clinical utility; 

e. Selecting A neoepitopes among the highest ranking MHC binding 

neoepitopes, wherein A is an integer and A is at least 3, such as at least 4, 

such as at least 5, 

thereby selecting A neoepitopes capable of inducing a CD8+ T cell response 

35 when administered in an immunologically active amount to an individual.



WO 2020/065023 PCT/EP2019/076210 
93 

97. The method according to item 96, wherein the method further comprises any of 

the features of the method according to any one of items 1 to 78.  

5 98. A method for selecting a number A of neoepitopes for an individual suffering 

from or suspected of suffering from cancer, said method comprising the steps 

of: 

a. Obtaining one or more neoepitopes from said individual, each neoepitope 

comprising at least one minimal epitope, wherein each neoepitope comprises at 

10 least one mutation such as an immunogenic mutation compared to a reference 

sequence, wherein the minimal epitope consists of a number of amino acids 

equal to or smaller than the number of amino acids of the neoepitope and 

comprises said at least one mutation; wherein preferably obtaining the 

neoepitopes comprises the step of identifying mutations in nucleic acid 

15 sequences which are specific for the tumor; 

b. Determining MHC I and/or MHC || binding affinity for at least one minimal 

epitope, such as at least two, three or four minimal epitopes within each of said 

neoepitopes, optionally wherein the binding affinity is determined by in siico 

prediction; 

20 c. Selecting neoepitopes comprising at least one minimal epitope predicted to bind 

to MHC I and/or to MHC II, thereby obtaining MHC binding neoepitopes; 

d. Ranking the MHC binding neoepitopes with respect to their likelihood of clinical 

utility; 

e. Selecting A neoepitopes among the highest ranking MHC binding neoepitopes, 

25 thereby selecting A neoepitopes likely to have clinical utility, wherein step d further 

comprises ranking the neoepitopes as follows: 

i) determining whether the mutation is in an anchoring position or a non

anchoring position of the minimal neoepitope for each minimal epitope 

comprised within the neoepitope; 

30 ii) prioritizing the neoepitopes, 

optionally wherein prioritizing the neoepitopes in step ii) is performed by 

assigning to each neoepitope the highest score of the minimal epitopes they 

comprise, and wherein the prioritizing of the neoepitopes is performed as 

follows:
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1) if the mutation is in an anchoring position and the binding 

differential of the minimal epitope is equal to or greater than 20, 

the minimal epitope has the highest score; 

2) if the mutation is in a non-anchoring position and the binding 

5 differential of the minimal epitope is equal to or greater than 20, 

the score of the minimal epitope is lower than the score for the 

minimal epitopes of 1); 

3) if the mutation is in an anchoring position and the binding 

differential of the minimal epitope is lower than 20 and equal to 

10 or greater than 3, the score of the minimal epitope is lower than 

the score the minimal epitopes of 2); 

4) if the mutation is in a non-anchoring position and the binding 

differential of the minimal epitope is lower than 20 and equal to 

or greater than 3, the score of the minimal epitope is lower than 

15 the score the minimal epitopes of 3); 

5) if the mutation is in an anchoring position and the binding 

differential of the minimal epitope is less than 3 and equal to or 

greater than 1, the score of the minimal epitope is lower than 

the score of the minimal epitopes of 4); 

20 6) if the mutation is in a non-anchoring position and the binding 

differential of the minimal epitope is less than 3 and equal to or 

greater than 1, the score of the minimal epitope is lower than 

the score of the minimal epitopes of 5); 

7) if the minimal epitope has a mutation with a binding differential 

25 lower than 1, regardless of the position of the mutation, the 

minimal epitope has the lowest score.  

99. A method for selecting a number A of neoepitopes for an individual suffering 

from or suspected of suffering from cancer, said method comprising the steps 

30 of: 

a. Obtaining one or more neoepitopes from said individual, each neoepitope 

comprising at least one minimal epitope, wherein each neoepitope comprises at 

least one mutation such as an immunogenic mutation compared to a reference 

sequence, wherein the minimal epitope consists of a number of amino acids 

35 equal to or smaller than the number of amino acids of the neoepitope and
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comprises said at least one mutation; wherein preferably obtaining the 

neoepitopes comprises the step of identifying mutations in nucleic acid 

sequences which are specific for the tumor; 

b. Determining MHC I and/or MHC || binding affinity for at least one minimal 

5 epitope, such as at least two, three or four minimal epitopes within each of said 

neoepitopes, optionally wherein the binding affinity is determined by in siico 

prediction; 

c. Selecting neoepitopes comprising at least one minimal epitope predicted to bind 

to MHC I and/or to MHC II, thereby obtaining MHC binding neoepitopes; 

10 d. Ranking the MHC binding neoepitopes with respect to their likelihood of clinical 

utility; 

e. Selecting A neoepitopes among the highest ranking MHC binding neoepitopes, 

thereby selecting A neoepitopes likely to have clinical utility, 

wherein step d comprises ranking the neoepitopes with respect to the number of 

15 minimal epitopes they comprise, where a higher number of minimal epitopes gives a 

higher rank.  

100. A method for selecting a number A of neoepitopes for an individual 

suffering from or suspected of suffering from cancer, said method comprising 

20 the steps of: 

a. Obtaining one or more neoepitopes from said individual, each neoepitope 

comprising at least one minimal epitope, wherein each neoepitope comprises at 

least one mutation such as an immunogenic mutation compared to a reference 

sequence, wherein the minimal epitope consists of a number of amino acids 

25 equal to or smaller than the number of amino acids of the neoepitope and 

comprises said at least one mutation; wherein preferably obtaining the 

neoepitopes comprises the step of identifying mutations in nucleic acid 

sequences which are specific for the tumor; 

b. Determining MHC I and/or MHC || binding affinity for at least one minimal 

30 epitope, such as at least two, three or four minimal epitopes within each of said 

neoepitopes, optionally wherein the binding affinity is determined by in siico 

prediction; 

c. Selecting neoepitopes comprising at least one minimal epitope predicted to bind 

to MHC I and/or to MHC II, thereby obtaining MHC binding neoepitopes;
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d. Ranking the MHC binding neoepitopes with respect to their likelihood of clinical 

utility; 

e. Selecting A neoepitopes among the highest ranking MHC binding neoepitopes, 

thereby selecting A neoepitopes likely to have clinical utility, 

5 wherein step d comprises ranking the neoepitopes with respect to the number of 

samples in which they are found, wherein neoepitopes found in a higher number of 

samples are ranked higher than neoepitopes found in a lower number of samples, 

preferably wherein the samples are samples from different lesions.  

10 101. The method according to any one of items 99 to 100, wherein the method 

further comprises any of the features of the method according to any one of 

items 1 to 78.  

The reference to any prior art in this specification is not, and should not be taken as an 

15 acknowledgement or any form of suggestion that the prior art forms part of the common 

general knowledge.  

In the present specification and claims (if any), the word 'comprising' and its derivatives 

including 'comprises' and 'comprise' include each of the stated integers but does not 

20 exclude the inclusion of one or more further integers.
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Claims 

1. A method for selecting a number A of neoepitopes for an individual suffering 

from or suspected of suffering from cancer, said method comprising the steps 

5 of: 

a. Obtaining one or more neoepitopes from said individual, each neoepitope 

comprising at least one minimal epitope, wherein each neoepitope comprises at 

least one mutation compared to a reference sequence, wherein the minimal 

epitope consists of a number of amino acids equal to or smaller than the 

10 number of amino acids of the neoepitope and comprises said at least one 

mutation; wherein obtaining the neoepitopes comprises the step of identifying 

mutations in nucleic acid sequences which are specific for the tumor; 

b. Determining MHC I and/or MHC II binding affinity for at least one minimal 

epitope and a corresponding reference peptide, wherein the binding affinity is 

15 determined by in silico prediction by calculating the %Rank score, wherein a 

low %Rank score indicates a strong binding affinity and a high %Rank score 

indicates a weak binding affinity, and wherein the corresponding reference 

peptide is obtained from body fluid or healthy tissue of the same individual or in 

a normal, healthy population; 

20 c. Selecting neoepitopes comprising at least one minimal epitope predicted to bind 

to MHC I and/or to MHC II, preferably wherein the minimal epitope is an MHC I 

binding minimal epitope, thereby obtaining MHC binding neoepitopes; 

d. Ranking the MHC binding neoepitopes with respect to their likelihood of clinical 

utility, wherein said ranking comprises: 

25 1. determining the number of minimal epitopes comprised in the MHC 

binding neoepitopes selected in step c, wherein neoepitopes comprising 

a high number of minimal epitopes are ranked higher than neoepitopes 

comprising a lower number of minimal epitopes; 

II. determining the MHC I binding differential of the MHC I binding 

30 neoepitopes selected in step c, wherein the MHC I binding differential is 

given by the formula (%Rank score (MHC I) for reference) / (%Rank 

score (MHC I) for neoepitope) wherein neoepitopes with a high MHC I 

binding differential are ranked higher than neoepitopes with a lower 

MHC I binding differential;
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III. determining whether the mutation is in an anchoring position or a non

anchoring position of the minimal neoepitope for each minimal epitope 

comprised within the neoepitopes, wherein minimal neoepitopes with 

the mutation in an anchoring position are prioritized; 

5 IV. prioritizing the MHC I binding neoepitopes selected in step c with 

respect to their MHC I rank, wherein neoepitopes with a low %Rank 

score are ranked higher than neoepitopes with a higher %Rank score, 

wherein the %Rank score (MHC I) of a neoepitope comprising one or 

more minimal epitopes predicted to bind to MHC I is equal to the lowest 

10 %Rank score (MHC I) of said one or more minimal epitopes; and 

V. determining the BLOSUM score, wherein the MHC I binding 

neoepitopes selected in step c are prioritized with respect to their 

BLOSUM score in a descending order, wherein the BLOSUM score of a 

neoepitope is equal to the BLOSUM score of the best ranking minimal 

15 epitope it comprises, wherein a minimal epitope with a BLOSUM score < 

2 is prioritized; and 

e. Selecting A neoepitopes among the highest ranking MHC binding neoepitopes 

of step d, 

thereby selecting A neoepitopes likely to have clinical utility.  

20 

2. The method according to claim 1, wherein in step b. MHC I binding affinity and 

MHC II binding affinity are determined for at least one minimal epitope, such as 

at least two, three or four minimal epitopes within each of said neoepitopes.  

25 3. The method according to any one of the preceding claims, wherein A is an 

integer of from 1 to 100, such as from 5 to 50, such as from 5 to 30, such as 

from 10 to 20, such as 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 

or 25.  

30 4. The method according to any one of the preceding claims, wherein step a 

comprises identifying mutations in nucleic acid sequences in one or more 

sample derived from the individual compared to a reference sample, preferably 

wherein the reference sample is obtained from a healthy tissue of the individual 

in need of treatment or from a healthy individual, wherein the one or more 

35 sample is a sample derived from tumor cells of the individual.
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5. The method according to claim 4, wherein step c further comprises selecting 

MHC I binding and/or MHC II binding neoepitopes which are found in at least 

two samples derived from tumor cells of the individual.  

5 

6. The method according to any one of the preceding claims, wherein the 

neoepitopes comprises 1 to 50 minimal epitopes, such as 1 to 40 minimal 

epitopes, such as 1 to 30 minimal epitopes, such as 1 to 20 minimal epitopes.  

10 7. The method according to any one of the preceding claims, wherein step c 

comprises selecting neoepitopes comprising at least one minimal epitope 

predicted to bind to MHC I and at least one minimal epitope predicted to bind to 

MHC II, preferably comprising selecting at least one minimal epitope predicted 

to bind to MHC 1.  

15 

8. The method according to any one of the preceding claims, wherein neoepitopes 

found in more than one sample derived from tumor cells are ranked higher than 

neoepitopes found in only one sample derived from tumor cells.  

20 9. The method according to any one of the preceding claims, wherein the 

mutations are identified by at least two different variant callers.  

10. The method according to any one of the preceding claims, wherein the 

neoepitopes of step d III are ranked 

25 by assigning to each neoepitope the highest score of the minimal epitopes it 

comprises, and wherein the ranking of the neoepitopes is performed in a 

descending order 1) to 7) as follows: 

1) if the mutation is in an anchoring position and the binding 

differential of the minimal epitope is equal to or greater than 20, 

30 the minimal epitope has the highest score; 

2) if the mutation is in a non-anchoring position and the binding 

differential of the minimal epitope is equal to or greater than 20, 

the score of the minimal epitope is lower than the score for the 

minimal epitopes of 1);
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3) if the mutation is in an anchoring position and the binding 

differential of the minimal epitope is lower than 20 and equal to 

or greater than 3, the score of the minimal epitope is lower than 

the score the minimal epitopes of 2); 

5 4) if the mutation is in a non-anchoring position and the binding 

differential of the minimal epitope is lower than 20 and equal to 

or greater than 3, the score of the minimal epitope is lower than 

the score the minimal epitopes of 3); 

5) if the mutation is in an anchoring position and the binding 

10 differential of the minimal epitope is less than 3 and equal to or 

greater than 1, the score of the minimal epitope is lower than 

the score of the minimal epitopes of 4); 

6) if the mutation is in a non-anchoring position and the binding 

differential of the minimal epitope is less than 3 and equal to or 

15 greater than 1, the score of the minimal epitope is lower than 

the score of the minimal epitopes of 5); 

7) if the minimal epitope has a mutation with a binding differential 

lower than 1, regardless of the position of the mutation, the 

minimal epitope has the lowest score.  

20 

11. The method according to any one of the preceding claims, wherein step d IV 

comprises prioritizing neoepitopes having a %Rank score (MHC I) below 2.0, 

such as below 1.5, such as below 1, preferably equal to or below 0.5.  

25 12. The method according to any one of the preceding claims, wherein MHC I 

binding neoepitopes having a %Rank score (MHC I) above 10, are excluded or 

down-prioritized, preferably wherein MHC I binding neoepitopes having a 

%Rank score (MHC I) above 2 are excluded or down-prioritized.  

30 13. The method according to any one of the preceding claims, wherein step c 

further comprises a step of determining the RNA expression levels of said 

neoepitopes, and selecting neoepitopes with a high RNA expression level.  

14. The method according to claim 13, wherein neoepitopes with a high RNA 

35 expression level are neoepitopes with a detectable normalised transcript-level
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expression, such as a transcript-level expression above 0 transcript per million 

(TPM).  

15. The method according to any one of the preceding claims, wherein neoepitopes 

5 present in genes showing at least 5-fold higher RNA expression level in a given 

organ or tissue compared to other organs or tissues, are excluded or down

prioritized, wherein said organ is preferably selected from heart, brain, liver, 

lungs, stomach, kidney, spleen, colon and intestine.  

10 16. The method according to any one of the preceding claims, wherein step c 

further comprises a step of determining the allele frequency of mutations 

present in the MHC binding neoepitopes, and selecting neoepitopes with a high 

allele frequency.  

15 17. The method according to claim 16, wherein a high allele frequency is an allele 

frequency greater than 0.05.  

18. The method according to any one of the preceding claims, wherein step d 

further comprises a step of down-prioritizing or excluding neoepitopes which do 

20 not comprise any minimal epitopes predicted to bind to MHC 1.  

19. The method according to any one of the preceding claims, wherein 

neoepitopes comprising at least 5 MHC binding minimal epitopes are ranked 

higher than neoepitopes comprising less than 5 MHC binding minimal epitopes 

25 

20. The method according to any one of the preceding claims, wherein the MHC 

binding neoepitopes selected in step c comprise at least one minimal epitope 

predicted to bind to MHC 1.  

30 21. The method according to any one of the preceding claims, wherein in step d, 

steps || and III are performed at the same time.  

22. A method of preparing a cancer vaccine comprising neoepitopes, said method 

comprising a step of selecting said neoepitopes using the method according to
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any one of claims 1-21, optionally wherein said cancer vaccine comprises a 

polynucleotide encoding a polypeptide comprising: 

a. a targeting unit 

b. a dimerization unit 

5 c. a first linker 

d. an antigenic unit, wherein said antigenic unit comprises A-1 antigenic 

subunits, each subunit comprising at least one of said neoepitopes and 

a second linker and said antigenic unit further comprising a final 

sequence encoding one of said neoepitopes, wherein A is an integer of 

10 from 1 to 100, preferably A is an integer of from 3 to 50, 

wherein said polynucleotide is comprised in the anticancer vaccine in an 

immunologically effective amount.  

23. A method of preparing a cancer vaccine comprising neoepitopes, said method 

15 comprising a step of selecting said neoepitopes using the method according to 

any one of claims 1-21 or 22.  

24. A cancer vaccine obtained by the method according to claim 23, optionally 

wherein said cancer vaccine comprises a polynucleotide encoding a 

20 polypeptide comprising: 

a. a targeting unit 

b. a dimerization unit 

c. a first linker 

d. an antigenic unit, wherein said antigenic unit comprises n-1 antigenic 

25 subunits, each subunit comprising at least one of said neoepitopes and 

a second linker and said antigenic unit further comprising a final 

sequence encoding one of said neoepitopes, wherein n is an integer of 

from 1 to 100, such as from 3 to 50, 

wherein said polynucleotide is comprised in the anticancer vaccine in an 

30 immunologically effective amount.  

35
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SEQUENCE LISTING

<110> Vaccibody AS

<120> Methods for selecting neoepitopes

<130> P4691PC00

<160> 5

<170> PatentIn version 3.5

<210> 1
<211> 93
<212> PRT
<213> Homo sapiens

<400> 1

Met Gln Val Ser Thr Ala Ala Leu Ala Val Leu Leu Cys Thr Met Ala 
1               5                   10                  15      

Leu Cys Asn Gln Val Leu Ser Ala Pro Leu Ala Ala Asp Thr Pro Thr 
20                  25                  30

Ala Cys Cys Phe Ser Tyr Thr Ser Arg Gln Ile Pro Gln Asn Phe Ile 
35                  40                  45

Ala Asp Tyr Phe Glu Thr Ser Ser Gln Cys Ser Lys Pro Ser Val Ile 
    50                  55                  60

Phe Leu Thr Lys Arg Gly Arg Gln Val Cys Ala Asp Pro Ser Glu Glu 
65                  70                  75                  80  

Trp Val Gln Lys Tyr Val Ser Asp Leu Glu Leu Ser Ala 
85                  90

<210> 2
<211> 5
<212> PRT
<213> Artificial sequence

<220>
<223> Linkers

1

SEQUENCE LISTING

<110> Vaccibody AS

<120> Methods for selecting neoepitopes

<130> P4691PC00

<160> 5

<170> PatentIn version 3.5

<210> 1

<211> 93

<212> PRT

<213> Homo sapiens

<400> 1

Met Gln Val Ser Thr Ala Ala Leu Ala Val Leu Leu Cys Thr Met Ala
1 5 10 15

Leu Cys Asn Gln Val Leu Ser Ala Pro Leu Ala Ala Asp Thr Pro Thr
20 25 30

Ala Cys Cys Phe Ser Tyr Thr Ser Arg Gln Ile Pro Gln Asn Phe Ile
35 40 45

Ala Asp Tyr Phe Glu Thr Ser Ser Gln Cys Ser Lys Pro Ser Val Ile
50 55 60

Phe Leu Thr Lys Arg Gly Arg Gln Val Cys Ala Asp Pro Ser Glu Glu
65 70 75 80

Trp Val Gln Lys Tyr Val Ser Asp Leu Glu Leu Ser Ala
85 90

<210> 2

<211> 5

<212> PRT

<213> Artificial sequence

<220>

<223> Linkers

1



<220>
<221>  MISC_FEATURE
<222>  (1)..(5)
<223>  linker

<400>  2

Gly Gly Gly Ser Ser 
1               5   

<210>  3
<211>  5
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Linkers

<220>
<221>  MISC_FEATURE
<222>  (1)..(5)
<223>  linker

<400>  3

Gly Gly Gly Ser Gly 
1               5   

<210>  4
<211>  5
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Linkers

<220>
<221>  MISC_FEATURE
<222>  (1)..(5)
<223>  linker

<400>  4

Gly Gly Gly Gly Ser 

2

<220>

<221> MISC_FEATURE
<222> (1) .(5)

<223> linker

<400> 2

Gly Gly Gly Ser Ser
1 5

<210> 3
<211> 5

<212> PRT
<213> Artificial sequence

<220>

<223> Linkers

<220>

<221> MISC_FEATURE
<222> (1) .(5)

<223> linker

<400> 3

Gly Gly Gly Ser Gly
1 5

<210> 4
<211> 5
<212> PRT
<213> Artificial sequence

<220>

<223> Linkers

<220>

<221> MISC_FEATURE
<222> (1) ..(5)

<223> linker

<400> 4

Gly Gly Gly Gly Ser

2



1               5   

<210>  5
<211>  10
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Linkers

<220>
<221>  MISC_FEATURE
<222>  (1)..(10)
<223>  linker

<400>  5

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 
1               5                   10  

3

1 5

<210> 5
<211> 10
<212> PRT
<213> Artificial sequence

<220>

<223> Linkers

<220>

<221> MISC_FEATURE
<222> (1) .(10)

<223> linker

<400> 5

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
1 5 10

3
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