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INTERNATIONAL SEARCH REPORT

JP 2017-504324 A 2017.2.9

International application No.
PCTAIS2014/072125

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - C12Q 1/68 (2015.01)
CPC - C12Q 1/6888 (2015.07)

According to Intenational Patent Classification (IPC) or to both national classification and 1PC

B.  FIELDS SEARCHED

IPC(8) - AB1K 39/395; AG1P 3B/00; C1201/68 (2015.01)

Minimuwm decumentation-searched (classification system followed by classification symbals)

.CPC - COTK 16/1B, 16/30; C12Q 1/68, 1/68B3, 1/6886; GO1N 32/6878, 2800/52 (2015.07)

USPC - 424/ 184.1, 185.1, 277.1

Documentation searched other than minimum documentation to the extent that such documents are included in the ficlds
CPC - COTK 16/18, 16/30; C12Q 1168. 1/6883, 1/6886; GO1N 33/6878, 2800/52 (2015.07} (keyword dellmited)

PatBase, Google Patents, Google, Proquest, PubMead

Electronic data base consulted during the international search (name of data base and, where practicable, search terms usix)

Search terms used:cancer mutation neoepitope tetramer immune chackpoint madulator ant-CTLA-4 anti-PD-1 ant-PD-L1 antl-GITR
anti-0X40 anti-LAG-3 anti-KIR anti-TIM-3 anti-GD28 anti-CD40 antl-CD137 ipilimumab

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Cila'tion of document, with'indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2011/0293637 A1 {HACOHEN et al) 1 December 2011 {01.12.2011) entire documant 1-15,19-44
A VAN ROOIJ et al. “Tumor exome analysis reveals necantigen-specific T-cell reactivity In an 1-15,19-44
- Ipllimumab-responsive melanoma,” J Clin Oncol. 16 September 2013 {16.09.2013), Vol. 31, '
Pgs. 8439-e442, entire document
A US 2013/0122027 A1 (TAINBKY et al} 16 May 2013 {16.05.2013} entire docurment t-15,19-44
A ALEXANDROV et al. “Deciphering signatures of mutational processes operative in human 1-15,19-44
. |cancer” Cell Rep. 10 January 2013 (10.01.2013), Vol. 3, Pgs. 1-24 [Original Pgs. 246-259).
entire decument
A . | MATSUSHITA et al. “Cancer exoma analysis reveals a T-cell-dependent mechanism of cancer | 1-15,19-44 .
"~ |immunoediting." Nature. 08 February 2012 (08.02.2012), Vol, 482, Pgs. 1-17 [Original Pgs.
400-404). entire documant
A ' | SEGAL st al. “Epitope landscape In breast and colorectal cancer,” Cancer Res. 01 February 1-15,19-44
2008 (01.02.008), Vol, 68, Pgs. B89-892. entire'document .

D Further documents are listed in the continuation of Box C.

L

* - Special categories of cited documents:

Iater document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the pringiple or theory underlying the invention

wpe

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E" earlier application or pater but published on or after the i ional
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citntion or other
special reason (as specified)

“0" dogcument referring to an oral disclosure, use, exhibition or other
means

“P" d published prior 1o the i ional filing date but later shan

the priority date claimed

“X* document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to invelve an inventive
step when the document is taken alone

“¥ de of pani . the claimed invention cannot be
considered to involve an invenlive step when the document is -
combined with one or mare pther such decuments, such combinatica
being obvious to a person skilled in the art

“&" dogument member of the same patent family

Date of the actual completion of the international search

21 August 2015

Date of mailing of the international search report

11SEP 2015

Name and mailinp address of the [SA/US

Mail Stop PCT, Atin: ISAJUS, Commissioner for Patents -
P_-0._ Bax 1450, Alexandria, Virginia 22343-1450

Facsimile No,  §71-273-8300

Authorized officer:
Blaine R. Copenheaver

PCT Halpzask: 571-272-4300
PCT OSP; 571-272-7T74~

Farm PCTASAR210 {second sheet) (July 2009)
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Box No. 1 Nucleotide and/or amino acid sequence(s) {Continuation of item 1.¢ of the first sheet)

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

a. (means}

I:l on paper

m in electronic form

b, (time)
in the international application as filed
together with the intermational application in electronic form
> .
subsequently to this Authority for the purposes of search-
2, E [n addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
SEQ ID NOs:1 and 18 ware saarched.

Form PCT/ISA/210 (continuation of first sheet (13} (July 2009)
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. l:l Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

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

3 I:' Claims Nos.:

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

Box No. LIl  Ohbservations where unity of invention is lacking {Continuzation of item 3 of first sheet)

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

saa Extra Sheat{s).

1. D As all required addmunal search fees were timely paid by the appllcam this international search repert covers all searchable
claims, N .

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

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

i

1-15 and 19—44 restricted to a necepitope comprising a tetramer, wherein the tetramer is SEQ 1D NO:1 or SEQ ID NO:16.

4. D Ne reqmred additional scarch fees were timely paid by the applicant.  Consequently, this inerational search report is
restricted to the invention first mentioned in lhe claims; it is covered by claims Mos.:

Remark on Protest E The additional search fees were accompanied by the applicant’s protest and, where applicable, the
paymeni of a protest fee.
I:I The additional search fees were accompanied by the applicant's protest but the applicable protest
-fee was not paid within the time limit specified in the invitation.
D No protest accompanied the-payment of addilional search fees,

Form PCT/ISA/210 (continustion of first sheet (2)) (July 2009)
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This application containg the follewing inventions or groups of inventions which are not so linked as to form a single genera! inventive
concept.under PCT Rule 13.1. In order for all Inventions to be examined, the appropriate additional examination fees need to be paid.

Group |+: elaims 1-44 are drawn to a methods of treating a sub]ecl with an immune chackpeint modulatar corrlprising detecting a
somatic mutation,

.
The first Invantion of Graup I+ is restrictad to methods of treating a subject with an immune checkpoint modutator comprising detecting a
somatle mutation, wherain the somatic mutatlon comprises a necepitope comprising a tetramer, wherein the tetramer is a sequence
selacted to be AARA SEQ ID NO:1 (first to appear in Table 1). Itis believed that claims 1-15 and 19-44 read on thig first named
invention and thus thesa claims will be searched without fee to the extent that they read on a tetramer selectad to be AARA {SEQ ID
NO: 1).

Applicant Is invited to elect additional tetramers and their corresponding SEQ ID NOs to be searched in a specific combination by paying
additional fee for each set of election. An exemplary election would be methods of treating a subject with an immune checkpoint
modulator comprising detecting a somatic mutation, wherein the somatis mutation comprises a necepitopa comprising a tatramer,
wharein the tetramer is a saquancs selacied to ba AALN (SEQ ID NO: 2). Additional tatramers and their corresponding SEQ 1D NOs will
be searched upon tha payment of additional fees. Applicants must specify the claims that read on any additional elected inventions.
Applicants must further indicate, if applicable, the claims which read on the first named invention if differant than what was indicated
above for this group. Failure to clearly identify how any paid additional Invention fees are to be applied to the “+* group(s) will result in
anly the first claimed invention to be searched/examined.

The Inventicns listed in Groups I+ do not relate to a single ganeral inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the sama or corresponding speclal technical features for the following reasons: .

The Groups |+ formulas do not share a significant structural element, requiring the selection of allematives for the necepitops tetramer,
“wherain tha somaltic mutation comprisas a neoapitope comprising a tetramer from Table 1.”

‘The Groups [+ share tha tachnical features of a method comprising staps of: detecting a somatic mutation in a cancer sample froma
subject; and identifying the subject as a candldate for traatment with an immune checkpoint modutator; and identifying the subject as a
poor candidate for treatment with an immune checkpoint modulator; determining a subject has a cancer comprising a somatic mutation,
wharein the somatic mutation comprises a necepitope tomprising a tetramar and salecting for the subject a cancer treatment comprising
an immune checkpolnt modulatar, a method of treating a subject with an immune chackpoint madulator wherain the subject has
previcusly been identifiad to have a cancer with one or more somatic mutations, wharain the cne or mera ic mutations c
neoapitope recognized by a T cell; a mathod of improving efficacy of cancer therapy with an immune checkpoint medulator, the maihod
comprising a step of: selacting for receipt of the therapy a subject identified as having a cancer with ene or more somatic mitations
comprising a nheoepitope racognized by a T cell; 8 method of treating cancer by administering immune checkpoint modulator therapy, the
improvement that comprisas: administering the therapy te a subject identified as having a cancer with one or more somatic mutatlons
comprising a neospitopa recognized by a T cell; & method of treating & cancer selected from the group conslisting of carcinema,
sarcoma, myeloma, laukemia, or lymphoma, the methad comprising a step of: administering immune checkpoint modulator therapy to a
subject identified as having a cancer with one or more somatic mutations comprising a necepitope recognized by a T cell; and a method
of defining a response signature for an iImmune checkpoint moedulater therapy, the method comprising steps of: comparing genatic
saquience information from a first plurality of temor samples, which first plurality contains samples that share a common response foature
to immune checkpeint modulator therapy, with that chtained from a sacond plurality of tumor samples, which second plurality contains
samples that do not share the common rasponse faatura but are ctherwise comparable to those of the first set, so that the comparison-
defines genatic sequanca alements whose presencs is associated or correlates with the commeon respense featurs; and determining
which of the defined genetic sequence elements generate a necepitope; and defining as a signature for tha common response featura
prasence of the necepitope. Howevar, these shared tachnical features do not rapresent a contribution over the prior art.

i’

Specifically US 2011/0293637 A1 to Hacochen et al. discloses a method {a method of identifying tumor specific neoantigens, Absiract)

" comprising steps of: detecting a somatic mutation In a cancer sampla from a subject (we observa that the total number of nonsilent gene
alterations in CLL ranged from 17-155 pet individual, tha majerity of which ware somatically altered peint mutations, Para. [0038};
sequencing of tumor varsus matched genmiine samples from each patient, Para, [0050]); and identifying the subject as a candidate for
traatmant with an immune checkpoint medulatar (ganarate a sst of candidate T cell epitopes that may bind patlent HLA alleles and are
based on non-gilent mutations present in tumors, Para. [0050]; the invantion provides a method of vaccinating or treating a subject by
identifying a plurality of tumor spacific mutations in the genoms of a subject, Para. [0052]); and identifying the subject as a poor
candidate for treatment with an immune checkpoint modulater (generate a set of candidate T cell spilopes that may bind patient HLA
altelas and ara based on non-silent mutations present in tumors, Para. [0050]: the invention provides a method of vaccinating or treating
a subject by identifying a plurality of tumer specific mutations in the ganome of a subject, Para. [0052]); determining a subject has &
cancer comprising a somatic mutation {We observe that the total number of nensilent gene alterations In CLL rangad from 17-155 per
Indlvidual, the majority of which were somatically altared pgint mutaticns, Para. [0038]; sequencing of tumer versus matched germling
samples from each patient, Para, [0050]), wharaln the somatic mutation comprises a necapitope comprising a tetramer (Wae observe that
the total number of nonsilent gens alterations In CLL ranged from 17-155 per individual, the majority of which were somatically eltersd
point mutations, Para. [0038]; sequencing of tumor varsus matched germling samples from each patient, Para. [0050]; mutated proteins
generate neoépitopas that are present only in tumer cells and provide the greatest level of specificity, Para. [0034]; cells were also
tatramer+, Para. [0045}) and gelecting for the subject a cancer treatmant comprising an immune chackpoint modulator (We observa that
the total number of nonsilent gena alterations in CLL rangad from 17-155 per individual, the majority of which were somatically alterad

Form PCT/ISA/210 (extra sheet) (July 2009}
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point mutations, Para, (0038]; sequencing of tumor varsus matched germline samples from each patient, Para. [0050]; For exampla, the
subject is further administered an antl-CTLA antibody, Para. [D138]), a method of treating a subject with an immune checkpoint
modulator wherein the subject has previcusly been identified to have & cancer with ene or more somatic mutations (generate a set of
candidaté T call apitopes that may bind patlent HLA allalas and are based cn non-silent mutations present in tumora, Para. [0050]; the
invention provides a method of vacelnating or treating a subject by identifying a plurality of tumor spacific mutations in tha genome of a
subject, Para. [0052]; For example, the subject is further administered an anti-CTLA antibody, Para. [0138]), wherein the cne or mora
somatic mutatlons comprises a neoepitope recognized by a T cell (mutated proteins generate necepitopes that are prasent only in tumor
calls and provida the greatest kivel of specificity, Para. [0034]; cells were also tetramer+, Para.’ [0045); The peptide may be any suitable
peplide that gives rise to an appropriale T-cell responss, Para. [0131]); a method of improving efficacy of cancer therapy with an immune
checkpoint modulator (can be used to treat chrenic tumors In patlents that do not respond to other conventional forms of therapy, Para.
[0163)), the mathed comgprising a stap of: selecting for recalpt of the therapy a subject identified as having a cancer with one or mcra
somatic mutations comprising a necepitope recognized by a T cell (generate a set of candidate T cell epitopes that may bind patient
HLA alleles and are basad on non-silent mutations present in tumors, Para. [0050]; the invention provides a method of vaccinating or
treating a subject by identifying a plurality of tumor specific mutations in the genome of a subject, Para. [0052]; For axample, the subject
ia further administerad an anti-CTLA antlbody, Para. [0139]; The peptlde may be any suitabla peptids that gives rise to an appropriate
T-¢ell responsa, Para. {0131]); a methed of treating cancer by administering immune checkpoint modulator therapy {a method of
vaccinating or treating a subject by identifying a plurality of tumor specific mutations in the genome of a subject, Para. [0052]; For
example, the subject is further administered an anti-CTLA antibody, Para. [0139]), the improvement that comprises: administaring the
therapy to a subject identified as having a cancer with ene or more somatic mutations comprising a neoepitope racognized by a T cell .
(generate a set of candidate T coll epltopes that may bind patient HLA allelas and are based on non-silent mutations present in tumors,
Para. [0050]; the Invention provides a method of vaccinating or treating a subject by idantifying a plurality of tumor specific mutations In
the genome of a subject, Para, [0052]; For example, the subject is further administerad an ant-CTLA antibody, Para. [0139); The peptida
may be any suitable peptide that gives rise to an appropriate T-cell response, Para: [0131)); a method of treating a cancer selected from
tha group consisting of carcinoma, sarcoma, myeloma, leukemia, or iymphoma (including acute myelogenous leukemia, Para. [0135]),
tha mathod comprising a stap of: administering immune ehackpoint moedulator tharapy to a subjact Idantifiad as having a cancer with one’
or more somatic mutations comprising a neoepitope recognized by'a T cell (generate a set of candidate T ¢oll epitopes that may bind
patient HLA alleles and are based on non-silent mutatiens present in tumors, Para. [0050); the Invention provides a method of
vaceinating or treating a subject by identifying a plurality of tumor specific mutations in the genoma of a subject, Para. [0052]; For
exampls, the subject is further administered an anti-CTLA antibody, Para. [0139]; The peptide may be any suitable peptide that gives
rise to an appropriate T-cell fesponsa, Para. [01131]); and a mathod of defining a response signature for an immune checkpoint
medulator tharapy (8 methed of vacelinating or treating a subject by identifylng a plurality of tumor specific mutations in the genome of a
subject, Para. [0052]; Woe observe that tha total numbaer of nonsilent gene alterations in CLL ranged from 17-155 per individual, the
malority-of which wera somatically altered point mutations, Para. [0038]; sequencing of. tumor versus matched gennline samplas from
each patiant, Para. [0050]), the method comprising steps of: comparing genetic sequence information from a first plurality of tumor
samples, which first plurality contains samples that share a commaon response feature to immune chackpoint modulator therapy .
{generate o set of candidate T cell epltopes that may bind patient HLA alleles and are based on non-silent mutatlons present in tumors,
Para. [0050); the Invantion provides a method of vacelnating or treating a subject by ldentifying a plurality of tumor specific mutatians in
the genome of a sublact, Para, [0052]), with that obtalned from a second plurality of tumor samples, which second plurality contains
samples that do not share the common response feature but are otharwise comparable to those of the first set (these rmutations are
present in the genome of cancer cells of a subject having cancer but not in normal tissue from the subject, Para. [0072]; To detect
tumer-specific mutations (that are not present in normal tissues), samples were collacted from tumors and from nomal tissues of each
patignt, Para. [0178]), so that the comparison defines genstic sequence slements whose presence is associated or correlates with the
common responss featura (We considerad the 20 most commen mutations that evolve in patients with resistance to imatinib, and
predicied the binding of 8- and 10-mer peptides tiled around sach mutation, Para. [0185]); and determining which of the defined genatic
sequence slements generate a necepitope (Finally, mutated proteins gensrate necepitopes that are present only in tumor cells and
provide the greatest level of specificity, Para. [0034]; monitoring of the natural immune response of canger patients to these identified
necapltopes; (3} datermining whether cytotoxic T cells that recognize these peptides in the context of patient HLA, Para. [0054]); and
defining as a signature for the commaon response feature presence of the necepitope (We considered the 20 most common mutations
that evolve in patients with resistance to imatinib, and predicted the binding of 9- and 18-mer peptides tilad around each mutation, Para.
[D185]; This strategy add s several fund ital questions related to how the immune systemn of cancer patisnts intaracts with tumor
necepitopas, Para, [0054]), . ’

The inventlons listed in Groups 1+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical features.

Form PCT/ISA/210 (extra sheer) (fuly 2009)
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